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Introduction:
Forensic odontology is a significant outgrowth of forensic 
medicinal sciences and, in the felicity of justice, pacts with the 
apt examination, handling and demonstration of dental 
evidence in the court of law. It plays a pivotal role in 
identifying the human remains of victims, not only those of 
mutilated, burnt and decomposed but also victims of 
bioterrorism and mass disasters.[1]

Over the last decade the importance and valuability of forensic 
science has taken a giant leap. Maxillofacial Radiography is 
an integral branch of forensic odontology. It has become a 
routine procedure in dental/medical hospitals and clinics in 
the current scenario. It is used for comparative recognition, 
which attempts at conclusive identification by comparing the 

2radiographic record of deceased individual.  Radiographs 
shed light on many issues both in determining the current 
situation and in comparisons with the past. It is also useful in 
reconstructive identification or dental profiling, attempts in 
facial reconstruction techniques to elicit the lost identity of an 
individual.[ 2]  (Figure 1) 
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Abstract: Radiology has a wide range of application in the field of forensic dentistry and has set many benchmarks over decades. The purpose of 

this paper is to revisit the applications where radiographic methods may be used to determine the identity.  Age and gender determination, craniofacial 

reconstruction, mass disasters, trauma and abuse and virtopsy has been reviewed in this paper with focus on two dimensional and three dimensional 

imaging modalities highlighting the recent advancements incorporated in these techniques.  The radiologists' play a pivotal role in cases of civil 

litigation and fraud. There are gaps to be bridged between forensic speciality and maxillofacial imaging. Henceforth, this article offers several 

suggestions for possible research projects to close some of these gaps.
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Figure 1: Applications of Maxillofacial Radiology in Forensic 
Dentistry.
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Person and dental identification:

Mass disasters:

The usefulness of radiographs in post mortem examination 
has been illustrated by David and Paul, who described 
radiographs help in post-mortem dental identifications by 
locating and identifying anatomical structures, dental 
restorations, dental appliances, required in the comparison 
process. Radiographs play an exclusive role in severe 
mutilated cases such as burn victims where complete tissue 
destruction has occurred and DNA analysis becomes 
impossible.[3] 

Traditionally, two dimensional (2D) radiographs of frontal 
sinus, bite-wing radiographs were considered as an efficient 
tool for dental identification.[2,3] However, Digital 
radiographic techniques such as Radio-visiography (RVG) 
allow accurate analysis of the spatial relations of teeth roots 
and supporting structures on antemortem(AM) and post-
mortem(PM) images.[4]

Recently, Dental Profiling is used to recreate the victim's 
profile prior to death, based on the accessible clinical and 
radiological data.[3] 

With the advent of three dimensional (3D) imaging 
techniques, the ante-mortem CT image can be utilized in 
profiling of the postmortem images, which allows accurate 

4location and measurement of the cranio-metric points.  Also, 
CBCT is currently used for post-mortem imaging and for 
imaging high-density metal projectiles in cases of gunshot 
injury in forensic odontology.[2] 

In mass disaster incidents, radiographs are often made on 
location using portable dental X-ray unit. Full mouth 
radiographs are preferred to cover all fragments which are 

5digitized through computer, for rapid comparison.  More 
recently a 2D automated recognition technology allows cross 
matching of a pool of radiographs of suspected victims 
against radiographs of PM remnants and eventually it enables 
the content-based retrieval of AM images that match to PM 

6images.  The use of Computer- Assisted PM Imaging 
(CAMPI) for such comparisons holds record of successful use 
in many cases in the past.[4]

Mobile CT scanners are efficiently used in mass fatality 
disasters. These scanners can be used in and outside 
permanent and temporary mortuaries.[7] The use of high 
resolution eLU-CT minimizes the production of metallic 
artifacts caused by dental fillings. Semi-automated image 
analysis software also have been developed to perform such 
comparisons.[7] CBCT images are reconstructed from one 
scan and it facilitates the operator to select any desirable slice 
location -and orientation. CBCT also minimizes the 

4production of artifacts and errors in victim identification.  
Fluoroscopy is also used to scan the bodies of disaster victims 
and it scan these bodies at  first reception stage followed by 

8further or plain x-ray examination. The use of MRI in both  
permanent and temporary mortuaries depends upon the 
availability of fixed and mobile technologies and are sensitive 
to the type of specimen to be scanned as  bodies or body parts 
containing metallic material are difficult to scan with MRI.[8]

Recently the introduction of 'Dental biometrics' utilizes 
dental radiographs for identification of deceased individuals. 
It extracts dental or tooth segment from mixture of Gaussian 
models and later allows matching of images, computation of 
image distances and subject identification.[ 7] 

Maxillofacial imaging for forensic age estimation in living 
adolescents and young adults continues to be controversial 
and a subject of discussion. Pre-natal, neonatal and post-natal 
age determination is done by radiographic examination of 
Jaw bones pre-natally and evaluating tooth germs which are 
present before mineralization in intrauterine life and are 
visualized as radiolucent areas on radiographs prior to 

9mineralization.  Methods of age estimation such as Kraus and 
Jordan's technique, Schour & Masseler method, Mooree's, 
method, Demirjian's method  Nolla's technique, Kvaal's 
method, Harris and Nortje method, Van Heerden method have 

9been well established techniques used for a long period.  
Morphology of gonial angle, ramus height and bigonial 
width, size of the skull using cephalometry are well 
established methods in the court of law.[10] Radiological 
studies on development of sinus and its usefulness for 

11chronological assessment have been conducted in the past.  

Age estimation:
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Occurrence of hyperostosis in post-menopausal females and 
decrease in size of frontal sinuses in old females, ossification 
points analysis such as Spheno-occipital synchondrosis and 
Cranial base synchondroses are useful markers to assess age 
on radiographs.[12] 

Application of CBCT for assessment of Pulp Tooth Ratio is 
widely accepted for age estimation. This ratio significantly 
decreases with advancing age due to secondary dentin 
deposition on pulpal walls.[7] 

Human beings demonstrates diverse sexual dimorphism 
exhibited by the craniofacial frame which aids in this process 
and can be easily identified on both analog and digital 2D 
radiographs by analyzing linear and angular measurements of 
dental arches with an acceptable accuracy rate.[13] 

Teeth measurements on panoramic radiographs, lateral 
cephalometric radiography, postero-anterior projections have 
proven to provide with 80% accuracy in gender 
identification.[14] These radiographs facilitates the 
measurement of the total tooth, crown, root length of all teeth, 
bony ridges, crests, and processes including temporal line, 
mastoid processes, nuchal lines, external occipital 
protuberance, and superciliary arches, total craniofacial 
height, mastoid height, bicondylar width, and mandibular 

 width in one frame.[14] CBCT analysis of frontal sinus (FS), 
Maxillary Sinus (MS), Foramen Magnum (FM) is considered 
as a powerful parameter for Gender determination and 
provides highly accurate results.[8] It allows analysis of 
mandible showing significant dimorphic trait of the mandible 

 in its shape and size. The linear measurement of the ramus on 
CBCT is found to be greater in males compared to females. 
The gonial angle however, is found to have downward and 
backward rotation in mandible in females while in males it has 

 only forward rotation.[8] Assessment of foramen magnum 
(FM) on CBCT reveals higher measurements in males.[ 8] 

Maxillofacial Imaging assist investigators in matters related 
to the law by encompassing the evaluation and documentation 
of abuse/ injury or cause of death.[15] Bite marks analysis of 
cases involving sexual assault, murder and child abuse can be 
accomplished using Maxillofacial Imaging.[16]

Gender Determination:

Identification of trauma and abuse:

Radiographic wax impression technique, Xeroradiography, 
Contrast enhanced radiography and CBCT may also provide 
valuable information and aid in standard procedures of 

 identification by generating overlays for bite mark analysis.
[17,18]

Implementation of dental radiographs are useful as a forensic 
evidence is used to assess traumatic injuries such as fractures 
of skull or concerning the dentoalveolar region, tooth 
avulsion and tansposition which are usually non-accidental in 
cases of Child abuse, domestic violence.[19] MRI and CT are 
also used to assess this soft and hard tissue injuries.[20]

Craniofacial reconstruction (CFR) is a technique that 
replicates the individual facial characteristics, published 
using media and therefore lead to recognition identification of 
the unknown.[10] Multiple 2D and 3D imaging modalities are 
available nowadays that enables CFR.[21]

Pseudo-three-dimensional radiography and computer aided 
lateral cephalograms are used nowadays for CFR.[21] 
Ultrasound has been employed in CFR which allows the 

 qualitative and quantitative assessment of various soft tissues.[21]

3D computerized reconstruction technologies (3D-CT) 
employ multiple imaging technologies for forensic 
identification. 3D-CT features many advanced tools for 

21reconstruction and generation of greater quality images.  
MRI accurately determines soft-tissue depths, including 
elucidation of finer structural features.[10] Various CBCT 
softwares provide 3D imaging of the skull using lower levels 
of radiation, thereby aiding in this process.[10] Application of 
Maxillofacial radiology in CFR has recently incorporated 
technological advancements such as Fusion Imaging which 
combines CT scans and 3D facial images through optical 
method; Laser scanners which are non contact surface 
imaging modality and allow generation of image after a 360 
degree rotation and  Digital stereophotogrammetry which is a 
non-invasive method with fast scanning time, that furnishes 
real-like appearance of an individual with accurate geometry 
refined colour and texture.[21]

Virtopsy is a noninvasive procedure of autopsy elaborated 
with advanced tools for analysis and combined with 3D body 

Facial reconstruction:

Maxillofacial Imaging in Virtual Autopsy:
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surface imaging methods. It uses CT/MRI data and performs 
3D shape analysis.[22] Post mortem CT datasets allows 
evaluation of putrefied or massively damaged bodies after 
detailed evaluation of the hard tissue framework in multiple 
sections.[22] MRI enables the visualization of soft-tissue 
organs while Contrast based MRI allows examination of 
living victims of abuse, such as manual strangulation.[23] 
MR Spectroscopy is useful in estimation of the time of death 
by determining relative concentration of metabolites in 

 tissues. MR microscopy is another tool that allows “micro-
imaging” to visualize finer soft-tissue injuries and “micro-
tomography” which allows analyzing the weapon involved 
and resultant injury patterns.[24] In the era of Artificial 
Intelligence, Maxillofacial Radiology is applied in robotic 
methods for Virtopsy which is known as “Virtobot”. It 
accommodates modules for automatic surface scanning and 
minimally invasive biopsies[ 22]   

Growth and Progress of Forensic dentistry has propelled 
responsibilities and role of Maxillofacial Radiologists 
towards this sub speciality of Forensic Science, at a global 

25scale.  3D printing has a myriad of applications in forensics 
by means of 3D bite mark analysis, 3D skull printing which is 
done for comparison with dentition of the suspect and 
analysis of trauma respectively. Softwares like Computer-
Aided Design (CAD) in Standard Tessellation Language 
(STL) formats from CT and CBCT and Additive 
Manufacturing Format (AMF) from laboratory optical 
surface scan, allow incorporation of additional features like 
color, texture, and material properties supporting forensic 
identification.[26] 

“Forensic Maxillofacial Radiology”, has become an 
important tool in the field of forensic odontology and has 
aided forensic odontologists a numerous times in the 
investigation process. The contribution of Maxillofacial 
Radiology today is an “absolute witness”, of the development 
of the field of Forensic Maxillofacial Imaging. Thus, the 

Recent advances of maxillofacial imaging in forensic sciences:

Conclusion: 

credentials attained by Maxillofacial Radiology have scored 
many stars at an universal level in the forensic space. 
Nevertheless, it will be incomplete to conclude without 
pointing out the fact that, the “spectrum of rays” has crossed 
many multitudes in the field of forensics and with advanced 
imaging modalities venturing over the years, a paradigm shift 
in the forensic world has been created by Maxillofacial 
Radiology.
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Evaluation of neurovascular anatomical variation in the anterior mandible 
in North Indian population: A CBCT assessment 
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A R T I C L E  I N F O   
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Anterior mandible 
CBCT 
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Lingual foramen 

A B S T R A C T   

Introduction: The purpose of this retrospective study was to determine the visibility, location and other 
morphometric features of lingual foramina on CBCT along with its age wise and gender wise correlation. 
Material and methods: A total of 250 patients were included in the study. Cross-sectional CBCT images of the 
mandible in the midline were used to locate and define each detected lingual foramen and canal. Descriptive 
statistics including tables and graphs were used. Genderwise and Age wise correlations were analyzed using Chi- 
square tests. 
Results: The number, direction, length, diameter, distance from alveolar crest and inferior borders of mandible 
were evaluated. Genderwise Lingual foramen was most frequently located in the mandibular midline, above 
genial tubercle (81.7%). Agewise it was found to be significant (p ! 0.019). Genderwise length of canal was 
found to be significant (p ! 0.022). Genderwise diameter of canal at midpoint was found to be very highly 
significant (p ! 0.001) and at innermost point was found to significant. (p ! 0.037) Genderwise and Agewise 
distance between orifice of canal and alveolar crest was found to be very highly significant. (p ! 0.001) Gen-
derwise and Agewise distance between innermost point of canal and alveolar crest was found to be highly sig-
nificant (p ! 0.001) and very highly significant (p ! 0.001) respectively. 
Conclusion: Clinicians may consider CBCT for procedures with a risk of hemorrhagic and neurosensory compli-
cations such as dental implant placement in the anterior mandible.   

1. Introduction 

The mandibular anterior region contains concavity of the lingual 
cortex, and other essential neurovascular anatomic variations such as 
the accessory mental, lingual canals, and extensions of the alveolar 
canal.1 Many surgical procedures such as dental implant placements, 
endodontic or periodontal surgery performed in this region though 
simple, but possess the risk of hemorrhagic and neurosensory compli-
cations due to iatrogenic injuries to these vital structures.2,3 Therefore, 
detailed and in depth radiological examination prior to surgical opera-
tions in this area is helpful and essential for the clinicians to plan surgical 
procedures and reduce these complications. 4,5 The introduction of Cone 
Beam Computed tomography (CBCT) has led to the paradigm shift in the 

imaging world in the recent years.1 The major advantages of CBCT in 
comparison to Computed Tomography (CT) are reduced radiation 
exposure, cost and easy accessibility Owing to its ability of providing 
accurate measurement without magnification the accuracy of image 
comparison and precision has increased many fold making it an effective 
tool in the assessment of growth and treatment results. CBCT is a three 
dimensional imaging technique and is preferred over two dimensional 
imaging asfine landmarks such as lingual foramen are difficult to assess, 
also it causes overlapping and superimposition of structures.2 This study 
focuses on the morphometric analysis of lingual foramen using CBCT, 
the aim of this retrospective study was to determine the level of visibility 
of the lingual foramen in CBCT as a reference tool. The knowledge 
derived from this study can be applied for preoperative evaluation of 
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patients of undergoing rehabilitation using dental implants of the 
mandibular anterior region. 

2. Material and Methods 

This study was approved by the Institutional Ethical Committee and 
patients who gave consent for CBCT scan and also gave consent that the 
scans can be used for research purpose were incorporated in the study. 
CBCT images of 250 patients who were referred to the Department of 
Dentomaxillofacial Radiology at Diagnostic and Research Center Delhi- 
NCR, India were evaluated retrospectively in the period from January 
2018 to February 2019. The inclusion criteria incorporated either fully 
or partially edentulous spaces. High quality reconstructed images 
without artifacts, absence of pathological lesions in the anterior 
mandible and an absence of apparent atrophy of the mandible, and an 
absence of impacted teeth in the anterior mandible. 

All high resolution CBCT images were obtained by NewTomGiano 
unit (QR SRL Company, Verona, Italy) with a 5 " 5 cm field of view 
(FOV) and exposure parameters of kVp ! 90, mAs ! 14.64, exposure 
time ! 3.6s. The image acquisition protocol consisted of 360# rotation 
with an X ray tube and a flat panel amorphous silicon detector. The 
CBCT volumes obtained were displayed with a 0.75 !m thickness. The 
analyses of the CBCT images were done using built-in software (New Net 
Technologies (NNT) viewer software version 6.1, QR Sri, Company, 
Verona, Italy) in a Dell Precision T5400 workstation (Dell, Round Rock, 
TX, USA) equipped with a 24-inch Ultra Sharp LED TFT monitor (Dell, 
TX, USA), which displayed 2 megapixels with 0.27 pixel pitch in a 
darkroom. The brightness and contrast of the images were calibrated 
according to the image processing tool in the software to provide 
optimal visualization. The visualization of sections in the three spatial 
dimensions i.e. axial, sagittal and coronal sections was done that is 
multiplanar reformat (MPR format). In patients with midline lingual 
foramina, the location of the midline lingual foramen was aligned on all 
3 planes (X,Y,Z) and multiple cross sections of midline lingual foramen 
region were generated. All the cross sections were observed. The section 
which showed the complete course of the canals clearly was selected for 
further evaluation. With the zooming tool available within the software 
the image of sagittal section was zoomed in for easier visualization of the 
desired area and location of the foramen. The parameters analyzed in 
the study are detailed in Table 1. 

Observers could modulate the magnification and brightness of the 
screen. Evaluation of the images was accomplished by two experienced, 
independent Maxillofacial Radiologists blinded to the demographic de-
tails of the subjects. All measurements were taken twice by the same 
observers and the mean values of all the measurements were included in 
the statistical analysis. The observers also performed the study twice 
with an interval of three weeks to detect intra-observer variability. 

2.1. Statistical analysis 

Descriptive statistics including tables and graphs were used. In order 
to test the degree of agreement between repeated analyses, kappa (k) 
coefficient values were employed to assess intra-examiner reliability in 
reaching a correct and reproducible diagnosis. Data were entered into 
SPSS software (version 19.0) and were statistically analyzed by Chi- 
Square test with 5% level of significance. Independent ‘t’ test and 
ANNOVA test has been used to find the significance of study parameters 
on ordinal scale between two or more than two groups. 

3. Results 

Of the 250 patients included Genderwise division into 123 were 
males and 127 were females and Agewise division into 5 age groups; 
Group I: Less than 20 years, Group II: 21–35 years, Group III: 36–50 
years, Group IV: 51–65 years and Group V: More than 65 years was done 
(Table 2). 

Table 1 
Parameters used for evaluation of Lingual Foramen on CBCT.  

Location of the lingual foramina  1) Midline foramina-In the center of the 
symphysis  

2) Para Median- Between the mesial aspects of 
the central incisors and the distal aspects of 
the canines. 

Location of midline lingual 
foramina in relation to genial 
tubercle  

1) Superior  
2) Inferior 

Number of midline lingual canals  1) Single  
2) Multiple 

Types of lingual foramina (Fig. 1) Type A: Single lingual canal above genial 
tubercle. 
Type B: Single lingual canal below genial 
tubercle. 
Type C: Single lingual canal located above the 
genial tubercle with a bifurcation in the 
posterior most part. 
Type D: Two canals-one above the genial 
tubercle, other located below genial tubercle, 
not intersecting each other. 
Type E: Intersection of two separate canals; one 
located above the genial tubercle, other located 
below genial tubercle. 
Type F: Two parallel canals. 
Type G: Intersection of two separate canals; 
one exiting through the lingual cortical plate 
and one through the labial cortical plate. 
Type H: Three canals (one located above the 
genial tubercle, other two located below genial 
tubercle. 
Type IA: 1 canal superior to genial tubercle 
exiting on lingual side and one canal 
perpendicular to alveolar crest 
Type IB: 1 canal superior to genial tubercle 
exiting on labial side and one canal 
perpendicular to alveolar crest 
Type J: One canal above the genial tubercle 
and one below the genial tubercle with 
anastomosis. 

Length of the lingual foramen The distance between orifice of foramen on the 
lingual cortex and at the inner most point of 
canal 

Diameter of the canal at three 
levels (Fig. 2) 

At the orifice of canal (POINT A) 
At the midpoint of canal (POINT B) 
At the inner most point of canal (POINT C) 

Vertical distance (VD) (Fig. 3) VD from point A to Horizontal Plane at alveolar 
crest (line X1-X2) (VD1) 
VD from point C to Horizontal Plane at alveolar 
crest (line X1-X2) (alveolar crest) (VD2) 
VD from point A to Horizontal Plane at base of 
the mandible) (line Y1–Y2) (VD3) 
VD from point C to Horizontal Plane at base of 
the mandible) (line Y1–Y2) (VD4)  

Table 2 
Age wise and Gender wise distribution of study sample.  

Age Group Gender Total 

Male Female 

$20 Years n 40 30 70 (28.0%) 
% 57.1% 42.9% 100.0% 

21–35 Years n 15 19 34 (13.6%) 
% 44.1% 55.9% 100.0% 

36–50 Years n 17 25 42 (16.8%) 
% 40.5% 59.5% 100.0% 

51–65 Years n 28 33 61 (24.4%) 
% 45.9% 54.1% 100.0% 

"65 Years n 23 20 43 (17.2%) 
% 53.5% 46.5% 100.0% 

Total n 123 127 250 (100.0%) 
% 49.2% 50.8% 100.0% 

Mean Age ! 41.79 (Minimum ! 05 Years, Maximum ! 87 Years). 

S. Rai et al.                                                                                                                                                                                                                                      



Journal of Oral Biology and Craniofacial Research 12 (2022) 505–511

507

3.1. Type of lingual foramen on the basis of location 

In our study based on number and location of lingual foramen 10 
subtypes of lingual foramen and canals were identified and classified 
(Table 1, Fig. 1). 

Genderwise and Agewise comparison and distribution of Single 
lingual foramen (Type A, B, and C) was found to be statistically non 
significant and statistically significant (p ! 0.338 and p ! 0.019 
respectively). However, Genderwise, Type A was found to be most 
common in females (81.7%) and Agewise, Type A was most common in 
Group I (82.7%) (Tables 3 and 4). Genderwise and Agewise distribution 
of Multiple lingual foramen (Type D,E,F,G,H,I and J) was found to be 
statistically non significant. (p ! 0.338 and p ! 0.394 respectively). 
However, Type D was most common in females (51.1%) and Agewise 
Type D in Group I (61.1%) (Tables 5 and 6) (see Table 7). 

3.2. Morphometric parameters of lingual canal 

In the present study Genderwise and Agewise comparison of all 
morphometric parameters of lingual canal is shown in Table 4. Gen-
derwise length of canal was found to be more in males and was 

Fig. 1. CBCT images showing different types of the lingual foramen and lingual canals as seen on sagittal planes A. Single lingual canal above genial tubercle. B. 
Single lingual canal below genial tubercle. C. Single lingual canal located above the genial tubercle with a bifurcation in the posterior most part. D. Multiple- Two 
canals-one above the genial tubercle, other located below genial tubercle, one oriented downwards and another upwards. E. Multiple- Intersection of two separate 
canals ;one—oriented downwards—located above the genial tubercle, other—oriented upwards—located below genial tubercle. F.Multiple- Cross-section image of 
canal is a representation of two parallel canals. G.Multiple- Intersection of two separate canals; one exiting through the lingual cortical plate and one through the 
labial. H.Multiple- Three canals. I. a and b- Multiple- 1 canal labial 1 canal superior to genial tubercle and one canal perpendicular to alveolar crest. J. Multiple- One 
canal above the genial tubercle and one below the genial tubercle with anastomosis. 

Table 3 
Gender wise distribution of Lingual canal- Type A, B and C.  

Gender Type (in Single type) Total 

A B C 

Male n 59 19 0 78 
% 75.6% 24.4% .0% 100.0% 

Female n 67 14 1 82 
% 81.7% 17.1% 1.2% 100.0% 

Total n 126 33 1 160 
% 78.8% 20.6% .6% 100.0% 

Chi-Square ! 2.167, degree of freedom ! 2, p – value ! 0.338 (Not Significant). 
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statistically significant (p ! 0.022). Agewise diameter of canal at orifice 
was found to be more in Group III and was statistically significant (p !
0.022). Genderwise diameter of canal at midpoint was found to be more 
in males and was statistically very highly significant (p ! 0.001). Gen-
derwise and Agewise diameter of canal at innermost point was found to 
be more in males and in Group III and was statistically significant. (p !
0.037 and p ! 0.010) respectively. Genderwise and Agewise distance 
between orifice of canal and alveolar crest was found to be more in 
males and in Group III and was found to be statistically very highly 
significant. (p ! 0.001) for both respectively. Genderwise and Agewise 
distance between innermost point of canal and alveolar crest was found 
to be more in males and in Group III and was highly significant (p !
0.001) and very highly significant (p ! 0.001) respectively. 

4. Discussion 

Defining the exact anatomy of the inter-foraminal mandibular 

Table 4 
Age group wise distribution of Lingual canal- Type A, B and C.  

Age Group Type (in Single type) Total 

A B C 

$20 Years n 43 9 0 52 
% 82.7% 17.3% .0% 100.0% 

21–35 Years n 24 1 0 25 
% 96.0% 4.0% .0% 100.0% 

36–50 Years n 15 9 0 24 
% 62.5% 37.5% .0% 100.0% 

51–65 Years n 20 11 1 32 
% 62.5% 34.4% 3.1% 100.0% 

"65 Years n 24 3 0 27 
% 88.9% 11.1% .0% 100.0% 

Total n 126 33 1 160 
% 78.8% 20.6% .6% 100.0% 

Chi-Square ! 18.337, degree of freedom ! 8, p – value ! 0.019 (Significant). 

Table 5 
Gender wise distribution of Lingual canal- Type D,E,F,G,H,I,J.  

Gender Type (in Multiple type) Total 

D E F G H I J 

Male n 19 12 6 2 3 1 2 45 
% 42.2% 26.7% 13.3% 4.4% 6.7% 2.2% 4.4% 100.0% 

Female n 23 6 5 0 7 2 2 45 
% 51.1% 13.3% 11.1% 0.0% 15.6% 4.4% 4.4% 100.0% 

Total n 42 18 11 2 10 3 4 90 
% 46.7% 20.0% 12.2% 2.2% 11.1% 3.3% 4.4% 100.0% 

Chi-Square ! 2.167, degree of freedom ! 2, p – value ! 0.338 (Not Significant). 

Table 6 
Age group wise distribution of Lingual canal- Type D, E, F, G, H, I, J.  

Age Group Type (in Multiple type) Total 

D E F G H I J 

$20 Years n 11 2 3 0 1 0 1 18 
% 61.1% 11.1% 16.7% .0% 5.6% 0.0% 5.6% 100.0% 

21–35 Years n 4 3 1 0 1 0 0 9 
% 44.4% 33.3% 11.1% .0% 11.1% 0.0% 0.0% 100.0% 

36–50 Years n 4 3 3 1 5 2 0 18 
% 22.2% 16.7% 16.7% 5.6% 27.8% 11.1% 0.0% 100.0% 

51–65 Years n 17 4 3 1 2 0 2 29 
% 58.6% 13.8% 10.3% 3.4% 6.9% 0.0% 6.9% 100.0% 

"65 Years n 6 6 1 0 1 1 1 16 
% 37.5% 37.5% 6.3% .0% 6.3% 6.3% 6.3% 100.0% 

Total n 42 18 11 2 10 3 4 90 
% 46.7% 20.0% 12.2% 2.2% 11.1% 3.3% 4.4% 100.0% 

Chi-Square ! 25.213, degree of freedom ! 24, p – value ! 0.394 (Not Significant). 

Table 7 
Gender wise and Age wise comparison of morphometric parameters of lingual canal.  

Parameter Males Females P value !20 years 21–35 years 36–50 years 51–65 years "65 years ANNOVA P value 

Length 6.21(%2.12) 5.66(%1.68) 0.022(S) 5.79(%1.92) 6.47(%2.17) 6.04(%2.06) 5,83(%1.91) 5.77(%1.60) 0.918 0.145 
Diameter at Point 

A 
0.92(%0.36) 0.85(%0.26) 0.081 0.90(%0.30) 0.77(%0.32) 1.01(%0.41) 0.89(%0.28) 0.85(%0.24) 2.916 0.022(S) 

Diameter at Point 
B 

0.57(%0.21) 0.47(%0.16) !0.001 
(VHS) 

0.50(%0.18) 0.54(%0.24) 0.55(%0.19) 0.50(%0.17) 0.53(%0.17) 0.866 0.485 

Diameter at Point 
C 

0.439 
(%0.19) 

0.39(%0.14) 0.037 (S) 0.37(%0.12) 0.41(%0.17) 0.48(%0.25) 0.43(%0.17) 0.37(%0.11) 3.400 0.010(S) 

VD1 13.67 
(%4.22) 

11.87 
(%3.70) 

!0.001 
(VHS) 

13.17 
(%3.24) 

13.22 
(%3.35) 

14.44 
(%5.02) 

12.34 
(%4.06) 

10.63 
(%3.91) 

5.573 !0.001 
(VHS) 

VD2 16.78 
(%4.25) 

15.12 
(%3.72) 

0.001(HS) 16.75 
(%3.02) 

16.99 
(%3.54) 

17.04 
(%4.88) 

15.07 
(%4.05) 

13.92 
(%4.24) 

5.775 !0.001 
(VHS) 

VD3 13.17 
(%3.67) 

12.90 
%(3.18) 

0.543 13.00 
(%3.35) 

13.10 
(%2.79) 

12.66 
(%3.88) 

12.71 
(%3.79) 

13.86 
(%2.98) 

0.880 0.476 

VD4 10.01 
(%2.91) 

9.56%(2.33) 0.173 9.41(%2.94) 9.25%(2.68) 9.63(%2.44) 10.05 
(%2.62) 

10.57 
(%2.15) 

1.868 0.117 

VHS!Very highly significant, HS!Highly significant, S!Significant. 
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region, during preoperative planning can prove to be highly beneficial 
as it allows the clinician to make a correct decision when planning 
implant treatment.3 The assessment of CBCT scans also aids in precise 
positioning and placement of an implant.4 This determines the prognosis 
of osseo-integration and support for the prosthesis.5 

In the current study the location, number of lingual foramen classi-
fied into 10 different types along with length, diameter at different levels 
and vertical distance of lingual canal from alveolar crest and lower 
border of mandible were determined. 

In our study presence of lingual foramina was observed in all the 
100% of subjects, distribution of lingual foramen in the study group was 
determined Age wise and Gender wise. Similar study was conducted by 
Babiuc I et al.,3 Sener E et al.6 who found that lingual foramen were 
present in 100%of all the dentate patients included in their study.The 
authors concluded CBCT to be a superior imaging modality over two 
dimensional modalities when investigating anatomical structures of the 
mandible. However, in the study conducted by Rathi S and Vaibhav 
K,4193.6% of all the CBCT scans was showing presence of lingual fora-
men and in 6.4% cases the foramen was absent. Liang X et al.8 had 
studied the lingual foramina on the panoramic radiographs and 
observed lingual foramina in 71% of subjects. The reasons for the 
reduced/poor visibility of these midline structures, on panoramic ra-
diographs have been described by the authors due to distortion and 
misinterpretation as a result of superimposition of anterior mandibular 
anatomy on panoramic radiographs. 

A number of authors have previously investigated the location of the 
mandibular lingual canal in CBCT examinations.2,3,6 Sekerci et al.5 

identified 12 different locations for the lingual foramen on CBCT 
cross-sectional images. They found that the most common type found in 
the midline of the symphysis was a single lingual foramen located above 
the genial tubercle followed by two lingual foramens (one located above 
and the other located below the genial tubercle), and a single lingual 
foramen located below the genial tubercle. In addition, Nagar et al.10 

found in their study that 72.45% subjects had midline foramen situated 
above the superior genial tubercle and 5.98% subjects had midline fo-
ramen inferior to genial tubercle which conforms with the findings of 
the current study. 

Despite the detection of a single lingual foramen in the midline area 
in most cases (160 canals), multiple foramina were also observed in a 
considerable number of patients (90 canals) in this study. This finding is 
also comparable data from previous research conducted by Perez et al.,9 

which reveals a higher frequency of a single lingual foramen. However, 
Rathi S et al.7 found more multiple foramina (55.6%) than single fora-
men (38%) in their study. 

Apart from mandibular midline region Lingual Foramen in our study 
was also found at the mandibular paramedian region. However, gen-
derwise and agewise distribution of paramedian did not reveal statisti-
cally significant results. Similar studies were obtained by Katakami 
et al.11 who reported of lingual foramina in the paramedian location 
from 12 to 25%.Unni et al.12 reported the prevalence of paramedian 
location of lingual foramen within the range of 15%–31% and termed it 
as lateral lingual foramen. 

Previous studies reporting on the diameter of the lingual canal show 
that it may range from 0.18 to 3 mm.2,8,10,13,14 Gahleitner et al.16 

concluded in their study that the presence of lingual vascular channel 
renders the area more prone to injury and haemorrhage. The smaller 
canals (less than 1 mm in diameter) have bleak chance of causing a 
major haematoma and must be mentioned in the radiological report and 
taken into consideration while doing any surgical procedures. In our 
study 97 (38.8%) canals were greater than 1 mm and 153 (61.2%) canals 
were less than 1 mm in diameter at the orifice, similar results were found 
by Yildirim et al.18 the diameter of the canals were classified as less than 
1 mm and more than 1 mm. 75.6% of canals had a diameter less than and 
equal to 1 mm. 

In the current study the diameter of lingual foramen was measured at 
three different points along the labio-lingual length. (Point A, B, C) 

(Fig. 2) The minimum diameter of the canal at the orifice (Point A) was 
0.3 mm and maximum was 2.5 mm. At Point B minimum was 0.3 mm 
and maximum was 1.2 mm, at Point C minimum was 0.2 mm and 
maximum was 1.3 mm. Similar findings were reported by Perez S et al.9 

who observed the mean diameter of the lingual canal to be of 1.39 
(%0.46)mm. von Arx et al.17 and Gahleitner et al.16 reported mean 
diameter of 0.97(%0.37)mm and 0.7(%0.3)mm respectively. The prob-
able reason for the differences in mean diameters between our and other 
studies can be explained by the fact that, morphological variations in the 
height, internal structure and neuro-vascular supply of the mandible can 
be expected to differ in different geographical areas. Studies have found 
that determining the average size of lingual canal is of great importance 
to prevent surgical accidents.7,9,16 

In the present study the mean length of canal was 6.21(%2.12)mm in 
males and 5.66(%1.68)mm in females and the difference was statisti-
cally significant (p ! 0.022). However age wise length of lingual canal 
was statistically non significant. Similar studies were conducted by 
Perez et al.9 in dentulous and edentulous patients and was found to be 
9.25(%1.99)mm in dentulous patients and 8.60(%1.89)mm in edentu-
lous patients. Aoun et al.15 conducted a study and found the mean length 
of lingual canal to be 5.81(%1.6)mm. They found that Genderwise dif-
ference was statistically highly significant (p ! 0.001) and in males it 
was 5.94(%1.88)mm and in females it was 5.68(%1.31)mm. 

In our study the distance of lingual canal to the alveolar crest and the 
base of the mandible was calculated at the orifice of the canal and at the 
innermost point of the canal respectively (Fig. 3). The distance of lingual 
canal to the alveolar crest at the orifice of the canal in males was 13.67 
(%4.22) mm and in females was 11.87(%3.7) mm and the difference in 
the mean was found to be statistically very highly significant (p ˂ 0.001). 
Age wise this distance was determined and was found to be maximumin 
Group III that is 14.44(%5.02)mm and minimum in Group V that is 
10.63(%3.91)mm and the values obtained were found to be statistically 
very highly significant. (p˂0.001) So it could be inferred from our study 
that the distance from the orifice of lingual canal to the alveolar crest of 
mandible was found to be increasing with age till the age of 50, after 
which there is a decrease in this distance. Similar results were found by 
Gamoh S et al.19 who stated that in 71% of all the lingual canal, the 
distance from superior border ranged between 15 and 25 mm. Also Perez 
et al.9 in their study found the mean distance of lingual canal from 

Fig. 2. CBCT image showing diameter of lingual canal as seen on sagittal 
planes. A. At orifice, B. At Mid level C. At Innermost point of the lingual canal. 
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superior border was 11.40(%3.24)mm. 
The mean distance from the depth of lingual canal to the alveolar 

crest of mandible was 16.78(%4.25)mm in males and 15.12(%3.72)mm 
in females and the difference in the mean was found to be statistically 
very highly significant (p ! 0.001). Age wise this distance was deter-
mined and was found to be maximum in Group III as 17.04(%4.88)mm 
and minimum in Group V as 13.92(%4.24)mm. Distance of depth of 
lingual canal to alveolar crest in different age groups was found to be 
statistically very highly significant (p value˂0.001). Similar studies were 
conducted by Sheikhi et al.20 who noticed for this distance a mean of 
10.08(%2.06)mm and concluded as this distance is important to deter-
mine as it may decide while choosing the implant length, especially in 
atrophied mandibles. 

However the mean distance from the orifice of canal to the inferior 
border of mandible and from the depth of the canal to the inferior border 
of mandible did not reveal gender wise and age wise statistically sig-
nificant results. 

The distance of the lingual canal from the alveolar crest and tooth 
apex are the most significant ones as any procedure like endosseous 
implants placement may perforate or impinge the canal from the supe-
rior surface if the height of the implant is more than the distance 
measured. Thus, to know the distance from the canal to all the cortices 
are important for prevention of damage to the vital structures.20 

5. Conclusion 

There is a large diversity in anatomy, morphology and size of the 
lingual foramen. Knowledge of this is clinically essential to avoid 
operative and post operative complications during surgical intervention 
of anterior mandible. Limited Field of View (FOV) CBCT for cross 
sectional imaging can be used to evaluate neurovascular structures and 
bone in this area. Limited FOV CBCT follows ALARA (as low as 
reasonably achievable) principle and has high resolution. Therefore, the 
findings in this study of categorical outcomes may help clinicians gain a 
better understanding and awareness of the lingual foramen and lingual 
canal, that may aid in surgical interventions in this region. 
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ABSTRACT
Mucopolysaccharidosis VI is a genetic disorder affecting multiple organs with sundry clinical presentations. The 
main etiological factor reflects the disturbances in mucopolysaccharide metabolism leading to deposition of  acid 
mucopolysaccharide in various tissues. The pathognomonic features of  the disease include a large head, short neck, 
corneal opacity, open mouth associated with an enlarged tongue, enlargement of  the skull, and long anteroposterior 
dimension with unerupted dentition, dentigerous cyst-like follicles, condylar defects, and gingival hyperplasia. An 
18-year-old boy with Maroteaux-Lamy syndrome (mucopolysaccharidosis type VI) is described in this article, empha-
sizing the oral manifestations and radiographic illustration of  lesions in the jaws. It also emphasizes the essential role 
of  cone-beam computed tomography to identify and analyze multicentric pathologies in the jaws.

KEYWORDS: Mucopolysaccharidoses VI diagnosis, corneal opacity, N-Acetylgalactosamine-4-Sulfatase, 
glycosaminoglycans.
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INTRODUCTION

Mucopolysaccharidosis: MPS VI (Maroteaux-Lamy syn-
drome) is a rare genetic disorder caused by glycosaminoglycans 
(GAG) storage enzyme deficiency: N-acetylgalactosamine sulfa-
tase. Normally this enzyme is found in the skin, tendons, blood 
vessels, airways, and heart valves [1, 2]. The etiology of  the dis-
ease is attributed to the arylsulfatase B gene (ARSB) mutation, 
which further leads to a deficiency of  N-acetylgalactosamine 
sulfatase. This lysosomal enzyme is essential for the catabolism 
of  GAG, dermatan sulfate (DS), and chondroitin sulfate (CS) [3].

ARSB mutation culminates in excessive accumulation of  
GAG and DS in the cells, which triggers the tumor necrosis fac-
tor (TNF) pathway [4]. This elicits an inflammatory response 
leading to chondrocyte apoptosis, causing progressive arthropa-
thy. Therefore, these patients usually show significant symptoms 
involving bone, cartilage, liver, spleen, ligaments, joints, heart 
valves, airways, meninges, and corneas. The heterogeneity of  the 
clinical presentation is mainly due to genotype-phenotype cor-

relation in ARSB mutations according to residual enzyme activi-
ty [5, 6]. Symptoms include growth stunting, coarse facies, thick 
hair, skeletal deformities, frequent upper airway infections, hep-
atosplenomegaly, hearing loss, sleep apnea, and stiff joints [2].

Elevated GAGs in the urine and high DS concentrations are 
markers of  disease activity but alone, these are not diagnostic 
methods. The criterion for the diagnosis is based on the estima-
tion of  ARSB enzyme activity confirmed in cultured fibroblasts 
or isolated leukocytes (value <10% the lower limit of  normal). It 
is estimated that the urinary score of  GAG is directly proportion-
al to the progression of  the disease [7]. 

Though various treatments have been mentioned in the 
literature, an interdisciplinary approach is a prerequisite for the 
management of  patients with MPS VI [8, 9].

The objective of  this article was to report the case of  an 
18-year-old male patient in Western Uttar Pradesh, India, seek-
ing endodontic treatment for painful swelling of  maxillary ante-
rior teeth. He was diagnosed with MPS VI, focusing on the gen-
eral characteristics of  MPS VI and radiological findings. It also 
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emphasizes the importance of  radiographic examination of  all 
unerupted teeth, using Cone Beam Computed Tomography 
(CBCT) to better delineate the extent of  the lesion and its rela-
tionship to adjacent anatomical structures.

CASE REPORT

An 18-year-old male patient reported to the Department of  
Oral Medicine and Radiology, IDST Modinagar, seeking treat-
ment for orofacial swelling and purulent discharge in left upper 
front teeth for 6 months. The personal history revealed that both 
his parents were middle-aged in the fourth decade of  life. 

His mental status was normal; however, cardiac and bron-
cho-pulmonary insufficiency and mild hepato-splenomegaly were 

noted. The patient had a large head with corneal clouding in 
the left eye, flattened nasal bridge, bushy eyebrows, and hyper-
telorism (Figure 1). Intraoral soft tissue examination revealed 
macroglossia, thick lips, and distended adenoids, whereas hard 
tissue examination revealed delayed tooth eruption and a high 
arched palate. Vestibular obliteration and tenderness were noted 
in relation to the left maxillary canine (23) along with the presence 
of  sinus tract. An ill-defined swelling was noted in the same re-
gion, insidious in onset and relieved on its own with pus discharge 
(Figure 2). The swelling was soft in consistency and non-com-
pressible, non-fluctuant, and non-reducible. The patient was in 
good health and reported no history of  local trauma, chronic 
inflammation, cranial nerve alterations, or hearing changes.

The patient had a radiological examination of  the local le-
sion concerning 23, and intraoral periapical (IOPA) revealed two 

Figure 1. Clinical photograph showing corneal opacity.

Figure 2. Clinical photograph showing deranged occlusion and gum boil in respect to left maxillary lateral incisor.
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radiolucencies. A smaller, well-defined radiolucency at the alveo-
lar crest measuring approximately 3 mm × 2.5 mm in greatest di-
ameter between the left lateral incisor and first premolar. Larger 
radiolucency was associated with a partial image of  radiopacity, 
causing deflection of  roots of  the left lateral incisor and first pre-
molar suggestive of  cystic lesion associated with an unerupted 
impacted tooth (Figure 3). Therefore, to demarcate the extent of  
the cystic lesion, the patient was subjected to a panoramic radio-
graph, which revealed multiple unerupted teeth with pericoronal 
radiolucencies resembling dentigerous cyst in the mandible and 
maxilla (Figure 4).

CBCT was acquired to assess the details of  lesions mani-
fested in both jaws. The tomographic images were obtained with 
a CS 9300 scanner at 0.18 mm × 0.18 mm × 0.18 mm resolu-
tion (Carestream Health, Inc, Rochester NY, USA) using 90 kV, 
15 mA, and 12 seconds of  exposure time. The exposure settings 

were automatically optimized for the patient's size. The voxel size 
was 300 micrometers. The images were evaluated by an experi-
enced oral and maxillofacial radiologist using CS 3D imaging 
software (version 3.2.9.0-B, Kodak Dental Systems, Carestream, 
Rochester, New York, United States) in a dimly lit room on a 
17 inch Dell monitor (Intel R Xenon R). 

CBCT images showed multiple well-defined expansile le-
sions described below (Figures 5, 6 and 7). First lesion measuring 
1.9 cm × 2.4 cm × 2.2 cm, in the greatest antero-posterior (AP), 
transverse (T) and supero-inferior (SI) dimensions, respectively, in 
the right posterior maxillary alveolus corresponding to the 18 re-
gion and posterior third of  the right maxillary sinus. The devel-
oping tooth 18 was displaced cranially into the posterior middle 
third of  the right maxillary sinus. The lesion involved the distal 
peri-radicular region of  tooth 17 and the periapical region of  the 
distobuccal and palatal roots of  17. The margins were distinct 

Figure 3. Ill defined radiolucency between roots of maxillary lateral incisor and first premolar causing deflected roots of the teeth and 
partial image of radiopacity superior to the radiolucency.
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and thin corticated and appeared attached to the cement-enamel 
junction (CEJ) of  the tooth 18. The internal structure was com-
pletely radiolucent with no internal calcifications/septation. Ef-
facement was seen of  the adjacent crest and buccal cortex of  
the alveolus. Thinning, superior displacement, and partial efface-
ment was seen on the adjoining floor of  the right maxillary sinus. 
Blunting suggestive of  apical root resorption was seen on the dis-
tobuccal and palatal root apices.

Second lesion measuring 5.5 cm × 3.6 cm × 4.3 cm in 
AP-T-SI dimensions, respectively, in the left maxilla, including 
the left hard palate and the left maxillary sinus extending ante-
riorly across the midline to the 12 region. The lesion involved 
the periapical region of  the teeth 12 until 28 and occupied the 
entire left maxillary sinus cavity. Tooth 23 was seen within the le-
sion in the anterior superior third of  the left maxillary sinus. The 
margins were well defined, thin corticated, and scalloped. Partial 

Figure 4. Panoramic radiograph showing multiple cyst-like lesions associated with unerupted teeth in the jaws.

Figure 5. Axial, sagittal and coronal sections showing multiple dentigerous cyst in the mandible.
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Figure 6. Axial, sagittal and coronal sections showing multiple dentigerous cysts in the maxilla showing severe expansion of the bone.

Figure 7. Cross sections of maxilla and mandible with 3-Dimensional reconstruction of jaws depicting multiple dentigerous cyst in the jaws.
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septations were also noted in the inferior third of  the lesion. The 
internal structure was completely radiolucent with no internal 
calcifications. Apical root resorption was seen in teeth 26, 25, 
11, and 12. The lesion involved the nasopalatine canal with ef-
facement of  the cortical outlines. Thinning and mild expansion 
of  the labio-buccal cortex was present. In addition, thinning and 
expansion of  the adjacent palatal cortex were noted.

Third lesion measuring 3.14 cm × 1.2 cm × 3.4 cm in 
AP-T-SI dimensions, respectively, in the right posterior mandible 
and right mandibular ramus extending from the 47 region till the 
posterior third of  the right mandibular ramus. Supero-inferiorly 
the lesion involved the entire occluso-apical extent of  the alveolus 
in the 48 region. It involved the buccal peri-radicular region of  
tooth 47. Thin corticated scalloped margins were seen. Internal 
contents were completely radiolucent with no internal calcifica-
tions/septations. The developing tooth 48 was displaced inferi-
orly, and the lesion appeared attached to the CEJ of  the tooth. 
Effacement was seen on the crest of  the alveolus in the 48 region. 
There was a thinning and mild expansion of  the adjacent buccal 
and lingual cortices. There was a medial and inferior displace-
ment of  the adjacent right inferior alveolar canal. The vertical 
segment of  the canal was displaced posteriorly.

Fourth lesion measuring 1.2 cm × 3.1 cm × 3.0 cm in 
AP-T-SI dimensions respectively, in the anterior and left para-
symphysis region, extending from the 34 region across the mid-
line till the 43 region. The lesion involved the pericoronal re-
gion of  the mesioangularly impacted tooth 33. The lesion also 
involved the apical alveolar-basal bone and the periapical region 
of  teeth 32, 34. It extended into the interdental alveolar bone 
between teeth 32–34 with effacement of  the alveolus crest. Thin 
corticated scalloped margins were observed. Internal contents 
were completely radiolucent with no internal calcifications/sep-
tations. There was a thinning and mild expansion of  the adja-
cent labio-buccal cortex. Mild thinning of  the lingual cortex and 
inferior cortex was observed. Apical root resorption was seen in 
teeth 34, 32. 

Fifth lesion measuring 1.5 cm × 1.1 cm × 1.4 cm in AP-T-SI 
dimensions respectively, involving the interdental alveolar bone 
between teeth 36–37. The lesion involved the distal-lingual 
peri-radicular region of  the distal root of  36 and the mesial-lin-
gual peri-radicular region of  the mesial root 37. The margins 
were thin corticated with completely radiolucent internal con-
tents. There was a thinning and mild expansion of  the adjacent 
lingual cortex. Effacement was seen along the crest of  the alveo-
lus lingual to the roots of  teeth 36–37. The lesion was caudal to 
the left inferior alveolar canal.

Sixth lesion measuring 3.5 cm × 1.1 cm × 4.6 cm in AP-T-SI 
dimensions respectively, in the left posterior mandible and left 
mandibular ramus extending from the 37 region till the posterior 
border of  the left mandibular ramus. Supero-inferiorly the lesion 
involved the entire occluso-apical extent of  the alveolus-basal 
bone and the craniocaudal extent of  the ramus. It involved the 
buccal and distal peri-radicular region of  tooth 37. The devel-
oping tooth 38 was displaced inferiorly, and the lesion appeared 
attached to the CEJ of  the tooth. Thin corticated scalloped mar-
gins were observed. Internal contents were completely radiolu-
cent with no internal calcifications/septations. Effacement was 
seen on the crest of  the alveolus in the 38 region. There was 
thinning of  the adjacent buccal and lingual (medial and lateral) 
cortices and anterior cortex of  the ramus. A mild expansion was 
seen of  the medial cortex of  the ramus. There was a medial and 
inferior displacement of  the adjacent left inferior alveolar canal. 
The vertical segment of  the canal was displaced posteriorly.

Clinical and radiographic findings indicated a syndrome 
such as cleidocranial dysplasia, basal cell nevus syndrome, 
Klippel-Feil syndrome, Maroteaux-Lamy syndrome suffering 
from multiple dentigerous cysts. The patient was advised to take 
a posteroanterior chest x-ray and anteroposterior skull and neck 
radiograph to detect osseous abnormalities in these syndromes, 
but the radiographs appeared normal. 

On laboratory investigations, thyroid profile, serum calcium, 
phosphorus levels, and 25-hydroxy cholecalciferol levels were 
normal. Metabolic screening tests for GAGs in the urine and 
aryl sulfate B assay were advised to determine Maroteaux-Lamy 
syndrome. GAG concentration in the urine was 134 mg GAG/g 
creatinine (normal range 19.97–110.53). Enzyme assay revealed 
a deficiency of  aryl sulfate B that was 83.26nmol/mg proton/h 
(normal value >121 nmol/mg proton/h). The deranged values 
indicated the presence of  Maroteaux-Lamy syndrome. 

We explained to the patient the importance of  identifying 
the variant in the family through genetic testing. Genetic testing 
was offered to both parents to avoid such complications in future 
pregnancies but could not be performed because of  the poor af-
fordability of  parents. The patient was notified of  the diagnosis 
and opted not to pursue treatment. No noticeable clinical chang-
es were observed at a 6-month follow-up appointment.

DISCUSSION

Mucopolysaccharidosis: MPS VI (Maroteaux-Lamy syn-
drome) is a rare syndrome usually having an autosomal recessive 
inheritance pattern [4]. The main defect of  this disorder lies in 
the deranged metabolism of  GSG, DS, and CS. Usually, the pa-
tient presents with large lips, thick gingival tissue, and corneal 
opacities. The disease progressively causes cardiac failure and 
bronchopneumonia due to the accumulation of  mucopolysac-
charides resulting in the death of  these patients [10]. The fre-
quency of  this disease ranges from 1:1.3 million to 1:1.5 million 
live births in the medical literature [11].

The presence of  average intelligence, prominent metachro-
matic inclusions in leukocytes, and deficient activity of  ARSB 
differentiate this syndrome from other mucopolysaccharidoses 
[8, 9]. Systemic examination in these patients reveals various 
musculoskeletal abnormalities such as dysostosis multiplex, genu 
valgum, hip dysplasia, kyphoscoliosis, joint stiffness, joint con-
tractures, short stature, and many neurological findings absent in 
our case. However, respiratory findings like sinusitis, upper and 
lower airway obstruction, sleep apnea, and cardiac abnormalities 
are also present [10, 11]. Similar cardio-pulmonary insufficiency 
was present in our case too.

Extraoral findings include a large and prominent forehead, 
marked supraorbital ridges, temporal bulge, short neck, corne-
al opacity, enlarged skull, and a long anteroposterior dimension 
[9–11]. Intraorally, delayed tooth eruption, high arched palate, 
microdontia or malformed hypocalcified and hypoplastic teeth, 
thick lips, distended adenoids, and macroglossia are usually ob-
served [8–10]. Our patient presented with similar extraoral and 
intraoral clinical features; however, there was no gingival hy-
perplasia or hypocalcified or hypoplastic teeth. In a case report, 
Gardner explained the presence of  numerous malformed teeth 
with this syndrome [12]. 

Another case report described oral manifestations of  Maro-
teaux Lammy syndrome in an 11-year-old boy with similar find-
ings [13]. Though Gardner [12], in one of  his reports, elaborated 
that the incidence of  dental caries may be lower than average 
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in these patients, our patient presented with a carious 23 with 
pulpal involvement.

Radiographic examinations are essential in the case of  pa-
tients with unerupted teeth. However, a panoramic radiograph 
may be used in extensive lesions. CBCT is indicated for better 
delineation of  the extent of  the lesion and for establishing the 
lesion's relationship with adjacent anatomical structures supple-
mented with skull radiographs [14].

Radiographic examination of  jaws reveals multiple localized 
radiolucent areas resembling dentigerous cyst-like follicles. Simi-
lar clearly defined radiolucent areas were detected in our patient. 
MacLeod SP, in their study, stated that these radiolucencies are 
caused by the accumulation of  mucopolysaccharides in the tis-
sues [13]. Roberts et al. described these osteolytic lesions as two 
types: the cystic type, which is destructive in nature as observed in 
the present case. The other type that rarely causes displacement 
and is limited to the crown of  the unerupted tooth is the connec-
tive tissue type, mainly containing hyaluronic acid, a glycosami-
noglycan that may lead to this disorder [15].

Differential diagnoses included Gorlin syndrome (basal cell 
nevus syndrome) with similar clinical and radiological features 
and bilateral paradental cyst in children. Devi P et al. described 
multiple dentigerous cysts in other syndromes such as cleidocra-
nial dysplasia and Klippel Feil syndrome [16]. Extraoral radio-
graphs are useful to detect osseous abnormalities and to differ-
entiate these syndromes. Characteristic osseous changes seen in 
different radiographs include the absence of  clavicle as seen in 
cleidocranial dysplasia in a posteroanterior chest x-ray; multiple 
wormian bones, widened sagittal sutures and/or fontanelles as 
seen in Cleidocranial dysplasia, calcification of  falx cerebri as 
seen in basal cell nevus syndrome seen in an anteroposterior skull 
radiograph, and congenital fusion of  2 or more cervical verte-
brae as seen in Klippel Feil Syndrome in an anteroposterior and 
lateral neck radiograph. None of  these features were observed 
in our case.

In our patient, the presence of  GAGs in the urine and de-
ficiency of  aryl sulfate B indicated the presence of  mucopoly-
saccharide-storage disorder. The differential diagnosis of  this 
inherited disorder includes mucolipidosis, an inherited metabolic 
disorder that affect the normal turnover of  glycosaminoglycans 
and lipids in the body, and GM1 gangliosidosis, an inherited dis-
order that progressively destroys nerve cells (neurons) in the brain 
and spinal cord. These disorders can be ruled out with genetic 
testing of  the patient [16, 17].

Management of  MPS VI focuses on very early and contin-
uous enzyme replacement therapy (ERT), which slows down the 
clinical course of  this disorder and hematopoietic stem cell trans-
plantation (HSCT). Literature search has shown improvement in 
growth rate and slow progression of  cardiac parameters, and sta-
bilization of  urinary GAG levels in patients on ERT. Cystic jaw 
lesions are commonly treated with surgical enucleation. Several 
other treatment approaches, such as gene therapy and TNF-al-
pha antagonists, are currently being tested to be used alone or in 
combination with the available therapies for the maximum ben-
efit of  the patient [18].

CONCLUSION

This report emphasizes the thorough evaluation of  patients 
beyond the jaws and supports the use of  CBCT to assess a le-
sion explicitly. MPS VI are rare inherited disorders and should 
be considered in the differential diagnosis of  syndromes associ-

ated with multiple dentigerous cysts and other mucopolysaccha-
ridoses. CBCT is the imaging method to evaluate the lesion and 
obtain relevant information for diagnosis and treatment. Genetic 
counseling should be encouraged in suspicious cases, and early 
diagnosis and multidisciplinary approach should be followed for 
the management of  these patients to reduce morbidity.
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Review Article

IntroductIon

Gerodontology is concerned with delivery of dental care 
for the elderly with a particular consideration on patients 
suffering from different ailments along with the care of 
their physiological, physical, and/or psychological needs.[1] 
“Geriatric population” has been defined as a chronological 
age of 65 years old or older, while those from 65 through 
74 years old are referred to as “early elderly” and those 
over 75 years old as “late elderly.” World Health Organization 
has reported an estimated 2.5% increase in annual rate of 
the geriatric population.[2,3] Oral health is associated with 
quality of life of elderly individuals and strongly affects their 
general health and interests, persuading variety of aspects 
of public living, communications, and self-esteem.[4] The 
importance of oral hygiene and dental health in elderly lies 
in the fact that these patients have overlapping comorbidities 
such as cardiovascular disease, osteoporosis, dementia, 
osteoarthritis, and diabetes. Therefore, good dental care is an 
integral part of good general health that should be reinforced 
in old patients.[5]

The concept of geriatrics has to be applied by oral health care 
providers before the delivery of oral health care. Impairment 
of oral functions leads to poor dietary intake and weight 
loss of the geriatric patient, thereby affecting their social 
and psychological state along with the ability to withstand 
infections.[6] Approaches to develop oral health grades of the 
old population ought to commence by analyzing the problems 
faced by them and risk of frailty in each patient. Objective 
approaches to consider in the elderly should include salivary 
flow rate measurements, oral mucosal pain testing, and tests 
for gustatory function. Subjective assessments include the Oral 
Health Impact Profile (OHIP) and the Geriatric Oral Health 
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Assessment Index.[4,7,8] The aim of the current study was to 
provide a systematic review to piece together and elucidate the 
effects of aging on oral health‑related quality of life (OHRQoL) 
among older population. This study also sought to explore 
importance of oral health assessment and prompt diagnosis 
and management of common dental disorders that potentially 
promote improvements in OHRQoL of this population.

Methods

The methodological approach was based on the PRISMA 
guidelines. In this systematic review, an electronic search 
in PubMed/PubMed Central’s database was performed 
using the following MeSH terms/keywords: Oral Health 
Related Quality of Life, Geriatric Oral Health Assessment 
Index, Polypharmacy, Burning Mouth Syndrome (BMS)/
etiology*, Deglutition Disorders/etiology, Taste Disorders/
etiology*, Xerostomia/etiology*, Dental Caries, Periodontal 
Disease, Tooth loss, Candidiasis/Oral, Temporomandibular 
Joint (TMJ) Disorders/complications, and Practice Patterns. 
In this systematic review, the search strategy was limited 
to human studies;, full‑text English articles published from 
January 2010 until the end of April 2021. Irrelevant articles or 
articles with inadequate information were omitted. Single- and 
double-blinded trials and cross-sectional and case-control 
studies published as full text in English Language were 
included in this review. Exclusion criteria were reviews not 
focusing on effect of aging on general and dental health, gray 
literature, case reports, and case series.

Figure 1 shows that the initial computerized search strategy 
where 2529 abstracts were retrieved. In the first selection, 
two reviewers with 10 years’ experience in the field screened 
the articles and 1911 articles were obtained after omission 

of duplicate articles. Out of these, 1610 articles were further 
excluded as they did not fulfill the inclusion criteria. Out of 
those 301 eligible articles, 258 were excluded due to lack of 
demographic data and discrepancy in outcome. Remaining 
43 full text articles fulfilled our inclusion criteria and were 
included in the study.

Data extraction
The PICO model was used to extract data and studies 
characteristics (title of the paper, author’s information, year 
of study): population: elderly (described as greater than or 
equal to 65 years, with or without systemic comorbidities), 
interventions: (prediction, prevention, treatment), comparison: 
control (comparator), and outcomes: (accuracy, validity, effect 
of intervention). Two reviewers independently extracted data 
using the standard data extraction form. Differences between 
the reviewers were sorted out by mutual discussion.

results

Table 1 summarizes 43 eligible studies from preexisting 
literature. Most studies used the OHIP, or a variety of the 
OHIP, to measure OHQoL. The other assessment tools used by 
the studies were Geriatric Oral Health Assessment Index and 
Oral Impact on Daily Performance questionnaire to measure 
OHQoL. EuroQOL 5 was also used in one study to measure 
general quality of life.

Natural dentition was assessed in domains such as edentulism, 
number of teeth, number of missing teeth, and number of 
occluding pairs which have been found to affect OHRQoL, 
respectively, with positive and negative outcomes. The 
associations between OHQoL and decayed teeth, decayed 
missing and filled teeth, filled teeth, root caries, and retained 
roots have been described, and no consensus on the negative 
association between caries and OHQoL was found in most 
studies. Associations between pocket depth, mobility, 
bleeding, gingivitis, periodontitis, and abnormalities of the 
oral mucosa and OHQoL were investigated, and no consensus 
on the negative association between periodontal conditions 
and OHQoL was found. In most studies, no consensus of 
association between the prosthetic status and OHQoL was 
found. Being satisfied with dentures, proper function of the 
dentures and no need for denture treatment were positively 
associated with OHQoL. Several studies show that a positive 
effect of implant retained overdentures on OHQoL, and one 
study showed a positive correlation of the SDA concept 
compared to RPD. Most studies found statistically significant 
negative associations between xerostomia and OHQoL 
scores. A study reported no significant associations between 
OHQoL and orofacial pain, in contrast to majority of studies 
that found negative associations. Furthermore, negative 
associations between OHQoL and various oral health factors 
were reported in several studies such as burning mouth, 
presence of symptoms in the temporomandibular joint, 
sensitive teeth, halitosis, and clinically assessed treatment 
need.

Figure 1: PRISMA flowchart showing number of publications identified 
excluded and included in the study
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Table 1: Summary of studies from preexisting literature pertaining to OHRQoL in elderly population

Author (Year) Population Intervention Control (Results) Outcome (Conclusion) 
Schmalz G 
et al., 2021[9]

Germany, 
n=151, mean 
age=84.17±7.8

Dental status 
(DMF‑T), root 
caries), periodontal 
treatment needs, and 
prosthetic conditions, 
along with nutritional 
status assessed using 
MNA. OHRQoL 
measured using 
OHIP-14 

47% were edentulous 75.4% of dentate subjects 
required periodontal treatment. According to 
MNA screening, 107 (70.9%) older people were 
at risk of malnutrition or already suffered from 
malnutrition. Median OHIP-14 sum score was 3 
(mean 5.7±7.67). Regression analysis revealed 
MNA to be influenced by DMF‑T, D‑T, M‑T, and 
OHIP G14 sum score and root caries (pi<0.01). 
Within the regression model, missing teeth (β: 
−11.9, 95%CI: −6.4‑−1.9; P<0.01) were the 
strongest influential factor on MNA, followed by 
DMF‑T (β: 5.1, CI95: 1.7‑6.2; P<0.01)

Findings suggested that older 
people in nursing settings 
show a high prevalence of oral 
diseases, risk of malnutrition, 
and nearly unimpaired 
OHRQoL. Dental care should 
be fostered in these individuals, 
whereby OHRQoL might be a 
further hint for increased risk of 
malnutrition

Motokawa K 
et al., 2021[7]

Tokyo, n=509, 
mean age=65 
years

Sex, age, and body 
mass index were 
correlated with 
undernutrition 
chewing ability, 
nutritional 
intake using the 
semiquantitative 
food frequency 
questionnaire

In poor chewing ability group, all nutrient 
intake levels were significantly low, except for 
carbohydrates, and intake levels for all food 
groups were significantly low, except for cereals, 
confectionery, sugars, seasonings, and spices. 
Additionally, after adjusting for covariates for 
sex, age, TMIG‑IC score, MMSE score, body 
mass index, stroke, number of functional teeth, 
energy intake, and protein intake, chewing ability 
was found to be significantly associated with 
undernutrition

Findings suggested that chewing 
ability was closely associated 
with nutrient and different 
food groups’ intake, as well as 
undernutrition, among Japanese 
community-dwelling elders

Wortman ES, 
Lewis JP 2021[3]

Aleutian and 
Pribilof Islands 
region, Alaska 
n=29, mean 
age 67

22 standardized 
questions based 
on the explanatory 
model 

Researchers facilitated discussion of what it 
means to be an elder and age successfully. 
Employing thematic analysis, interview transcripts 
were analyzed for themes to organize the data. 
Themes were organized into five core elements of 
successful aging with specific emphasis on values, 
beliefs, and behaviors that were protective and 
helped them adapt to aging-related changes

Findings allowed AN Elders to 
share their experiences, define 
successful aging, and expand the 
concept of eldership to include 
changes in mindset, values, and 
relationships with themselves 
and others

Lindmark U 
et al., 2021.[10]

Two Swedish 
National 
Quality 
Registeries 
(NQRs) 

5 aspects of QoL 
were assessed: 
mobility, self-care, 
usual activities, pain/
discomfort, and 
anxiety/depression. 
Items from Revised 
Oral Assessment 
Guide were used to 
identify older adults 
at risk for oral health 
issues

Higher OHRQoL for individuals without risk 
of oral health problems (M=‑0.15 (±1.01)), 
compared to those with risk (M=‑0.75 (±1.52)). 
Logistic regression analysis showed that lower 
QoL (OR=0.69 (0.49, 0.97)), mental status 
(OR=0.37 (0.19, 0.71)), lower self‑rated health 
(OR=0.59 (0.42, 0.85)), and higher age (OR=1.07 
(1.01, 1.13)) were significantly related to risk 
of oral health problems. Higher BMI (OR=1.13 
(0.99, 1.30)), living alone (OR=2.37 (0.93, 6.06)), 
and more years of education (OR=1.15 (1.01, 
1.31)) were associated with higher risk of oral 
health problems

Findings suggested that oral 
health is a significant component 
of quality of life in late 
adulthood. NQRs are of value 
for healthy ageing research 
in populations that may be 
underrepresented in research 
studies

Cho et al., 
2019[2]

Korea, 
n=3,034, mean 
age=65

Subjective chewing 
ability in elderly

Chewing ability was significantly associated 
with OHRQoL for age, gender, economic 
activity, residence, education, smoking, alcohol, 
hypertension, diabetes, remaining teeth, denture, 
CPI, tooth brushing, and oral hygiene (crude OR, 
2.67; 95% CI, 2.23‑3.20) (adjusted OR, 2.36; 95% 
CI, 1.95‑2.86) 

Findings suggested that elderly 
people with low chewing ability 
are more likely to have poor 
OHRQoL

Liu YCG et al., 
2021[1]

Association of 
oral systemic 
medical links 
and oral 
hypofunction 
was assessed 
using 
OHRQoL 
ad acquired 
systemic 
conditions, 
among older 
individuals

Twenty‑five surveys 
from 19 countries 
were included

Level of evidence reported was generally 
moderate to strong. The reported oral cleanliness 
and health of the surveyed institutionalized 
elderly were poor (>50% of residents had 
calculus; denture hygiene index >80%). Gum 
(approximately 30% of dentate residents had 
moderate to severe periodontitis), teeth (decayed, 
missing, or filled teeth >20), mucosa (>10% 
had mucosal lesions), and denture problems (up 
to 40%) were prevalent and were associated 
with a poor OHRQoL, especially in females, 
socially deprived residents, or those with mild or 
above cognitive impairment. Those with a poor 
OHRQoL might show signs of poor nutrition

Findings suggested 
evidence-based knowledge on 
oral health, the OHRQoL, and 
the associated factors among 
elderly institutional residents

Contd...
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Table 1: Contd...

Author (Year) Population Intervention Control (Results) Outcome (Conclusion) 
Alshammari 
et al., 2018[11]

Saudi Arabia, 
n=200, mean 
age=69.26 

Number of teeth, 
prosthetic status, pain

Mean±SE of GOHAI was 27.68±0.54, pain 
and discomfort (6.87±0.18), and psychological 
discomfort (11.69±0.25). Remaining natural teeth 
and prosthodontic status significantly correlated 
with pain and discomfort.

Findings suggested that elderly 
patients attending primary 
health-care centers showed 
poor OHRQoL as measured 
by GOHAI. Dental prosthesis 
can have a positive impact on 
OHRQoL among elderly

Kato et al., 
2018[12]

Sweden, 
n=804, mean 
age=70

Dental examinations 
for number of teeth 
and periodontal 
status and OHRQL 
using the OHIP-14 

Generalized periodontitis was association with 
poor OHRQoL. Multivariable analysis failed 
to demonstrate this association (odd ratio 
(OD)=1.02, 95% confidence interval (CI): 
0.72‑1.44). In participants with 1‑10 remaining 
teeth, the OHIP‑14 score significantly increased 
indicating poor OHRQoL, as with ≥21 remaining 
teeth (OR=1.57, 95% CI: 1.13‑2.19). Similar 
findings were observed among women aged 70‑92 
years

Findings suggested that 
periodontitis did not show an 
association with poor OHRQoL; 
however, a significant 
association between the number 
of teeth and poor OHRQoL was 
found

Åstrøm et al., 
2018[13]

Sweden 
n=3,585, mean 
age=70

Persistent tooth loss, 
filled teeth

Around 70.4, 11.2, and 18.4% confirmed, 
respectively, no change, worsening, and 
improvement in OIDP scores. Participants with 
permanent tooth loss were most likely to both 
worsen and improve OIDP

Findings suggested long-term 
routine dental attendance and 
permanent tooth loss occurred 
as predictors simultaneously for 
improvement and worsening of 
OIDP

Göktürk et al., 
2018[14]

Turkey, n=110, 
mean age=72.1 
(±4.33)

GOHAI 
questionnaire was 
used to determine 
OHRQoL of 
participants to 
determine their 
periodontal status

GOHAI score was significantly higher among 
elderly patients with severe periodontitis 
(25.69±6.80) than among those with gingivitis 
(21.35±7.01). Higher scores indicate a poorer 
OHRQoL among elders with periodontal disease. 
This score was significantly associated with 
gingival recession, mobile teeth, and oral malodor 
(P<0.05)

Findings suggested that as 
the severity of periodontal 
disease increases, a poorer 
OHRQoL is observed. 
Assessment of OHRQoL 
may play an important role 
in clinical practice regarding 
identification of patients’ oral 
health conditions and treatment 
needs and improving patient 
communication

Klotz et al., 
2018[15]

Germany, 
n=152, mean 
age=73.9 
(±0.9)

Prosthetic status 
assessed using 
GOHAI to assess 
OHRQoL 

Positive association between baseline OHRQoL 
and subjective well‑being across 10 years for 
both birth cohorts, old cohort [0.49 (0.21; 0.69)] 
and young cohort [0.36 (0.24; 0.52)]. However, 
higher subjective well-being at baseline was not 
a predictor of better OHRQoL 10 years later for 
either cohort

Findings suggested that 
OHRQoL seems to be a 
substantial predictor of 
subjective well-being in 
quinquagenarians and 
septuagenarians across the 
rather long observational 
period

McKenna et al., 
2018[16]

Ireland n=89, 
mean age=65 
years

Partially dentate 
older patients with 
small dental arch 
(SDA) seeking 
removable partial 
denture (RPD)

 For SDA group OHIP-14 scores improved by 
8.0 scale points at 12 months (P<0.001) and 
5.9 scale points at 24 months (P<0.05). For 
the RPD group, OHIP‑14 scores improved by 
5.7 scale points at 12 months (P<0.05) and 4.2 
scale points at 24 months (P<0.05) Analysis 
using ANCOVA showed significant differences 
recorded in both treatment centers. Twenty-four 
months after intervention the SDA group recorded 
better OHIP‑14 scores of 2.9 points in CUDH 
(P<0.0001) and 7.9 points in SFDH (P<0.0001) 
compared to RPD group

Patients in the SDA group 
maintained their improvements 
in OHrQOL scores throughout 
the 24 month study period. 
For the RPD group, the initial 
improvement in OHrQOL 
score began to diminish after 6 
months, particularly for those 
treated in SFDH

Campos et al., 
2018[17]

Brazil, n=32, 
mean age=76.7 
(±6.3) years

Partially or 
completely 
edentulous with 
Alzheimer’s disease 
(AD) and without 
AD 

After insertion of complete denture, masticatory 
efficiency and OHRQoL improved in both the 
elders with AD and control. At baseline, elders 
with AD had higher OHRQoL than controls 
(P<0.05). After insertion of denture, elders with 
AD show lower masticatory efficiency values than 
controls, but their OHRQoL was similar

Findings suggested oral 
rehabilitation with new 
complete dentures improved 
the masticatory efficiency 
and OHRQoL of elders with 
and without AD, although 
masticatory efficiency did not 
reach control levels in elders 
with AD

Contd...

[Downloaded free from http://www.jiaomr.in on Sunday, March 27, 2022, IP: 223.179.148.51]



Rai, et al.: Geriatric dentistry update

Journal of Indian Academy of Oral Medicine & Radiology ¦ Volume 33 ¦ Issue 4 ¦ October-December 2021 457

Table 1: Contd...

Author (Year) Population Intervention Control (Results) Outcome (Conclusion) 
Hoeksema 
et al., 2018[18]

Netherlands, 
n=103, mean 
age=79

Dentulous versus 
edentulous

39 patients had remaining teeth and 64 were 
edentulous. Compared with edentulous older 
people, older people with remaining teeth scored 
significantly better on frailty, QoL, physical 
functioning, and general health. No significant 
differences were seen in cognition. Dental and 
periodontal problems were seen in more than half 
of the patients with remaining teeth. Two third of 
the edentulous patients did not visit their dentist 
regularly

Findings suggested that 
care-dependent home-dwelling 
older people with remaining 
teeth generally were less frail, 
scored better on physical 
functioning and general health, 
and had better QoL than 
edentulous older people. Dental 
and periodontal problems were 
seen in 50% of the elderly

Castrejón-Pérez 
et al., 2017[19]

Mexico, 
n=655, mean 
age=79.2 
(±7.1) years

OHRQoL in 
self-perception of 
general and oral 
health, xerostomia, 
prosthetic status, 
dental and 
periodontal status

Mean OHRQoL score was 6.8±8.7. Persons with 
xerostomia (rate ratio (RR)=1.41); no utilization 
of removable prostheses (RR=1.55); utilization of 
nonfunctional removable prostheses (RR=1.69); 
fair self‑perception of general health (RR=1.34); 
compared with persons of the same age; and being 
dependent for at least one activities of daily living 
(RR=1.71) that increased the probability of higher 
scores of the OHRQoL 

Findings suggested that oral 
rehabilitation can improve 
quality of life, health education, 
and health promotion for the 
elder and their caregivers 
may reduce the risk of dental 
problems 

Kohli et al., 
2017[20]

USA, n=177, 
mean age 65

Institutionaliz-ed and 
community dwelling 
older dentulous and 
edentulous adults 
for an OHIP-14 
questionnairesurvey

Mean OHIP‑14 score of 0.6±1.1, with “physical 
pain” as the highest scored domain. Seniors who 
were white, had teeth, dental insurance, having 
a regular dentist, and living in the community 
were 4.2-33.1 times more likely to visit the 
dentist in the previous 12 months compared 
to those respondents who were nonwhite, 
edentulous, uninsured, not having a regular 
dentist, and living in long-term care facility 
(r2=0.67, P<0.05).

Findings suggested that senior 
population has considerable 
OHRQoL. better dental 
insurance plans and health 
literacy opportunities, and 
culturally competent dental 
providers may help to improve 
the oral health situation and 
reduce barriers

Masood et al., 
2017[21]

UK, n=1277, 
mean age=65 
years

OHRQoL by 
OHIP-14 score. 
Missing teeth; 
presence of 
caries, pain, root 
caries, tooth wear, 
periodontal pockets 
>4 mm, loss of 
attachment >9 mm; 
having PUFA >0; 
and denture 

Mean OHIP-14 score of these participants was 
2.95 (0.17). Having active caries (IRR=1.37, 
CI=1.25;1.50), PUFA >0 (IRR=1.17, 
CI=1.05;1.31), dental pain (IRR=1.34, 
CI=1.20;1.50), and wearing dentures (IRR=1.30, 
CI=1.17;1.44) were significantly positively 
associated with OHIP-14 score. Having 
periodontal pockets >4 mm, at least one bleeding 
site, and anterior tooth wear were not significantly 
associated with the OHIP-14 score

Findings suggested that the 
presence of active caries and the 
presence of one or more of the 
PUFA indicators are associated 
with impaired oral health-related 
quality of life in older adults 
but not indicators of periodontal 
status

Klotz et al., 
2017[22]

Germany, 
n=169, mean 
age=82.9 
(±8.9)

GOHAI to evaluate 
OHRQoL and its 
association with 
dental and prosthetic 
status

Mean GOHAI score was 49.1 (8.3), and 41% of 
the sample reported substantially compromised 
OHRQoL. OHRQoL was statistically similar 
for people with or without dementia (P=0.234); 
objective oral health was also similar in both 
groups (P>0.05) The number of teeth (odds ratio 
[OR]: 2.0), the type of prosthetic status (OR: 
6.5), and denture‑related treatment needs (OR: 
2.4) were the major factors significantly affecting 
OHRQoL (P<0.05)

Findings suggested that 
OHRQoL of elderly is 
compromised. Several 
prosthetic treatment needs 
for residents living with 
or without dementia were 
identified Edentulism without 
tooth replacement and having 
<5 teeth resulted in an 
increased risk of substantially 
compromised OHRQoL.

Erić et al., 
2017[23]

Bosnia and 
Herzegovina, 
n=120, mean 
age=65 years

Questionnaire 
recorded data on 
socidemographic 
information, previous 
denture history, oral 
satisfaction scale 
(OSS), and OHRQoL 
through OIDP scale

Significant improvement in OHRQoL after 
treatment (mean OIDP score: 2.7) compared to 
before treatment (mean OIDP score: 6.6). The 
largest changes were in relation to impacts on 
eating (33.3‑ 15.9%) and smiling (17.5‑ 4.5%). 
Six months after placement of the dentures, 
patient satisfaction improved compared to before 
treatment (P<0.001).

Findings suggested that the 
provision of new dentures 
among older adults resulted in 
significantly better satisfaction 
and OHRQoL than wearing 
existing dentures. There was 
no significant correlation 
between the clinical assessment 
of the dentures and patients’ 
satisfaction
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Author (Year) Population Intervention Control (Results) Outcome (Conclusion) 
Hoeksema 
et al., 2017[24]

Netherlands, 
n=1,026, mean 
age=80

Dentate, complete 
denture, implant 
supported 
overdenture

39% had remaining teeth, 51% were edentulous, 
and 10% had implant‑supported overdentures. 
Elderly with complex care needs (n=225, 22%) 
and frail elderly (n=217, 21%) were more often 
edentulous and reported more oral problems than 
robust elderly (n=584, 57%). Elderly persons 
with remaining teeth were less frail, had better 
QoL and activities of daily living, and used fewer 
medicines than edentulous elderly. Elderly with 
implant-supported overdentures performed better 
on frailty and QoL than edentulous elderly with 
conventional dentures

Findings suggested that 
community-living elderly 
commonly suffer from oral 
health problems, in particular 
elderly with complex care 
needs. QoL, ADL, and general 
health are higher among 
community-living elderly 
with remaining teeth and 
implant-supported overdentures 
than in edentulous elderly

Niesten et al., 
2016[25]

Netherlands, 
n=235, mean 
age=73.1 
(±5.4)

Care-independent 
and care-dependent 
older population 
for dentate and 
prosthetic status and 
clinically assessed 
treatment need 
(CTN)

Mean GOHAI scores of care-independent 
(51.6±7.4) and care‑dependent participants 
(52.1±6.7) did not differ significantly despite 
considerably worse OH status of the latter. 
Regression models revealed significant 
(P≤0.05) associations between GOHAI scores 
and age, prosthodontic status, and CTN in 
care‑independent participants (R2=0.19) and 
only with CTN in care-dependent participants 
(R2=0.09). Self‑reported GH was not significantly 
associated; only social support was significantly 
associated with GOHAI scores

GOHAI outcomes are associated 
with different variables 
in care-independent and 
care-dependent older subjects. 
In care-dependent subjects, 
GOHAI outcomes are more 
strongly related to social support 
than to OH factors or other GH 
factors

Meneses-Gómez 
et al., 2016[26]

Colombia 
n=342, mean 
age=72.6 
(±5.9)

OHRQoL in the 
elderly population 
with abnormalities of 
OM, TMJ, prosthetic 
status; receiving 
health care at the 
public hospital

OHRQoL measured with GOHAI, 
temporomandibular joint (TMJ) test, 
abnormalities in oral mucosa (OM), soft tissue, 
periodontal, dental, and prosthetic examination. 
Descriptive and bivariate analyses determined 
statistically significant differences. Multivariate 
analysis was performed, using logistic regression, 
calculating crude and adjusted odds ratios (OR) 
with their 95% confidence intervals (95% CI)

Findings suggested that impacts 
were found to be generated by 
education levels, differences in 
socioeconomic status and urban 
or rural housing conditions. The 
results of this research show low 
OHRQoL levels in the elderly 
population

Rebelo et al., 
2016[27]

Brazil 
n=613, mean 
age=69.27 
(±3.01)

Elderly people 
evaluated for 
dentulous versus 
edentulous, DMFT, 
prosthetic status 
using GOHAI

Being older predicted lower schooling but higher 
income. Higher income was linked to better dental 
status, which was linked to better OHRQoL. 
There were also indirect pathways. Age and 
education were linked to OHRQoL, mediated by 
clinical dental status. Income was associated with 
dental clinical status via education, and income 
predicted OHRQoL via education and clinical 
measures

Findings suggested that complex 
pathways between individual, 
environmental factors and 
clinical factors determine 
OHRQoL and support the 
application of public health 
approaches to improve oral 
health in older people

Sáez-Prado 
et al., 2016[28]

Spain n=202, 
mean age=65 
years

Number of teeth, 
number of missing 
teeth, decayed teeth, 
and filled teeth were 
evaluated using 
OHIP-14 score

Mean additive score of the OHIP‑14 was 8.88; 
the mean value of the EuroQol‑5d was 0.58. 
The OHIP‑14 was consistently and significantly 
correlated with the index EuroQol‑5d and with 
variables like DMFT, dental status (being or not 
edentulous), and occupation. The EuroQol‑5d was 
related to dental habits, sex, income, systemic 
pathologies, and filled teeth

Findings suggested that oral 
health has a high impact on 
quality of life. The oral health 
and the general health are 
closely related. The oral hygiene 
and getting toothless influence 
negatively on the quality of life 
of elderly people

Santucci et al., 
2015[29]

Malta n=278, 
mean age=83.5 
(±6.5)

Participants were 
clinically examined 
and answered three 
questionnaires 
OHIP-14, GOHAI, 
and denture 
satisfaction

OHRQoL measurements were significantly 
associated with pocket depth (OHIP‑14 and 
GOHAI, P<0.05); DMFT (OHIP‑14 and GOHAI, 
P<0.05); carious teeth (OHIP‑14 and GOHAI, 
P<0.05); number of missing teeth (OHIP‑14 and 
GOHAI, P<0.05); and maxillary and mandibular 
dentures (OHIP‑14 and GOHAI, P<.0001). 
Denture satisfaction was associated with denture 
age (P=0.010) and types of prostheses (P<0.05)

Findings suggested that 
institutionalized older adults 
have high levels of oral 
disease. OHRQoL is generally 
good; those participants 
with a poorer OHRQoL had 
significant associations with 
poor oral health. However, 
the extent varies with the 
individual’s perception of good 
health
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Author (Year) Population Intervention Control (Results) Outcome (Conclusion) 
McKenna et al., 
2015[30]

Ireland n=89, 
mean age=65

Partially dentate 
older patients with 
SDA‑seeking RPD

Mixed model of covariance illustrated that 
treatment according to the shortened dental 
arch (SDA) concept resulted in significantly 
better mean OHIP-14 scores compared with 
removable partial senture (RPD) treatment 
(P<0.05)

Findings suggested that for 
impact on OHRQoL, treatment 
based on the SDA concept 
achieved significantly better 
results than that based on RPDs

Porter et al., 
2015[31]

UK, 
n=179, age 
range=65‑100 
years

Older residents 
of nursing homes 
evaluated for 
periodontal 
conditions, sensitive 
teeth, xerostomia

61.3% of dentate and 50.9% of edentate 
residents reported problems like dry mouth, sore 
cracked lips, broken teeth, and toothache and 
ill‑fitting dentures. Oral health impacted upon 
resident’s OHRQoL; sensitive teeth, toothache, 
bleeding gums, dry mouth, and loose natural 
teeth among the dentate and loose or ill‑fitting 
dentures among the edentate were strongly 
associated with higher prevalence of oral 
impacts

Findings suggested that 
burden of oral conditions was 
considerable. Oral symptoms 
were very common and were 
strongly associated with 
residents’ worse OHRQoL

Motallebnejad 
et al., 2015[32]

Iran n=300, 
mean age=71.4 
(±5.6)

OHRQoL was 
evaluated by 
OHIP-14 score. 
Use of prosthetic 
appliances and 
dental treatment 
needs, including 
the periodontal, 
prosthetic, and 
surgical needs

Mean OHIP‑14 score 22.4±8.2. Highest score 
achieved on psychological discomfort domain. No 
significant difference in OHIP‑14 scores according 
to gender, with significantly lower scores in 
subjects with academic education. Subjects 
wearing prosthetic appliances had lower OHIP-14 
scores compared to those who did not wear them. 
OHIP-14 scores lower in the dentate individuals 
compared to edentulous. No correlation between 
age and OHIP-14 score

Findings suggested that 
moderate OHRQoL in the 
elderly living in Babol, who 
have orodental problems

Hsu et al., 
2014[33]

Taiwan, 
n=332, mean 
age=76 (±0.4) 
years

Number of teeth, 
number of occlusal 
pairs, prosthetic 
status, function

The number of food groups rated “easy to chew” 
was found to be the only masticatory factor 
affecting GOHAI scores, after adjustment for 
age, gender, socioeconomic status, and other 
masticatory variables. As compared to subjects 
who listed less food groups as “easy to chew,”’ 
subjects who rated more food groups as “easy to 
chew” were less likely to have low GOHAI scores

Findings suggested that of 
the masticatory predictors 
analyzed in this study, 
perceived masticatory ability, 
as measured using a food intake 
questionnaire, could be the 
best masticatory predictor of 
OHRQoL in the elderly

Cicciù et al., 
2013[34]

Italy, n=158, 
age range: 
65‑87 years

Periodontal 
conditions in dentate 
older people with AD

The ratio between diagnosis of periodontal disease 
and OHRQoL was significant in individuals with 
periodontitis (P<0.001) and missed filled teeth. 
Gingival bleeding, and probing depth >4 mm 
were associated with intensely negative impact 
on OHRQoL (P=0.013, P<0.001, and P=0.012, 
respectively). Moreover, the absence of more than 
two molar teeth increases the chewing inability 
decreasing OHRQoL

Findings suggested that a 
correlation between the age and 
the high index of pathologies 
analyzed, due to the progressive 
nature of the disease. Concepts 
of health and disease determined 
by clinical diagnostic criteria 
may influence the assessment 
of the impact of periodontal 
disease on Alzheimer’s quality 
of life

Cornejo et al., 
2013[35]

Spain, n=194, 
mean age=65

Dentulous versus 
edentulous, 
number of teeth, 
DMFT, periodontal 
conditions, prosthetic 
status, dental 
appearance

According to GOHAI, 94 women (68.1%) 
and 36 men (64.3%) had poor OHRQoL. The 
average DMFT index was 22.8, with mean 10.2 
remaining teeth. According to the Community 
Periodontal Index only 1.9% were healthy. 
33.8% of the sample presented edentulism, 
only 7.2% had visited a dentist in the past year. 
Poor OHRQoL was found to be associated to 
self-reporting problems with teeth or gums, 
self-reporting poor opinion about teeth/gums/
denture

Findings suggested that a high 
percentage has poor OHRQoL 
associated with subjective and 
objective oral health conditions. 
Dental care is required and these 
services should be included in 
the Spanish National Health 
System

Komagamine 
et al., 2012[36]

Japan n=122, 
mean age=74.4

Edentulous patients 
requiring new 
complete denture

Stepwise multiple regression analysis identified 
“lower denture” and “aesthetic and speech” as 
significant independent variables besides OHIP 
scores before replacement

Findings suggested that 
sufficient retention of lower 
dentures and appropriate 
appearance may lead to 
improved OHRQoL in 
edentulous patients
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Author (Year) Population Intervention Control (Results) Outcome (Conclusion) 
Lee et al., 
2012[37]

Taiwan n=947, 
mean age=65

OHIP score of 
dentulous versus 
edentulous patients 
and prosthetic status, 
function

Oral health condition, frequency of snacks-eating, 
age, frequency in participation in social activities, 
instrumental activities of daily living (IADL), 
vision, satisfaction with life and physical 
functions, have significant influence on total OHIP 
score

Although being edentulous, if 
the elderly are satisfied with 
their denture, the quality of 
life can be maintained and not 
affected by oral health problems

Ha et al., 
2012[38]

Korea, 
n=439, age 
range=65‑93 
years

Poor elderly people 
requiring dentures on 
OHRQoL

Mean OHIP‑14K was 28·60 at the baseline, 
and there was a decrease in the OHIP-14 scores 
to 21·14 (±12·52) at the 3‑month follow‑up 
of the removable partial denture beneficiaries. 
Changes in OHIP-14K among complete denture 
beneficiaries were 21·53 (±12·01) for previously 
dentate subjects and 22·54 (±11·12) for edentate 
subjects. Multivariate linear mixed model of 
dentate subjects demonstrated improvement in the 
OHRQOL with the number of remaining teeth, 
satisfaction with denture and self-reported oral 
health status after 3 months 

Findings suggested that 
considerable improvement in 
OHRQOL among poor elderly 
people after National Denture 
Services. Satisfaction with 
provision of dentures was 
associated with improvement in 
the OHRQOL

Chen et al., 
2012[39]

Taiwan, n=400 
mean age=77

Denture recipients 
under a new welfare 
and public health 
policy

Significant associations were observed when 
adequate tongue support was analyzed with 
adequate Maxillary Denture Retention (MDR) 
and adequate mandibular denture stability, and 
three individual OHIP-14 domains: functional 
limitation, physical pain, and physical disability 
(P<0.05). Tongue support demonstrated 
significant differences from denture occlusion, 
denture articulation, MDR and stability, and 
mandibular denture stability

Findings suggested that tongue 
support, in conjunction with 
both adequate MDR and 
adequate mandibular stability, 
was significantly associated with 
the individuals’ OHRQoL.

Jabbour et al., 
2012[40]

Canada, 
n=172, mean 
age=71 (±4.5)

Implant supported 
overdentures, 
complete dentures

A statistically significant improvement in 
OHRQoL was seen for both treatment groups 
(P<0.001). This improvement was maintained 
over the 2 year assessment. At both follow-ups, 
participants wearing implant overdentures (IOD) 
reported significantly better total OHIP scores 
than those wearing complete dentures 
(CD) (P<0.001), with a 1.5 times larger magnitude 
of effect. In the CD group, baseline OHIP scores 
influenced the posttreatment scores (P<0.001). 
This effect was not found in the IOD group.

Findings suggested that the 
effect of mandibular two-IODs 
on OHRQoL is stable over 
a 2-year period. The large 
magnitude of effect of this 
treatment supports its clinical 
significance

Johansson 
et al., 2012[41]

Sweden, 
n=9813, age 
range=65-75 
years

Xerostomia Xerostomia was higher in women than in men in 
all age groups. There was higher prevalence of 
xerostomia with increasing age in both sexes and 
it was more frequent at night than during daytime. 
“Often mouth dryness” was 2.6-3.4 times more 
prevalent in those who reported an impact from 
OIDP

Findings suggested that the 
dramatic increase of xerostomia 
between age 50 and 75, 
especially amongst women, 
needs to be considered in the 
management of this age group

Erić et al., 
2012[23] 

Bosnia and 
Herzegovina, 
n=261, mean 
age=65 years

OHRQoL assessed 
through OIDP 
measure, in terms 
of the prevalence, 
intensity, and extent 
of oral impacts

55.2% reported at least one oral impact in the 
last 6 months. Difficulty eating (43.3%) and 
difficulty speaking (34.1%) were the most 
common impacts. A higher number of natural 
teeth, natural occluding pairs, and anterior and 
posterior occluding pairs were all significantly 
associated with a lower prevalence of oral impacts 
and correlated with the OIDP score, even after 
adjusting for sociodemographic factors

Findings suggested that The 
prevalence of oral impacts was 
high and there was a strong and 
consistent association between 
OHRQoL and clinical dental 
indicators of function

Geckili et al., 
2011[42]

Turkey, 
n=78, age 
range=65‑82 
years

Edentulous 
complete denture 
wearers seeking 
implant-supported 
overdentures

OHIP‑14 and OHRQoL score were used for 
the evaluation of life quality before and after 
treatment. Compared to pretreatment scores, 
subjects had statistically significant improvements 
in life quality after receiving new dentures 
(P<0.05).

Findings suggested that 
mandibular two-implant retained 
overdentures improve the life 
quality of elderly edentulous 
Turkish patients
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Author (Year) Population Intervention Control (Results) Outcome (Conclusion) 
da Silva et al., 
2011[43]

Brazil, n=876, 
mean age=72.8

Elderly people for 
number of teeth, 
abormalities of 
oral mucosa and 
prosthetic status

Individuals with more than 20 teeth present was 
17.2%; 38.2% were using full dentures in both 
arches; 8.5% needed dental prostheses in at least 
one arch. On average, the GOHAI was high: 33.9. 
Retaining 20 teeth or more, using full dentures 
in both arches, not needing such treatment, not 
presenting any oral mucosa abnormalities and 
not presenting biological frailty were factors 
significantly associated with better self‑perceived 
oral health (P<0.05). 

Findings suggested that 
assessment of self-perceived 
oral health made it possible 
to identify the main factors 
associated with this outcome. 
This tool may contribute 
toward planning dental services 
and guide health promotion 
strategies for improving the 
quality of life of individuals 
within this age group

Dahl et al., 
2011[44]

Norway, 
n=151, mean 
age=72.1

Dentulous versus 
edentulous, number 
of teeth, decayed 
teeth

63% of the individuals rated their dental health 
as good, and 59% were satisfied with their dental 
health. Using the OHIP‑14, 42% reported no 
problems or oral discomfort at all. The proportion 
of individuals reporting problems or discomfort 
varied between 13 and 43%. The most frequently 
reported problems were physical pain (43%), 
psychological discomfort (28%), and psychological 
disability (28%). Individuals who rated their dental 
health as poor and those who were dissatisfied 
with their dental health had significantly lower 
OHRQoL than other individuals

Findings suggested that 
relationship between 
self-evaluations of dental health 
and OHRQoL. Individuals 
with few teeth reported lower 
OHRQoL than others, but no 
association between clinical 
caries status and OHRQoL could 
be found

Park et al., 
2010[45]

Korea n=156, 
mean age=77.4 
(±6.53)

Community-dwelling 
elders evaluated 
for number of 
teeth, xerostomia, 
prosthetic status

Significant differences in OHRQoL according to 
living arrangement, insurance, smoking, number 
of natural teeth, and denture type. OHRQoL 
had significant correlations with the number of 
chronic disease, number of medications, and 
dry mouth. Factors influencing OHRQoL for 
community-dwelling older adults were dry mouth, 
number of chronic disease, and medical aid, which 
explained about 47.9% of total variance

Findings suggested that in 
order to promote OHRQoL 
for older adults, prevention 
or management of chronic 
diseases as well as oral health 
and dry mouth are needed for 
this population, and especially 
economically poor elders

MNA=Mini nutritional assessment, TMIG‑IC score=Tokyo Metropolitan Institute of Gerontology‑Index of Competence, MMSE=Mini‑Mental State 
Examination Score, OHRQoL=Oral Health‑Related Quality of life, GOHAI=Geriatric Oral Health Assessment Index, OIDP=Oral Impact on Daily 
Performance, SOC=Sense of Coherence, PUFA=Presence of severely decayed teeth with visible pulpal involvement, ulceration by dislocated tooth, fistula, 
and abscess

[Table 1] The mean number of geriatric population using 
medications for various ailments in form of polypharmacy was 
12.2 ± 4.5. Patients in the highest use of medications reported 
4.1 more oral symptoms such as dryness of mouth (xerostomia) 
than in the group with the lowest use (95% CI: 1.5–6.6; 
P = 0.002).

Risk of bias assessment across individual studies: All 
studies demonstrated low‑risk bias using COCHRANE BIAS 
TOOL for randomization, whereas high‑risk bias was found 
for allocation concealment and blinding of participants. 
No inadequacy toward outcome data was observed for all 
studies. [Table 1a]

dIscussIon

With the advent of new medical facilities, an exponential 
increase in the life expectancy and a paradigm shift in the 
geriatric population of our country has been observed.[5] 
Despite this upsurge in the health sector, the impediment of 
dental disorders still pretense a gigantic confront in our country 
making these diseases widespread in an elderly population. 
The overall well being of the elder inhabitants of the nation 
state is still at stake. Thus, making it difficult for the health 

care professionals to maintain their healthy oral conditions, 
regardless of the progress in the medical field.[6]

Geriatric patient assessment 
It is considered as the primary step for management of these 
patients. The assessment tool is multidimensional and often 
described as OSCAR – Oral, Systemic, Capability, Autonomy, 
Realty. The Clinical Frailty Scale and Care Dependency 
Scale can enhance determination of the impact of frailty, care 
dependency, and disability on oral health maintenance so 
that appropriate treatment plans can be crafted and used as a 
baseline for successful outcomes.[9,10,46]

A recent keynote lecture at the Canadian Geriatrics Society 
Annual Meeting provided an algorithmic chart for the 
elderly by means of the values of the foundation capability 
represented by the geriatric 5Ms (mind, mobility, medications, 
multicomplexity, and matters most to me).[47] 

Tools for medication/polypharmacy assessment
Geriatric population has an increased risk for drug-related 
complications. Most common problems among the elderly 
population include adverse drug reactions and polypharmacy. 
Absorption, distribution, metabolism, and elimination of 
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Table 1a: Risk of bias assessment across individual studies in elderly population

Author (Year) Randomization 
sequence

Allocation 
concealment

Blinding of 
participants

Blinding of outcome 
assessments

Incomplete 
outcome data

Schmalz G et al., 2021[9] - + + + -
Motokawa K et al., 2021[7] - + + + -
Wortman ES, Lewis JP 2021[3] - + + + -
Lindmark U et al., 2021[10] - + + + -
Cho et al., 2019[2] - + + + -
Liu YCG et al., 2021[1] - + + + -
Alshammari et al., 2018[11] - + + + -
Kato et al., 2018[12] - + + + -
Åstrøm et al., 2018[13] - + + + -
Göktürk et al., 2018[14] - + + + -
Klotz et al., 2018[15] - + + + -
McKenna et al., 2018[16] - + + + -
Campos et al., 2018[17] - + + + -
Hoeksema et al., 2018[18] - + + + -
Castrejón-Pérez et al., 2017[19] - + + + -
Kohli et al., 2017[20] - + + + -
Masood et al., 2017[21] - + + + -
Klotz et al., 2017[22] - + + + -
Erić et al., 2017[23] - + + + -
Hoeksema et al., 2017[24] - + + + -
Niesten et al., 2016[25] - + + + -
Meneses-Gómez et al., 2016[26] - + + + -
Rebelo et al., 2016[27] - + + + -
Sáez-Prado et al., 2016[28] - + + + -
Santucci et al., 2015[29] - + + + -
McKenna et al., 2015[30] - + + + -
Porter et al., 2015[31] - + + + -
Motallebnejad et al., 2015[32] - + + + -
Hsu et al., 2014[33] - + + + -
Cicciù et al., 2013[34] - + + + -
Cornejo et al., 2013[35] - + + + -
Komagamine et al., 2012[36] - + + + -
Lee et al., 2012[37] - + + + -
Ha et al., 2012[38] - + + + -
Chen et al., 2012[39] - + + + -
Jabbour et al., 2012[40] - + + + -
Johansson et al., 2012[41] - + + + -
Erić et al., 2012[23] - + + + -
Geckili et al., 2011[42] - + + + -
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drugs are influenced by physiologic aging of an individual.[48] 
The Beers Criteria assist healthcare providers in improving 
medication safety in older adults. Various tools such as 
ARMOR tool (Assess, Review, Minimize, Optimize, Reassess) 
can be utilized in polypharmacy. The goal of this tool is to 
improve functional status and mobility of a patient and reduce 
polypharmacy, cost of care, and decrease hospitalization.[49] 
Another European‑based 2014 tool is Screening Tool of Older 
Person’s Prescriptions and Screening Tools to Alert Doctors 
to Right Treatment criteria of potentially inappropriate and 
underused medications for the elderly population.[50]

Association between various oral health factors and 
OHQoL in elderly
The range of oral health factors and associated ailments 
affecting OHQoL is here conferred.

Xerostomia
Xerostomia is commonly faced by elderly patients and is 
subjective in nature. The prevalence rate for xerostomia ranges 
between 25 and 30% in the geriatric population.[41] The role 
of aging on salivary function is debatable, yet it is generally 
agreed upon that aging of major salivary glands decreases their 
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ability to maintain normal salivary flow as the anatomy of these 
glands changes from secretory to fibrotic independent of the 
multimorbidity of disease and poly pharmacy. Age-related 
systemic conditions and medical interventions along with a 
variety of medications used for their treatments have been 
directly related to xerostomia.[51]

Risk of caries
Dental Caries accounts for alterations of salivary function 
secondary to polypharmacy and periodontal compromise 
resulting in gingival recession and poses a significant oral 
concern of the elderly.[13] Salivary hypofunction results in 
increase in cariogenic microorganism colonization producing 
acids that demineralize the tooth surface.[52] This compromised 
microenvironment alters the homeostatic demineralization/
remineralization cycle, resulting in an increase in caries. The 
consequence is additionally reflective for root decay since 
cementum and dentin break up at a higher pH than enamel.[52]

Periodontal disease
Aging decreases collagen of gingiva and periodontal 
ligaments thereby weakening them. The periodontal ligament 
disintegrates resulting in gingival recession and subsequent 
root caries.[12,14] Pena and colleagues (2017) suggested that 
interaction of microbiota and aging of the immune system and 
motor systems contribute to exacerbation of chronic disease 
in elderly.[52] Association of periodontal disease and disorders 
like dementia and Alzheimer’s disease may be attributed to 
alterations in the ratio of several inflammatory mediators 
directly related to pathogenesis of both neurodegenerative 
disease and periodontal disease.[34,53]

Disorders in taste
Dysgeusia in elderly patients affect their quality of life and 
may result from physiologic changes in the taste cells altering 
taste perception. Additional features influencing it are deprived 
nourishment, systemic diseases, medications, and inadequate 
dentition.[54]

Mastication and swallowing
Disorders of mastication and swallowing in elderly serve as 
significant risk predictors for poor oral health and malnutrition. 
In addition, loss of teeth potentiates impairment in elderly’ life 
as a result of direct influence on mastication and swallowing. 
Improper prosthetic rehabilitation may worsen their 
masticatory function if conditions such as palatal stomatitis 
or traumatic ulcers develop. These complexities are further 
prevailing in aged individuals with occurrence of persistent 
sickness and neurodegenerative diseases that impede CNS 
control of gustatory function.[17,33,55]  

Burning Mouth Syndrome
BMS signifies burning sensations within the oral cavity 
that are continuous or intermittent and increase in intensity. 
The maximum occurrence of BMS occurs on the anterior 
one-third of the tongue, followed by the gingiva and palate. 
Dysfunction of the sensory input to the tongue may contribute 
to BMS.[19,56]

BMS is described in two forms (1) primary/essential BMS, 
with a cause of central neuropathologic pathways; and (2) 
secondary BMS, arising as a result of local, systemic, or 
psychological factors.[56] BMS has been associated with fungal 
infections, geographic tongue, lichen planus, oral carcinomas, 
and microtrauma.[56]

BMS in elderly manifests in a variety of systemic diseases (i.e., 
GERD, diabetes, hypertension, and autoimmune diseases) 
and in certain vitamins deficiencies (i.e., iron, vitamin B12, 
and folic acid). The management of BMS varies and the plan 
given gy Elsawy and Higgins is one of the effective model.[57]

Candida infections prevalent in older age group
Disturbance of oral microflora due to long‑term polypharmacy, 
along with the use of corticosteroids, xerostomia, immune 
defects, immunosuppression, blood dyscrasias, and diabetes, 
leads to Candidal infections in the elderly. It can be diagnosed 
due to its unique clinical presentation and management with 
treatment of the predisposing factors along with antifungal- oral 
suspension, lozenges, gels, or tablets.[35]

TMJ/and orofacial pain disorders prevalent in older age 
group
Radiological evidence of TMJ disorders are seen in 45–70% 
elderly population and with minimal clinical signs. This may 
be due to the fact that the functional demands of the TMJ may 
exceed the repair and remodeling capacity of the joint resulting 
in degeneration. Conservative treatment is recommended in 
these patients as the disease is self-limiting.[58]

Prosthetic status and OHRQoL
Edentulism reduces the ability to eat, analyze taste, bite, 
or gulp food in elderly. The shift in nutrition intake and 
decrease in mastication efficiency weave a pathway 
for a number of disorders including acute and chronic 
disease, alterations in the gastrointestinal tract, functional 
disabilities, chewing problems, and psychological and 
social factors.[11,59]

GovernMent PolIcIes and our recoMMendatIons

A broad variation in the policies of the Nations Worldwide 
has been observed in gerodontology. The Government of 
India has recommended concerned authorities to set up a 
committee and involve dental professionals to execute a plan 
by reduction in overall burden of oral diseases of the country 
in a more widespread and realistic approach. Political, social, 
organizational, professional dedication, and support are 
essential to bring oral health and general health on a common 
platform.[38,60,61]

An action plan should be developed for elderly population, 
particularly those who are frail and have functional limitations. 
Gerodontology should be taught at the undergraduate level and 
more training opportunities in oral well being for such patients 
ought to be accessible, so that an optimistic approach can be 
developed. Moreover, interdisciplinary and interprofessional 
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training and collaborative practice with involvement of 
more postgraduates and continuing education programs on 
gerodontology should be developed and encouraged. Oral 
health assessment and promotion competencies should also 
be integrated into requirements for continuing education in 
nondental professionals along with theoretical and hands on 
training.

PreventIve dental care for GerIatrIcs

Oral disease prevention is still the central focus for the 
elderly population as for other patient populations. Many 
older adults have difficulty achieving effective daily plaque 
control; manufacturers have developed and marketed 
several toothbrushes designed to facilitate tooth cleaning. 
An occupational therapist can assist a dentist and can make 
oral care easier for patients. Those with reduced ability to 
perform oral self-care should be seen more frequently for 
prophylaxis. Since denture-related and other oral mucosa 
lesions are common in the elderly, edentulous patients should 
be periodically evaluated by dental professionals.[15,21,43,62]

conclusIon

There is an association between OHRQoL and dental care of 
older people. This indicates prevention and early intervention 
with treatment modalities in the increasing elderly population 
with an apparent solicitousness of their health needs.

Gaining a better understanding of oral, systemic, and social 
determinants of health and applying these successful ways of 
anticipation and intrusion will throw in to humanizing both 
the existence and health-related quality of life in the geriatric 
patient population.
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Abstract---Trauma to anterior teeth has a significant impact on social 
well being of patient especially in teenagers. A fractured anterior tooth 
needs immediate clinical attention. If it is left untreated it causes 
damage to dentition and affects the aesthetic of patient. It even has a 
psychological impact on the patient. Because of the position in the 
arch the majority of dental injuries involve the anterior teeth, 
especially the maxillary incisors. In this case the broken fragment was 
not preserved by the patient. Thus firstly endodontic treatment is 
done followed by placement of post. Composite build up was done. 
Permanent restoration with porcelain fused metal (PFM) is opted to 
overcome the problem of esthetics and functional durability. 
 
Keywords---aesthetics rehabilitation, Ellis class III fracture, fiber 
post, PFM. 
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Introduction  
 
Beautiful smile is a key to confidence. Trauma to anterior teeth has a significant 
impact on social well being of patient especially in teenagers. A fractured anterior 
tooth needs immediate clinical attention. If it is left untreated it causes damage to 
dentition and affects the aesthetic of patient. It even has a psychological impact 
on the patient.1 Most tooth fractures are located in crown region and therefore are 
easy to diagnose. Assoon as the crown fractures it additionally affects dentin and 
pulp, increased temperature sensitivity is observed.2 Dental treatment should aim 
at giving maximum functional and aesthetic restoration with minimum 
complications and longevity.3 The severity of fracture decides the treatment plan. 
It can involve simple to complex restorative procedures. The present case report 
describes management of a Ellis class III fracture in maxillary left central incisor. 
It is treated endodontically followed by placement of fiber post and PFM crown. 
 

Case report 
 
A 17-year-old male patient reported in my private clinic with a chief complaint of 
broken upper front tooth. Patient revealed in the history that he had an minor 
accident and had a blow on upper jaw resulting in fractured maxillary left central 
incisor (21) 3 days ago.[fig.1]. Intraoral examination revealed that the maxillary 
right lateral incisor was fractured. No associated root fracture was seen in IOPA 
radiograph. The alveolar bone and the periapical tissues appeared normal. A 
diagnosis of complicated crown fracture (involving the pulp chamber) ! Ellis Class 
,,,# Z%U%W# ()# ZDV# PDGH%# 1RWLFLQJ# WKH# VHYHULW\# RI# IUDFWXUH# DQG# SDWLHQW;V# SDLQ<# D#
decision of single-visit endodontic treatment was taken. 
 
Local anesthesia was administered. Access was gained labially through the 
fractured region. The coronal pulp tissue was removed followed by chamber 
irrigation with 5.25% sodium hypochlorite and normal saline. Initially the root 
canal was negotiatedwith a no. 10 k-file. An initial working length radiograph was 
taken. The root canal was cleaned with 17% EDTA and 5.25% sodium 
hypochlorite and shaped with hand protaper files. The root canal was dried with 
absorbent paper points. Canal was obturated with 2% gutta percha points and 
ZOE sealer. Post-obturation IOPA radiograph was taken and root canal filling was 
found to be satisfactory. 
 
Composite build up 
 
7R# IXOO\# HYDOXDWH# WKH# FDVH#D# YLVXDO# DVVHVVPHQW#ZDV#SHUIRUPHG#DQG# WKH#SDWLHQW;V#
occlusion was analysed. Shade matching was done and B2 shade was selected for 
the case. After getting proper isolation on tooth, it was thoroughly cleaned and 
scrubbed. The surface was etched for 40 seconds.Tooth was washed and dried 
using air-water syringe. The bonding agent was then applied to the prepared 
surface and light cured for 20 seconds. A thin layer of composite not more than 
1mm in thickness was placed on the right central incisor which covers from facial 
to lingual preparation.Once the composite placement process was done in 
accurate and precise position the material was cured for 40 seconds on each 
surface. Similarly 4 more layers of composite were applied and cured stepwise to 
give the patient an aesthetic view up till next visit. [fig. 2] 
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Fibre post placement and PFM cementation 
 
About 10mm of gutta percha was removed using gates glidden bur. Following that 
thepulpal wall of root was etched with 37% phosphoric acid (3M ESPE; 
ScotchbondTM) and then bonded with dual-cure resin (3M ESPE; Rely XTM U200, 
Germany) under visible light. The occlusal clearance was evaluated and post 
instructions were given. The patient was recalled after a week.  The tooth was 
prepared for full coverage crown (PFM). The crown was cemented after 2 days 
using glass ionomer luting cement (3M ESPE; KetacTM Cem Radiopaque, 
Germany).[fig. 3,4.5] 
 
Discussion 
 
The worldwide prevalence of traumatic dental injuries ranges between 6%-
37%.The treatment of dental trauma is sometimes neglected although it might 
lead to pain, difficulty in articulation and mastication additionally having 
FRQVLGHUDEOH#QHJDWLYH#HIIHFWV#RQ#SDWLHQW;V#HVWKHWLFV4. Because of the position in the 
arch the majority of dental injuries involves the anterior teeth, especially the 
maxillary incisors .Whereas the mandibular central incisors and the maxillary 
lateral incisors are less frequently involved.5Treatment of anterior teeth is a very 
challenging job for dentist as it should be functionally as well as aesthetically 
efficient. It lays a psychosocial impact on patient. 
 
In this case the broken fragment was not preserved by the patient therefore the 
missing portion was restored by composite resin. No additional tooth preparation 
was made once the RCT is done. Goenka P6 in his study said that the simple 
reattachment technique was not satisfactory to retain the restoration in function 
for a longer period of time. Also the results suggested that the technique 
employed for reattachment is more important than the association of the material 
while Reis7 concluded that by the overcontouring technique and by the placement 
of an internal dentinal groove, the composite buildup provided fracture strength 
comparable to those of sound teeth. 
 
In such case in which pulp is involved,firstly endodontic treatment is done 
followed by placement of post.  It gives mechanical support for the fractured 
segment which is capable of resisting occlusal loads. This simplifies and shortens 
the length of clinical procedure. Fiber-reinforced posts have more advantageous 
over metal posts. Their advantages are as following: 

 
x They are passive,  
x Tooth colored,  
x More flexible than metal posts and  
x Have modulus of elasticity close to dentin.  

 
They need minimum preparation as resin cement uses the surface irregularities 
for adhesion. Surface irregularities help in increasing the surface area for 
adhesion8.While a study conducted by Olaide9displayed no significant difference 
in the clinical behavior between in fiber and metal post during the 6 month study 
period. Both glass fiber and metallic posts had equally good clinical performance 
within the observational period.The factors affecting the retention of fiber post 
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into root canal are endodontic treatment, method of cement application, and post 
pretreatment. Especially in the case when cemented with regular resin cement 
mainly. Self-adhesive resin cements were found to be less technique-sensitive to 
luting procedures as compared with regular resin cements.10 

 
Various techniques applied to achieve aesthetic dental reconstructions are (i) free-
hand direct insertion and the layering of composite resin or anatomical technique 
(ii) direct fragment reattachment technique (iii) direct restoration by composite 
build-up using a reference silicone guide.2 Reattachment technique can be used 
only when intact tooth fragment is available and close repositioning between 
fragments is possible.In present case the fragment was not available. Thus 
composite build up was preferred .over the period of time the tooth buildup with 
composite resins takes up stains from food and beverages that a patient 
consumes.Thus the esthetic of patient is compromised. Permanent restoration 
with porcelain fused metal (PFM) is opted to overcome the problem of esthetics 
and functional durability. Combined techniques can be used in the management 
of complicated anterior crown fracture. This has been proved better inprognosis, 
functions, esthetics. Most importantly satisfaction of patient is achieved. 
 
Conclusion 
 
Presentcase report displays multidisciplinary approach of management of a 
complicated tooth fracture i.e. Ellis class III fracture. This provides patient with 
preservation of original tooth structure followed by permanent restoration. This 
gives full functionality to tooth.  
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Figure 1. preoperative photograph with fracture irt 21 

 

 
Figure 2. Composite build up following the root canal treatment 
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Figure 3. Fibre post placement 

 

 
Figure 4. Tooth preparation irt 21 

 

 
Figure 5. PFM crown cemented 

 



Abstract

Review Article

IntroductIon
The evolution of dentistry is strongly correlated to the 
development of science and technology. Over the past few 
decades, development of many new techniques widened 
the scope of endodontic therapy. Using ultrasonics 
in endodontics, the predictability of the treatment 
and prognosis has improved, when compared to the 
classical procedures while delivering superior quality and 
efficiency.[1]

Richman introduced the concept of ultrasonics in endodontics 
in 1957. While, Martin et al. demonstrated the ability of 
ultrasonically activated K files to cut dentin for the 1st time. 
Endosonics can be defined as the ultrasonic and synergistic 
system of root canal instrumentation and disinfection. That 
leads to the development of low-frequency ultrasonic hand 
pieces operating from 1 to 8 kHz.[2]

The sonic hand pieces which operate at a frequency range 
between 1 and 8 kHz were introduced as an alternative to 
the ultrasonic devices as they are less expensive and easily 
sterilized.[3] In addition, they require less maintenance as they 
are operated by the compressed air outlet of a dental unit. 
These instruments offer a practical alternative to ultrasonic 
instrumentation (UI).[4]

Biophysical effects of ultrasonics include acoustic 
microstreaming and cavitation. Acoustic microstreaming 
results in the production of large hydrodynamic shear stresses 
around the file which are more than capable of disrupting most 
biological materials. While in cavitation, microscopic bubbles 

formed will collapse and explode, resulting in areas of pressure 
and heat production.[5]

Advantages of ultrasonics are it provides a more conservative 
approach while selectively removing tooth structure. 
Ultrasonic tips do not rotate, thus enhancing safety and control, 
while maintaining a high cutting efficiency. Ultrasonic files are 
versatile, flexible, and affordable. They can be bent in endless 
variety of angles and lengths to accommodate the specific 
characteristics of the root. However, it lacks tactile sensation 
and hand pieces are large and heavy.[6]

The understanding of basics of ultrasonics and sonics, methods 
of its clinical use allow us to consider effectiveness, safety, 
limitations, and rationale of dental UI.

The most frequent applications of ultrasonics in endodontics 
are access cavity preparation, root canal preparation, irrigant 
activation, root canal obturation, broken instrument retrieval, 
retrograde preparation, MTA and calcium hydroxide 
placement, and sealer application. While, sonics are used in 
root canal preparation, irrigation, root end preparation, and 
sealer application.

The aim of this review literature is to analyze and discuss the 
applications of ultrasonics and sonics in endodontics.

With the development of science and technology, the modernization of the dentistry took place, the use of sonics and ultrasonics in the 
dentistry had a long back history but their usage in dentistry is still emerging. The sonic and ultrasonic instruments have various applications 
in the endodontics such as – access cavity preparation, root canal preparation, irrigant activation, and others. They provide more conservative 
approach, while removing tooth structures, better safety, and handling. Thus, sonics and ultrasonic have various applications in endodontics. 
This review article includes advantages, disadvantages, limitations, and application of the different sonics and ultrasonics.
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ApplIcAtIons
Access cavity preparation
Ultrasonics instruments help in identifying the canals which have 
been occluded by calcification or secondary dentin. Ultrasonics 
tips have greater control over the visual root canal access. It 
is commonly used in locating the MB2 canal of the maxillary 
molar by removing secondary dentin. Ultrasonics can break the 
calcification and make good access for the cleaning and shaping 
procedure.[1] When pulp stone occludes the root canal orifice, 
ultrasonic tips used with a brush-like motion without gauging 
the floor can smoothen away the pulp stone. The tips should be 
used effectively and set from a maximum to average intensity, 
alternating the irrigation phase and dry phase to avoid overheating.

The selection of the tip for use depends on the task to be 
performed. For the gross dentin removal, an ultrasonic tip 
such as the BUC-1, BL-1, or CPR-2D can be used. These 
tips have suitable length, more resistance to fracture, and an 
abrasive grit. These tips should not be placed in direct contact 
with porcelain crowns and facing as its brittle nature can 
cause ceramics to fracture and even become dislodged when 
ultrasonic tip contacts.[7]

Zogheib et al. studied the effects of ultrasonic refinement 
on endodontic access cavity walls. The results of this study 
showed that the most of the coronal extension of dentinal 
defects observed after access cavity preparation were already 
present, except for two coronal extensions of dentinal defects 
newly formed in the ultrasonic group.[8]

Root canal preparation
Ultrasonic filing allows three-dimensional preparation of the 
canal walls. The action with ultrasound is that of a propagating 
oscillating wave drawing the file through the root canal. 
According to the study by Martin et al., when the ability 
hand files and K-type files to remove dentin from canal were 
compared, the ultrasonic energized file removed a significantly 
high amount of dentin in a fixed time period.[9]

The ultrasonic preparation of the root canal shows high 
irrigation potential, high efficiency dentin removal, and less 
operator fatigue. However, it cannot provide tactile sensation 
and it is hard to locate the file tip accurately during the 
preparation. Thus, a precise preparation of the canal is difficult 
to achieve. To overcome such disadvantages, a new ultrasonic 
root canal preparation system such as Root ZX has been 
developed that electronically monitors the location of the file 
tip during whole instrumentation procedures.[10]

The action of an ultrasonic tip significantly improves 
disinfection in flattened canals and cleaning in the retreatment 
of flattened root canals where Nickel-titanium instruments fail 
to do so. The flatsonic ultrasonic tip has found to be effective in 
the preparation and retreatment of flattened canals. Flatsonic tip 
has a diameter of 0.25 mm, a flat inverted arrow design, and a 
smoother surface. The combination of rotary instruments with 
ultrasonic tips can increase canal volume and thus reducing 
the non-instrumented areas of the canal system.[11]

Irrigant activation
To improve the cleaning and disinfection of root canals 
especially with anatomical irregularities, a variety of irrigant 
agitation or activation methods have been proposed, the most 
widely used one being ultrasonic activation.[12]

Ultrasonic irrigation is of two types, one where irrigation 
is combined with simultaneous UI and another without 
simultaneous instrumentation, called as passive ultrasonic 
irrigation (PUI). During UI, file is intentionally brought into 
contact with the canal wall. However, it is not as much of 
effective in removing simulated pulp tissue or smear layer from 
the root canal when compared to PUI. This can be due to the 
decrease in acoustic streaming and cavitation.[13]

The recently introduced Irrisafe files (Acteon Satelec) are 
an adaptation of the K-files to the requirements of irrigant 
activation. They have almost no taper, blunt tip, a larger pitch, 
round edges to minimize or even prevent unintentional dentin 
cutting.[14]

Root canal obturation
One by-product of ultrasonic energy is heat energy. When 
this heat energy is transmitted by an ultrasonic tip or file, 
gutta-percha can be softened enabling obturation. A very 
limited number of studies have investigated the ability of 
ultrasonic heat energy to soften and compact gutta-percha 
during obturation for achieving a denser root filling.[5] The 
recommended obturation technique while using the ultrasonic 
techniques consists of initial placement of a gutta-percha cone 
to the working length followed by cold lateral condensation 
of accessory cones using a finger spreader. The ultrasonic 
spreader is then placed into the center of the gutta-percha mass 
1 mm short of the working length and activated at intermediate 
power to prevent charring of root surfaces and fracture of the 
ultrasonic spreader. After activation, the ultrasonic spreader is 
removed, and an additional accessory cone is placed, followed 
by energizing with an activated ultrasonic spreader.[7]

When compared to cold lateral condensation, using an 
ultrasonic lateral condensation technique resulted in a denser 
filling, with fewer voids, and less apical microleakage. Warm 
vertical compaction of gutta-percha, whether using a traditional 
heat source or ultrasonic vibrations showed similar sealing 
ability. Baumgardner and Krell demonstrated that the ultrasonic 
condensation of the gutta-percha mass is more homogeneous 
and shows fewer voids compared to condensation without 
ultrasonic activation.[6]

Retrieval of broken instruments and posts
Several techniques and devices have been used for the 
removal of broken instruments. However, the combination of 
ultrasonic techniques and the dental operating microscope is 
consistently reported to be successful and safe for the removal 
of broken instruments from root canals.[15] Recent studies 
demonstrated the use of an ultrasonic file removal method 
that can be considered as a variation of the Ruddle technique. 
This technique uses modified Gates Glidden burs to create 
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a “staging platform” at the coronal aspect of the fractured 
instrument. Then, fine ultrasonic tips of various lengths are 
used to trough around the coronal part of the instrument to 
expose it, followed by ultrasonic vibration of the instrument 
fragment to loosen it.[6]

Alternative techniques using the abrasive action of ultrasonics 
have also been used to erode and eliminate silver points 
and other obstructions; however, removal of stainless-steel 
obstructions and posts made of non-precious metals cannot be 
removed with this technique. Care should be taken with all tips 
used for 1–2 min to remove fine file fragments as significant 
increase in temperature can occur within this time period.[7]

Surgical endodontics
U1ltrasonically driven microsurgical retrotips became 
commercially available in the early 1990s. Since then, this 
new technique of retrograde root canal instrumentation has 
been established as an essential adjunct in periradicular 
surgery. SEM studies have revealed that ultrasonic root end 
preparation is more effective at removing superficial debris 
within the cavity when compared to rotary instrumentation. 
Dye leakage studies showed that the use of UI may result in an 
increased incidence of root face cracking, which could increase 
the possibility of apical leakage.[16]

Several in vivo studies reported excellent success rates when 
the root end preparation was performed using ultrasonic 
retrotips, thus demonstrating improved outcome compared to 
the traditional techniques. It is recommended that the ultrasonic 
unit be set at medium power and the cavities be prepared to a 
depth of 2.5–3 mm. This depth allows for a minimum thickness 
of material that can still provide an effective apical seal. The 
cavity walls should be parallel and follow the anatomic outline 
of the pulpal space.[6]

Ultrasonic non-vital bleaching
The action of an internal bleaching agent is dependent on 
its ability to penetrate into dentinal tubules and by means 
of oxidation-reduction reaction. Ultrasonic activation of an 
irrigant, 1% NaOCl or 17% EDTA, in the pulp chamber can 
significantly increase dentine permeability. The irrigant is 
placed in the pulp chamber and then ultrasonically activated 
for 15 s and this procedure repeated. An ultrasonic tip is used 
without touching the cavity walls. After this procedure, the 
bleaching agent can then be applied.[1]

MTA placement
The use of ultrasonic to aid in the placement of MTA was 
first described by Witherspoon and Ham. It was demonstrated 
that, with the adjunct of ultrasonic, a significantly better seal 
with MTA was achieved. Placement of MTA with ultrasonic 
vibration and an endodontic condenser improved the flow 
and compaction of MTA. Furthermore, the ultrasonically 
condensed MTA appeared denser radiographically, with fewer 
voids. Ultrasonic energy will vibrate and generate a wavelike 
motion, which facilitates moving and adapting the MTA cement 
to the canal walls.[6]

Ultrasonics are used for placement of MTA in canals both 
orthogradely and retrogradely. After placing the MTA with 
the ultrasonic tip, the tip is activated and MTA material 
is moved down using a 1–2-mm vertical packing motion. 
Direct ultrasonic energy will generate a wavelike motion and 
facilitates moving and adapting the cement to the canal walls.[4]

Sealer application
The use of ultrasonic activation at different levels facilitated 
better dentinal sealer. Ultrasonic activation proved to positively 
influence the sealer penetration, hence, promoting the longevity 
minimizing the chances of microleakage. Further studies 
should be conducted to analyze the entire canal rather than a 
portion with bigger sample size as penetration depth of sealer 
may be important in the future endodontic treatment outcomes. 
Ultrasonic activation improved dentinal sealer penetration 
which can promote confinement of microorganisms present in 
the dentinal tubules. In addition, sealer plugs inside the dentinal 
tubules provide a mechanical interlocking, hence, improving 
the retention of the filling material along the root canal walls.[17]

The ultrasonic activation of the sealer did not seem to influence 
the presence of voids, which probably is more related to 
the inability of the lateral compaction technique to allow a 
homogeneous layer of sealer on the entire root canal wall.[18]

Removal of intracanal medicaments
Most studies reveal that the complete removal of calcium 
hydroxide using instrumentation, conventional irrigation, 
or activated irrigation methods is not possible regardless of 
the technique. Some studies show no advantage of PUI in 
removing calcium hydroxide, while other studies show PUI 
to enhance its removal. The choice of irrigant may also affect 
calcium hydroxide removal efficacy, with calcium chelating 
irrigants such as 17% EDTA and 10% citric acid enabling 
greater removal of calcium hydroxide.[7]

Motiwala et al. compared two different methods of ultrasonic 
activation of file and rotary master apical file in the removal 
of oil-based calcium hydroxide from root canal system. Both 
methods were equally effective in all the thirds of canal. 
However, none of the techniques were able to completely 
remove the it.[19]

conclusIon
Sonics and ultrasonics have been introduced more than a 
decade but there use in dentistry is still limited. There is a 
need to understand the advantages of sonic and ultrasonic 
instruments over the conventional instruments.[20] Although, 
they also have their limitations. The sonic and ultrasonics are 
beneficial to use but it also depends on the clinical judgment 
of the clinician and the skills.[21]
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President’s Message

Periodontics………The 
conquistador of dental practice

Periodontics is the branch and specialty of 
dentistry, which is concerned with diagnosis, 

prevention and treatment of diseases and 
conditions of supporting and surrounding tissues 
of teeth or their substitutes and maintenance 
of the health, function and aesthetics of these 
structures and tissues.

Periodontal diseases are the most prevalent 
dental diseases all over the world and they 
are very common above 30 years of age, being 
responsible for most of the adult tooth loss. One 
of the important reasons for the neglect of this 
extensive clinical subject has been the ignorance 
of the patient pool. Dental awareness in India is 
low even in urban areas and almost non-existent 
in rural areas where the bulk of the dental 
practice still revolves around extractions and 
prosthesis. The periodontal problems usually 
are silent with lack of obvious symptoms and 
rarely constitute any dental emergency. As pain 
is often not a major symptom, the problem is 
neglected for a long time before any intervention 
is planned. It is then a typical case of a “Too 
little – too late.” Adding to this conundrum is 
the financial burden of periodontal therapies 
especially in the absence of any significant dental 
insurance provider.

It is also becoming more and more evident that 
there is a correlation between gum disease and 
our physical well-being. It is high time that we 
address this vacuum by working in tandem 
and moving beyond our interdisciplinary 
one-upmanships. Beyond doubt the glamorous 
counterparts of Orthodontics, Prosthodontics, 
Oral & Maxillofacial Surgery and Endodontics 
are incomplete without a healthy periodontal 
foundation. Times have changed and this branch 
of dentistry is emerging into prominence and is 
a sure winner all the way. Periodontology as a 

field is extensive and has moved on from simple 
scaling and polishing to complex soft and hard 
tissue rehabilitation/regeneration procedures 
alongside playing a non-negotiable role in 
implant and laser dentistry as well.

It is rightly said that “tomorrow belongs 
to those who prepare for it today”. Let’s 
use this esteemed forum of Indian Society 
of Periodontology to sensitize not only the 
patients but also the dental and the medical 
fraternity towards the need for incorporating 
Periodontology judiciously, which will go 
a long way in creating healthy smiles. The 
recent era has definitely seen an increase in 
periodontal health awareness levels with 
proper emphasis on oral hygiene, aesthetics 
and preventive dental care which has made 
Periodontics an integral part of every successful 
dental practice.
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A novel injectable platelet‑rich fibrin 
reinforced papilla reconstruction 
technique
Komal Puri, Manish Khatri, Mansi Bansal, Ashish Kumar, 1 Mohd Rehan, 
Aneesha Gupta

Abstract:
Formation of black triangles due to the loss of interdental papilla is one of the utmost perplexing esthetic problems 
of the periodontium. Many surgical and nonsurgical treatment options have been researched upon to obtain 
complete papillary fill, but minimally invasive procedures have always been the choice of treatment both for the 
operator as well as the patient. This article describes the use of injectable platelet‑rich fibrin (i‑PRF) as a novel 
nonsurgical technique for the reconstruction of deficient interdental papilla. This is probably the first article that 
describes the use of i‑PRF for the nonsurgical treatment of black triangles. Six sites with the presence of deficient 
interdental papilla in four patients were selected for this case series. After completion and reevaluation of scaling 
and root planing, autologous i-PRF was injected at the base of the interdental papilla using the insulin syringe. 
Photographs obtained before the treatment and at 1, 3, and 6 months after the intervention were assessed by 
Image J software along with clinical measurements. The use of novel nonsurgical injectable PRF technique 
allows clinician to successfully treat deficient interdental papilla.
Key words:
Esthetics, interdental papilla, platelet‑rich fibrin

INTRODUCTION

Existence and preservance of interdental 
papilla is one of the important points of 

concern in esthetic dentistry.[1] Loss of interdental 
papilla may lead to the formation of unappealing 
dark triangles, resulting in food impaction and 
plaque buildup. This soft tissue is delicate and 
fragile; is susceptible to inflammation leading 
to recession, bone loss or both and cannot be 
predictably filled when recessed, due to its low 
blood supply.[2,3]

Reconstruction of the interdental papilla 
in the esthetic region is challenging.[4] For 
reconstruction of deficient interdental papilla, 
several surgical procedures have been advocated. 
However, these methods are usually invasive 
and unpredictable.[5,6] Nonsurgical management 
using hyaluronic acid (HA) has been attempted 
in several studies and though the product is 
biocompatible and given good results with 
promising levels of patient’s satisfaction, it may 
require repeated administration of injections and 
also requires some expense.[7-9]

Hence, a novel minimally invasive autologous 
approach known as the injectable- platelet-rich 
fibrin (i‑PRF) reinforced papilla reconstruction 
technique (i-PRT) is proposed. The purpose of 
this article is to evaluate clinically, the efficacy 

of the new i-PRT in the treatment of black 
triangles.

CASE REPORT

Four patients with a chief complaint of poor 
esthetics and formation of unappealing black 
triangles in the anterior sextant were carefully 
chosen for the “i-PRF reinforced PRT” at the 
department of periodontology of the institute 
during March to May 2019. Patients having 
well-aligned maxillary teeth, no caries, no 
proximal restorations, fixed prosthesis or any 
orthodontic appliances with the presence of at 
least one class I or II interdental papilla loss 
in maxillary or mandibular anterior region,[10] 
<7 mm of distance between the contact point (CP) 
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and inter-proximal bone crest and <4 mm of probing depth 
at the selected sites, plaque index,[11] and gingival index[12] 
scores <1 were selected for the study.

Case management
All the study participants were well-versed about the treatment 
protocol, and informed written consent was obtained. Ethical 
clearance was obtained from the Ethical Committee of the 
Institute before the initiation of the study. All the selected 
patients underwent full mouth scaling and root planing. At 
baseline, the following parameters were recorded:
• A questionnaire for the assessment of patient’s response 

including questions regarding patient’s assessment of black 
triangle[7] [Table 1]

• Clinical measurement: Distance from the CP to papillary 
tip (PT) using the prepared stent [Table 2]

• Photographic measurement: A digital photograph of the 
selected site was taken by keeping the camera parallel to 
the required region with the axis of the lens of the camera 
being parallel/horizontal to the ground. The patient 
was made to sit in an upright position, looking directly 
ahead such that the Frankfort plane was parallel to the 
ground. The obtained photographs were transferred to 
the image J analysis software. Transferred images were 
calibrated using the length of the crown measured on 
the stone cast and the surface area of the lost papilla was 
measured[7,8] [Table 3].

Injectable platelet‑rich fibrin procurement
For the preparation of i-PRF, 10 ml of intravenous blood was 
withdrawn from antecubital region and was centrifuged using 
plastic tubes (without any additives) in a centrifuge (REMI® 
Laboratories, India) at 700 rpm for 3 min. Subsequently, 
the tubes were removed and the top most yellow-orange 
colored liquid attained was injectable PRF [Figure 1].[13-15] 
Approximately 1 ml of the liquid form of PRF was prepared, 
using 10 ml of the withdrawn blood.[15] Obtained i-PRF was 
filled in the insulin syringes and was ready to use at the desired 
site. i-PRF remains in a liquid state for about 10–15 min, and 
thereafter, it forms a gel like membrane, because the liquid 
fibrinogen is converted to solid fibrin, thus, it is important to 
inject immediately.[14,15]
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Figure 1: Preparation of injectable platelet rich fibrin (a) Post 
centrifugation. (b) Collection of liquid injectable platelet rich fibrin from test 

tube. (c) Injectable platelet rich fibrin collected in insulin syringe
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Injection technique
In all the six sites with loss of interdental papilla [Figures 2a 
and b, 3a and b, 4a, 5a and b], adequate anesthesia was 
obtained and the needle of the insulin syringe was inserted 
2–3 mm apical to the PT directed coronally making an 
angle of 45° to the long axis of the tooth with its bevel 
facing apically [Figures 2c, 3c, 4b-d and 5c]. Post injection, 
the papilla was gently massaged in an incisal direction, 

for a minute using a gauze piece [Figures 2d, 3d and 
5d]. Patients were instructed to use a soft toothbrush 
coronal to the gingival margin and prevent the use of 
interdental aids at the treated region. Patients were 
kept under a 6-month follow-up and observation phase 
and were recalled for follow up at 1, 3, and 6 months 
wherein the clinical and photographic parameters were 
re-recorded [Figures 2e-g, 3e-g, 4e, 5e-g].

Table 2: Measurement using stent
Patient Sites Teeth CP-PT

Baseline 1 month 3 months 6 months Papillary fill (%)
1 1 21, 22 4 0 0 0 4 (100)
2 2 11, 21 3 1 1 1 2 (66.6)
3 3 31, 41 3 0 0 0 3 (100)

4 31, 32 3 0 0 1 2 (66.6)
5 32, 33 3 0 0 0 3 (100)

4 6 31, 41 4 1 1 1 3 (75)

Percentage papillary fill=. Baseline - 6 months ×100
Baseline  

CP-PT: Contact point to papillary tip

Table 3: Photographic analysis (image J analysis)
Patient Sites Teeth Area Change in surface area (%)

Baseline 1 month 3 months 6 months
1 1 21, 22 209 0 0 0 100
2 2 11, 21 228 42 46 49 78.5
3 3 31, 41 220 0 0 0 100

4 31, 32 175 0 0 30 82.8
5 32, 33 345 0 0 0 100

4 6 31, 41 384 60 74 75 80.4

Percentage change in surface area=
Baseline - 6 months ×100

Baseline  

Figure 2: (a) Preoperative view showing interdental papillary loss in between 21 and 22. (b) Measurement of distance between contact point to papillary tip using stent 
and UNC‑15 probe. (c) Injectable platelet rich fibrin injected at the base of deficient papilla between 21 and 21. (d) Immediate post injection view. (e) 1 month post injection 

view. (f) 3 months post injection view. (g) 6 months post injection view
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Clinical outcome
The assessment of patient’s response obtained through 
the questionnaire revealed that the patients were 
extremely satisfied with the result obtained [Table 1]. The 
measurements of the height of the black triangle revealed 
that there was an appreciable decrease in CP-PT distance 
and area of the black triangle measurements after 1, 3, 
and 6 months. On clinical examination, in three sites, 
100% papillary fill was observed even after 6 months of 
injection. In one site, 75% papillary fill was observed, and 
in two sites, 66.6% papillary fill was observed [Table 2]. 
The reduction in the surface area of the black triangles, 
on photographic evaluation also correlated well with the 
clinical examination [Table 3].

DISCUSSION

The use of noninvasive biocompatible methods such as 
commercially available HA gel can replace the conventional 
invasive surgical approaches but requires expense and may 
require repeated injections.[7-9] Mansouri et al. in 2013 obtained 

50% improvement in 10% of the sites at 3 months and 43% of 
sites demonstrated improvement in papillary coverage by 
over 50% at 6 months evaluation using HA for the treatment 
of black triangles.[8] Mean percentage reduction in surface 
area of the black triangle treated by HA were 36.5 ± 24.4% 
and 45.0 ± 28.5% from baseline to 3 months and 6 months, 
respectively, as reported by Abdelraouf et al. in 2019.[9] 
Autologous i-PRF is a liquid form of the PRF procured by 
altering the kind of the centrifugation tube, speed, and time of 
the centrifugation protocol that was used for PRF preparation. 
A greater number of platelets, leukocytes, and growth 
factors are obtained when i-PRF is prepared using low-speed 
centrifugation concept.[13,14,16,17] It takes approximately 
10–15 min for liquid i-PRF to clot and transition into a gel, 
preserving its contents for sustained release in the tissues.[13] It 
has been stated that i-PRF may hasten healing of wound due 
to increase in vascularization.[16]

To enhance the concentration of platelets and leukocytes in 
i-PRF, either the time of centrifugation might be raised from 
3 min to 4–8 min[17] and/or a horizontal centrifuge be used 

Figure 3: (a) Preoperative view showing interdental papillary loss in between 11 and 21, (b) Measurement of distance between contact point to papillary tip using stent 
and UNC‑15 probe. (c) Injectable platelet rich fibrin injected at the base of deficient papilla between 11 and 21. (d) Immediate post injection view. (e) 1 month post injection 

view. (f) 3 months post injection view. (g) 6 months post injection view
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Figure 4: (a) Preoperative view showing interdental papillary loss in between 41 and 31‑33. (b) Injectable platelet rich fibrin injected at the base of deficient papilla between 
31 and 41. (c) Injectable platelet rich fibrin injected at the base of deficient papilla between 31 and 32. (d) Injectable platelet rich fibrin injected at the base of deficient papilla 

between 32 and 33. (e) 6 months post injection view
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than the conventional fixed‑angle centrifugation.[18] In order 
to increase the volume of resultant i-PRF from approximately 
1–2 ml, the dimensions of the centrifugation tube be 
increased from 10 to 13 ml.[19] The resultant i-PRF has been 
termed as i-PRF + and now-a-days is anticipated to be more 
suitable for use in esthetic techniques. In the present case 
series, conventional centrifugation protocol suggested for 
females was used. A centrifugation time of 4 min has been 
proposed for males due to greater red cell counts in males 
as compared to females.[20,21] Ozsagir et al. in 2020[22] obtained 
satisfactory increase in the thickness of gingiva with the use 
of i-PRF and i-PRF with microneedling. In the present case 
series, appreciable results were obtained both clinically and 
photographically in terms of papillary fill. Oswal and Kour[23] 
found a substantial improvement in the interdental papillary 
height and gingival thickness over a period of 6 months using 
free gingival graft and i-PRF.

The measurement of the linear dimension depicts the papillary 
enhancement, but the exact modification in black space cannot 
be assessed clinically.[7] Hence, in the present case series, 
photographic evaluation of the variation in the surface area 
of the black triangle was also done,[7] and as illustrated by the 
reduction in CP-PT distance clinically as well as decrease in 
the surface area of the black triangle photographically, it can be 
stated that optimal esthetic results and excellent soft tissue fill 
was obtained with the use of i-PRT. Future short- and long-term 
researches using a larger sample size should be conducted on 
this technique to evaluate its effectiveness.

i-PRF is an easy to procure, economical, autologous healing 
biomaterial and i-PRF reinforced PRT (i-PRT) appears to 
improve biotype and successfully treat black triangles.
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Abstract 
Background: This in vivo study was done to investigate the antimicrobial effectiveness of Nano Silver fluoride, So-
dium fluoride and Chlorhexidine when used as a varnish on Streptococcus mutans (S.mutans) in saliva and plaque 
biofilm.
Material and Methods: 120 caries free subjects, aged 8-10 years were randomly assigned to four different groups 
(n=30) - group I: Control, group II: Chlorhexidine varnish (CHX), group III: Sodium fluoride varnish (NaF), group 
IV: Nano Silver fluoride varnish (NSF). Varnish application was done once at baseline. Saliva and plaque samples 
were collected at baseline (T0), at the end of 1 month (T1) and 3 months (T3) to evaluate S.mutans levels by culture 
method, optical density and PCR. OHI-S Index was also recorded for clinical evaluation. 
Results: NSF, CHX and NaF were effective against S.mutans activity. The intragroup comparision of CFU/ml 
and OD/ml count showed a highly significant reduction from baseline to 3 months for all the 3 varnish groups 
(p=0.001). PCR result revealed that maximum reduction was seen in NSF and CHX followed by NaF group.
Conclusions: NSF reduces S. mutans level in both saliva and plaque biofilm and it is more advantageous than CHX 
and NaF as it has dual properties of acting as an antibacterial as well as a remineralizing agent. 
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Introduction
In 2017, The Global Burden of Disease Study estimated 
that about 2.3 billion people suffer from caries of per-
manent teeth and about 530 million children suffer from 
caries of primary teeth (1). Dental caries is a multifacto-
rial disease and one of the factors responsible for caries 
is the oral microbial flora. Among over 600 identifiable 
bacterial species in the oral cavity, mutans Streptococci 
(MS) has been seen to be most closely associated with 
the development of dental caries (2,3). Prevention of ca-
ries is possible through reduction in the level of S.mutans 
and various agents like fluorides, chemoprophylactic or 
herbal medicaments are available for the same. Use of 
fluoride varnishes is a popular and cost effective profes-
sional method of caries prevention as it adheres to the 
tooth surface for longer period and exerts a long-term 
prophylactic effect (4).
One of the oldest and most commonly used fluoride 
varnishes is Sodium fluoride (NaF) that has been shown 
to result in significant suppression of S. mutans when 
applied on the tooth surface. Its major drawback is that 
it requires multiple applications (5,6) Chlorhexidine 
(CHX), a cationic bis- biguanide, is a broad spectrum 
anti-microbial agent (7) used in dentistry that has proven 
its effectiveness in reducing the oral mutans Streptococ-
ci count (8-11). It is available as a varnish but it has a 
bitter taste, high cost and esthetic issues when used in 
anterior teeth (12).
With the advancement in nanotechnology, research has 
lead to the development of Silver nanoparticles (AgNPs). 
Silver nanoparticles contain 20 to 15000 silver atoms 
having a diameter smaller than 100 nm. They have a lar-
ge surface-to-volume ratio due to which they have been 
shown to have a remarkable antimicrobial activity, even 
at a low concentration. They are cost effective, show low 
cytotoxicity and immunological response. Therefore, 
silver nanoparticles have found multiple potential bio-
medical applications like drug delivery devices, medical 
imaging, molecular diagnostics, incorporated in surgical 
mesh, fabrication of artificial joint replacements, wound 
dressing and medicament for promotion of wound hea-
ling. In dentistry, silver nanoparticles are used in fabri-
cation of dentures, composite resins, irrigating solution 
and obturation material, adhesive materials in orthodon-
tic treatment, membrane for guided tissue regeneration, 
and titanium coating in dental implant treatment (13). 
Haghgoo R et al. in 2014 suggested the incorporation of 
Nano-silver in varnishes and recommended it for appli-
cation for prevention of dental biofilm formation (14).  
In 2014, Targino et al. prepared a formula containing 
AgNP, chitosan and fluoride and termed it as Nano Sil-
ver Fluoride (NSF). This new formulation demonstra-
ted to be a good antimicrobial agent that could inhibit 
S.mutans growth (15,16). Also, when NSF was com-
pared with chlorhexidine and silver diamine fluoride, 

it was found to be both bacteriostatic and bactericidal 
(15). Besinis et al. and Hernandez et al. have observed 
AgNPs to be 25 fold higher in antibacterial activity than 
chlorhexidine (17,18). It has been found to have larger 
bactericidal activity (19), non-toxic and safe for human 
use (20), with a potential advantage of not staining the 
teeth (15). A review of available literature revealed that 
a majority of the studies conducted on the effects of NSF 
were invitro (16,21,22). Thus, the present in vivo study 
was done to observe the effect of NSF varnish on oral 
S.mutans count and to compare it with sodium fluoride 
& chlorhexidine varnish. 

Material and Methods
-Study design:
The triple blinded randomized parallel group trial was 
conducted in accordance with the CONSORT 2010 gui-
delines. The sample consisted of children between 8-10 
years fulfilling the following criteria.
-Inclusion criteria:
• Subjects with no clinical signs of carious lesion (white 
spot/ cavitated)
• Subjects with the following fully erupted permanent 
teeth: permanent maxillary right central incisor, perma-
nent mandibular left central incisor, all permanent maxi-
llary and mandibular first molars. 
-Exclusion criteria:
• Children with any intraoral pathology 
• Children with medically compromising, physically or 
mentally challenged condition. 
• Antibiotic intake one month prior to the study.
• Uses of any fluoridated toothpaste or antimicrobial 
mouthrinse during the course of the study.
The sample size estimation was done using G Power 3.1. 
The desired statistical power was set at 80% (1-β), to 
detect statistical significance of 5% (α= 0.05) and effect 
size (f) 0.39. 27 subjects in each group were required to 
avoid any statistical type 1 errors. The sample size was 
rounded off to 30 in each group to cover for any loss 
of subjects during the follow up period. SNOSE (Se-
quentially numbered, opaque, sealed envelopes) method 
was performed for allocation concealment. To achieve 
allocation concealment, the random concealment was 
done by an investigator who was neither involved in the 
application of the varnish nor measurement of outco-
me. A piece of paper comprising of a randomized group 
number was sealed in the dark coloured envelope con-
taining respective serial number over it. The envelope 
was opened once the intervention was assigned. Based 
on the group assigned in the paper, varnish application 
was done.  290 children were examined out of which 
120 children were included in the study based on the 
selection criteria.
The purpose and procedure of the study was explained 
to the parents/ or guardians prior to commencement of 
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the study and a written informed consent was obtained. 
Each child’s personal, medical and dental details were 
obtained and recorded. 
The selected study participants were randomly assigned 
to 1 of 4 groups (30 children per group):
1. Group I - Control group. Saline was used as a placebo 
control;
2. Group II - Chlorhexidine varnish (cervitec plus by 
Ivoclar Vivadent, Schaan, Liechtenstein) group which 
includes 1% chlorhexidine diacetate and 1% thymol as 
active antimicrobial ingredients;
3. Group III - Sodium Fluoride (Profluoride Varnish, 
VOCO GmbH. Cuxhaven, Germany) Varnish group that 
contains 5% NaF with xylitol;
4. Group IV - Nano silver fluoride group. A special for-
mula as prepared by Targino et al. (15) as given below. It 
contains nano silver particles, sodium fluoride and chito-
san as a stabilizer.
-Preparation of Nano Silver Fluoride:
Nano Silver Fluoride was prepared according to the 
formulation given by Targino et al. (15). The synthe-
sis of silver nanoparticles in an aqueous solution was 
carried out via the chemical reduction of silver nitrate 
(AgNO3) with sodium borohydride (NaBH4) and chito-
san biopolymer as a stabilizing agent. Chitosan (2.5 mg/
ml) was dissolved in a 1% acetic acid solution. The so-
lution was mixed under magnetic stirring until homoge-
neous. Next, the mixture was transferred to an ice-cold 
bath, and freshly prepared NaBH4 (0.3 mL, 0.8 M) was 
then added drop by drop while stirring vigorously. The 
flask was then removed from the ice bath and the sodium 
fluoride (10,147 ppm of fluorine) was incorporated. The 
stirring was maintained overnight. The prepared solu-
tion contains silver nanoparticles 399.33µg/ml, sodium 
fluoride 10,147µg/ml and chitosan 2334µg/ml.
The size and shape of silver nanoparticles were evalua-
ted with transmission electron microscopy (TEM). TEM 
image were obtained on a FEI-Tecnai G2 F20 at an ac-
celerating voltage of 200 Kv. The analysis revealed 99% 
of silver nanoparticles were spherical with a particle size 
of 8 ± 2.0 nm (Fig. 1).

Fig. 1: TEM image of Silver Nanoparticles used in the 
study.

Prior to commencement of the study, Child’s personal 
details, details of past medical history including any 
recent antibiotic exposure, past dental history were re-
corded. The study purpose & procedure were explained 
to the parents/guardian and a written informed consent 
was obtained from them. Oral hygiene instructions, diet 
counseling, were given during the period of study.
-Evaluation was done for the following:
1. Clinical parameter: OHI-S Index:
An explorer was passed across the buccal surface of 
incisal one-third, two- third and cervical region of the 
index teeth i.e 16,11,26,36,41,46. Each of the six teeth 
was given a score from 0-3 on the basis of the Simplified 
Oral Hygiene Index (OHI-S) (23).
2. Method of dental plaque sample collection:
Plaque samples were collected from each patient be-
tween 9 to 10 AM using a sterile wooden toothpick in 
scraping motion from buccal and lingual surfaces from 
occlusal to gingival one-third from the index teeth i.e 
16,11,26,36,31,46. The collected samples were stored in 
an eppendorf tube (5ML) containing 3ml of saline solu-
tion and immediately transferred to the laboratory.
3. Method of saliva sample collection:
For saliva collection, the child was asked to drool out 
saliva in a sterile container and 2- 3ml of unstimulated 
whole saliva was collected. The containers were labelled 
and stored in an ice box set below 4oC and sent imme-
diately for S. mutans analysis.
-Method of Varnish Application:
Prior to application of varnish, oral prophylaxis was ca-
rried out to standardize the oral cavity with the lowest 
possible amount of biofilm. Isolation was done with 
cotton rolls & saliva ejector and teeth were dried with 
gentle blow of air for 30 s using three way air syrin-
ge. Approximately 0.1 ml of the designated varnish was 
applied with an applicator tip quadrant-wise sequentia-
lly starting from the upper arch to all the teeth. 
Post application, subjects were instructed not to rinse their 
mouth, not to drink or eat anything for 3 hours, and not to 
brush till the next day. A non-fluoridated tooth paste was 
also provided to be used during the study period. 
-Laboratory Phase:
Evaluation of S. mutans in both plaque and saliva sam-
ples were done by 3 methods
A. CULTURE TEST:
Mitis Salivarius Bacitricin Agar (MSB Agar) was prepa-
red for multiplication and selection of Streptococcus mu-
tans on the agar plates. The saliva samples were diluted 
1:1 and plaque samples were diluted 1:2 before sprea-
ding on to the agar plates for colony counting. 8 sections 
were made on the petriplate and the colonies observed 
in 1/8 section was counted and then multiplied by 8 to 
get the no. of colonies in the whole plate. Then the no. of 
colonies obtained is multiplied by the dilution factor to 
get total no. of colonies in 1 ml saliva or plaque – CFU/
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ml. The S.mutans colonies were identified by its typical 
morphology (frosted glass appearance) raised, convex, 
undulate, opaque, pale-blue colonies that are granular.
B. OPTICAL DENSITY (OD):
Optical density (OD) was obtained at 600 nm with the 
help of a Spectrophotometer (Spectronic 20).This tech-
nique is use for monitoring growth kinetic which is ba-
sed on light scattering technique
C. PCR PROCEDURE:
In the present study, 60 saliva and 60 plaque samples 
were randomly selected and subjected to PCR (15 from 
each group). 
The bacterial culture is subjected to SDS (sodium do-
decyl sulphate). DNA molecules that are released from 
the disrupted bacterial cells are precipitated out using 
Ethanol. 
PCR study was done using primers GTFB- F5’ACTA-
CACTTTCGGGTGGCTTGG and GTFB- R5’CAGTA-

Fig. 2: CONSORT flow diagram.

TAAGCGCCAGTTTCATC. Denaturation was done at 
95°C for 30 s, which was followed by annealing at 59°C 
for 30 s, and extension at 72°C for 1 min. This amplifi-
cation was repeated for 33 cycles. The final extension 
cycle was run at 72°C for 5 min. PCR products were 
subjected to electrophoresis on 1.5% agarose gel and 
stained with ethidium bromide
The clinical and laboratory parameters were assessed 
at baseline (T=0), followed by one month (T=1) and 3 
months (T=3) after the application of varnish
The final study sample comprised of 114 children with 6 
dropouts at 3 months (Fig. 2).

Results
One way ANOVA followed by post-hoc bonferroni test 
were used to compare the S. mutans count at different 
time intervals following the use of different varnishes.
After 6 subjects drop out from the initial sample of 120 
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subjects during the follow-up period, the study was con-
tinued on only 114 children, aged 8-10 years, compri-
sing of 63 girls (55.26%) and 51 boys (44.75%) which 
formed the final study sample at the end of 3 months.
OHI-S: The mean baseline OHI-S for all the groups was 
in the range 0.424±0.138 to 0.504± 0.169. Maximum 
reduction in OHI-S score was observed in group II at 
the end of 3 months which was 0.12±0.15, the change 
in OHI-S was statistically significant in only group II 
(Table 1).
PLAQUE: The mean baseline plaque CFU for all the 

Parameters
T0 T1 T3 Mean change from

T0- T3

Mean S.D. Mean S.D. Mean S.D. Mean S.D. p-value

GROUP I
OHI-S** 0.504 0.169 0.515 0.151 0.485 0.148 0.019 0.198 0.631

Plaque-CFU† 3.56 0.76 3.75 0.54 3.78 0.47 0.224 0.63 0.076

Plaque -OD‡ 1.07 0.08 1.05 0.07 1.07 0.07 0.08 0.070 0.556

GROUP II
OHI-S 0.493 0.153 0.338 0.163 0.372 0.175 0.12 0.159 0.001*

Plaque –CFU 3.49 0.67 0.0016 0.0009 0.020 0.011 3.47 0.66 0.001*
Plaque –OD 1.08 0.07 0.23 0.08 0.33 0.07 0.755 0.115 0.001*

GROUP III
OHI-S 0.476 0.159 0.407 0.166 0.428 0.157 0.048 0.164 0.124

Plaque –CFU 3.55 0.69 0.0023 0.0008 0.023 0.008 3.54 0.696 0.001*
Plaque –OD 1.08 0.08 0.37 0.08 0.79 0.12 0.29 0.145 0.001*

GROUP IV
OHI-S 0.424 0.138 0.321 0.152 0.370 0.175 0.052 0.155 0.087

Plaque –CFU 3.55 0.69 0.0018 0.0009 0.022 0.010 3.52 0.687 0.001*
Plaque –OD 1.07 0.09 0.24 0.07 0.33 0.07 0.74 0.165 0.001*

Table 1: Table showing mean OHI-S, Plaque CFU and OD values recorded for Group I, II, III and IV at baseline (T0), 1 month (T1) 
and 3 months (T3).

One way ANOVA applied
* p-value significant at p<0.05
** Oral Hygiene Index- Simplified
†Colony Forming Unit
‡Optical Density

groups was in the range of 3.49±0.67 CFU to 3.56± 0.76 
CFU. Maximum reduction in plaque CFU score 1 month 
after varnish application was observed in group II fo-
llowed by group IV, group III and group I. After 3 mon-
ths also maximum reduction was found in group II. The 
reduction was statistically significant in all the groups 
except the control group. Similar result was also seen on 
evaluation by optical density (Table 1).
The intergroup comparison showed that there was no 
statistically significant difference in plaque CFU sco-
re amongst group II, III and IV at the end of 3 months. 
Whereas when OD was compared statistically signifi-
cant difference was found between group I and all other 
groups. Highly significant difference was seen in group II 
and group III and also in group III and IV. Whereas, the 
difference amongst group II and IV was not found to be 

significantly different.
SALIVA: The mean baseline salivary CFU for all the 
groups was in the range 3.27±0.79 CFU to 3.45± 0.74CFU. 
Statistically significant difference in the S.mutans values 
was seen both by culture method and OD in all the three 
experimental groups at the end of 3 month. The maximum 
reduction was seen in both group II and group IV after 
1 month. After 3 months maximum reduction was found 
in group II (Table 2). The intergroup comparison did not 
show any significant difference between group II, III and 
IV at the end of 3 months  (Table 3).

Evaluation by OD showed highly significant difference 
between group II and III and between group III and IV 
whereas; there was a non-significant difference amongst 
group II and IV (Table 3).
PCR: The frequency of identification of S.mutans was 
more in plaque samples when compared with saliva 
samples at baseline and after 3 months. Post varnish 
application, the frequency of identification of S.mutans 
decreased in group II and group IV more as compared to 
other groups in both plaque and saliva samples but it was 
statistically not significant (Table 4).

Discussion
The result of the present study has shown that significant 
reduction of S. mutans was seen after 3 months, in both 
saliva and plaque, when a single application of sodium 
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Parameters
T0 T1 T3 Mean change from

T0- T3

Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean
GROUP I Saliva-CFU† 3.27 0.79 3.38 0.80 3.36 0.65 0.087 0.51 0.384

Saliva -OD‡ 1.08 0.09 1.09 0.07 1.11 0.06 0.031 0.057 0.092
GROUP II Saliva –CFU 3.45 0.74 0.0019 0.0006 0.019 0.008 3.44 0.73 0.001*

Saliva –OD 1.08 0.08 0.26 0.07 0.37 0.08 0.71 0.128 0.001*
GROUP III Saliva –CFU 3.44 0.70 0.004 0.004 0.047 0.057 3.39 0.715 0.001*

Saliva –OD 1.10 0.10 0.36 0.10 0.75 0.13 0.35 0.144 0.001*
GROUP IV Saliva –CFU 3.34 0.66 0.0019 0.0005 0.035 0.05 3.21 0.827 0.001*

Saliva –OD 1.07 0.08 0.26 0.07 0.36 0.08 0.712 0.128 0.001*

Table 2: Table showing mean Saliva CFU and OD values recorded for Group I, II, III and IV at baseline (T0), 1 month (T1) and 3 
months (T3).

One way ANOVA applied, 
* p-value significant at p<0.05
†Colony Forming Unit
‡Optical Density

Group (I) Group (J) Mean difference (I-J) p-value

Plaque CFU†

I
II 3.766 0.001*
III 3.763 0.001*
IV 3.765 0.001*

II
III -0.003 1.00
IV -0.001 1.00

III IV 0.0015 1.00

Plaque OD‡

I
II 0.744 0.001*
III 0.280 0.001*
IV 0.743 0.001*

II
III -0.464 0.001*
IV 0.001 1.00

III IV 0.463 0.001*

Saliva CFU

I
II 3.34 0.001*
III 3.31 0.001*
IV 3.32 0.001*

II
III -0.028 1.00
IV -0.015 1.00

III IV 0.012 1.00

Saliva OD

I II 0.736 0.001*
III 0.357 0.001*
IV 0.755 0.001*

II III -0.379 0.001*
IV 0.018 1.00

III IV 0.397 0.001*

Table 3: Intergroup comparison of CFU & OD among the four groups at 3 month.

Post hoc bonferroni applied
* p-value significant at p<0.05
†Colony Forming Unit
‡Optical Density
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T0 T3

PLAQUE SALIVA PLAQUE SALIVA

Positive (%) of total Positive (%) of total Positive (%) of total Positive (%) of total

GROUP I 13 86.7 4 26.7 12 80 4 26.7
GROUP II 14 93.3 3 20 3 20 1 6.7
GROUP III 14 93.3 4 26.7 6 40 3 20
GROUP IV 14 93.3 3 20.0 4 26.7 1 6.7

Table 4: Table showing frequency of identification of S mutans in plaque and saliva samples using PCR at baseline (T0) and 3 months (T3) 
for Group I, II, III and IV.

fluoride, chlorhexidine and NanoSilver Fluoride varnish 
was done in caries free children. 
Jiang Q et al. reported that, S. mutans is present not only 
in caries active but also in caries free subjects (24). It 
was seen that children who were caries free at first visit 
became caries active within few period of time (25) su-
ggesting that if intervention is done only during caries 
active period, it will be difficult to prevent new cases of 
dental caries. Thus caries free children were chosen in 
order to assess the actual antimicrobial effect of different 
varnishes on the S.mutans.
 In this study, a non-intensive application regime of var-
nish application of once at baseline was chosen which 
was in accordance with the study done by Aljaradi et al. 
2013, Ben khadra 2019 (26,27). Although, Twetman et 
al. in their study had a more intensive application regi-
me, it was observed that intensive application did not ex-
tend the effect of the varnish (28).  In the present study, a 
single application regime was followed by a significant 
reduction of S. mutans even after 1 month. This effect is 
called “BURST EFFECT” which is due to the release of 
active agents from the varnish (29).
Nano silver fluoride is a new varnish containing nano 
silver particles with fluoride and chitosan as a stabili-
zing agent. The silver nanoparticles form free radicals 
and damage the bacterial cell membrane and make it po-
rous leading to cell death. Furthermore, silver ions can 
interact with sulfuryl groups during protein synthesis 
and interfere in the replication of DNA (30). The fluori-
de in NSF imparts it with remineralizing properties (31) 
which reduces biofilm formation and adhesion. Therefo-
re NSF has a synergistic effect of being antimicrobial as 
well as remineralizing agent.
Agnihotri et al., Morones JR et al., Espinosa et al. de-
monstrated that smaller the size of silver nanoparticles, 
greater is its activity (19,32,33). This is mainly due to 
better contact with the surface of the bacteria (19). In 
the present study, the nanoparticle size of silver was 8 
± 2.0 nm which was able to show antimicrobial proper-
ties comparable to that of chlorhexidine though in an in 
vitro study, Besinis A et al. in 2014 had shown that the 
antibacterial activity of AgNPs was 25 fold higher than 

chlorhexidine when 56.8 ± 18 nm sized AgNPs were 
used (17). 
The fluoride content in NSF is shown to be 10,147 ppm 
(15) as compared with 22,600 for NaF varnish (34), yet, 
NaF varnish showed lesser reduction of S.mutans when 
compared to NSF. This shows that incorporation of sil-
ver nano particles to sodium fluoride greatly enhances 
its antimicrobial properties. 

Conclusions
A statistically significant reduction in S.mutans counts 
of both plaque and saliva was seen after the application 
of Nano Silver Fluoride, sodium fluoride & chlorhexi-
dine varnishes. Since the reduction by NSF was com-
parable to NaF and CHX, it can be proposed that NSF 
varnish is more advantageous than CHX and NaF as it 
has dual properties of acting as an antibacterial as well 
as a remineralizing agent. 
Further long term studies should be conducted to ascer-
tain the role of NSF varnish in the management of chil-
dren having caries.
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Abstract 

Aim: The aim of the present study was to evaluate the 

correlation between dental fluorosis and children’s 

intelligence quotient (IQ) in Modinagar, Uttar Pradesh.  

Methodology: This study was conducted on 80 children, 

11-13 year of age. Dental fluorosis in children was 

measured by Dean’s fluorosis index and Raven’s 

Standard Progressive Matrices test was used for 

determining the IQ level. Data analysis was done by 

using Chi-square. P-value <0.001 was considered 

statistically significant.  

Results: statistical analysis revealed that mean IQ level 

of children with dental fluorosis (across all grades) was 

lower than the IQ of children without dental fluorosis 

and the result was statistically significant.  

Conclusion: High levels of fluoride in water affects IQ 

levels in children.  

Keywords: Dental fluorosis, Intelligence quotient (IQ) 

Introduction 

Water is available in abundance and is a free gift of 

nature. Water contains many minerals which are 

essential and valuable natural resource for sustaining life 

and environment. Research conducted on fluoride found 

that India lies in a geographically high fluoride belt 

zone, extending from Turkey up to China and Japan 

through Iraq, Iran and Afghanistan. [1] Fluorosis is an 

endemic condition prevalent in 17 states of India. Out of 

6 lakh villages in India at least 50% have fluoride 

content in drinking water exceeding 1.0 ppm.[2]   As per 

UNICEF in 1999, it was estimated that about 66.62 
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million people are at risk of consuming fluoride- 

contaminated water in 19 states of India including 6 

million children below the age of 14 years.[3] Though 

mortality by chronic fluoride exposure of more than 1.0 

ppm is quite low but morbidity is high, ranging from 

9.3-27.7% for skeletal fluorosis and 35.0-69.0% for 

dental fluorosis.[4]  The drinking water fluoride so far 

detected in the country ranges from 0.2 to 48 mg/ litre. 

Whereas prevalence of dental fluorosis ranges from 

8.2% in Himachal Pradesh. to 96.52% in Uttar Pradesh. 

With Andhra Pradesh (45 - 85.4%), Telangana (30.6 - 

74.8%), Rajasthan (18.89 - 89.1%), Karnataka (31.05 -

69.9%), Punjab (46.15 - 91.12%), Madhya Pradesh (69.6 

- 85.96%) and Haryana (54.4 - 79.5%) affected most. 

Due to consumption of fluoridated water approximately 

200 districts of 20 states in India are categorized as the 

endemic areas of fluorosis.[5] 

Excessive exposure of fluoride can give rise to a number 

of harmful or adverse effects such as skeletal fluorosis, 

dental fluorosis and various neurological manifestations. 

During pregnancy, if the mother has taken excessive 

amount of fluoride, she can transmit it through the 

placenta to the fetus thus affecting child’s IQ. As 

fluoride can penetrate the blood brain barrier and 

accumulate in cerebral tissue before birth of the fetus.[6] 

In 2009, R. Srikanth stated that in India, 6 million 

children are affected from various levels of fluorosis 

below the age of 14 years.[7] Number of Literature has 

mainly focused on the prevalence of fluorosis and its 

effect on bones and teeth; apart from it evidences across 

the world showed that children exposed to excessive 

fluoride in water be prone to have lower intelligent 

quotient (IQ). Studies by Yang et al and Pang et al 

reported adverse effect of fluoride on the fetal cerebral 

function and neurotransmitters. Also, the existing 

literature reports the neurological consequences 

associated with exposure to fluoride. Most common 

effects in children were found on the cognitive 

capacities, particularly intelligence reduction.[8] 

Therefore, the present short study was conducted to 

assess the evaluation and correlation between the degree 

of dental fluorosis and intelligence quotient (IQ) in 11- 

13 years old children in Modinagar, district Ghaziabad 

district in Uttar Pradesh, India. 

Materials and methods 

This study was conducted in the Department of 

Pedodontics and Preventive Dentistry in Institute of 

Dental Studies and Technologies, Modinagar, district 

Ghaziabad in Uttar Pradesh on 80 school going children, 

the aged group between 11- 13 years. A total sample size 

was selected by using the formulae N= Z 
α

2 P q/ d2. 

Ethical clearance was obtained from the IDST Ethical 

committee. The written informed consent was obtained 

from the parents and respective school authorities. 

[Table-1] 

Inclusion Criteria  

1. The children aged between 11-13 years 

2. Permanent resident of the area  

Exclusion Criteria  

1. Any history of head injury. 

2. Mental disability due to any reason 

Dental examination 

All the children were made to sit on the chair and the 

teeth were examined by using a plane mouth mirror and 

explorer under natural light. Dental fluorosis status was 

noted by using the Dean’s fluorosis index, 1945. (Table-

1) 

Intelligence quotient estimation 

Assessment of intelligence was conducted by Raven’s 

Standard Progressive Matrices test (RSPM). This test 

consists of 60 multiple choice questions to be done in 40 

minutes which are arranged in the easy to difficult order. 
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Each question consists of a missing element which the 

child has to identify and complete the pattern from the 

options. 

 The test was performed under the direction of an 

investigator. Reliability was assessed by retesting the 

questionnaire on 10 children. The total scores were 

transformed into percentile and this percentile used for 

specific IQ grades.  

(Table-2). Specific grades were given as follows: 

Statistical analyisis of the data was done by using Chi-

Square test. P- value <0.001 was considered statistically 

significant. 

Results 

It was observed that out of 80 study participants, 34 did 

not have fluorosis whereas 46 children had varying 

grades of fluorosis. The proportion of children in various 

IQ categories revealed that 56.52% of children with 

fluorosis had intellectually average or definitely above 

average IQ scores. Then, only 43.48% of children with 

dental fluorosis had definitely below average or 

intellectually impaired IQ scores whereas 47.05% of 

children without dental fluorosis had intellectually 

superior or definitely above average IQ scores and 

52.94% had intellectually average IQ scores.  (Table-3).  

The mean IQ of the children having fluorosis was found 

to be 33.35 with SD ± 23.44 whereas of the children 

having not fluorosis was 75.00 with SD ± 16.69. 

Statistical analysis revealed that the difference between 

the IQ was statistically significant with the p-value of 

0.001 (Table-4). 

The Odds ratio was showing negative correlation 

between dental fluorosis and intelligence quotient (IQ) 

in children in which shows that the Fluorosis group has 

0.76 times higher chances for having low IQ level 

(below 25%) as compare to IQ level of average 

(75.25%) of non-fluorosis group (Table-6). 

Discussion 

The present study was undertaken to determine the effect 

of excess fluoride in water on the IQ levels in children. 

The western region of Uttar Pradesh is a high fluoride 

belt and excess fluoride found in underground water. 

The local thrive mostly on underground water source as 

there is no central supply of treated water. For this 

reason, fluorosis incidence is high amongst children.  

The present study evaluated fluoride levels using Dean’s 

fluorosis index which is a standardized method. Kumar 

et al and Shivaprakash PK et al also used Dean’s index 

for fluoride assessment in their studies and they found 

good results. For the assessment of IQ levels of children, 

Raven’s Standard Progressive Matrices test (RSPM) was 

used. In the present study, the percentage of children 

with below average IQ, i.e., Grade IV was 36.96% and 

intellectually impaired IQ, i.e., Grade V was 6.52%. The 

proportion of children with IQ Grades II and III were 

6.52% and 50% respectively. As compared to non-

fluorosis group children, the percentage of children with 

below average IQ, i.e., Grade IV and V was 0 and the 

proportion of children with IQ Grades I, II and III were 

20.58%, 26.47% and 52.94% respectively. 

It is stipulated and proved by several researchers that 

excess amount of fluoride levels affect dentition but it 

can also be detrimental on children IQ. Razdan et al [11] 

and Shivaprakash et al [14] in their study have also 

demonstrated that intellectual capacity of children 

decreases with increase in the fluorosis grade Now it is 

seen that the results of the present study also proves that 

fluorosis does have detrimental effect on the mental 

ability of the child.  

 In India 30% of urban and 90% of rural people are 

dependent on untreated water source of which 80% is 

groundwater.[9] Fawell et al [10] reported excessive 

fluoride in water to be neurotoxic. They also stated that 
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consumption of untreated underground water has various 

toxic effects like it caused nephrosis, increased hepatic 

cell size, myocardial mineralization and degeneration of 

seminipherous tubules in testes in controlled animal 

studies. Eswar et al [12] stated in their study that exposed 

to high level of fluoride leading to lowering of IQ in 

children is mainly due to biochemical and functional 

damage to the nervous system during the prenatal 

development periods of infancy and childhood since 

fluoride can cross the blood-brain barrier. According to 

Blaylock [13], the structural and functional alterations in 

central nervous system, in the fetal period and the first 8 

years of child’s life may lead to learning and intellectual 

deficits. 

In the present study, significant negative correlation was 

found between dental fluorosis and intelligence quotient 

(IQ) in children. High levels of fluoride in water 

deteriorate learning ability in children. The impact of 

fluoride on IQ has been observed by a number of 

studies. 

In a meta-analysis between 1988 and 2008, performed in 

China to review studies on fluoride and IQ, a strong 

association between exposure to fluoride and low IQ was 

found and it was also reported that children who live in 

fluorosis area have five times higher odds of developing 

a low IQ than those who live in non-fluorosis area.[15] 

Other studies done separately by Y Lu,[16] Shulin Liu,[17] 

QW Xiang,[18] Guo Jian Wang [19] and Seraj B [20] also 

found similar results. In the other hand Broadbent et al 

demonstrated in their study that there was no apparent 

difference in IQ because of fluoride exposure.[21] Guan et 

al [22] reported that the phospholipids and ubiquinone are 

altered in the brain of rats affected by chronic fluorosis 

which lead to cause of this disorder. In the year 2011, 

Xiang et al [23] discussed about decreasing IQ with 

increasing age. Perhaps, the main cause was the total 

intake of fluoride/kg body weight per day or lifetime; 

also, adolescence is a sensitive time period for the effect 

of fluoride on children’s intelligence development. 

Tables 

Table 1: Criterion for Dean’s fluorosis index. 

Table 2: Grading criterion for IQ scores according to 

Raven’s Standard Progressive Matrices test.

 

 

 

 

 

 

Intelligent 

quotient (iq) 

Iq classification 

Grade 1 Intellectually superior (IQ score ≥ 

95%) 

Grade 2 Definitely above average (IQ score 

>75%) 

Grade 3 Intellectually average (IQ score 75–

25%) 

Grade 4 Definitely below average in 

intellectual 

Capacity (IQ score ≤ 25%) 

Grade 5 Intellectually impaired (IQ score ≤ 

5%) 

Fluorosis Level Score 

Normal 0 

Questionable 0.5 

Very mild 1.0 

Mild 2.0 

Moderate 3.0 

Moderately severe 3.0 

Severe 4.0 
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Table 3: Distribution of study subjects according to study groups and IQ categories. 

IQ Category Fluorosis % Non-fluorosis % Total % 

Intellectually superior (IQ score ≥ 95%) 0 0 7 20.58 7 8.75 

Definitely above average (IQ score > 75%) 3 6.52 9 26.47 12 15 

Intellectually average (IQ score 75–25%) 23 50 18 52.94 41 51.25 

Definitely below average in intellectual Capacity (IQ score 

≤ 25%) 
17 36.96 0 0 17 21.25 

Intellectually impaired (IQ score ≤ 5%) 3 6.52 0 0 3 3.75 

Total 46 100 34 100 80 100 

Table 4: Comparison of IQ among fluorosis and non-fluorosis groups. 

 Total No. of students (80) Mean IQ SD t-value p-value 

Fluorosis 46 33.35 23.441 
8.832 0.001 

Non-Fluorosis 34 75.00 16.690 

Table 5: Gender wise comparison. 

Gender Fluoride levels Mean IQ SD t-value p-value 

Males [n=61] Fluorosis 33.05 26.835 7.732 0.038 

 No Fluorosis 74.27 18.271 

Females [n=19] Fluorosis 33.63 20.430 8.305 0.002 

 No Fluorosis 76.33 13.976 

Table 6: Odds ratio between Fluorosis and Non-fluorosis group. 

Conclusion 

This study has shown that children exposed to increased 

levels of fluoride in drinking water are at risk for 

impaired development of intelligence. Since harmful 

effects of excessive fluoride intake are well documented 

and the short study further reinforce the need to reduce 

the fluoride level of drinking water. 
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Clinical Relevance of Interdisciplinary Dentistry
The application of Groper’s appliance involves Department of Pediatric and 
Preventive Dentistry, Esthetic Dentistry and Prosthodontics. It also involves 
orthodontics because the appliance acts as a functional space maintainer which 
helps in preventing any malocclusion.

Rehabilitation of anterior primary teeth is important for the development of 
phonetics and restoring the natural esthetics of the child. Groper’s appliance is a 
fixed appliance helps in space maintenance, mastication, esthetic appearance, and 
speech. This article is about two cases where Groper’s appliance was given for 
esthetic rehabilitation.

Keywords: Early childhood caries, esthetics, fixed functional appliance, 
Groper’s appliance

Groper’s Appliance – For Esthetic Rehabilitation of Anterior Missing 
Teeth: Two Case Reports
Zohra Jabin, Sunil Datt Verma, Nidhi Agarwal, Ashish Anand, Nandita Waikhom

Access this article online
Quick Response Code:

Website: 
www.jidonline.com

DOI: 
10.4103/jid.jid_26_21

Address for correspondence: Dr. Sunil Datt Verma, 
Department of Pediatric Dentistry, Institute of Dental Studies 

and Technologies, Modinagar, 
Ghaziabad, Uttar Pradesh, India. 

E-mail: sunilvermasdv@gmail.com

Case Reports
Case 1
Parents of 6-year-old female patient reported to the 
department of pedodontics and preventive dentistry, 
Institute of Dental Studies and Technologies, with a 
chief complaint of decayed teeth with pain for 1 week 
in the upper front region. No histories of trauma, 
systemic diseases, or any infections were reported. No 
abnormality was detected in extraoral features such 
as general appearance, height, weight, and built. The 
patient had bilaterally symmetrical facial profile. On 
intraoral examination, root stumps in relation to 51, 52, 
61, 62, and 64 and proximally decayed 74, 75, and 85 
were seen [Figure 1]. The parents of the child were very 
concerned about the esthetic and wanted to restore the 
anterior teeth.

Case Report

Introduction

Rehabilitation of esthetics in a young child is 
challenging. Quiet often, a young child may suffer loss 

of anterior teeth due to caries or trauma.[1] This premature 
loss can a have a detrimental effect on the psychological 
well-being of the child. During early childhood years, 
anterior teeth play a major role in the development of 
phonetics. Thus, the replacement of these teeth is essential 
to restore all their functions. Groper’s appliance serves as 
an appropriate appliance for anterior teeth replacement. 
The Groper’s appliance was first documented by Jasmin 
and Groper in 1984.[2] The main objective of Groper’s 
appliance was to help in space maintenance, esthetics 
appearance, and speech. It can be fabricated in different 
designs depending upon the patient’s need. In its earlier 
design, the teeth were directly attached to metal cleats 
that were soldered to the palatal wire bar.[2] Similarly, 
Shanmugaavel et al. created GRASCE appliance using the 
palatal wire to attach the teeth directly and they replaced 
molar bands by stainless steel crown.[3]

The present article is aimed at discussing two cases with 
similar presentation in which prosthetic rehabilitation 
was done successfully by Groper’s appliance.

Department of Pediatric 
Dentistry, Institute of Dental 
Studies and Technologies, 
Ghaziabad, Uttar Pradesh, 
India A

bs
tr

ac
t

This is an open access journal, and articles are distributed under the terms of the 
Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, which allows 
others to remix, tweak, and build upon the work non‑commercially, as long as 
appropriate credit is given and the new creations are licensed under the identical 
terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

How to cite the article: Jabin Z, Verma SD, Agarwal N, Anand A, Waikhom N. 
Groper’s appliance – For esthetic rehabilitation of anterior missing teeth: 
Two case reports. J Interdiscip Dentistry 2022;12:22-5.

Received: 04 July 2021
Revised: 04 November 2021 
Accepted: 29 November 2021
Published: 30 April 2022

[Downloaded free from http://www.jidonline.com on Thursday, September 1, 2022, IP: 255.231.1.28]



Jabin, et al.: Groper’s appliance – For esthetic rehabilitation

23Journal of Interdisciplinary Dentistry ! Volume 12 ! Issue 1 ! January-April 2022

Treatment planned
All the grossly decayed teeth were planned for extraction 
and it was carried out under local anesthesia. Groper’s 
appliance was used for the replacement of primary 
anterior in the maxillary arch. A space maintainer (Band 
and loop) was indicated in the posterior (64) region for 
the preservation of space for premolars eruption. The 
esthetic appliance was designed in such a way that a 
functional space maintainer was incorporated in the wire 
framework of Groper’s appliance. This appliance was 
chosen because of its advantages such as preserving an 
open space and restoration of esthetics and function.

In first appointment
Bands were fabricated on 55 and 65 and impression was 
made.

Lab procedure
Groper’s appliance fabrication
Cast was poured with Type III gypsum product-Dental 
stone. Extending from one band to other band, a 
stainless steel wire (1.00 mm) framework was made and 
wire ends were then soldered to the corresponding molar 
bands of the maxillary teeth. After applying separating 

media, the cold cure acrylic material being flowed from 
the palatal area to the labial vestibule and extended to 
the posterior 64 region over the arch wire. Then, the 
acrylic teeth were trimmed according to the maxillary 
primary incisor and teeth were placed over the alveolar 
crest with the acrylic material. After fabrication of the 
appliance, it was removed from the cast and ready for 
an intraoral try-in [Figure 1].

In second appointment
Required adjustment, trimming and polishing was 
done, and finally, appliance was cemented with luting 
GIC through the molar band on 55 and 65 [Figure 1]. 
75 and 85 were restored with GIC and stainless steel 
crown placed on 74 by Hall technique. The patient was 
instructed to maintain proper oral hygiene especially 
cleaning of acrylic area after every meal. The patient was 
also instructed to visit after 1 month for follow-up and in 
case of any breakage of appliance, report immediately. 
The patient was then followed every month for three 
successive months and problem of accumulation of food 
debris and plaque was observed.

Case 2
A 4-year-old girl reported to Department of Pedodontics 
and Preventive Dentistry, Institute of Dental Studies and 
Technologies, with a chief complaint of decayed teeth in 
the upper front arch. The patient had no medical history 
and extraoral abnormalities. On examination, it was 
seen that there were root stumps in relation to 51, 61 
grossly decayed 54 and proximally caries in 52, 62, 63, 
64, and 84 [Figure 2]. The child was suffering with early 
childhood caries (ECCs). Parents of the patient were 
very concerned about esthetics of their child. As the 
patient required full mouth rehabilitation, thus treatment 
was planned in a comprehensive manner.

Treatment planned
The root stumps of primary maxillary central incisors, 
i.e., 51 and 61 were planned for extraction under 
local anesthesia and to be replaced with the Groper’s 
appliance. 52, 62, and 63 were restored with composite. 
64 and 84 were restored with GIC and stainless steel 
crown placed on 54 by the Hall technique [Figure 2]. 
The patient was then followed every month for three 
successive months, and problem of accumulation of 
food debris and plaque was observed.

Discussion
ECCs is one of the major oral health problems which 
affects infants and preschool children in both developed 
and developing countries.[4] The prevalence of ECC 
depends on several factors such as socioeconomic 
status, lifestyle, dietary pattern, and oral hygiene. 

Figure 1: (a) Preoperative picture showing root stumps wrt 51, 52, 61 
and missing 62. (b) Preoperative frontal facial profile. (c) Fabrication of 
appliance on maxillary cast. (d) Groper’s appliance. (e) After placement 
of appliance. (f) Postoperative frontal facial profile after placement of 
Groper’s appliance

a

c d

e f

b
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A review of the literature reports that in most developed 
countries the prevalence rate of ECC is between 1 and 
12%.[5] The national surveys from some countries, such 
as Greece (36%), Brazil (45.8%), India (51.9%), and 
Israel (64.7%), showed inconsistent prevalence of ECC. 
It initiates with white-spot lesion in the upper primary 
incisor and continues to progressive caries development 
leading to multiple tooth destruction.[6] Although there is 
no evidence to prove that early loss of maxillary incisors 
will definitely hamper the growth or development of 
maxillary arch, it is important to replace them. Often 
school-going and young children with the absence of 
anterior teeth are occasionally bullied or mocked by the 
other children and may get affected socially.[7]

The decision to replace anterior tooth comprises of 
several aspects such as child’s age and parental desire. 
Parents should be informed about the importance of 
these teeth and the impact of their absence. Jabin et al. 
concluded in their case report that the restoration of 
anterior esthetics with this appliance gave an essential 
psychological boost to the child and his parents.[8] Seth 
et al.[9] and Aniyo et al.[10] also concluded the same in 
their case reports.

After the eruption of primary canines, loss of primary 
incisors is not a prime consideration for space loss but 
other factors indicates their replacement.[11] The loss 
of few or more anterior teeth may lead to tipping of 
adjacent teeth, midline deviation, speech problems, over 
eruption of antagonist teeth, and lingual dysfunction.[12]

The speech disparity is an important consideration for 
restoring the anterior tooth loss because many sounds 
are made with the tongue touching the lingual side of 
the maxillary incisors.[13]

Riekman and Badraway reported in their study that the 
loss of deciduous anterior teeth before the age of 3 years 
results in speech problem.[14] On the contrary Gable 
et al. did not report any long term effect on speech due 
to early loss of maxillary incisors.[15] In these present 
case, patient had complains esthetics so this Groper’s 
appliance offers many benefits in term of esthetics, 
mastication, and speech efficiency. The main demerit 
of this appliance is the accumulation of food debris and 
plaque. To avoid this, parent should be instructed to 
maintain the proper oral hygiene of their child.

Conclusion
Groper’s appliance is easy, simple, and considered as an 
elective appliance for restoring the anterior esthetics in 
children. This appliance not only enhancing the esthetics 
but also acts as functional space maintainer, develops 
proper speech and thereby boosting confidence in the 
child during their growing period of life.
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Abstract:
SDF has gained immense popularity worldwide in the recent years due to its dual performance brought about by inhibiting bacterial
growth as well as promoting the remineralisation of dental hard tissues. This study aims to evaluate the knowledge and attitude among
dentists towards Silver Diamine Fluoride (SDF). The present study is an online survey which was designed using Google forms, to gather
information about the knowledge and professional protocol followed by dentists for SDF use in their respective operatories. Written
informed consent was obtained from the participants after explaining to them the purpose of the study. The detailed questionnaire
comprised of two sections. First section comprised of 15 questions which inquired about SDF knowledge and protocols followed for its use
by dentists. Second section analyzed rational outlook of dentists towards SDF. Sample selection was done by simple random sampling and
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questionnaire Google link was circulated among 224 dentists. The mean age group of the participants is 33.82 ± 12 years. A statistically
significant difference was found between the participant and the use of SDF in operatory, its application for performance in cavitated or
non cavitated lesions, application intervals and the potential problems associated with SDF use. A majority of dentist (62.5%) knew that
38% concentration of SDF to be used among the children which is statistically significant. (p value ≤0.05).A lack of self-reported knowledge
was most frequently reported concerning the use and application of SDF among patients to arrest carious lesions in primary and
permanent teeth in a dental setting. Thus further studies can be of excellent utility especially for whole community with limited resources
instead of using costly preventive strategies.

Keywords: Prevention, silver diamine fluoride, dental caries, cariostatic agents, dentists, surveys, questionnaires

Background:
Dental caries has a profound effect on general as well as oral health.
Untreated dental caries may progress to severe dental infection and
oro-facial pain compromising the ability to chew and eat. This may
eventually lead to a functional impairment which affects an
individual’s growth and overall development. Early childhood
caries (ECC) has emerged as a problem of concern globally [1]. ECC
can begin early in life, progresses rapidly in those who are at high
risk, and may often sometimes go untreated [2-3]. The
consequences can affect the immediate and long-term quality of life
of the child and family, and can have a significant social and
economic consequence as well [4]. SDF has gained immense
popularity worldwide in the recent years. It has drawn increased
attention due to its dual performance brought about by inhibiting
bacterial growth as well as promoting the remineralisation of dental
hard tissues. Silver and fluoride constitute as its main components,
which act synergistically and makes this solution a potent caries
arresting/preventing agent unlike other topical fluoride agents.
SDF offers non invasive treatment option and gained popularity
due to its due to the shift from invasive to preventive and
conservative approaches for caries management owing to the better
understanding of caries process overtime. The ease of use makes it
desirable, especially for developing low income countries where
population encounter low accessibility and utilization of basic
dental procedures and struggle to combat the economic burden
placed on them due to high costs of caries treatment. Being cost-
effective and having a simple application procedure, SDF can be
advocated for use as an appropriate intervention for community
settings [5-6]. SDF use is advocated strongly in children as it is
challenging to perform long term multiple visit treatment due to
their behavioral issues and lack of co-operation. Therefore, SDF has
a promising effect on active inhibition of dental caries and its use
has been popularized but still there is a lack in the knowledge and
awareness about its application protocol among health care
providers. Thus, the present survey was planned to assess the
professional protocol and rational outlook followed by practicing
dentists towards the use of SDF.

Material and Methods:
A questionnaire based observational online cross-sectional survey
was conducted to gather information about the knowledge and
professional protocol followed by dentists for SDF use in their
respective operatories. Ethical approval for performing the survey
was obtained from the Institutional review board
((STP/SDMDS2015PED42D)) prior to the conduct of the study. The
purpose of study was explained by telephonic conversation to them

and it was informed that their participation is completely
voluntary. A pilot study was conducted prior to check for the
feasibility of the questionnaire and for its validity and reliability. A
total of 240 dentists who were engaged in clinical postings and
were willing to participate were included in the study. Out of 240
subjects approached for the study only 224 agreed to be the part of
the study. Unwilling participants were excluded from the study.
The mode of collecting the responses was online mode for which a
questionnaire was created on Google form. A set of self
administered and validated questionnaires were shared through
online mode among the study subjects. The questionnaire had short
answer option for filling demographic information like name, age,
qualification and designation etc. along with multiple choice fill in
response questions for obtaining information about SDF knowledge
and protocols. Demographic information like name, age,
qualification, designation etc. was obtained from each participant.
The detailed questionnaire was divided into two sections. The first
section comprised of 15 questions which inquired about SDF
knowledge and protocols followed for its use by the dentists while
the second section analyzed the rational outlook of dentists towards
SDF. Survey reports were kept anonymous and participant’s
confidentiality was assured. Data were entered into Microsoft Excel
and differences between the groups were checked using SPSS
(Statistical Package for Social Sciences) Version 16.0; IBM SPSS Inc.,
Chicago, IL, USA. The data were subjected to quantitative analysis.
Chi-square test and Shapiro-wilk test was used to test the
significant difference between the three groups of professionals (P ≤
0.05) and assess the normality of the data. The level of significance
and confidence interval were 5% and 95% respectively.

Results:
A total of 224 general dentists, and specialists responded to the
questionnaire. The mean age group of the participants is 33.82 ± 12
years. All age group dentists responded to the survey 42.9% of
study participants were between the ages 20-30 years, 33.9% were
of 31- 40 years, 19.6 were of 41-50 years, and 3.6% were >50 years.
The demographic characteristics of participants were tabulated in
Table 1.

Table 1: Distribution of the study subjects according to demographic characteristics
Variables NUMBER(n) PERCENTAGE
Age group(in years)
20-30 97 42.9
31-40 76 33.9
41-50 43 19.6
>50 8 3.6
Qualification



ISSN 0973-2063 (online) 0973-8894 (print)

©Biomedical Informatics (2022)Bioinformation 18(6): 547-552 (2022)

549

MDS 40 17.9
BDS 184 82.1
Designation
Faculty 108 48.2
Practitioner 64 28.6
Postgraduate student 52 23.2

Most dentists didn’t perform caries risk assessment prior to case
selection for topical SDF application (71.4%). Only very few used
stated the use of SDF only as a caries preventive agent on carious
(8.9%) as well as sound teeth (8.9%) whereas a majority of them
stated the use of SDF for caries arresting agent on carious teeth
(67.9%). Although, some dentists does SDF application in patients
having only high plaque score but their number was very less
(3.6%).Very few were aware of SDF action on non cavitated
lesions(12.5%) and about half of them used it in patients with both
cavitated and non cavitated lesions (50%). A few dentists advocated
SDF application in primary teeth (30.4%), however most
respondents practiced SDF application in both dentition (67.9%).
Almost half (58.9%) of the participants placed restorative material
post SDF and rest preferred the crown placement over restoration
(41.1%). It was observed that there was a lack in clarity regarding
the application interval among dentist and about 53.6% of dentists

preferred biannually application of SDF. Majority of the
participants preferred hand excavation for caries removal (75% )
than drilling, agreed to take a consent prior to application of SDF
(51.8%) , were not aware of the time gap preferred between SDF
and KI application (44.9%), applied petroleum jelly for stain
prevention on surrounding tissues (66.1%). It is recommended that
prior caries removal is not required for SDF application but results
suggested that many were not aware about it and made it a point to
excavate caries prior to applying SDF. Black staining is the potential
problem encountered with SDF use by majority of dentist in their
operatory (60.7%). A statistically significant difference was found
between the participant and the use of SDF in operatory, its
application for performance in cavitated or non cavitated lesions,
application intervals and the potential problems associated with
SDF use (p value ≤0.05) (Table 2). A total of 46.4% dentist agreed
that SDF can be a good treatment for dentally anxious children and
only 19.6%dentist preferred SDF over conventional treatment,
48.2% occasionally took radiographs prior to SDF application. A
majority of dentist (62.5%) knew that 38% concentration of SDF to
be used among the children which is statistically significant (p
value ≤0.05) (Table 3).

Table 2: Distribution of responses based on knowledge and protocols followed for the use of SDF by dentists
Questions Frequency Percent P

value
1. Do you perform caries risk assessment before advising
SDF application-

Yes 160 28.6 0.71
No 64 71.4

2. SDF is used in your operatory as- Caries arresting agent on carious teeth 152 67.9 0.002*
Caries arresting agent on carious teeth, Hypersensitivity agent 20 8.9
Caries preventive agent on sound teeth 20 8.9
Caries preventive agent on sound teeth, Caries arresting agent on carious teeth 12 5.4
Caries preventive agent on sound teeth, Caries arresting agent on carious teeth,
Hypersensitivity agent

8 3.6

Caries preventive agent on sound teeth, Hypersensitivity agent 12 5.4
3.Use of SDF in your operatory is for- Caries active patients 156 69.6 0.005*

Caries active patients, Patients with deep pits and fissures 24 10.7
Caries active patients, Patients with deep pits and fissures, Patients with high
plaque score

8 3.6

Caries active patients, Patients with high plaque score 4 1.8
Patients with deep pits and fissures 24 10.7
Patients with high plaque score 8 3.6

4. SDF application is performed for- Both 112 50.0 0.011*
Cavitated lesions 84 37.5
Non-cavitated lesions 28 12.5

5. SDF application is done for- Both 152 67.9 0.540
Permanent Teeth 4 1.8
Primary Teeth 68 30.4

6. SDF application interval- Annually 64 28.6 0.000*
Biannual 4 1.8
Biannually 120 53.6
Quaterly 36 16.1

7. Caries removal done prior to SDF application- No 96 42.9 0.337
Yes 128 57.1

8.What do you prefer for caries removal- Drilling 56 25.0 0.08
Hand Excavation 168 75.0

9. What do you prefer for restoring tooth post SDF
application-

Crown 92 41.1 0.44

Restorative material 132 58.9
10. Do you get the written consent signed by parent before
SDF application-

Always 116 51.8 0.38

Never 24 10.7
Sometimes 84 37.5

11. How frequently do you apply KI solution post Sdf
application-

Always 44 19.6 0.67

Never 72 32.1
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Sometimes 108 48.2
12. How much time gap do you prefer between SDF and KI
aaplication-

After some gap 76 33.9 0.72

Can't say 100 44.6
Immediately 48 21.4

13. What precautions do you take for stain prevention on
surrounding tissues-

Apply petroleum jelly 148 66.1 0.31

Can't say 12 5.4
Use of rubber dam 64 28.6

14. What precautions do you take for stain prevention on
surfaces-

Avoid placing bottle directly on office surfaces 80 35.7 0.64

Change the gloves after SDF application 112 50.0
Place the bottle upright 32 14.3

15.Potential problems encountered with SDF use in your
operatory-

Black staining 136 60.7 0.000*

Gingival irritation 40 17.9
Gum ulceration/swelling 8 3.6
Metallic taste 40 17.9

*statistically significant (p value ≤0.05)

Table 3: Distribution of responses based on rational outlook of dentists towards SDF
Questions Frequency Percent P value
1.Sdf is a good treatment alternative for- Children who can’t afford restorative treatment 20 8.9 0.50

Children with behaviour issues 100 44.6
Children with dental anxiety 104 46.4

2.What concentration of SDF is indicated for use- 12.00% 36 16.1 0.02*
38.00% 140 62.5
Both 48 21.4

3. What is a follow up protocol post SDF application- After 1 month 44 19.6 0.35
After 1 week 56 25.0
After 3 months 76 33.9
After 6 months 48 21.4

4.Is Sdf preferred over conventional treatment- Can't say 36 16.1 0.81
No 72 32.1
Use Both 72 32.1
Yes 44 19.6

5.Is radiograph indicated before SDF application- Always 4 1.8 0.18
No 52 23.2
Sometimes 108 48.2
Yes 60 26.8

*statistically significant (p value ≤0.05)

Discussion:
SDF has an ultimate goal to treat tooth hypersensitivity and arrest
cavitated carious lesions which may be accomplished by painting
the cavitated lesion with SDF liquid without removing any infected
soft dentin [7,8]. AAPD has recently released clinical practice
guidelines for SDF and also advocated its use for caries
management. SDF treatment can prove a boon for the patients who
lack an immediate access to traditional restorative treatment [9]. In
the present study half of respondents (50%) agreed that SDF can be
used to arrest both cavitated and non cavitated lesions in dentin.
However 37.5% of them agreed that SDF should be applied only for
cavitated lesions which is well supported by existing evidence
[7,8,10]. Further, only 12.5% dentists agreed that SDF can be used to
treat only non- cavitated lesions in enamel but there is very limited
clinical evidence supporting that treatment. Around 57.1%
respondents were in favour of placing SDF prior to caries removal,
and 42% favored placing SDF post caries removal. Although use of
SDF is indicated prior to restoring teeth but the literature lacks
sufficient evidence in this regard. The available clinical studies
concerning the role of SDF in prevention of secondary caries are
limited and have had contrary conclusions [11,12] despite a positive
role suggested by vitro datas.[13] Thus, there is an urge of further
research to explore these aspects. The present study showed that

60.7% dentist encountered the adverse effects of SDF. It leads to
black discoloration of carious lesion, which is mainly due to the
precipitation of silver phosphate layer after SDF application.[9] To
overcome this drawback and enhance the clinical use of SDF, a
study by Ngo et al. [14] have proposed a method to overcome the
staining due to SDF has suggested the application of a layer of
potassium iodide (KI) over the initial layer of SDF to overcome
staining which then reacts with the free silver ions in SDF and
prevents the formation of silver phosphate precipitate. Similar
findings were observed in studies by Nguyen V and Miller MB et al.
[15-16]. Nearly about 67.9% participants agreed that SDF will be
applied to both primary and permanent teeth. Besides only 1.8%
agreed to the fact that SDF will be applied only in permanent teeth
which is comparable to a study done by M Zakirulla et al. where
participants disagreed to the statement that SDF is found in
permanent teeth in comparison with primary teeth. [17] The reason
might be that SDF darkens the tooth leading to a problem of
aesthetics and also it is better to recognize in a short-term tooth
thus proving that SDF works more effectively in primary than in
permanent teeth [18]. A recent study found that parents accepted
SDF treatment depending on whether it was a posterior lesion
(68%) or an anterior lesion (30%) [9)]. There is a higher inclination
of parents to the use of SDF in the posterior tooth when compared
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to anterior teeth which again might be due to the problem of
aesthetics. [9] Around 53.6% approved biannual application of SDF
in their clinics has been better than once annually applied SDF. It is
stated by a study by Yee et al that biannual application of 38% SDF
solution could arrest caries by 84% and the dose response ratio of
38% SDF is better than 12% SDF solution. The study also further
discovered that arrested cavitated lesions portion reduced over an
interval of two years following a single initial program thus
initiating a need of re-application with passage of time. [19]
Interestingly majority of dentist were already aware of the fact that
38% of SDF application is most reliable for arresting dentine caries
which is comparable to a study done by Chibinski et al. [10].
Majority of dentist agreed to the fact that SDF can be most
commonly used among children with behavioral problems as well
as among anxious patients since it is a simple and low-effective
technique that does not need child cooperation. Another study by
Nelson et al. study among pediatric dentistry program
administrators found that SDF can be indicated for treating patients
with behavioral issues and for medically fragile patients.[20] The
literature stated that the dentists should aware parents about the
easy application, child -friendly tactic of SDF and even it helps to
avoid treatments with physical restraint or to treat under general
anesthesia.[21] This suggestion is based on the fact that negative
feelings of the parents about tooth -staining decreased when they
understood simplicity of SDF technique. Thus further studies in
this regard could improvise the overall impact as well as pros and
cons of SDF approach that can be of excellent utility and cost
effective especially for the whole community with limited resources
instead of using costly preventive strategies.

Conclusion:
A lack of self-reported knowledge was most frequently reported
concerning the use and application of SDF among patients to arrest
carious lesions in primary and permanent teeth in a dental setting.
Thus educational efforts are needed to increase knowledge about
the proper use, benefits, and limitations of SDF among the dental
clinicians.. Increasing SDF educational efforts might therefore result
in increased utilization of this new approach to treating cavitated

caries lesions, especially in children. Thus, further research must
focus on SDF educational interventions in more detail with a larger
sample population. More information and emphasis should also be
given to continuing education and online web-based resources in
further studies.
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Green synthesis of calcium hydroxide-coated 
silver nanoparticles using Andrographis paniculata 
and Ocimum sanctum Linn. leaf extracts: An 
antimicrobial and cytotoxic activity
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A b s t r a c t

Context: Silver is known for its antibacterial properties since ages. As nanoparticles have smaller size and greater surface area, 
silver has been utilized in the form of nanoparticles to enhance its antibacterial properties. Calcium hydroxide is a well-known 
intracanal medicament and serves as a gold standard for root canal disinfection. Using herbal extracts as reducing agents for 
nanoparticle synthesis appears to be an ecofriendly approach.

Aim: The aim of this study was to synthesize calcium hydroxide-based silver nanoparticles using herbs as reducing agents and 
to test the cytotoxic levels and antimicrobial activity against oral microbes.

Materials and Methods: The calcium hydroxide-based silver nanoparticles were synthesized using the leaves of Andrographis 
paniculata and Ocimum sanctum Linn. Various properties of the synthesized nanoparticles were also characterized 
by ultraviolet (UV) spectrophotometer analysis, transmission electron microscopy (TEM), X-ray diffraction (XRD), and 
Fourier-transform infrared spectroscopy (FTIR) analysis. The cytotoxic effects of these nanoparticles were analyzed using brine 
shrimp and MTT assay. Antimicrobial activity was assessed by measuring the zone of inhibition. The statistical analysis was done 
using parametric independent t-test. P value was set at < 0.05.

Results: The calcium hydroxide-based silver nanoparticles were successfully synthesized and were confirmed by UV 
spectrophotometer analysis, TEM, X-ray diffraction (XRD), and FTIR analysis and showed a minimal cytotoxic effect. They also 
showed a good antimicrobial activity and a remarkable antifungal activity.

Conclusions: The green synthesis of CaOHAgNPs yielded an effective nanoparticle preparation that could be used against common 
oral pathogens as a potential therapeutic agent in the form of root canal irrigant or intracanal medicament in the field of dentistry.

Keywords: Fourier-transform infrared spectroscopy; MTT assay; nanoparticles; ultraviolet-Vis spectrophotometry; X-ray 
diffraction

INTRODUCTION

Nanotechnology has been emerging as a separate entity 
as it renders benefits to the field of medicine as well as 
dentistry. The nanomaterial being smaller in size occupies 
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a large surface area and can exert better physical, chemical, 
and biological properties as compared to the conventional 
materials.[1]

The benefits of silver are well known in the field of 
medicine as it possesses an excellent antimicrobial 
activity against most of the bacteria as well as fungi. As 
silver nanoparticles are comparatively smaller in size 
to their bulk counterparts, they are able to penetrate 
the cell membranes of bacteria and cause DNA damage 
and cell death.[2] Andrographis paniculata is a well-known 
medicinal plant belonging to Acanthaceae family and is 
widely found in all parts of Asia. In the field of medicine, its 
antibacterial, antiviral, antifungal, and antiparasitic effects 
have been well documented. The active compound present 
in A. paniculata is andrographolide (AG), which is thought 
to be a quorum-sensing inhibitor, and it is also known to 
inhibit the virulence factor of microbes.[3]

It regulates macrophage phenotypic polarization, thereby 
regulating host immunity and producing Ag-specific 
antibodies.[4] Dedhia et al. used A. paniculata as a root 
canal irrigant and tested the antimicrobial efficacy against 
Staphylococcus aureus and Candida albicans and compared 
with that of sodium hypochlorite and found a significantly 
higher zone of inhibition against C. albicans and comparable 
zone of inhibition against S. aureus.[5]

Ocimum sanctum Linn. is a well-known basil and has been 
used in Ayurveda for 1000 of years. It is well known for 
its excellent healing properties and anti-inflammatory and 
antioxidant property.

Yamani et al. studied the antimicrobial properties of 
O. sanctum Linn. and identified that camphor, eucalyptol, 
eugenol, alpha-bisabolene, beta-bisabolene, and 
beta-caryophyllene are the main compounds responsible 
for its antimicrobial action.[6] Chandrappa et al. compared 
the antimicrobial efficacy of tulsi extract with that of 2% 
chlorhexidine gluconate and found it be effective against 
Enterococcus faecalis.[7]

The root canal system harbors microbes generally in the 
form of biofilms.[8] The microbes are more difficult to 
eradicate when they are present in the form of biofilms 
when compared to their planktonic counterparts as they 
possess resistance to antimicrobial agents. Although 
mechanical debridement of the root canal and root canal 
irrigants helps in the reduction of microbial load, the 
importance of intracanal medicaments in the treatment of 
apical periodontitis cannot be neglected.

Calcium hydroxide is considered the gold standard, and all 
the novel intracanal drugs are tested against this. It exerts its 
antimicrobial effect when it comes in direct contact with the 
bacteria. It has been well documented in in vitro studies that 

the bacteria is well eliminated within short time when they 
come in direct contact with this agent due to its alkaline pH, 
although in clinical scenarios, this is not always possible.[9,10]

The currently available root canal disinfectants have 
limitations as they are not able to eradicate root canal biofilms; 
the search for an apt root canal disinfectant continues.

In the present work, we synthesized calcium 
hydroxide-based silver nanoparticles using the leaves of 
A. paniculata and O. sanctum Linn. and tested their cytotoxic 
levels and antimicrobial activity against oral microbes.

MATERIALS AND METHODS

Preparation of plant extract
Fresh leaves of both the plants, namely A. paniculata 
and O. sanctum Linn., were collected, dried in shade, 
and powdered coarsely. 1 g of the powdered leaves was 
dissolved in 100 ml of distilled water and mixed well and 
then the solution was boiled for 5 min at 60°C–80°C and 
filtered and stored in a refrigerator for later use.[11]

Synthesis of Silver nanoparticles
10 ml of the pure plant extract was added into the 90 ml of 
3 mM of silver nitrate solution and was mixed thoroughly, 
and the solution was kept in a magnetic stirrer for further 
mixing. The color alteration of the solution indicated the 
nanoparticle formation. UV Vis spectrophotometer  analysis 
was done to confirm the synthesis of silver nanoparticles. 
Then, the solution was centrifuged at 8000 rpm for 15 min, 
filtered, and refrigerated.[11]

Synthesis of Calcium hydroxide-coated silver 
nanoparticles
0.5 g of calcium hydroxide powder (Prevest DenPro 
Limited, India) was dissolved in 50 ml of biosynthesized 
silver nanoparticle solution and mixed well. To achieve 
homogenous mix, the solution was kept in a magnetic 
stirrer for 7–8 h. UV spectrophotometer analysis was done 
to confirm the synthesis of calcium hydroxide-coated 
silver nanoparticles. Then, the solution was centrifuged at 
8000 rpm for 15 min, filtered, and refrigerated.

Characterization of CaOH-Ag nanoparticles
Ultraviolet-Vis spectrophotometer analysis
Periodic sampling of the prepared solution was done by 
subjecting the solution to a spectrophotometer (UV-1800 
series).

Transmission electron microscopy
Transmission electron microscopy (TEM) was done to 
analyze the dimensions and morphology of the prepared 
calcium hydroxide-coated silver nanoparticles.
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Fourier-transform infrared spectroscopy analysis and X-ray 
diffraction assay
The chemical functional groups of calcium hydroxide-coated 
silver nanoparticles were analyzed by Fourier-transform 
infrared spectroscopy (FTIR) analysis using 
Fourier-transform infrared spectrometer (PerkinElmer, 
USA), and X-ray diffraction (XRD) assay was performed 
using X-ray diffractometer (Bruker, Germany) to 
observe the crystalline structure of newly synthesized 
nanoparticles.

Antimicrobial activity test
Muller–Hinton agar plates were used to check the 
antimicrobial activity. The plates were swabbed with 
Streptococcus mutans, S. aureus, Pseudomonas sp., and 
E. faecalis. These microbes were isolated from patients. 
Wells were created, and test suspension as well as calcium 
hydroxide mixed with distilled water was loaded in the 
concentration of 25 µl, 50 µl, and 150 µl, respectively. 30 
µl concentration of standard antibiotic was used as control. 
The plates were incubated at 37°C for 48 h, and the zone 
of inhibition was then measured. Rose bengal was used 
in a similar manner for C. albicans. The microbiological 
procedure was done in triplicates.

Assessment of cytotoxicity (brine shrimp lethality assay)
Around 30 g of brine shrimp eggs (Aquatic Remedies 
Salt Lake Artemia) was added to the tank containing 6 L 
of distilled water and 50 g of iodine-free salt. Aeration 
level was maintained according to the manufacturers’ 
instructions and left undisturbed for 24 h. The hatched 
nauplii were observed under a stereomicroscope. Test 
solution was loaded in the test tubes at the concentration 
of 10 µl, 20 µl, 30 µl, 40 µl, and 50 µl, respectively. To each 
test tube, nauplii were added. Tube without nauplii served 
as a control. After 24 h incubation, the live and dead nauplii 
were counted, and lethality was assessed.

MTT assay
The cytotoxicity was assessed by MTT assay which 
determines the cell viability and characterizes the 
cytochemical demonstration of succinic dehydrogenase 
produced by the cells. Adipose tissue cell line of 
the mouse (3T3-L1) was utilized. The cells were 
seeded onto 96-well microplates at a density of 
1 × 104 cells/100 µL per well and were incubated with 
nanoparticles and calcium hydroxide mixed with distilled 
water for 48 h at the concentrations of 10–50 µg/mL. 
100 µL of MTT solution (0.5 mg/mL MTT in PBS) was 
added to it. The cells were incubated for 4 h in a CO2 
incubator. Purple color formation indicated the formation 
of formazan. The MTT-purple formazan was dissolved in 
0.1 N isopropanol/hydrochloric acid, and optical densities 
of the solutions were measured by absorbance at 570 nm 
in an enzyme-linked immunosorbent assay plate reader.

% Inhibition = Absorbance of control − absorbance of 
sample/absorbance of control × 100

Statistical analysis
The data were analyzed using SPSS 23.0 statistical package 
(IBM SPSS Statistics, Version 23.0. Armonk, NY: IBM Corp). 
As the data were continuous, parametric independent 
t-test was used. The mean and standard deviation were 
calculated. P value was set at < 0.05.

RESULTS

Ultraviolet spectrophotometer analysis
The calcium hydroxide-coated silver nanoparticles were 
successfully formed as noticed by visual color change and 
were confirmed by spectrophotometer analysis (UV-1800 
series).

The absorption peak was recorded at 288 nm. The 
absorption peak of silver is around 420 nm,[12] which is not 
visible in the graph suggestive of complete absorption of 
silver nanoparticles into crystalline structure of calcium 
hydroxide [Figure 1a].

Transmission electron microscopy
There was a uniform distribution of silver nanoparticles of size 
around 15–20 nm and spherical in shape. Some nanoparticles 
are very small in size around 10 nm. Agglomerations of silver 
nanoparticles were also observed. Calcium hydroxide particles 
coated the surface of silver nanoparticles [Figure 1b]. Similar 
results were reported by Kodeh et al.[13]

Fourier-transform infrared spectroscopy 
analysis
The FTIR spectra of CaOH Ag nanoparticles showed absorption 
peaks at 418 cm−1 corresponding to (O-H) and (Ca-O) 
vibration; the band at 873 cm−1 and 1409 cm−1 is due to (C-O) 
bond related to carbonation of CaO nanoparticles.[14] Sharp 
peak at 3639 cm−1 corresponds to hydroxyl group (O-H) 
bonds due to the presence of CaOH [Figure 1c].

X-ray diffraction analysis
The initial diffraction peaks were observed at 2θ = 12.48°, 
18.27°. This may correspond to crystalline and amorphous 
organic phases of the plant extract. The intense peak 
was observed at 2θ = 29.60°, 34.28°, 50.97°, and 62.69° 
corresponding to (111), (200), (311), and (222) orientation 
planes, respectively, which is a usual 2θ value calcium oxide 
nanoparticles.[14] The peaks observed at 71.89° and 84.88° 
correspond to (311) and (222) crystalline planes of silver 
nanoparticles, respectively. These are the usual diffraction 
peaks for silver.[15]

It can be inferred that at the initial phase of the 
reaction, there was a reduction of calcium hydroxide 
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by plant extract. At the later phase of the reaction, 
silver nanoparticles were formed. Hence, there was a 
successful formation of calcium hydroxide-coated silver 
nanoparticles [Figure 1d].

Antimicrobial activity
There was no statistically significant difference in 
antimicrobial activity of CaOH and CaOH AgNP against 
S. mutans, E. faecalis, and Pseudomonas at all tested 
concentrations. The mean zone of inhibition was greater 
for CaOH AgNP as compared to CaOH at all tested 
concentrations against S. aureus although it was not 
statistically significant. The mean zone of inhibition was 
greater for CaOH AgNP as compared to CaOH at 25 µL 
and 50 µL with statistically significant difference at 150 µL 
concentration against C. albicans [Table 1].

MTT assay
At all the concentrations, more than 70% of cells were 
viable. There was no statistically significant difference in 
cell viability between CaOH AgNP and CaOH although the 
mean cell viability percentage was higher for CaOH AgNP 
as compared to CaOH at all the concentrations [Table 2].

This may be due to reason that for the synthesis of 
nanoparticles, the plant extract was used as reducing and 
capping agents, which would have reduced the cytotoxicity 
levels of these nanoparticles.

Brine shrimp lethality assay
No cytotoxic effects were observed at concentration of 
10 µL. Minimum cytotoxicity was observed at higher 
concentrations. It is noteworthy that even at the highest 
concentration, around 70% of nauplii were alive.

DISCUSSION

In the present study, we synthesized calcium hydroxide-based 
silver nanoparticles using the leaves of A. paniculata and 
O. sanctum Linn. plant and check their cytotoxicity and 
antimicrobial activity against oral microbes.

To the best of our knowledge, there are no studies 
which evaluated the antimicrobial effect of the green 
synthesized (using plant extract of A. paniculata and 
O. sanctum Linn.) silver nanoparticles and calcium hydroxide.

The nanoparticles were synthesized and characterized and 
proved to have a good antimicrobial activity with minimum 
cytotoxic effects.

To achieve complete success for any therapy, the disinfection 
plays an important role. Eradication of microbes requires 
adequate cleaning and shaping of the root canals along 
with proper disinfection protocol. Calcium hydroxide 
serves as the gold standard for root canal disinfection, but 
there are various conflicting studies, which reported the 
inability of calcium hydroxide to eradicate E. faecalis.[10,16]

The concerns have been raised by various authors 
regarding buffering effect of dentin, hydroxyapatite, and 
pupal remnants on calcium hydroxide.[17]

Nanoparticles can be synthesized by physical, chemical, and 
biological means. The nanoparticles prepared using plant 
extract have the advantage of being a cost-effective, quick 
process. It avoids the usage of high temperature, pressure, 
energy, and toxic chemicals and hence can be considered 
an environment-friendly approach. The synthesis of 
nanoparticles using plant extracts occurs due to the presence 

Figure 1: (a) UV spectrophotometer analysis, (b) TEM analysis, (c) FTIR analysis, (d) XRD analysis. UV: Ultraviolet, FTIR: 
Fourier-transform infrared spectroscopy, TEM: Transmission electron microscopy, XRD: X-ray diffraction
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of crude plant metabolites, namely phenolic acid, flavonoids, 
alkaloids, and terpenoids, which acts as reducing agents.[18]

Various noble metals have been utilized to formulate 
nanoparticles. Among them, silver has gained special 
attention owing to its distinct properties, such as favorable 
electrical conductivity, chemical stability, catalytic, and 
antibacterial activity. The bacterial cells are negatively 
charged; silver has high affinity to negatively-charged 
molecules, and it inactivates functions of bacterial cells 
and inhibits bacterial growth and biofilm formation,[19] 
and when combined with calcium hydroxide, antimicrobial 
action seems to be enhanced as evident from the results of 
the present study.

There is a strong evidence supporting the enhancement 
of antimicrobial efficacy against E. faecalis biofilm when 
calcium hydroxide was combined with silver nanoparticles 
as compared to calcium hydroxide used alone. Afkhami et al. 
compared the CaOH + AgNP with CaOH + CHX and CaOH 
used alone against E. faecalis and found the CaOH + AgNP 
to be most effective.[20] Zhang et al. evaluated the efficacy 
of CaOH + AgNP against E. faecalis in the starvation phase 
and compared it with AgNP and CaOH used alone and 
found the combination to be most effective.[21] Javidi et al. 
observed that the colony-forming units were significantly 
lesser when CaOH + AgNP was used when compared 
to CaOH used solely.[22] Balto et al. confirmed that there 
was no significant difference between the CaOH + AgNP 
and triple antibiotic paste against E. faecalis biofilm.[23] 
Tülü et al. compared the antimicrobial efficacy of CaOH, 
CaOH + AgNP, 2%CHX gel, and 2% CHX gel + AgNP and 
found that CaOH + AgNP was most effective against 
multispecies (E. faecalis, S. mutans, Lactobacillus acidophilus, 
and Actinomyces naeslundii) biofilm.[24]

CONCLUSION

Calcium hydroxide coated silver nanoparticles were 
effectively synthesised using leaf extracts of Andrographis 
paniculata and Ocimum sanctum Linn. They were proved 
to have similar antimicrobial property as calcium hydroxide 
and found to have better antifungal properties when 
compared to calcium hydroxide .In terms of cytotoxicity, 
they were proven to be less cytotoxic when compared to 
CaOH. This may be attributed to the utilization of plant 
extract in the synthesis of these nanoparticles. 

The main limitation of this study is that all these experiments 
were done under in vitro condition; further studies should 
be done to assess the effect of these nanoparticles in 
clinical conditions.
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Table 2: Mean and standard deviation of percentage 
cell viability (MTT assay) of AgCaOH nanoparticles 
and CaOH
Concentration (µg) Groups Mean cell viability (%) SD P

10 AgCaOH 81.7833 1.00167 0.305
CaOH 78.5733 0.40415

20 AgCaOH 80.5833 0.81733 0.891
CaOH 74.4567 0.76376

30 AgCaOH 80.6700 0.66091 0.384
CaOH 74.6467 1.26231

40 AgCaOH 81.1167 1.45029 0.673
CaOH 72.5467 0.99047

50 AgCaOH 78.6100 0.54836 0.470
CaOH 71.4467 0.85874

Independent t-test, P<0.05. SD: Standard deviation 

Table 1: Mean and standard deviation of antimicrobial 
activity of AgCaOH nanoparticles and CaOH
Microorganisms Concentration 

(µL)
Groups Mean 

zone of 
inhibition 

(mm)

SD P

Streptococcus 
mutans

25 AgCaOH NP 10.6667 0.57735 1.000
Calcium 
hydroxide

16.3333 0.57735

50 AgCaOH NP 13.6667 0.57735 1.000
Calcium 
hydroxide

18.3333 0.57735

150 AgCaOH NP 16.6667 0.57735 0.561
Calcium 
hydroxide

20.0000 1.00000

Staphylococcus 
aureus

25 AgCaOH NP 12.0000 1.00000 0.561
Calcium 
hydroxide

10.6667 0.57735

50 AgCaOH NP 13.3333 0.57735 0.561
Calcium 
hydroxide

11.0000 1.00000

150 AgCaOH NP 15.3333 0.57735 1.000
Calcium 
hydroxide

13.6667 0.57735

Enterococcus 
faecalis

25 AgCaOH NP 11.6667 0.57735 1.000
Calcium 
hydroxide

11.6667 0.57735

50 AgCaOH NP 14.3333 0.57735 1.000
Calcium 
hydroxide

12.3333 0.57735

150 AgCaOH NP 15.6667 0.57735 1.000
Calcium 
hydroxide

14.3333 0.57735

Pseudomonas 25 AgCaOH NP 11.6667 0.57735 1.000
Calcium 
hydroxide

0.6667 0.57735

50 AgCaOH NP 12.3333 0.57735 1.000
Calcium 
hydroxide

11.6667 0.57735

150 AgCaOH NP 15.3333 0.57735 1.000
Calcium 
hydroxide

13.6667 0.57735

Candida 
albicans

25 AgCaOH NP 26.0000 1.00000 0.205
Calcium 
hydroxide

10.6667 2.08167

50 AgCaOH NP 26.3333 0.57735 0.145
Calcium 
hydroxide

11.3333 2.51661

150 AgCaOH NP 30.3333 0.57735 0.044*
Calcium 
hydroxide

12.3333 2.30940

*Indicates significant difference (Independent t-test, P<0.05). SD: Standard 
deviation 
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Abstract---Aim: Aim of this study was to compare and evaluate load 
deflection characteristic of NiTi wires of different cross-section 
between labial and lingual straight wire system in aligned and 
crowded condition. Materials & Methods:  The study was divided into 
two parts one with the aligned teeth and in other part typodont set 
was manipulated to simulate the crowded arch. Crowding was created 
in the anterior region by displacing one central incisor and one lateral 
incisor 2 mm palataly and canine were rotated in mesio-buccal 
direction. Typodont was sent to laboratory for lingual setup and CAD-
CAM based Avant grade laser sintered 3D lingual brackets were and 
bonded using Cyanoacrylate by the laboratory. A modified three point 
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bending test simulating the clinical conditions was carried out to 
investigate load deflection characteristics of Cu-NiTi arch-wires using 
Instron Universal Testing Machine. Results: Shapiro-wilk test and 
Kolmogorov-Smirnov test were used to check the normality of the 
sample and values. Intergroup comparison of LDR of wires between 
labial and lingual group in aligned and crowded condition showed that 
LDR of wires in the lingual bracket system was significantly higher as 
compared to labial bracket system. PostHoc!Tukey HSD test was used 
for the multiple comparisons between all the possible combinations of 
wires and the bracket system. Moreover, the result were insignificant 
in crowded condition on comparing LDR of 0.016 NiTi wire in labial 
segment in crowded condition with the 0.014 NiTi wire in lingual 
segment in crowded condition. Conclusion: Within the limitations of 
the study, authors concluded that Load deflection rate of NiTi wires 
significantly depend upon the inter-bracket distance and Load 
deflection rate increases with increasing wire dimension for both labial 
and lingual group in aligned and crowded condition. 

 
Keywords---load deflection, nickel-titanium, labial, lingual, 
orthodontics. 

 
 
Introduction 
 
Patients expectation from orthodontic treatment has evolved over the years to 
include smile esthetics as an important compound. Smile plays an important role 
in facial expression and appearance. Creating an esthetic smile requires an 
understanding of the principle that manages the balance between teeth and soft 
tissues. Although ideal occlusion should be the primary functional goal of 
orthodontics, the esthetic result is also critical for patient satisfaction and 
therefore necessary to the overall treatment objectives. The straight-wire 
appliance (SWA) is based on the concept that ideal bracket placement will correct 
tooth positions in all three planes of space during treatment. Initially it started 
with conventional labial bracket system but later on it showed adults have a 
QHJDWLYH) UHDFWLRQ) WRZDUG) WKH) HVWKHWLFV) RI) FRQYHQWLRQDO) ¿[HG) RUWKRGRQWLF)
appliances. Therefore to overcome the increase demands of esthetics during 
treatment lingual bracket system was developed. Lingual appliances can produce 
a comparable treatment outcome over similar time periods and are thus an 
alternative treatment modality for patients to consider.1 Optimum orthodontic 
forces will produce maximum tooth movement and maximum biologic response, 
and do not compromise patient comfort. Excessive forces have been associated 
with undesirable reactions and side effects, including bone hyalinization, root 
resorption, pain and patient discomfort, and anchorage loss. With the rapid 
change in the materials used in orthodontics in recent years, there has been a 
change from the conventional variable cross-section orthodontics to variable-
modulus orthodontics. The archwire of a fixed appliance is the major component 
in the alignment of irregular teeth, both vertically and radially. Wires capable of 
large elastic deflections are popular as they allow greater working ranges and 
therefore fewer archwire changes.2 The development of beta-titanium (TMA), 
nickel-titanium (Nitinol), super-elastic nickel-titanium wires has revolutionized 
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the light force application over the teeth. Nickel titanium (NiTi) wires are widely 
used for the initial leveling phase of orthodontic treatment due to their shape 
memory, super-elasticity, biocompatibility, resistance to corrosion, low elastic 
modulus leading to a low load- deflection ratio and wide elastic working range 
that delivers the desired level of force and provides good control of force 
magnitude.3 The labial and lingual orthodontic approaches are quite different in 
their biomechanical principles. The main difference compared with traditional 
orthodontics is the smaller inter-bracket distance: the labial arch is significantly 
longer than the lingual arch.4 One important goal during the alignment phase of 
orthodontic treatment is to use suitable and predictable force levels. The force of 
orthodontic wires is inversely proportional to the cube of the inter-bracket 
distance. This means that even small reductions in the arch length lead to a 
significant increase in the force applied to the tooth. Decreased inter-bracket 
distance associated with lingual appliances makes a wire seem approximately 3 
times as stiff as when used with labial appliances for first- and second-order 
bends, and approximately 1 1/2 times as stiff for third-order bends.5 An adequate 
knowledge of load-deflection characteristics of NiTi archwire is necessary to apply 
adequate force within the bracket system. The three-point bending test is 
considered a suitable method to investigate the load-deflection characteristics of 
NiTi archwires. Load-deflection plots of NiTi archwires, obtained by use of classic 
three-point bending tests. The aim of our study is to compare and evaluate load 
deflection characteristic of NiTi wires of different cross-section between labial and 
lingual straight wire system in aligned and crowded condition. 
 
Materials and Methods  
 
The study was carried in the Department of Orthodontics and Dentofacial 
Orthopaedics and Research Centre of I.T.S-Centre for Dental Studies and 
Research, Muradnagar, Ghaziabad, Uttar Pradesh. A single acrylic typodont 
(Nissin, Japan) was used in this study. The study was divided into two parts one 
with the aligned teeth and in other part typodont set was manipulated to simulate 
the crowded arch. Crowding was created in the anterior region by displacing one 
central incisor and one lateral incisor 2 mm palataly and canine were rotated in 
mesio-buccal direction. Typodont was sent to laboratory for lingual setup and 
CAD-CAM based Avant grade laser sintered 3D lingual brackets were and bonded 
using Cyanoacrylate by the laboratory. For labial setup conventional MBT 
brackets (0.018 slot size) were bonded using 17×25 SS wire as a template for 
proper alignment of the slots using cyanoacrylate. Total of 80 Copper-Nickel-
Titanium (Cu-NiTi) round arch-wire of 2 diameters 0.014 inches and 0.016 inches 
(40 each) were used for the study. For labial setup 40 Cu-NiTi arch-wire (Ormco) 
(20 of size 0.014 inches and 20 of size 0.016 inches) were used and for lingual 
straight wire CAD-CAM based setup 40 customized lingual Cu-NiTi arch-wires (20 
of size 0.014 inches and 20 of size 0.016 inches) were used for aligned and 
crowded condition. A modified three point bending test simulating the clinical 
conditions was carried out to investigate load deflection characteristics of Cu-NiTi 
arch-wires using Instron 1193, Universal Testing Machine (Instron Corp, Canton, 
Mass). The load IUDPH) ZDV) HTXLSSHG) ZLWK) ,QVWURQ:V) ì<==) 1) VWDWLF) FHOO) DQG) D)
deflecting rod with chisel type end was used to deflect the wires in sagittal 
direction. For labial setup left central incisor was removed from the typodont 40 
Cu-Niti wires were tested for the load deflection in the Aligned and crowded arch 
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condition out of which 20 wires of each 0.014 NiTi and 0.016 NiTi were ligated 
sequentially using elastomeric ligatures and model was mounted in up-righted 
position in the lower compartment of the Instron. Chisel type deflected rod 
connected to ±500 N cell were used to deflect the mid portion of the wire in 
removed central incisor region. The wire was deflected 2mm in bucco-palatal 
direction at a crosshead speed of 2mm/min and readings were recorded in 
Newton (N). For Lingual CAD-CAM base straight wire setup, 40 customized 
straight Cu-NiTi wires were tested in Aligned and crowded arch condition (20 
wires of each 0.014 NiTi and 0.016 NiTi). Procedure to measure load deflection 
was similar as done for labial setup except the typodont was placed in inverted 
position in lower compartment of Instron machine. The wires were deflected 2mm 
in palato-buccal direction at a crosshead speed of 2mm/min and readings were 
recorded in Newton (N). Each wire was tested three times and the mean of all the 
three measurement was taken to reduce the working error. Force deflection 
diagram for the Labial and Lingual setup in Aligned and Crowded condition were 
plotted on X-Y axis. (Figure 1-6) 
 

 
Figure 1: Cu NiTi wires (0.014 & 0.016 inch) for testing Load deflection rate. (A) 

Conventional Labial Straight wires, (B) Customized Lingual Straight wires 
 

 
Figure 2: A. Mathews Forceps & Probe. B. Elastomeric Modules 
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Figure 3: Acrylic typodont model [Nissin] A) Aligned arch, (B) Crowded arch 

 

 
Figure 4: Acrylic typodont model (Nissin) with Labial and Lingual straight wire 

brackets. (A) Aligned arch, (B) Crowded arch 
 

 
Figure 5: Universal Testing machine (Instron) 
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Figure 6: Modified Three point bending test using Instron Machine A. Upright 

Model for Labial Bracket System. B. Inverted Model for Lingual Bracket system 
 
Statistical Analysis  
 
All the data was collected, compiled and tabulated in MS Excel sheet and 
analyzed using statistical software SPSS ( Statistical package for Social sciences) 
version 20.0 (SPSS Inc. Chicago, Illianois). The normality of data was tested using 
Kolmogorov-Smirnov and Shapiro-Wilk test and data was normal. The descriptive 
statistical mean and standard deviation of the parameter was calculated. 
Intergroup comparison was calculated using Student T-test to check the mean 
significant difference of two wires (0.014 NiTi and 0.016 NiTi) among two groups 
in variable condition. Intragroup and intergroup comparison was done using 
ANOVA to check the difference between all the available wires and bracket 
combination. Post-Hoc Tukey HSD test was applied for multiple comparisons 
between the available wire and brackets combination. The level of significance 
and confidence interval were 5% and 95% respectively. 
 
Result 
 
The deflection force was measured in newton for 0.014 and 0.016 inch wires in 
labial and lingual bracket system in two clinically simulated conditions i.e. 
aligned and crowded. Shapiro-wilk test and Kolmogorov-Smirnov test were used 
to check the normality of the sample and values are tabulated in Table 1 which 
shows data was in normal distribution and can be compared further. Distribution 
of mean ± standard deviation, standard error mean of load deflections are 
tabulated in Table 2 and shown in Graph 1. LDR of wires in the lingual bracket 
system was significantly higher as compared to labial bracket system and are 
tabulated in Table 3 and 4 and shown in Graph 2 and 3. Inter and intra group 
comparison of Load deflection rate measured for the wires of different cross 
section in aligned and crowded condition showed a significant difference between 
all the groups. These results conclude that the LDR of the wires significantly 
depends upon the cross section of the wires and the inter-bracket distance (Table 
5). PostHoc!Tukey HSD test showed statistically significant difference between 
almost all the groups (Table 6) except two combinations: First, on comparing LDR 
of 0.016 NiTi wire in labial segment in aligned condition with the 0.014 NiTi wire 
in labial segment in crowded condition showed statistically insignificant difference 
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(P>0.05). Also the result were insignificant in crowded condition on comparing 
LDR of 0.016 NiTi wire in labial segment in crowded condition with the 0.014 NiTi 
wire in lingual segment in crowded condition. (P>0.05).Thus it could be seen that 
decreased inter-bracket distance in the lingual bracket system results in the 
increased LDR as compared to the labial bracket system. 
 

Table1: Test of normality for labial and lingual group for 0.014 and 0.016 NiTi 
wire in aligned and crowded condition 

 

Groups 
Kolmogorov-Smirnov testa Shapiro-Wilk test 

Statistic df Sig. Statistic df Sig. 

Aligned 
0.014 

Labial 
group .230 10 .144 .879 10 .126 

Lingual 
group .126 10 .200* .958 10 .760 

Aligned 
0.016 

Labial 
group .210 10 .200* .870 10 .100 

Lingual 
group .136 10 .200* .961 10 .799 

Crowded 
0.014 

Labial 
group .232 10 .137 .877 10 .120 

Lingual 
group .184 10 .200* .970 10 .889 

Crowded 
0.016 

Labial 
group .135 10 .200* .988 10 .994 

Lingual 
group .143 10 .200* .944 10 .593 

a Lilliefors Significance Correction, *This is a lower bound of the true significance. 
 

Table 2: Distribution of Mean and standard deviation of load deflection of 0.014 
and 0.016 inches NiTi wires in Labial and lingual group in aligned and crowded 

condition. 
 

  Labial System (n=40) Lingual System (n=40) 

Groups 
      

Mean  Std. Mean  Std. 
  SD Error SD Error   (Newton) (Newton)    

Mean 
 

Mean 
      
 0.014 2.5070 .64883 .20518 6.0060 .63235 .19997 

Aligned 
       

0.016 4.5130 .66384 .20993 9.0590 1.00642 .31826  
        
 0.014 4.0260 .24364 .07705 7.5270 .61968 .19596 

Crowded 
       

0.016 7.0390 .47075 .14887 10.6620 .55353 .17504  
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Graph 1: Mean and standard deviation of load deflection of 0.014 and 0.016 

inches NiTi wires in Labial and lingual group in aligned and crowded condition. 
 

Table 3: Intergroup comparison of Load deflection of NiTi wires between labial and 
lingual bracket system in aligned condition 

 

 

Levene's 
Test for 

Equality of 
Variances 

T-test for Equality of Means 

          
Groups        95% Confidence 

     
P Mean Std. Error Interval of the 

 
F Sig. T Df Difference    

 Value Difference Difference   
        Lower Upper 
          

Aligned .037 .850 -12.213 18 <.00 -3.49900 .28650 -4.10092 -2.89708 
0.014     1     

          
Aligned 1.458 .243 -11.924 18 <.00 -4.54600 .38126 -5.34699 -3.74501 
0.016     01     
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Graph 2: Intergroup comparison of Load deflection of NiTi wires between labial 

and lingual bracket system in aligned condition. 
 

Table 4: Intergroup comparison of Load deflection of NiTi wires between labial and 
lingual group in crowded condition. 

 
 Levene's        
        
 Test for        
 Equality   t-test for Equality of Means 
 of        
 Variances        

Groups 
         
      

Std. 95% Confidence        
     P Mean Interval of the 
 F Sig. T Df Error Difference  valu

e Difference      Difference   
        Lower Upper 
          

Crowded 8.500 .009 -16.627 18 .000 -3.50100 .21056 -3.94337 -3.05863 
0.014          

          
Crowded .530 .476 -15.767 18 .000 -3.62300 .22978 -4.10576 -3.14024 

0.016          
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Graph 3: Intergroup comparison of Load deflection of NiTi wires between labial 

and lingual group in crowded condition. 
 

Table 5: Inter and Intra group comparison of load deflection rate between labial 
and lingual bracket system using ANOVA 

 

 Sum of Squares Df Mean Square F Sig. 

Between Groups 514.183 7 73.455 181.046 .000 
      

Within Groups 29.212 72 .406   
      

Total 543.395 79    
      

 
Table 6: p values obtained after Post Hoc comparison of load deflection rate 

between labial and lingual bracket system using Tukey HSD. 
  

 Lab- Lab-  Lab-  Lab- Ling- Ling- Ling- Ling- 
 Align- Align-  Crowd-  Crowd- Align Align- Crowd- Crowd- 
 014  016  014  016  - 014  016  014  016  

Lab-Align-   .000  .000  .000  .000  .000  .000  .000  

014          
                  

Lab-Align- 
.000 

    
0.681 

 
.000 

 
.000 

 
.000 

 
.000 

 
.000 

 

016           
                  

Lab-Crowd- 
.000 

 
.000 

    
.000 

 
.000 

 
.000 

 
.000 

 
.000 

 

014           
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Lab-Crowd- 
.000 

 
.000 

 
.000 

    
.000 

 
.000 

 
.000 

 
.000 

 

016           
                  

Ling-Align- 
.000 

 
.000 

 
.000 

 
.000 

   
.000 

 
.000 

 
.000 

 

014          
                  

Ling-Align- 
.000 

 
.000 

 
.000 

 
.000 

 
.000 

   
.000 

 
.000 

 

016          
                  

Ling-Crowd- 
.000 

 
.000 

 
.000 

  
0.679 

 
.000 

 
.000 

   
.000 

 

014           
                  

Ling-Crowd- 
.000 

 
.000 

 
.000 

 
.000 

 
.000 

 
.000 

 
.000 

   

016          
                  

                   
 
Discussion 
 
The use of NiTi arch-wires became prevalent because of their ability to exert light 
continuous force and consequently improve the efficacy of treatment, particularly 
in leveling and alignment phase. If the force is applied to wires its response can 
be measured as deflection produced by force. Load deflection rate (LDR) 
calculates the magnitude of force delivered by the appliance for a particular 
amount of deflection. In orthodontics, the LDR is the force generated by an 
orthodontic appliance causing unit deflection. The LDR of an orthodontic 
appliances is, therefore, dependent on bracket system labial or lingual(inter-
bracket distance), bracket slot size (either 0.022 or 0.018 slot), bracket design, 
the wire material, the cross-sectional geometry,6 ligation material (SS ligature or 
elastomeric ligature), temperature and saliva. The force applied by an orthodontic 
wire is inversely proportional to the cube of the inter-bracket distance which 
states that even small reduction in arch length lead to significant increase in force 
applied to the tooth. Consistent increase of force values are seen as a result of the 
decreased anterior inter-bracket distance associated with lingual appliances. So 
the study was conducted to evaluate and compare the influence of inter-bracket 
distance on load deflection characteristic of NiTi wires in labial and lingual 
bracket system in aligned and crowded condition. Several studies have been 
conducted to evaluate the LDR of different wires which are commonly used in the 
clinical practice. However these studies suffer from inherent methodological 
drawbacks, such as the model design as most of the studies used the brass jigs 
and acrylic blocks, which can affect the amount of deflection forces as these 
conditions does not correlate with the clinical situation which results in method 
errors in calculating LDR. Also almost all the studies comparing the LDR in the 
labial and the lingual bracket system have not standardized the bracket type, 
model design, technique used and not simulated the clinical situations. In our 
study we have used a single acrylic typodont (Nissin) model for the evaluation of 
LDR in the labial and lingual bracket system in aligned and crowded clinical 
conditions. Conventional MBT 018 slot brackets were bonded on the labial 
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surface using a template with the help of cyanoacrylate. On the lingual side of the 
same model, CAD-CAM based 018 slot lingual brackets were bonded and same 
model was modified to simulate crowding in the anterior region. Various studies 
like Lombardo et al (2011)1 measured inter-bracket distance in labial and lingual 
setup by bonding labial and lingual brackets on ideal cast and simulating this 
inter-bracket distance to calculate the LDR. Many studies in past like Wilkinson 
et al (2002)7, Bartzela et al (2007)8, Lombardo et al (2013)9 evaluated load 
deflection of initial leveling and alignment wires using brass jigs and acrylic 
blocks, which can affect the amount of deflection forces as these condition does 
not correlate with the clinical situation which results in method errors in 
calculating LDR. None of these studies compared the LDR on a dental arch that 
could simulate aligned and crowding conditions similar to clinical situations. 
According to Schudy and Schudy10, the deflection of orthodontic wire is directly 
proportional to the inter-bracket distance and inversely proportional to the wire 
cross-section. To reduce wire stress on teeth, orthodontist must use wires with 
smaller cross-section and brackets of smaller dimension. In our study we 
evaluated two commonly used initial alignment wires i.e., 0.014 and 0.016 NiTi , 
and our result shows highly significant difference between these two wires in both 
the labial and lingual bracket system. Our study shows that with the increase in 
the cross section of the wire there is an increase in the LDR. The result of our 
study are in concordance with the study by Montasser et al (2015)11 in which they 
investigated the effect of arch-wire cross section on the level of force applied to 
teeth with various arch-wire-bracket combination and concluded that increasing 
the cross-section of the wire increased the force level invariably with all brackets. 
Results of our study showed a highly significant difference in the LDR of both 
0.014 inches and 0.016 inches size NiTi wires when compared between the labial 
and lingual bracket system. All the groups showed increased LDR values in the 
lingual segment as compared to the labial segments. These results are in 
concordance with the results of studies done by Lombardo et al (2011)1 and 
Alobeid et al (2017)12 in which they compared LDR of NiTi wires in labial and 
lingual bracket system and found that lingual bracket system showed higher 
forces compared to labial bracket system. These results can be explained on the 
basis of difference in the inter-bracket distance in the anterior segment in labial 
and lingual bracket system. LDR also depends upon the slot size as the study 
done by Nucera et al(2014)13 used 0.018 and 0.022 inch slot size self-ligating 
bracket to evaluate the effect of slot size on wire deflection and found that use of 
0.018 slot compared with 0.022 inch system increases the forces exerted by NiTi 
wires at 2mm deflection. The 0.018-inch bracket system decreases the free play of 
the wire compared with the 0.022-inch bracket and causes an earlier deflection of 
the wire and greater LDR. Another recent study by Alobeid et al (2017)12 
compared LDR of NiTi wires in labial and lingual bracket system in which they 
used commonly available slot size of 0.022slot for labial brackets and 0.018 slot 
for lingual brackets and found that lingual bracket system showed higher forces 
compared to labial bracket system. But still it is not clear with result of the study 
that whether LDR was increased because of different slot size or difference in 
inter-bracket distance in labial and lingual bracket system. But with our study it 
is confirmed that the LDR in the lingual segment is significantly higher in 
comparison to the labial bracket system despite of using the same slot size i.e 
0.018 inch in the labial and lingual bracket system. In our study we compared 
and evaluated LDR of Niti wires at 2mm as it is routinely encountered clinically. 
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Previous studies like Yang et al (2001)14, Wilkinson et al (2002)7, Parvizi et al 
(2003)15 checked deflection of NiTi wires at 1mm, 2mm, 3mm and 4mm. Nucera 
et al (2014)13 suggested at 2-mm deflection the stress-induced martensitic (SIM) 
transformation of the wire is not complete which induces the release of 
significantly higher forces and at 4-mm deflection, the SIM transformation of the 
wire is complete; consequently, a greater deflection of the wire does not cause the 
release of higher forces. In our study we calculated load deflection only in bucco-
lingual direction because previous studies done by Rock et al (1988) and Filleul et 
al (1997) showed that if the wire was loaded in bucco-lingual or gingiva-occlusal 
direction the differences in loading direction do not alter mechanical behavior. On 
comparing all the available combinations of wire and bracket systems, the result 
showed significant difference between almost all the groups (Table 6) except two 
combinations. First, on comparing LDR of 0.016 NiTi wire in labial segment in 
aligned condition with the 0.014 NiTi wire in labial segment in crowded condition 
showed insignificant difference (P>0.05). This result can be explained as even the 
cross section of wire is decreased but because of crowding the binding of the wire 
in the slot must have increased the LDR. Second, on comparing LDR of 0.016 NiTi 
wire in labial segment in crowded condition with the 0.014 NiTi wire in lingual 
segment in crowded condition showed insignificant difference (P>0.05). This result 
showed that for the same amount of crowding in the arch if 0.016 wire is used in 
the labial segment, then to apply the same amount of force over the teeth in case 
of lingual appliance, smaller diameter wire i.e. 0.014 should be used. Most of the 
studies done in the past used the conventional lingual bracket system in which 
mushroom lingual wires were used for comparing the LDR in labial and lingual 
bracket system. Since the wire in the labial is in a straight form, a direct 
comparison with the mushroom arch form in the lingual may not be entirely valid. 
In order to overcome this limitation and to confirm the influence of inter-bracket 
distance over the LDR, in our study we have used the CAD-CAM based lingual 
straight wire system instead of conventional lingual system. Our results showed 
that despite using lingual straight wire the deflection force was more in lingual 
than labial in both aligned and crowded conditions. One limitation of our study is 
that no attempt was made to simulate the effect of oral environment such as 
physical and chemical effects of saliva, debris around brackets, intraoral 
temperature. All these factors might have impacts on the result which were not 
considered in this study. 
 
Conclusion 
 

x Load deflection rate of NiTi wires significantly depend upon the inter-
bracket distance and plays an important role in wire selection in lingual 
orthodontics. 

x Load deflection rate increases with increasing wire dimension for both labial 
and lingual group in aligned and crowded condition. 

x To apply the same amount of force over the teeth in case of lingual 
appliance when compared to labial appliance, smaller diameter wire should 
be used. 
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Introduction:
Forensic odontology is a significant outgrowth of forensic 
medicinal sciences and, in the felicity of justice, pacts with the 
apt examination, handling and demonstration of dental 
evidence in the court of law. It plays a pivotal role in 
identifying the human remains of victims, not only those of 
mutilated, burnt and decomposed but also victims of 
bioterrorism and mass disasters.[1]

Over the last decade the importance and valuability of forensic 
science has taken a giant leap. Maxillofacial Radiography is 
an integral branch of forensic odontology. It has become a 
routine procedure in dental/medical hospitals and clinics in 
the current scenario. It is used for comparative recognition, 
which attempts at conclusive identification by comparing the 

2radiographic record of deceased individual.  Radiographs 
shed light on many issues both in determining the current 
situation and in comparisons with the past. It is also useful in 
reconstructive identification or dental profiling, attempts in 
facial reconstruction techniques to elicit the lost identity of an 
individual.[ 2]  (Figure 1) 
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Figure 1: Applications of Maxillofacial Radiology in Forensic 
Dentistry.
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Person and dental identification:

Mass disasters:

The usefulness of radiographs in post mortem examination 
has been illustrated by David and Paul, who described 
radiographs help in post-mortem dental identifications by 
locating and identifying anatomical structures, dental 
restorations, dental appliances, required in the comparison 
process. Radiographs play an exclusive role in severe 
mutilated cases such as burn victims where complete tissue 
destruction has occurred and DNA analysis becomes 
impossible.[3] 

Traditionally, two dimensional (2D) radiographs of frontal 
sinus, bite-wing radiographs were considered as an efficient 
tool for dental identification.[2,3] However, Digital 
radiographic techniques such as Radio-visiography (RVG) 
allow accurate analysis of the spatial relations of teeth roots 
and supporting structures on antemortem(AM) and post-
mortem(PM) images.[4]

Recently, Dental Profiling is used to recreate the victim's 
profile prior to death, based on the accessible clinical and 
radiological data.[3] 

With the advent of three dimensional (3D) imaging 
techniques, the ante-mortem CT image can be utilized in 
profiling of the postmortem images, which allows accurate 

4location and measurement of the cranio-metric points.  Also, 
CBCT is currently used for post-mortem imaging and for 
imaging high-density metal projectiles in cases of gunshot 
injury in forensic odontology.[2] 

In mass disaster incidents, radiographs are often made on 
location using portable dental X-ray unit. Full mouth 
radiographs are preferred to cover all fragments which are 

5digitized through computer, for rapid comparison.  More 
recently a 2D automated recognition technology allows cross 
matching of a pool of radiographs of suspected victims 
against radiographs of PM remnants and eventually it enables 
the content-based retrieval of AM images that match to PM 

6images.  The use of Computer- Assisted PM Imaging 
(CAMPI) for such comparisons holds record of successful use 
in many cases in the past.[4]

Mobile CT scanners are efficiently used in mass fatality 
disasters. These scanners can be used in and outside 
permanent and temporary mortuaries.[7] The use of high 
resolution eLU-CT minimizes the production of metallic 
artifacts caused by dental fillings. Semi-automated image 
analysis software also have been developed to perform such 
comparisons.[7] CBCT images are reconstructed from one 
scan and it facilitates the operator to select any desirable slice 
location -and orientation. CBCT also minimizes the 

4production of artifacts and errors in victim identification.  
Fluoroscopy is also used to scan the bodies of disaster victims 
and it scan these bodies at  first reception stage followed by 

8further or plain x-ray examination. The use of MRI in both  
permanent and temporary mortuaries depends upon the 
availability of fixed and mobile technologies and are sensitive 
to the type of specimen to be scanned as  bodies or body parts 
containing metallic material are difficult to scan with MRI.[8]

Recently the introduction of 'Dental biometrics' utilizes 
dental radiographs for identification of deceased individuals. 
It extracts dental or tooth segment from mixture of Gaussian 
models and later allows matching of images, computation of 
image distances and subject identification.[ 7] 

Maxillofacial imaging for forensic age estimation in living 
adolescents and young adults continues to be controversial 
and a subject of discussion. Pre-natal, neonatal and post-natal 
age determination is done by radiographic examination of 
Jaw bones pre-natally and evaluating tooth germs which are 
present before mineralization in intrauterine life and are 
visualized as radiolucent areas on radiographs prior to 

9mineralization.  Methods of age estimation such as Kraus and 
Jordan's technique, Schour & Masseler method, Mooree's, 
method, Demirjian's method  Nolla's technique, Kvaal's 
method, Harris and Nortje method, Van Heerden method have 

9been well established techniques used for a long period.  
Morphology of gonial angle, ramus height and bigonial 
width, size of the skull using cephalometry are well 
established methods in the court of law.[10] Radiological 
studies on development of sinus and its usefulness for 

11chronological assessment have been conducted in the past.  

Age estimation:
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Occurrence of hyperostosis in post-menopausal females and 
decrease in size of frontal sinuses in old females, ossification 
points analysis such as Spheno-occipital synchondrosis and 
Cranial base synchondroses are useful markers to assess age 
on radiographs.[12] 

Application of CBCT for assessment of Pulp Tooth Ratio is 
widely accepted for age estimation. This ratio significantly 
decreases with advancing age due to secondary dentin 
deposition on pulpal walls.[7] 

Human beings demonstrates diverse sexual dimorphism 
exhibited by the craniofacial frame which aids in this process 
and can be easily identified on both analog and digital 2D 
radiographs by analyzing linear and angular measurements of 
dental arches with an acceptable accuracy rate.[13] 

Teeth measurements on panoramic radiographs, lateral 
cephalometric radiography, postero-anterior projections have 
proven to provide with 80% accuracy in gender 
identification.[14] These radiographs facilitates the 
measurement of the total tooth, crown, root length of all teeth, 
bony ridges, crests, and processes including temporal line, 
mastoid processes, nuchal lines, external occipital 
protuberance, and superciliary arches, total craniofacial 
height, mastoid height, bicondylar width, and mandibular 

 width in one frame.[14] CBCT analysis of frontal sinus (FS), 
Maxillary Sinus (MS), Foramen Magnum (FM) is considered 
as a powerful parameter for Gender determination and 
provides highly accurate results.[8] It allows analysis of 
mandible showing significant dimorphic trait of the mandible 

 in its shape and size. The linear measurement of the ramus on 
CBCT is found to be greater in males compared to females. 
The gonial angle however, is found to have downward and 
backward rotation in mandible in females while in males it has 

 only forward rotation.[8] Assessment of foramen magnum 
(FM) on CBCT reveals higher measurements in males.[ 8] 

Maxillofacial Imaging assist investigators in matters related 
to the law by encompassing the evaluation and documentation 
of abuse/ injury or cause of death.[15] Bite marks analysis of 
cases involving sexual assault, murder and child abuse can be 
accomplished using Maxillofacial Imaging.[16]

Gender Determination:

Identification of trauma and abuse:

Radiographic wax impression technique, Xeroradiography, 
Contrast enhanced radiography and CBCT may also provide 
valuable information and aid in standard procedures of 

 identification by generating overlays for bite mark analysis.
[17,18]

Implementation of dental radiographs are useful as a forensic 
evidence is used to assess traumatic injuries such as fractures 
of skull or concerning the dentoalveolar region, tooth 
avulsion and tansposition which are usually non-accidental in 
cases of Child abuse, domestic violence.[19] MRI and CT are 
also used to assess this soft and hard tissue injuries.[20]

Craniofacial reconstruction (CFR) is a technique that 
replicates the individual facial characteristics, published 
using media and therefore lead to recognition identification of 
the unknown.[10] Multiple 2D and 3D imaging modalities are 
available nowadays that enables CFR.[21]

Pseudo-three-dimensional radiography and computer aided 
lateral cephalograms are used nowadays for CFR.[21] 
Ultrasound has been employed in CFR which allows the 

 qualitative and quantitative assessment of various soft tissues.[21]

3D computerized reconstruction technologies (3D-CT) 
employ multiple imaging technologies for forensic 
identification. 3D-CT features many advanced tools for 

21reconstruction and generation of greater quality images.  
MRI accurately determines soft-tissue depths, including 
elucidation of finer structural features.[10] Various CBCT 
softwares provide 3D imaging of the skull using lower levels 
of radiation, thereby aiding in this process.[10] Application of 
Maxillofacial radiology in CFR has recently incorporated 
technological advancements such as Fusion Imaging which 
combines CT scans and 3D facial images through optical 
method; Laser scanners which are non contact surface 
imaging modality and allow generation of image after a 360 
degree rotation and  Digital stereophotogrammetry which is a 
non-invasive method with fast scanning time, that furnishes 
real-like appearance of an individual with accurate geometry 
refined colour and texture.[21]

Virtopsy is a noninvasive procedure of autopsy elaborated 
with advanced tools for analysis and combined with 3D body 

Facial reconstruction:

Maxillofacial Imaging in Virtual Autopsy:
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surface imaging methods. It uses CT/MRI data and performs 
3D shape analysis.[22] Post mortem CT datasets allows 
evaluation of putrefied or massively damaged bodies after 
detailed evaluation of the hard tissue framework in multiple 
sections.[22] MRI enables the visualization of soft-tissue 
organs while Contrast based MRI allows examination of 
living victims of abuse, such as manual strangulation.[23] 
MR Spectroscopy is useful in estimation of the time of death 
by determining relative concentration of metabolites in 

 tissues. MR microscopy is another tool that allows “micro-
imaging” to visualize finer soft-tissue injuries and “micro-
tomography” which allows analyzing the weapon involved 
and resultant injury patterns.[24] In the era of Artificial 
Intelligence, Maxillofacial Radiology is applied in robotic 
methods for Virtopsy which is known as “Virtobot”. It 
accommodates modules for automatic surface scanning and 
minimally invasive biopsies[ 22]   

Growth and Progress of Forensic dentistry has propelled 
responsibilities and role of Maxillofacial Radiologists 
towards this sub speciality of Forensic Science, at a global 

25scale.  3D printing has a myriad of applications in forensics 
by means of 3D bite mark analysis, 3D skull printing which is 
done for comparison with dentition of the suspect and 
analysis of trauma respectively. Softwares like Computer-
Aided Design (CAD) in Standard Tessellation Language 
(STL) formats from CT and CBCT and Additive 
Manufacturing Format (AMF) from laboratory optical 
surface scan, allow incorporation of additional features like 
color, texture, and material properties supporting forensic 
identification.[26] 

“Forensic Maxillofacial Radiology”, has become an 
important tool in the field of forensic odontology and has 
aided forensic odontologists a numerous times in the 
investigation process. The contribution of Maxillofacial 
Radiology today is an “absolute witness”, of the development 
of the field of Forensic Maxillofacial Imaging. Thus, the 

Recent advances of maxillofacial imaging in forensic sciences:

Conclusion: 

credentials attained by Maxillofacial Radiology have scored 
many stars at an universal level in the forensic space. 
Nevertheless, it will be incomplete to conclude without 
pointing out the fact that, the “spectrum of rays” has crossed 
many multitudes in the field of forensics and with advanced 
imaging modalities venturing over the years, a paradigm shift 
in the forensic world has been created by Maxillofacial 
Radiology.

1. Tarani S , Kamakshi S, Naik V and Sodhi A . Forensic 
radiology: An emerging science. Journal of Advanced 
Clinical & Research Insights. 2016;4:59-63 DOI: 
10.15713/ins.jcri.158. 

2. Sinha S, Singh C, Chandra S, Singh SK, Mehta P. Role of 
Maxillofacial Radiology in Expediting Forensic 
Odontology. International Journal of Oral Care and 
Research October-December 2018;6(4):89-92.

nd3. Senn DR, Stimson PG.Forensic Dentistry .2  Edition. 
Boca Raton London. Taylor & Francis Group : CRC 
Press;2010 ,Chapter 2   History of Forensic Dentistry ; p 
11-24, Chapter 9, Forensic Dental Identification; p 163-
186 , Chapter 10, Forensic Dental Radiography; p 187-
202, Chapter 12, Dental Identification in Mass Fatality 
Incidents; p 245-262 

4. Kumar R, Athota A, Rastogi T, Karumuri SK. Forensic 
radiology: An emerging tool in identification. Journal of 
Indian Academy of Oral Medicine & Radiology. Jul-Sep 
2015;27(3):416-22.

5. Rehani S, Chandrashekhar C, Radhakrishnan R. The 
Role of Radiography in Forensic Dental Practice. IJDA 
2011;3(1):413-417

6. Abduo J, Bennamoun M. Three-dimensional image 
registration as a tool for forensic odontology: a 
preliminary investigation. Am J Forensic Med Pathol. 
2 0 1 3  S e p ; 3 4 ( 3 ) : 2 6 0 - 6 .  d o i :  
10.1097/PAF.0b013e31829f6a29. PMID: 23877240.

7. Achar MS, Shetty SR, Al-Bayati SF, Joshua A and Suneja 
R. Importance of radiography in forensic odontology: A 
brief review European Journal of Forensic Sciences. 
2015;2(3):1-3.  DOI: 10.5455/ejfs.183027.

8. Rutty GN, Robinson CE, BouHaidar R, Jeffery AJ, 
Morgan B. The role of mobile computed tomography in 

References:

University J Dent Scie 2022; Vol. 8, Issue 3  

University Journal of Dental Sciences, An Official Publication of Aligarh Muslim University, Aligarh. India04



mass fatality incidents. J Forensic Sci. 2007 
N o v ; 5 2 ( 6 ) : 1 3 4 3 - 9 .  d o i :  1 0 . 1111 / j . 1 5 5 6 -
4029.2007.00548.x. Epub 2007 Sep 15. PMID: 
17868270.

9. Panchbhai AS. Dental radiographic indicators, a key to 
age estimation. Dentomaxillofac Radiol. 2011 
May;40(4):199-212. doi: 10.1259/dmfr/19478385. 
PMID: 21493876; PMCID: PMC3520308. 

10. Chandrasekhar T and Vennila P. Role of Radiology in 
Forensic Dentistry. Journal of Indian Academy of Oral 
M e d i c i n e  a n d  R a d i o l o g y .  J u l y -
September2011;23(3):229-231.

11. S inga l  K.  Iden t i f i ca t ion  on  the  Bas i s  o f  
Radiographs.Indian Journal of Forensic Odontology 
Volume 9 Number 2, July - December 2016 DOI: 
doi.org/10.21088/ijfo.0974.505X.9216.2--17

12. Sujatha S, Azmi RS, Devi YBK,   Shwetha V and Kumar 
PT. CBCT - The Newfangled in Forensic Radiology. 
Journal of Dental & Oro-facial Research. Aug 
2017;13(2):47-55.-3

13. Nadendla LK, Paramkusam G, Pokala A, Devulapalli RV. 
Identification of gender using radiomorphometric 
measurements of canine by discriminant function 
analysis. Indian J Dent Res. 2016 Jan-Feb;27(1):27-31. 
doi: 10.4103/0970-9290.179810. PMID: 27054857.

14. Capitaneanu C, Willems G, Jacobs R, Fieuws S, 
Thevissen P. Sex estimation based on tooth 
measurements using panoramic radiographs. Int J Legal 
Med. 2017 May;131(3):813-821. doi: 10.1007/s00414-
016-1434-0. Epub 2016 Aug 17. PMID: 27534562. 

15. Capitaneanu C, Willems G, Thevissen P. A systematic 
review of odontological sex estimation methods. J 
Forensic Odontostomatol. 2017 Dec 1;35(2):1-19. 
PMID: 29384732; PMCID: PMC6100233. 

16. Clemente MA, La Tegola L, Mattera M, Guglielmi G. 
Forensic Radiology: An Update. J Belg Soc Radiol. 2017 
Dec 16;101(Suppl 2):21. doi: 10.5334/jbr-btr.1420. 
PMID: 30498810; PMCID: PMC6251081. 

17. Pallam NK, Boaz K, Natrajan S, Raj M, Manaktala N, 
Lewis AJ. Computer-based method of bite mark analysis: 
A benchmark in forensic dentistry? J Forensic Dent Sci. 
2016 Jan-Apr;8(1):32-9. doi: 10.4103/0975-
1 4 7 5 . 1 7 6 9 4 4 .  P M I D :  2 7 0 5 1 2 2 1 ;  P M C I D :  
PMC4799517. 

18. Ali IK, Sansare K, Karjodkar FR. Analysis of Intercanine 
Distance and Dimensional Changes in Bite Marks on 
Foodstuffs Using Cone Beam Computed Tomography. 
Am J Forensic Med Pathol. 2018 Sep;39(3):213-217. 
doi: 10.1097/PAF.0000000000000399. PMID: 
29652674. 

19. Shamim T. Forensic pediatric dentistry. J Forensic Dent 
S c i .  2 0 1 8  S e p - D e c ; 1 0 ( 3 ) : 1 2 8 - 1 3 1 .  d o i :  
10.4103/jfo.jfds_79_17. PMID: 31143060; PMCID: 
PMC6528541.

20. Tan SL, Peng SY, Wan L, Chen JM, Xia WT. Analysis of 
dental injuries with clinical implications: A forensic case 
report. Med Sci Law. 2018 Jan;58(1):58-61. doi: 
10.1177/0025802417750807. Epub 2018 Jan 24. PMID: 
29363384. 

21. Khatri M, Misra D, Rai S, Misra A. Unfolding the 
Mysterious Path of Forensic Facial Reconstruction: 
Review of Different Imaging Modalities.MAMC J Med 
Sci 2017;3:120-127.

22. Vidhya A, Doggalli N, Patil K, Narayan K, 
Thiruselvakumar D, Abirami A. Virtual autopsy: An 
imaging technological integration in forensic 
odontology. Int J Forensic Odontol 2019;4:2-6.

23. Nagi R, Aravinda K, Rakesh N, Jain S, Kaur N, Mann 
AK. Digitization in forensic odontology: A paradigm 
shift in forensic investigations. J Forensic Dent Sci. 2019 
Jan-Apr;11(1):5-10. doi: 10.4103/jfo.jfds_55_19. 
PMID: 31680749; PMCID: PMC6822309. 

24. Rai S, Misra D, Tyagi T, Prabhat M and Gangwal P. 
Image Guided Virtual Autopsy: An Adjunct with 
Radiographic and Computed Tomography Modalities -
An Important Tool in Forensic Identification. Journal of 
Indian Academy of Oral Medicine & Radiology October-
December 2017;29(4):368-70.

25. Shetty S. Advanced Technologies an Aid in Forensic 
Odontology. An Update International Journal of 
Advanced Research 2015: 3 (10) 1615 – 1620 (ISSN 
2320-5407).

26. Chaudhary RK, Doggalli N, Chandrakant HV, Patil K. 
Current and Evolving Applications of Three-dimensional 
Printing in Forensic Odontology: A Review. 
International Journal of Forensic Odontology July-
December 2018;3(2):59-65.--48

University J Dent Scie 2022; Vol. 8, Issue 3  

University Journal of Dental Sciences, An Official Publication of Aligarh Muslim University, Aligarh. India05



Journal of Oral Biology and Craniofacial Research 12 (2022) 505–511

Available online 17 June 2022
2212-4268/© 2022 Published by Elsevier B.V. on behalf of Craniofacial Research Foundation.

Evaluation of neurovascular anatomical variation in the anterior mandible 
in North Indian population: A CBCT assessment 

Shalu Rai a,*, Deepankar Misra a, Akansha Misra b, Sahil Kidwai a, Suman Bisla a, Ankit Jain c, 
Purwa Gangwal d 

a Department of Oral Medicine and Radiology, Institute of Dental Studies and Technologies, Kadrabad, Modinagar, U.P, India 
b Department of Oral Pathology, Institute of Dental Studies and Technologies, Kadrabad, Modinagar, U.P, India 
c Indian Council of Medical Research- PGIMS, Rohtak, Haryana, India 
d Private Practitioner, New Delhi, India   

A R T I C L E  I N F O   
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A B S T R A C T   

Introduction: The purpose of this retrospective study was to determine the visibility, location and other 
morphometric features of lingual foramina on CBCT along with its age wise and gender wise correlation. 
Material and methods: A total of 250 patients were included in the study. Cross-sectional CBCT images of the 
mandible in the midline were used to locate and define each detected lingual foramen and canal. Descriptive 
statistics including tables and graphs were used. Genderwise and Age wise correlations were analyzed using Chi- 
square tests. 
Results: The number, direction, length, diameter, distance from alveolar crest and inferior borders of mandible 
were evaluated. Genderwise Lingual foramen was most frequently located in the mandibular midline, above 
genial tubercle (81.7%). Agewise it was found to be significant (p ! 0.019). Genderwise length of canal was 
found to be significant (p ! 0.022). Genderwise diameter of canal at midpoint was found to be very highly 
significant (p ! 0.001) and at innermost point was found to significant. (p ! 0.037) Genderwise and Agewise 
distance between orifice of canal and alveolar crest was found to be very highly significant. (p ! 0.001) Gen-
derwise and Agewise distance between innermost point of canal and alveolar crest was found to be highly sig-
nificant (p ! 0.001) and very highly significant (p ! 0.001) respectively. 
Conclusion: Clinicians may consider CBCT for procedures with a risk of hemorrhagic and neurosensory compli-
cations such as dental implant placement in the anterior mandible.   

1. Introduction 

The mandibular anterior region contains concavity of the lingual 
cortex, and other essential neurovascular anatomic variations such as 
the accessory mental, lingual canals, and extensions of the alveolar 
canal.1 Many surgical procedures such as dental implant placements, 
endodontic or periodontal surgery performed in this region though 
simple, but possess the risk of hemorrhagic and neurosensory compli-
cations due to iatrogenic injuries to these vital structures.2,3 Therefore, 
detailed and in depth radiological examination prior to surgical opera-
tions in this area is helpful and essential for the clinicians to plan surgical 
procedures and reduce these complications. 4,5 The introduction of Cone 
Beam Computed tomography (CBCT) has led to the paradigm shift in the 

imaging world in the recent years.1 The major advantages of CBCT in 
comparison to Computed Tomography (CT) are reduced radiation 
exposure, cost and easy accessibility Owing to its ability of providing 
accurate measurement without magnification the accuracy of image 
comparison and precision has increased many fold making it an effective 
tool in the assessment of growth and treatment results. CBCT is a three 
dimensional imaging technique and is preferred over two dimensional 
imaging asfine landmarks such as lingual foramen are difficult to assess, 
also it causes overlapping and superimposition of structures.2 This study 
focuses on the morphometric analysis of lingual foramen using CBCT, 
the aim of this retrospective study was to determine the level of visibility 
of the lingual foramen in CBCT as a reference tool. The knowledge 
derived from this study can be applied for preoperative evaluation of 
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patients of undergoing rehabilitation using dental implants of the 
mandibular anterior region. 

2. Material and Methods 

This study was approved by the Institutional Ethical Committee and 
patients who gave consent for CBCT scan and also gave consent that the 
scans can be used for research purpose were incorporated in the study. 
CBCT images of 250 patients who were referred to the Department of 
Dentomaxillofacial Radiology at Diagnostic and Research Center Delhi- 
NCR, India were evaluated retrospectively in the period from January 
2018 to February 2019. The inclusion criteria incorporated either fully 
or partially edentulous spaces. High quality reconstructed images 
without artifacts, absence of pathological lesions in the anterior 
mandible and an absence of apparent atrophy of the mandible, and an 
absence of impacted teeth in the anterior mandible. 

All high resolution CBCT images were obtained by NewTomGiano 
unit (QR SRL Company, Verona, Italy) with a 5 " 5 cm field of view 
(FOV) and exposure parameters of kVp ! 90, mAs ! 14.64, exposure 
time ! 3.6s. The image acquisition protocol consisted of 360# rotation 
with an X ray tube and a flat panel amorphous silicon detector. The 
CBCT volumes obtained were displayed with a 0.75 !m thickness. The 
analyses of the CBCT images were done using built-in software (New Net 
Technologies (NNT) viewer software version 6.1, QR Sri, Company, 
Verona, Italy) in a Dell Precision T5400 workstation (Dell, Round Rock, 
TX, USA) equipped with a 24-inch Ultra Sharp LED TFT monitor (Dell, 
TX, USA), which displayed 2 megapixels with 0.27 pixel pitch in a 
darkroom. The brightness and contrast of the images were calibrated 
according to the image processing tool in the software to provide 
optimal visualization. The visualization of sections in the three spatial 
dimensions i.e. axial, sagittal and coronal sections was done that is 
multiplanar reformat (MPR format). In patients with midline lingual 
foramina, the location of the midline lingual foramen was aligned on all 
3 planes (X,Y,Z) and multiple cross sections of midline lingual foramen 
region were generated. All the cross sections were observed. The section 
which showed the complete course of the canals clearly was selected for 
further evaluation. With the zooming tool available within the software 
the image of sagittal section was zoomed in for easier visualization of the 
desired area and location of the foramen. The parameters analyzed in 
the study are detailed in Table 1. 

Observers could modulate the magnification and brightness of the 
screen. Evaluation of the images was accomplished by two experienced, 
independent Maxillofacial Radiologists blinded to the demographic de-
tails of the subjects. All measurements were taken twice by the same 
observers and the mean values of all the measurements were included in 
the statistical analysis. The observers also performed the study twice 
with an interval of three weeks to detect intra-observer variability. 

2.1. Statistical analysis 

Descriptive statistics including tables and graphs were used. In order 
to test the degree of agreement between repeated analyses, kappa (k) 
coefficient values were employed to assess intra-examiner reliability in 
reaching a correct and reproducible diagnosis. Data were entered into 
SPSS software (version 19.0) and were statistically analyzed by Chi- 
Square test with 5% level of significance. Independent ‘t’ test and 
ANNOVA test has been used to find the significance of study parameters 
on ordinal scale between two or more than two groups. 

3. Results 

Of the 250 patients included Genderwise division into 123 were 
males and 127 were females and Agewise division into 5 age groups; 
Group I: Less than 20 years, Group II: 21–35 years, Group III: 36–50 
years, Group IV: 51–65 years and Group V: More than 65 years was done 
(Table 2). 

Table 1 
Parameters used for evaluation of Lingual Foramen on CBCT.  

Location of the lingual foramina  1) Midline foramina-In the center of the 
symphysis  

2) Para Median- Between the mesial aspects of 
the central incisors and the distal aspects of 
the canines. 

Location of midline lingual 
foramina in relation to genial 
tubercle  

1) Superior  
2) Inferior 

Number of midline lingual canals  1) Single  
2) Multiple 

Types of lingual foramina (Fig. 1) Type A: Single lingual canal above genial 
tubercle. 
Type B: Single lingual canal below genial 
tubercle. 
Type C: Single lingual canal located above the 
genial tubercle with a bifurcation in the 
posterior most part. 
Type D: Two canals-one above the genial 
tubercle, other located below genial tubercle, 
not intersecting each other. 
Type E: Intersection of two separate canals; one 
located above the genial tubercle, other located 
below genial tubercle. 
Type F: Two parallel canals. 
Type G: Intersection of two separate canals; 
one exiting through the lingual cortical plate 
and one through the labial cortical plate. 
Type H: Three canals (one located above the 
genial tubercle, other two located below genial 
tubercle. 
Type IA: 1 canal superior to genial tubercle 
exiting on lingual side and one canal 
perpendicular to alveolar crest 
Type IB: 1 canal superior to genial tubercle 
exiting on labial side and one canal 
perpendicular to alveolar crest 
Type J: One canal above the genial tubercle 
and one below the genial tubercle with 
anastomosis. 

Length of the lingual foramen The distance between orifice of foramen on the 
lingual cortex and at the inner most point of 
canal 

Diameter of the canal at three 
levels (Fig. 2) 

At the orifice of canal (POINT A) 
At the midpoint of canal (POINT B) 
At the inner most point of canal (POINT C) 

Vertical distance (VD) (Fig. 3) VD from point A to Horizontal Plane at alveolar 
crest (line X1-X2) (VD1) 
VD from point C to Horizontal Plane at alveolar 
crest (line X1-X2) (alveolar crest) (VD2) 
VD from point A to Horizontal Plane at base of 
the mandible) (line Y1–Y2) (VD3) 
VD from point C to Horizontal Plane at base of 
the mandible) (line Y1–Y2) (VD4)  

Table 2 
Age wise and Gender wise distribution of study sample.  

Age Group Gender Total 

Male Female 

$20 Years n 40 30 70 (28.0%) 
% 57.1% 42.9% 100.0% 

21–35 Years n 15 19 34 (13.6%) 
% 44.1% 55.9% 100.0% 

36–50 Years n 17 25 42 (16.8%) 
% 40.5% 59.5% 100.0% 

51–65 Years n 28 33 61 (24.4%) 
% 45.9% 54.1% 100.0% 

"65 Years n 23 20 43 (17.2%) 
% 53.5% 46.5% 100.0% 

Total n 123 127 250 (100.0%) 
% 49.2% 50.8% 100.0% 

Mean Age ! 41.79 (Minimum ! 05 Years, Maximum ! 87 Years). 
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3.1. Type of lingual foramen on the basis of location 

In our study based on number and location of lingual foramen 10 
subtypes of lingual foramen and canals were identified and classified 
(Table 1, Fig. 1). 

Genderwise and Agewise comparison and distribution of Single 
lingual foramen (Type A, B, and C) was found to be statistically non 
significant and statistically significant (p ! 0.338 and p ! 0.019 
respectively). However, Genderwise, Type A was found to be most 
common in females (81.7%) and Agewise, Type A was most common in 
Group I (82.7%) (Tables 3 and 4). Genderwise and Agewise distribution 
of Multiple lingual foramen (Type D,E,F,G,H,I and J) was found to be 
statistically non significant. (p ! 0.338 and p ! 0.394 respectively). 
However, Type D was most common in females (51.1%) and Agewise 
Type D in Group I (61.1%) (Tables 5 and 6) (see Table 7). 

3.2. Morphometric parameters of lingual canal 

In the present study Genderwise and Agewise comparison of all 
morphometric parameters of lingual canal is shown in Table 4. Gen-
derwise length of canal was found to be more in males and was 

Fig. 1. CBCT images showing different types of the lingual foramen and lingual canals as seen on sagittal planes A. Single lingual canal above genial tubercle. B. 
Single lingual canal below genial tubercle. C. Single lingual canal located above the genial tubercle with a bifurcation in the posterior most part. D. Multiple- Two 
canals-one above the genial tubercle, other located below genial tubercle, one oriented downwards and another upwards. E. Multiple- Intersection of two separate 
canals ;one—oriented downwards—located above the genial tubercle, other—oriented upwards—located below genial tubercle. F.Multiple- Cross-section image of 
canal is a representation of two parallel canals. G.Multiple- Intersection of two separate canals; one exiting through the lingual cortical plate and one through the 
labial. H.Multiple- Three canals. I. a and b- Multiple- 1 canal labial 1 canal superior to genial tubercle and one canal perpendicular to alveolar crest. J. Multiple- One 
canal above the genial tubercle and one below the genial tubercle with anastomosis. 

Table 3 
Gender wise distribution of Lingual canal- Type A, B and C.  

Gender Type (in Single type) Total 

A B C 

Male n 59 19 0 78 
% 75.6% 24.4% .0% 100.0% 

Female n 67 14 1 82 
% 81.7% 17.1% 1.2% 100.0% 

Total n 126 33 1 160 
% 78.8% 20.6% .6% 100.0% 

Chi-Square ! 2.167, degree of freedom ! 2, p – value ! 0.338 (Not Significant). 
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statistically significant (p ! 0.022). Agewise diameter of canal at orifice 
was found to be more in Group III and was statistically significant (p !
0.022). Genderwise diameter of canal at midpoint was found to be more 
in males and was statistically very highly significant (p ! 0.001). Gen-
derwise and Agewise diameter of canal at innermost point was found to 
be more in males and in Group III and was statistically significant. (p !
0.037 and p ! 0.010) respectively. Genderwise and Agewise distance 
between orifice of canal and alveolar crest was found to be more in 
males and in Group III and was found to be statistically very highly 
significant. (p ! 0.001) for both respectively. Genderwise and Agewise 
distance between innermost point of canal and alveolar crest was found 
to be more in males and in Group III and was highly significant (p !
0.001) and very highly significant (p ! 0.001) respectively. 

4. Discussion 

Defining the exact anatomy of the inter-foraminal mandibular 

Table 4 
Age group wise distribution of Lingual canal- Type A, B and C.  

Age Group Type (in Single type) Total 

A B C 

$20 Years n 43 9 0 52 
% 82.7% 17.3% .0% 100.0% 

21–35 Years n 24 1 0 25 
% 96.0% 4.0% .0% 100.0% 

36–50 Years n 15 9 0 24 
% 62.5% 37.5% .0% 100.0% 

51–65 Years n 20 11 1 32 
% 62.5% 34.4% 3.1% 100.0% 

"65 Years n 24 3 0 27 
% 88.9% 11.1% .0% 100.0% 

Total n 126 33 1 160 
% 78.8% 20.6% .6% 100.0% 

Chi-Square ! 18.337, degree of freedom ! 8, p – value ! 0.019 (Significant). 

Table 5 
Gender wise distribution of Lingual canal- Type D,E,F,G,H,I,J.  

Gender Type (in Multiple type) Total 

D E F G H I J 

Male n 19 12 6 2 3 1 2 45 
% 42.2% 26.7% 13.3% 4.4% 6.7% 2.2% 4.4% 100.0% 

Female n 23 6 5 0 7 2 2 45 
% 51.1% 13.3% 11.1% 0.0% 15.6% 4.4% 4.4% 100.0% 

Total n 42 18 11 2 10 3 4 90 
% 46.7% 20.0% 12.2% 2.2% 11.1% 3.3% 4.4% 100.0% 

Chi-Square ! 2.167, degree of freedom ! 2, p – value ! 0.338 (Not Significant). 

Table 6 
Age group wise distribution of Lingual canal- Type D, E, F, G, H, I, J.  

Age Group Type (in Multiple type) Total 

D E F G H I J 

$20 Years n 11 2 3 0 1 0 1 18 
% 61.1% 11.1% 16.7% .0% 5.6% 0.0% 5.6% 100.0% 

21–35 Years n 4 3 1 0 1 0 0 9 
% 44.4% 33.3% 11.1% .0% 11.1% 0.0% 0.0% 100.0% 

36–50 Years n 4 3 3 1 5 2 0 18 
% 22.2% 16.7% 16.7% 5.6% 27.8% 11.1% 0.0% 100.0% 

51–65 Years n 17 4 3 1 2 0 2 29 
% 58.6% 13.8% 10.3% 3.4% 6.9% 0.0% 6.9% 100.0% 

"65 Years n 6 6 1 0 1 1 1 16 
% 37.5% 37.5% 6.3% .0% 6.3% 6.3% 6.3% 100.0% 

Total n 42 18 11 2 10 3 4 90 
% 46.7% 20.0% 12.2% 2.2% 11.1% 3.3% 4.4% 100.0% 

Chi-Square ! 25.213, degree of freedom ! 24, p – value ! 0.394 (Not Significant). 

Table 7 
Gender wise and Age wise comparison of morphometric parameters of lingual canal.  

Parameter Males Females P value !20 years 21–35 years 36–50 years 51–65 years "65 years ANNOVA P value 

Length 6.21(%2.12) 5.66(%1.68) 0.022(S) 5.79(%1.92) 6.47(%2.17) 6.04(%2.06) 5,83(%1.91) 5.77(%1.60) 0.918 0.145 
Diameter at Point 

A 
0.92(%0.36) 0.85(%0.26) 0.081 0.90(%0.30) 0.77(%0.32) 1.01(%0.41) 0.89(%0.28) 0.85(%0.24) 2.916 0.022(S) 

Diameter at Point 
B 

0.57(%0.21) 0.47(%0.16) !0.001 
(VHS) 

0.50(%0.18) 0.54(%0.24) 0.55(%0.19) 0.50(%0.17) 0.53(%0.17) 0.866 0.485 

Diameter at Point 
C 

0.439 
(%0.19) 

0.39(%0.14) 0.037 (S) 0.37(%0.12) 0.41(%0.17) 0.48(%0.25) 0.43(%0.17) 0.37(%0.11) 3.400 0.010(S) 

VD1 13.67 
(%4.22) 

11.87 
(%3.70) 

!0.001 
(VHS) 

13.17 
(%3.24) 

13.22 
(%3.35) 

14.44 
(%5.02) 

12.34 
(%4.06) 

10.63 
(%3.91) 

5.573 !0.001 
(VHS) 

VD2 16.78 
(%4.25) 

15.12 
(%3.72) 

0.001(HS) 16.75 
(%3.02) 

16.99 
(%3.54) 

17.04 
(%4.88) 

15.07 
(%4.05) 

13.92 
(%4.24) 

5.775 !0.001 
(VHS) 

VD3 13.17 
(%3.67) 

12.90 
%(3.18) 

0.543 13.00 
(%3.35) 

13.10 
(%2.79) 

12.66 
(%3.88) 

12.71 
(%3.79) 

13.86 
(%2.98) 

0.880 0.476 

VD4 10.01 
(%2.91) 

9.56%(2.33) 0.173 9.41(%2.94) 9.25%(2.68) 9.63(%2.44) 10.05 
(%2.62) 

10.57 
(%2.15) 

1.868 0.117 

VHS!Very highly significant, HS!Highly significant, S!Significant. 
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region, during preoperative planning can prove to be highly beneficial 
as it allows the clinician to make a correct decision when planning 
implant treatment.3 The assessment of CBCT scans also aids in precise 
positioning and placement of an implant.4 This determines the prognosis 
of osseo-integration and support for the prosthesis.5 

In the current study the location, number of lingual foramen classi-
fied into 10 different types along with length, diameter at different levels 
and vertical distance of lingual canal from alveolar crest and lower 
border of mandible were determined. 

In our study presence of lingual foramina was observed in all the 
100% of subjects, distribution of lingual foramen in the study group was 
determined Age wise and Gender wise. Similar study was conducted by 
Babiuc I et al.,3 Sener E et al.6 who found that lingual foramen were 
present in 100%of all the dentate patients included in their study.The 
authors concluded CBCT to be a superior imaging modality over two 
dimensional modalities when investigating anatomical structures of the 
mandible. However, in the study conducted by Rathi S and Vaibhav 
K,4193.6% of all the CBCT scans was showing presence of lingual fora-
men and in 6.4% cases the foramen was absent. Liang X et al.8 had 
studied the lingual foramina on the panoramic radiographs and 
observed lingual foramina in 71% of subjects. The reasons for the 
reduced/poor visibility of these midline structures, on panoramic ra-
diographs have been described by the authors due to distortion and 
misinterpretation as a result of superimposition of anterior mandibular 
anatomy on panoramic radiographs. 

A number of authors have previously investigated the location of the 
mandibular lingual canal in CBCT examinations.2,3,6 Sekerci et al.5 

identified 12 different locations for the lingual foramen on CBCT 
cross-sectional images. They found that the most common type found in 
the midline of the symphysis was a single lingual foramen located above 
the genial tubercle followed by two lingual foramens (one located above 
and the other located below the genial tubercle), and a single lingual 
foramen located below the genial tubercle. In addition, Nagar et al.10 

found in their study that 72.45% subjects had midline foramen situated 
above the superior genial tubercle and 5.98% subjects had midline fo-
ramen inferior to genial tubercle which conforms with the findings of 
the current study. 

Despite the detection of a single lingual foramen in the midline area 
in most cases (160 canals), multiple foramina were also observed in a 
considerable number of patients (90 canals) in this study. This finding is 
also comparable data from previous research conducted by Perez et al.,9 

which reveals a higher frequency of a single lingual foramen. However, 
Rathi S et al.7 found more multiple foramina (55.6%) than single fora-
men (38%) in their study. 

Apart from mandibular midline region Lingual Foramen in our study 
was also found at the mandibular paramedian region. However, gen-
derwise and agewise distribution of paramedian did not reveal statisti-
cally significant results. Similar studies were obtained by Katakami 
et al.11 who reported of lingual foramina in the paramedian location 
from 12 to 25%.Unni et al.12 reported the prevalence of paramedian 
location of lingual foramen within the range of 15%–31% and termed it 
as lateral lingual foramen. 

Previous studies reporting on the diameter of the lingual canal show 
that it may range from 0.18 to 3 mm.2,8,10,13,14 Gahleitner et al.16 

concluded in their study that the presence of lingual vascular channel 
renders the area more prone to injury and haemorrhage. The smaller 
canals (less than 1 mm in diameter) have bleak chance of causing a 
major haematoma and must be mentioned in the radiological report and 
taken into consideration while doing any surgical procedures. In our 
study 97 (38.8%) canals were greater than 1 mm and 153 (61.2%) canals 
were less than 1 mm in diameter at the orifice, similar results were found 
by Yildirim et al.18 the diameter of the canals were classified as less than 
1 mm and more than 1 mm. 75.6% of canals had a diameter less than and 
equal to 1 mm. 

In the current study the diameter of lingual foramen was measured at 
three different points along the labio-lingual length. (Point A, B, C) 

(Fig. 2) The minimum diameter of the canal at the orifice (Point A) was 
0.3 mm and maximum was 2.5 mm. At Point B minimum was 0.3 mm 
and maximum was 1.2 mm, at Point C minimum was 0.2 mm and 
maximum was 1.3 mm. Similar findings were reported by Perez S et al.9 

who observed the mean diameter of the lingual canal to be of 1.39 
(%0.46)mm. von Arx et al.17 and Gahleitner et al.16 reported mean 
diameter of 0.97(%0.37)mm and 0.7(%0.3)mm respectively. The prob-
able reason for the differences in mean diameters between our and other 
studies can be explained by the fact that, morphological variations in the 
height, internal structure and neuro-vascular supply of the mandible can 
be expected to differ in different geographical areas. Studies have found 
that determining the average size of lingual canal is of great importance 
to prevent surgical accidents.7,9,16 

In the present study the mean length of canal was 6.21(%2.12)mm in 
males and 5.66(%1.68)mm in females and the difference was statisti-
cally significant (p ! 0.022). However age wise length of lingual canal 
was statistically non significant. Similar studies were conducted by 
Perez et al.9 in dentulous and edentulous patients and was found to be 
9.25(%1.99)mm in dentulous patients and 8.60(%1.89)mm in edentu-
lous patients. Aoun et al.15 conducted a study and found the mean length 
of lingual canal to be 5.81(%1.6)mm. They found that Genderwise dif-
ference was statistically highly significant (p ! 0.001) and in males it 
was 5.94(%1.88)mm and in females it was 5.68(%1.31)mm. 

In our study the distance of lingual canal to the alveolar crest and the 
base of the mandible was calculated at the orifice of the canal and at the 
innermost point of the canal respectively (Fig. 3). The distance of lingual 
canal to the alveolar crest at the orifice of the canal in males was 13.67 
(%4.22) mm and in females was 11.87(%3.7) mm and the difference in 
the mean was found to be statistically very highly significant (p ˂ 0.001). 
Age wise this distance was determined and was found to be maximumin 
Group III that is 14.44(%5.02)mm and minimum in Group V that is 
10.63(%3.91)mm and the values obtained were found to be statistically 
very highly significant. (p˂0.001) So it could be inferred from our study 
that the distance from the orifice of lingual canal to the alveolar crest of 
mandible was found to be increasing with age till the age of 50, after 
which there is a decrease in this distance. Similar results were found by 
Gamoh S et al.19 who stated that in 71% of all the lingual canal, the 
distance from superior border ranged between 15 and 25 mm. Also Perez 
et al.9 in their study found the mean distance of lingual canal from 

Fig. 2. CBCT image showing diameter of lingual canal as seen on sagittal 
planes. A. At orifice, B. At Mid level C. At Innermost point of the lingual canal. 
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superior border was 11.40(%3.24)mm. 
The mean distance from the depth of lingual canal to the alveolar 

crest of mandible was 16.78(%4.25)mm in males and 15.12(%3.72)mm 
in females and the difference in the mean was found to be statistically 
very highly significant (p ! 0.001). Age wise this distance was deter-
mined and was found to be maximum in Group III as 17.04(%4.88)mm 
and minimum in Group V as 13.92(%4.24)mm. Distance of depth of 
lingual canal to alveolar crest in different age groups was found to be 
statistically very highly significant (p value˂0.001). Similar studies were 
conducted by Sheikhi et al.20 who noticed for this distance a mean of 
10.08(%2.06)mm and concluded as this distance is important to deter-
mine as it may decide while choosing the implant length, especially in 
atrophied mandibles. 

However the mean distance from the orifice of canal to the inferior 
border of mandible and from the depth of the canal to the inferior border 
of mandible did not reveal gender wise and age wise statistically sig-
nificant results. 

The distance of the lingual canal from the alveolar crest and tooth 
apex are the most significant ones as any procedure like endosseous 
implants placement may perforate or impinge the canal from the supe-
rior surface if the height of the implant is more than the distance 
measured. Thus, to know the distance from the canal to all the cortices 
are important for prevention of damage to the vital structures.20 

5. Conclusion 

There is a large diversity in anatomy, morphology and size of the 
lingual foramen. Knowledge of this is clinically essential to avoid 
operative and post operative complications during surgical intervention 
of anterior mandible. Limited Field of View (FOV) CBCT for cross 
sectional imaging can be used to evaluate neurovascular structures and 
bone in this area. Limited FOV CBCT follows ALARA (as low as 
reasonably achievable) principle and has high resolution. Therefore, the 
findings in this study of categorical outcomes may help clinicians gain a 
better understanding and awareness of the lingual foramen and lingual 
canal, that may aid in surgical interventions in this region. 
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ABSTRACT
Mucopolysaccharidosis VI is a genetic disorder affecting multiple organs with sundry clinical presentations. The 
main etiological factor reflects the disturbances in mucopolysaccharide metabolism leading to deposition of  acid 
mucopolysaccharide in various tissues. The pathognomonic features of  the disease include a large head, short neck, 
corneal opacity, open mouth associated with an enlarged tongue, enlargement of  the skull, and long anteroposterior 
dimension with unerupted dentition, dentigerous cyst-like follicles, condylar defects, and gingival hyperplasia. An 
18-year-old boy with Maroteaux-Lamy syndrome (mucopolysaccharidosis type VI) is described in this article, empha-
sizing the oral manifestations and radiographic illustration of  lesions in the jaws. It also emphasizes the essential role 
of  cone-beam computed tomography to identify and analyze multicentric pathologies in the jaws.

KEYWORDS: Mucopolysaccharidoses VI diagnosis, corneal opacity, N-Acetylgalactosamine-4-Sulfatase, 
glycosaminoglycans.
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INTRODUCTION

Mucopolysaccharidosis: MPS VI (Maroteaux-Lamy syn-
drome) is a rare genetic disorder caused by glycosaminoglycans 
(GAG) storage enzyme deficiency: N-acetylgalactosamine sulfa-
tase. Normally this enzyme is found in the skin, tendons, blood 
vessels, airways, and heart valves [1, 2]. The etiology of  the dis-
ease is attributed to the arylsulfatase B gene (ARSB) mutation, 
which further leads to a deficiency of  N-acetylgalactosamine 
sulfatase. This lysosomal enzyme is essential for the catabolism 
of  GAG, dermatan sulfate (DS), and chondroitin sulfate (CS) [3].

ARSB mutation culminates in excessive accumulation of  
GAG and DS in the cells, which triggers the tumor necrosis fac-
tor (TNF) pathway [4]. This elicits an inflammatory response 
leading to chondrocyte apoptosis, causing progressive arthropa-
thy. Therefore, these patients usually show significant symptoms 
involving bone, cartilage, liver, spleen, ligaments, joints, heart 
valves, airways, meninges, and corneas. The heterogeneity of  the 
clinical presentation is mainly due to genotype-phenotype cor-

relation in ARSB mutations according to residual enzyme activi-
ty [5, 6]. Symptoms include growth stunting, coarse facies, thick 
hair, skeletal deformities, frequent upper airway infections, hep-
atosplenomegaly, hearing loss, sleep apnea, and stiff joints [2].

Elevated GAGs in the urine and high DS concentrations are 
markers of  disease activity but alone, these are not diagnostic 
methods. The criterion for the diagnosis is based on the estima-
tion of  ARSB enzyme activity confirmed in cultured fibroblasts 
or isolated leukocytes (value <10% the lower limit of  normal). It 
is estimated that the urinary score of  GAG is directly proportion-
al to the progression of  the disease [7]. 

Though various treatments have been mentioned in the 
literature, an interdisciplinary approach is a prerequisite for the 
management of  patients with MPS VI [8, 9].

The objective of  this article was to report the case of  an 
18-year-old male patient in Western Uttar Pradesh, India, seek-
ing endodontic treatment for painful swelling of  maxillary ante-
rior teeth. He was diagnosed with MPS VI, focusing on the gen-
eral characteristics of  MPS VI and radiological findings. It also 
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emphasizes the importance of  radiographic examination of  all 
unerupted teeth, using Cone Beam Computed Tomography 
(CBCT) to better delineate the extent of  the lesion and its rela-
tionship to adjacent anatomical structures.

CASE REPORT

An 18-year-old male patient reported to the Department of  
Oral Medicine and Radiology, IDST Modinagar, seeking treat-
ment for orofacial swelling and purulent discharge in left upper 
front teeth for 6 months. The personal history revealed that both 
his parents were middle-aged in the fourth decade of  life. 

His mental status was normal; however, cardiac and bron-
cho-pulmonary insufficiency and mild hepato-splenomegaly were 

noted. The patient had a large head with corneal clouding in 
the left eye, flattened nasal bridge, bushy eyebrows, and hyper-
telorism (Figure 1). Intraoral soft tissue examination revealed 
macroglossia, thick lips, and distended adenoids, whereas hard 
tissue examination revealed delayed tooth eruption and a high 
arched palate. Vestibular obliteration and tenderness were noted 
in relation to the left maxillary canine (23) along with the presence 
of  sinus tract. An ill-defined swelling was noted in the same re-
gion, insidious in onset and relieved on its own with pus discharge 
(Figure 2). The swelling was soft in consistency and non-com-
pressible, non-fluctuant, and non-reducible. The patient was in 
good health and reported no history of  local trauma, chronic 
inflammation, cranial nerve alterations, or hearing changes.

The patient had a radiological examination of  the local le-
sion concerning 23, and intraoral periapical (IOPA) revealed two 

Figure 1. Clinical photograph showing corneal opacity.

Figure 2. Clinical photograph showing deranged occlusion and gum boil in respect to left maxillary lateral incisor.



© 2022 JOURNAL of  MEDICINE and LIFE. VOL: 15 ISSUE: 4 APRIL 2022 581

JOURNAL of MEDICINE and LIFE

radiolucencies. A smaller, well-defined radiolucency at the alveo-
lar crest measuring approximately 3 mm × 2.5 mm in greatest di-
ameter between the left lateral incisor and first premolar. Larger 
radiolucency was associated with a partial image of  radiopacity, 
causing deflection of  roots of  the left lateral incisor and first pre-
molar suggestive of  cystic lesion associated with an unerupted 
impacted tooth (Figure 3). Therefore, to demarcate the extent of  
the cystic lesion, the patient was subjected to a panoramic radio-
graph, which revealed multiple unerupted teeth with pericoronal 
radiolucencies resembling dentigerous cyst in the mandible and 
maxilla (Figure 4).

CBCT was acquired to assess the details of  lesions mani-
fested in both jaws. The tomographic images were obtained with 
a CS 9300 scanner at 0.18 mm × 0.18 mm × 0.18 mm resolu-
tion (Carestream Health, Inc, Rochester NY, USA) using 90 kV, 
15 mA, and 12 seconds of  exposure time. The exposure settings 

were automatically optimized for the patient's size. The voxel size 
was 300 micrometers. The images were evaluated by an experi-
enced oral and maxillofacial radiologist using CS 3D imaging 
software (version 3.2.9.0-B, Kodak Dental Systems, Carestream, 
Rochester, New York, United States) in a dimly lit room on a 
17 inch Dell monitor (Intel R Xenon R). 

CBCT images showed multiple well-defined expansile le-
sions described below (Figures 5, 6 and 7). First lesion measuring 
1.9 cm × 2.4 cm × 2.2 cm, in the greatest antero-posterior (AP), 
transverse (T) and supero-inferior (SI) dimensions, respectively, in 
the right posterior maxillary alveolus corresponding to the 18 re-
gion and posterior third of  the right maxillary sinus. The devel-
oping tooth 18 was displaced cranially into the posterior middle 
third of  the right maxillary sinus. The lesion involved the distal 
peri-radicular region of  tooth 17 and the periapical region of  the 
distobuccal and palatal roots of  17. The margins were distinct 

Figure 3. Ill defined radiolucency between roots of maxillary lateral incisor and first premolar causing deflected roots of the teeth and 
partial image of radiopacity superior to the radiolucency.
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and thin corticated and appeared attached to the cement-enamel 
junction (CEJ) of  the tooth 18. The internal structure was com-
pletely radiolucent with no internal calcifications/septation. Ef-
facement was seen of  the adjacent crest and buccal cortex of  
the alveolus. Thinning, superior displacement, and partial efface-
ment was seen on the adjoining floor of  the right maxillary sinus. 
Blunting suggestive of  apical root resorption was seen on the dis-
tobuccal and palatal root apices.

Second lesion measuring 5.5 cm × 3.6 cm × 4.3 cm in 
AP-T-SI dimensions, respectively, in the left maxilla, including 
the left hard palate and the left maxillary sinus extending ante-
riorly across the midline to the 12 region. The lesion involved 
the periapical region of  the teeth 12 until 28 and occupied the 
entire left maxillary sinus cavity. Tooth 23 was seen within the le-
sion in the anterior superior third of  the left maxillary sinus. The 
margins were well defined, thin corticated, and scalloped. Partial 

Figure 4. Panoramic radiograph showing multiple cyst-like lesions associated with unerupted teeth in the jaws.

Figure 5. Axial, sagittal and coronal sections showing multiple dentigerous cyst in the mandible.
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Figure 6. Axial, sagittal and coronal sections showing multiple dentigerous cysts in the maxilla showing severe expansion of the bone.

Figure 7. Cross sections of maxilla and mandible with 3-Dimensional reconstruction of jaws depicting multiple dentigerous cyst in the jaws.
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septations were also noted in the inferior third of  the lesion. The 
internal structure was completely radiolucent with no internal 
calcifications. Apical root resorption was seen in teeth 26, 25, 
11, and 12. The lesion involved the nasopalatine canal with ef-
facement of  the cortical outlines. Thinning and mild expansion 
of  the labio-buccal cortex was present. In addition, thinning and 
expansion of  the adjacent palatal cortex were noted.

Third lesion measuring 3.14 cm × 1.2 cm × 3.4 cm in 
AP-T-SI dimensions, respectively, in the right posterior mandible 
and right mandibular ramus extending from the 47 region till the 
posterior third of  the right mandibular ramus. Supero-inferiorly 
the lesion involved the entire occluso-apical extent of  the alveolus 
in the 48 region. It involved the buccal peri-radicular region of  
tooth 47. Thin corticated scalloped margins were seen. Internal 
contents were completely radiolucent with no internal calcifica-
tions/septations. The developing tooth 48 was displaced inferi-
orly, and the lesion appeared attached to the CEJ of  the tooth. 
Effacement was seen on the crest of  the alveolus in the 48 region. 
There was a thinning and mild expansion of  the adjacent buccal 
and lingual cortices. There was a medial and inferior displace-
ment of  the adjacent right inferior alveolar canal. The vertical 
segment of  the canal was displaced posteriorly.

Fourth lesion measuring 1.2 cm × 3.1 cm × 3.0 cm in 
AP-T-SI dimensions respectively, in the anterior and left para-
symphysis region, extending from the 34 region across the mid-
line till the 43 region. The lesion involved the pericoronal re-
gion of  the mesioangularly impacted tooth 33. The lesion also 
involved the apical alveolar-basal bone and the periapical region 
of  teeth 32, 34. It extended into the interdental alveolar bone 
between teeth 32–34 with effacement of  the alveolus crest. Thin 
corticated scalloped margins were observed. Internal contents 
were completely radiolucent with no internal calcifications/sep-
tations. There was a thinning and mild expansion of  the adja-
cent labio-buccal cortex. Mild thinning of  the lingual cortex and 
inferior cortex was observed. Apical root resorption was seen in 
teeth 34, 32. 

Fifth lesion measuring 1.5 cm × 1.1 cm × 1.4 cm in AP-T-SI 
dimensions respectively, involving the interdental alveolar bone 
between teeth 36–37. The lesion involved the distal-lingual 
peri-radicular region of  the distal root of  36 and the mesial-lin-
gual peri-radicular region of  the mesial root 37. The margins 
were thin corticated with completely radiolucent internal con-
tents. There was a thinning and mild expansion of  the adjacent 
lingual cortex. Effacement was seen along the crest of  the alveo-
lus lingual to the roots of  teeth 36–37. The lesion was caudal to 
the left inferior alveolar canal.

Sixth lesion measuring 3.5 cm × 1.1 cm × 4.6 cm in AP-T-SI 
dimensions respectively, in the left posterior mandible and left 
mandibular ramus extending from the 37 region till the posterior 
border of  the left mandibular ramus. Supero-inferiorly the lesion 
involved the entire occluso-apical extent of  the alveolus-basal 
bone and the craniocaudal extent of  the ramus. It involved the 
buccal and distal peri-radicular region of  tooth 37. The devel-
oping tooth 38 was displaced inferiorly, and the lesion appeared 
attached to the CEJ of  the tooth. Thin corticated scalloped mar-
gins were observed. Internal contents were completely radiolu-
cent with no internal calcifications/septations. Effacement was 
seen on the crest of  the alveolus in the 38 region. There was 
thinning of  the adjacent buccal and lingual (medial and lateral) 
cortices and anterior cortex of  the ramus. A mild expansion was 
seen of  the medial cortex of  the ramus. There was a medial and 
inferior displacement of  the adjacent left inferior alveolar canal. 
The vertical segment of  the canal was displaced posteriorly.

Clinical and radiographic findings indicated a syndrome 
such as cleidocranial dysplasia, basal cell nevus syndrome, 
Klippel-Feil syndrome, Maroteaux-Lamy syndrome suffering 
from multiple dentigerous cysts. The patient was advised to take 
a posteroanterior chest x-ray and anteroposterior skull and neck 
radiograph to detect osseous abnormalities in these syndromes, 
but the radiographs appeared normal. 

On laboratory investigations, thyroid profile, serum calcium, 
phosphorus levels, and 25-hydroxy cholecalciferol levels were 
normal. Metabolic screening tests for GAGs in the urine and 
aryl sulfate B assay were advised to determine Maroteaux-Lamy 
syndrome. GAG concentration in the urine was 134 mg GAG/g 
creatinine (normal range 19.97–110.53). Enzyme assay revealed 
a deficiency of  aryl sulfate B that was 83.26nmol/mg proton/h 
(normal value >121 nmol/mg proton/h). The deranged values 
indicated the presence of  Maroteaux-Lamy syndrome. 

We explained to the patient the importance of  identifying 
the variant in the family through genetic testing. Genetic testing 
was offered to both parents to avoid such complications in future 
pregnancies but could not be performed because of  the poor af-
fordability of  parents. The patient was notified of  the diagnosis 
and opted not to pursue treatment. No noticeable clinical chang-
es were observed at a 6-month follow-up appointment.

DISCUSSION

Mucopolysaccharidosis: MPS VI (Maroteaux-Lamy syn-
drome) is a rare syndrome usually having an autosomal recessive 
inheritance pattern [4]. The main defect of  this disorder lies in 
the deranged metabolism of  GSG, DS, and CS. Usually, the pa-
tient presents with large lips, thick gingival tissue, and corneal 
opacities. The disease progressively causes cardiac failure and 
bronchopneumonia due to the accumulation of  mucopolysac-
charides resulting in the death of  these patients [10]. The fre-
quency of  this disease ranges from 1:1.3 million to 1:1.5 million 
live births in the medical literature [11].

The presence of  average intelligence, prominent metachro-
matic inclusions in leukocytes, and deficient activity of  ARSB 
differentiate this syndrome from other mucopolysaccharidoses 
[8, 9]. Systemic examination in these patients reveals various 
musculoskeletal abnormalities such as dysostosis multiplex, genu 
valgum, hip dysplasia, kyphoscoliosis, joint stiffness, joint con-
tractures, short stature, and many neurological findings absent in 
our case. However, respiratory findings like sinusitis, upper and 
lower airway obstruction, sleep apnea, and cardiac abnormalities 
are also present [10, 11]. Similar cardio-pulmonary insufficiency 
was present in our case too.

Extraoral findings include a large and prominent forehead, 
marked supraorbital ridges, temporal bulge, short neck, corne-
al opacity, enlarged skull, and a long anteroposterior dimension 
[9–11]. Intraorally, delayed tooth eruption, high arched palate, 
microdontia or malformed hypocalcified and hypoplastic teeth, 
thick lips, distended adenoids, and macroglossia are usually ob-
served [8–10]. Our patient presented with similar extraoral and 
intraoral clinical features; however, there was no gingival hy-
perplasia or hypocalcified or hypoplastic teeth. In a case report, 
Gardner explained the presence of  numerous malformed teeth 
with this syndrome [12]. 

Another case report described oral manifestations of  Maro-
teaux Lammy syndrome in an 11-year-old boy with similar find-
ings [13]. Though Gardner [12], in one of  his reports, elaborated 
that the incidence of  dental caries may be lower than average 
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in these patients, our patient presented with a carious 23 with 
pulpal involvement.

Radiographic examinations are essential in the case of  pa-
tients with unerupted teeth. However, a panoramic radiograph 
may be used in extensive lesions. CBCT is indicated for better 
delineation of  the extent of  the lesion and for establishing the 
lesion's relationship with adjacent anatomical structures supple-
mented with skull radiographs [14].

Radiographic examination of  jaws reveals multiple localized 
radiolucent areas resembling dentigerous cyst-like follicles. Simi-
lar clearly defined radiolucent areas were detected in our patient. 
MacLeod SP, in their study, stated that these radiolucencies are 
caused by the accumulation of  mucopolysaccharides in the tis-
sues [13]. Roberts et al. described these osteolytic lesions as two 
types: the cystic type, which is destructive in nature as observed in 
the present case. The other type that rarely causes displacement 
and is limited to the crown of  the unerupted tooth is the connec-
tive tissue type, mainly containing hyaluronic acid, a glycosami-
noglycan that may lead to this disorder [15].

Differential diagnoses included Gorlin syndrome (basal cell 
nevus syndrome) with similar clinical and radiological features 
and bilateral paradental cyst in children. Devi P et al. described 
multiple dentigerous cysts in other syndromes such as cleidocra-
nial dysplasia and Klippel Feil syndrome [16]. Extraoral radio-
graphs are useful to detect osseous abnormalities and to differ-
entiate these syndromes. Characteristic osseous changes seen in 
different radiographs include the absence of  clavicle as seen in 
cleidocranial dysplasia in a posteroanterior chest x-ray; multiple 
wormian bones, widened sagittal sutures and/or fontanelles as 
seen in Cleidocranial dysplasia, calcification of  falx cerebri as 
seen in basal cell nevus syndrome seen in an anteroposterior skull 
radiograph, and congenital fusion of  2 or more cervical verte-
brae as seen in Klippel Feil Syndrome in an anteroposterior and 
lateral neck radiograph. None of  these features were observed 
in our case.

In our patient, the presence of  GAGs in the urine and de-
ficiency of  aryl sulfate B indicated the presence of  mucopoly-
saccharide-storage disorder. The differential diagnosis of  this 
inherited disorder includes mucolipidosis, an inherited metabolic 
disorder that affect the normal turnover of  glycosaminoglycans 
and lipids in the body, and GM1 gangliosidosis, an inherited dis-
order that progressively destroys nerve cells (neurons) in the brain 
and spinal cord. These disorders can be ruled out with genetic 
testing of  the patient [16, 17].

Management of  MPS VI focuses on very early and contin-
uous enzyme replacement therapy (ERT), which slows down the 
clinical course of  this disorder and hematopoietic stem cell trans-
plantation (HSCT). Literature search has shown improvement in 
growth rate and slow progression of  cardiac parameters, and sta-
bilization of  urinary GAG levels in patients on ERT. Cystic jaw 
lesions are commonly treated with surgical enucleation. Several 
other treatment approaches, such as gene therapy and TNF-al-
pha antagonists, are currently being tested to be used alone or in 
combination with the available therapies for the maximum ben-
efit of  the patient [18].

CONCLUSION

This report emphasizes the thorough evaluation of  patients 
beyond the jaws and supports the use of  CBCT to assess a le-
sion explicitly. MPS VI are rare inherited disorders and should 
be considered in the differential diagnosis of  syndromes associ-

ated with multiple dentigerous cysts and other mucopolysaccha-
ridoses. CBCT is the imaging method to evaluate the lesion and 
obtain relevant information for diagnosis and treatment. Genetic 
counseling should be encouraged in suspicious cases, and early 
diagnosis and multidisciplinary approach should be followed for 
the management of  these patients to reduce morbidity.
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Original Article - Retrospective Studies

IntRoductIon

Immediate implant procedures have revolutionized the 
age old conventional dental practices and are ahead of 
attaining much of clinical importance. Therefore, a sound 
knowledge of anatomy of the surgical site is essential.[1] 
Dental rehabilitation of maxillary anterior region is often 
challenging due to variations in morphometric dimensions 
of nasopalatine canal (NPC) or incisive canal and 
incisive foramen (IF).[2,3] Therefore, careful radiological 
preassessment of this region is essential before any surgical 
or prosthetic intervention.[4,5]

Long NPC can cause numbness of anterior palatal tissue after 
implant surgery, whereas deficient facial bony wall may require 
augmentation using guided bone regeneration. If after tooth 
extraction atrophy of maxilla occur NPC tends to enlarge 
by 32% and may occupy up to 58% of alveolar ridge width. 

Therefore, smaller size implants are solution to anterior maxilla 
to avoid failure of implants.[2]

Previous attempts using two-dimensional radiographs provided 
limited knowledge of morphometry of NPC. Anthropometric 
studies are difficult to compare with patient population due to 
inconsistency in demographic data and differences between 
healthy and diseased individuals. In recent years, several 
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Introduction: Oral rehabilitation in maxillary anterior region has increased concerns in the dental fraternity to have detailed 
morphological examination in treatment planning. The nasopalatine canal (NPC) along with its contents plays an important role in 
determining the prognosis of implants and their associated surgeries. The present study was performed to evaluate morphometric 
anatomic variations of the NPC using focused small field of view on cone‑beam computed tomography (CBCT). Materials and 
Methods: The study included 250 participants. CBCT examination was conducted using standard exposure and patient positioning 
protocols. Sagittal, coronal, and axial sections were reviewed to determine NPC morphology and dimensions. Results: Single, 
round, incisive foramen with mean mesiodistal diameter of 3.23 (±1.00) mm, and mean anteroposterior dimension of 3.03 (±0.96) 
mm was found. Single Stenson’s foramen along with funnel shaped, slanted NPC with mean angulation of 81.97 (±42.19), and mean 
length of 12.67 (±2.69) mm was found. Mean mesiodistal diameter at nasal fossa of NPC was 3.27 (±1.75) mm, at mid‑level was 
2.23 (±1.02) mm, at palate was 3.46 (±1.12) mm. At least one additional foramen was found. Discussion: Anatomy of the NPC is 
highly variable. Age-wise and gender-wise correlations revealed statistically significant results for different parameters. The present 
study highlighted significance of NPC along with its variations. Therefore, a methodical three-dimensional presurgical assessment is 
mandatory before any surgical intervention in this region.
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studies have analyzed these characteristics with few features 
in different world populations.[6‑8]

The understanding of anatomic and morphometric variability of 
NPC has been transformed with the introduction of cone-beam 
computed tomography (CBCT). CBCT is an advanced 
craniofacial imaging modality producing cross-sectional 
images which aid in three-dimensional views of maxillofacial 
structures. It plays an important diagnostic adjunct to the 
clinical assessment of the patients.[9-11]

Nevertheless, few studies have evaluated all anatomical and 
morphometric features of NPC using CBCT in the North Indian 
population and investigate their correlation with demographic 
variables.[6,7]

The neurovascular bundles have been pushed posteriorly 
within the canal, and implant is placed without affecting 
the sensory innervations, thereby providing an additional 
osteotomy site.[11] Furthermore, bone augmentation in the 
palatine region of NPC has shown 100% success rate, where 
no complications were noted after canal obliteration.[11]

With this background, the aim of the study is to evaluate 
morphometric characteristics of NPC using CBCT and to 
identify correlations with age and gender.

MateRIals and Methods

In this retrospective study, 250 patients who reported for CBCT 
scans of the anterior maxilla for various diagnostic purposes 
at Diagnostic and Research Centre,  Delhi – NCR, India, were 
included in the study. The institutional ethical committee approved 
this project. Patients who gave consent for CBCT scan and 
allowed them to be used for research purpose were incorporated.

The period of study consisted from January 2017 to February 
2018. The inclusion criteria were as follows:
•	 The study population was divided into Group I: 

11–30 years, Group II: 31–50 years, and Group III: 
51–82 years. The sample for each age group was selected 
using simple random sampling

•	 Patients with edentulous or partially edentulous maxillae
•	 Only high-quality reconstructed images without 

artifacts.

There were no confounders present in this study that could 
affect the study variables.

All high-resolution CBCT images were obtained by New 
Tom Giano unit (QR SRL Company, Verona, Italy) with 
a 5 cm × 5 cm field of view and exposure parameters 
of kVp = 70–90, mAs = 14.64, exposure time = 3.6 s. 
Coronal and sagittal cross-sections were prepared with 1 
mm thickness and spacing among the slices was 0.5 mm. 
Manufacturer instructions regarding the positioning and 
placement of the patient were followed. The settings were 
same for all the scans. The image acquisition protocol 
consisted of 360° rotation with an X‑ray tube and a flat panel 
amorphous silicon detector.

The images obtained in Digital Image Communication 
in Medicine (DICOM) format were transferred to a 
separate workstation, and the measurements were 
done in a quiet windowless room with proper lighting 
conditions. The images were viewed on HP Envy Spectre 
X360 Convertible 13–ac059tu, 13.3 inch diagonal HD 
bright view light-emitting diode-backlit Display, Core 
i7 7500U processor (Hewlett Packard Company, 71004 
Boeblingen, Germany) at a 1920 × 1080 resolution. Raw 
data were reconstructed using CBCT software New Net 
Technologies (NNT) viewer software version 6.1, QR Sri, 
Company, Verona, Italy.

The DICOM file of new CBCT scan was opened in NNT viewer 
software. The visualization of sections in axial, sagittal, and 
coronal sections and was aligned on all three planes [Figure 1]. 
With the zooming tool, the image was zoomed in for easier 
visualization of the desired area and morphology of NPC along 
with its relation to the adjacent structures were observed. The 
parameters analyzed in the study are detailed in Table 1.

Figure 1: (a) Age and gender wise distribution of different morphometric 
parameters of nasopalatine canal- Number of openings of incisive foramen 
(IF). (b) Age and gender wise distribution of different morphometric 
parameters of nasopalatine canal-Number of openings of Stenson’s 
foramen. (c) Age and gender wise distribution of different morphometric 
parameters of nasopalatine canal - Shape of nasopalatine canal (NPC). 
(d) Age and gender wise distribution of different morphometric parameters 
of nasopalatine - Curvature of nasopalatine canal (NPC)

a b

c d
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Observers were allowed to use 2‑fold magnification and modify 
screen brightness.

All images were observed and evaluated by two independent 
observers both experienced maxillofacial radiologists blind 
to the details of age and sex of the subjects, to analyze 
the reconstructed image sections. Calibration of the 
linear measurements had been performed using known 
dimensions in millimeters in cross section. The linear 
measurements were performed using the software and 
guides with the same machine. All measurements were 
taken twice by the same observers, and the mean values 
of all the measurements were included in the statistical 
analysis.

To assess the reliability of the measurement, two observers 
measured all parameters in study sample two times with 
3-week intervals. Inter- and intra-examiner intraclass 
correlation coefficient (ICC) and 95% confidence interval 
were assessed. Inter-examiner reliability was assessed by the 
ICC of data obtained for the measurement of each parameter 
among both the observers. Intraexaminer reliability was also 
assessed between the first and second measurements by both 
the observers.

A 95% confidence level was used for all tests. All data 
were analyzed by SPSS version 18 (SPSS Inc., Chicago, 
IL, USA). Values are reported as the mean (±standard 
deviation). Independent t-test and ANOVA were used for 
the comparison of quantitative data between gender and 
Chi‑square test and Pearson’s correlation coefficient was 
applied to assess the correlation between dimensions and 
different age groups. A P < 0.05 was considered statistically 
significant.

Results

Distribution of patients’ scans according to age and gender 
is described in Table 2. Gender-wise distribution is shown in 
Table 3. Age-wise distribution is shown in Table 4.

Incisive foramen
I n  t h e  p r e s e n t  s t u d y,  m o s t  s u b j e c t s  h a d  o n e 
opening (83.2%), followed by two openings (16.4%) and 
three openings (0.4%). Age‑ and gender‑wise distribution 
is shown in Figure 1a. The mean mesiodistal diameter 
of IF was 3.23 (±1.00) mm and was statistically highly 
significant among different age groups (P = 0.007). Mean 
anteroposterior diameter was found to be 3.03 (±0.96) 
mm [Figure 2]. The mean diameter showed statistically 
highly significant differences between males and 
females (P = 0.002). The most common shape of IF 
was round (40.0%); however, oval (32.4%) and heart 
shaped (27.6%) were also found [Figure 3].

Foramina of Stenson
In this study, most subjects had one opening (Stenson’s 
foramina) (94.3%), two openings was seen in 4.9%, and 
three opening were seen in 0.8% subjects. The distribution 

Table 1: Parameters analyzed in the study

Parameter Details
Number of IF Seen at the level of palate (e.g., 1, 2, 3, 4) (axial section)
Shape of IF Classified as round, oval, heart (axial section)
Mesio-distal diameter of IF The inner diameter measured at the level of the hard palate inferiorly (axial section)
Antero-posterior diameter Assessed in sagittal section
Number of opening of Stenson’s foramen Single or multiple. Seen at the level of nasal fossa (axial section)
Shape of the NPC Classified as funnel (increased anteroposterior dimension from nasal fossa to hard palate), hourglass 

(narrowest anteroposterior dimension at mid level compared to dimension at nasal fossa and hard 
palate level), cylindrical (parallel labial and palatal walls) and spindle (widest anteroposterior 
dimension at midlevel compared to dimension at nasal fossa and hard palate level) (sagittal section)

Curvature of NPC Classified as vertical, vertical curved, slanted curved and slanted (sagittal section)
Angle of NPC Angle between floor of nasal fossa and long axis of canal (sagittal section)
Length of canal Measured between floor of the nasal fossa and level of hard palate along the long axis of the canal 

(sagittal section)
Mesiodistal dimension of NPC at nasal fossa level Inner diameter measured at the level of nasal fossa (sagittal/coronal section)
Mesiodistal dimeter of NPC at mid level Inner diameter measured at the level of midpoint between the nasal fossa and the hard palate 

(sagittal/coronal section)
Mesiodistal dimeter of NPC at hard palate level Inner diameter measured at the level of hard palate (sagittal/coronal section)
Additional foramen Assessed in axial section
NPC=Nasopalatine canal; IF=Incisive foramen

Table 2: Distribution of study sample

Age group 
(years)

Gender Total, 
n (%)Male, n (%) Female, n (%)

11-30 49 (38.3) 42 (34.4) 91 (36.4)
31-50 38 (29.7) 42 (34.4) 80 (32.0)
51-82 41 (32.0) 38 (31.1) 79 (31.6)
Total 128 (100.0) 122 (100.0) 250 (100.0)
Mean age=40.06
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of the number of openings by age and gender is shown in 
Figure 1b.

Nasopalatine canal
The authors observed most subjects had funnel shaped (38.4%), 
followed by cylindrical (38.0%), hourglass (19.6%), and 
spindle shaped (4.0%) NPC [Figure 4]. The distribution of 
the subjects by gender and age according to the shape of the 
canal is shown in Figure 1c. Statistically significant differences 
between the genders and between the different age groups with 
respect to the shape of the NPC were not observed.

The most common curvature of NPC was slanted (71.3%), 
followed by slanted curve (15.6%), vertical (12.3%), and 

curved (0.8%) [Figure 5]. Distribution of subjects by gender 
and age according to canal curvature is shown in Figure 1d. 
Statistically highly significant differences between the genders 
were observed (P = 0.005). However, age‑wise nonsignificant 
differences were observed.

Angulation of canal revealed statistically nonsignificant 
differences gender wise. Age wise the difference in mean 
angulation was statistically highly significant (P = 0.003). 
The length of the canal was measured along the long 
axis of canal and the mean length was 12.67 (±2.69) 
mm. The gender-wise differences were statistically very 
highly significant (P < 0.001). Age‑wise statistically 
nonsignificant differences were observed. The mean 

Table 3: Gender wise comparison of all parameters

Parameter Male Female t P
Mesiodistal dimension of incisive fossa 3.24±1.03 3.22±0.97 0.20 0.83
Antero-posterior dimension of IF 3.21±1.03 2.83±0.85 3.13 0.002 (HS)
Angle of NPC 77.04±44.05 87.15±39.67 1.90 0.058
Length of NPC 13.60±2.62 11.69±2.41 5.98 <0.001 (VHS)
Mesiodistal diameter of NPC at nasal level 3.35±1.86 3.18±1.62 0.74 0.45
Mesiodistal diameter of NPC at mid level 2.34±1.04 2.12±0.99 1.70 0.08
Mesiodistal diameter of NPC at palate 3.61±1.17 3.31±1.06 2.11 0.03 (S)
NPC=Nasopalatine canal; HS=Highly significant; VHS=Very highly significant; S=Significant; IF=Incisive foramen

Table 4: Age wise comparison of all parameters

Parameter 11-30 years 31-50 years 51-82 years t P
Mesiodistal dimension of incisive fossa 2.98±1.09 3.32±0.85 3.43±0.97 5.03 0.007 (HS)
Anteroposterior dimension of IF 2.84±0.98 3.12±0.88 3.15±0.99 2.81 0.06
Angle of NPC 70.30±45.85 86.32±39.24 91.02±37.89 5.95 0.003 (HS)
Length of NPC 12.54±2.24 12.58±2.91 12.91±2.94 0.45 0.63
Mesiodistal diameter of NPC at nasal level 3.08±1.53 3.33±1.81 3.42±1.91 0.90 0.40
Mesiodistal diameter of NPC at mid level 2.03±0.92 2.26±1.03 2.44±1.08 3.41 0.035 (S)
Mesiodistal diameter of NPC at palate 3.55±1.07 3.29±1.14 3.53±1.16 1.32 0.26
NPC=Nasopalatine canal; HS=Highly significant; S=Significant; IF=Incisive foramen

Figure 3: Cone-beam computed tomography image in axial plane showing 
oval, round, and heart shaped incisive foramen

Figure 2: Multi-Planar Reformatted image showing nasopalatine canal. Axial 
plane showing mesiodistal and anteroposterior diameter of nasopalatine canal
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mesiodistal diameter of the canal at nasal fossa was 
3.27 (±1.75) mm, at midlevel was 2.23 (±1.02) mm, at 
palate was 3.46 (±1.12) mm [Figure 6].

Presence of additional foramina
This study had the presence of at least one additional 
foramen in maximum subjects (37.7%), two were present 
in 10.7%, three were present in 8.2%, and four additional 
foramina was present in 2.5% subjects [Figure 7]. 
Gender‑wise statistically nonsignificant differences were 
observed. However, age-wise statistically significant 
difference (P = 0.035) was observed.

dIscussIon

Oral rehabilitation with implants in maxillary anterior region is 
a formidable venture due to its high and appreciable esthetic, 

phonetics, and functional demands.[1,5,7] Factors such as 
position of NPC, resorption of alveolar ridge may alter positive 
outcomes of the treatment.[12,13] Therefore, the knowledge at 
par of the three-dimensional morphology of NPC along with 
its anatomic variations is of foremost importance and should 
be thoroughly evaluated preoperatively.[14,15]

In this study, presence of NPC was observed in 100% of 
subjects. Similar studies were conducted in the past by Salemi 
et al.,[4] Thakur et al.,[8] and Kajan et al.[16] The location of 
NPC was found to be about 0.9 cm from the interproximal 
region of the central incisors which was independent of gender. 
This is in agreement with a study conducted by Thakur et al., 
where location was independent of gender.[8] The current 
study affirmed effect of aging on position of IF indicating 
that implant surgery may become more complicated for 
elderly patients, barring them to be statistically nonsignificant. 
However, in the study conducted by Panda et al., the average 

Figure 4: Cone-beam computed tomography image in sagittal plane 
showing shapes of nasopalatine canal – cylindrical, spindle, hourglass, 
and funnel shaped

Figure 5: Cone-beam computed tomography image in sagittal plane 
showing curvature of nasopalatine canal – slanted, vertical, slanted 
curved, and vertical curved

Figure 6: Cone-beam computed tomography image in sagittal plane 
showing method of measurement for vertical and slanted nasopalatine 
canal along with angulation of canal. Sagittal plane showing mesiodistal 
dimension of nasopalatine canal at nasal level, midlevel, and palate level

Figure 7: Cone-beam computed tomography image in axial plane showing 
number of opening single, double, and multiple. Cone-beam computed 
tomography image in axial and three-dimensional reconstruction showing 
additional foramina
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distance was found to be 13.81 (±2.05) mm, with statistical 
differences gender wise and age wise.[2]

In a study conducted by Rao et al., it was found that the shape, 
curvature, and angulation of the canal and its anteroposterior 
dimensions are crucial factors that play a key role during 
implant placement. Other parameters such as the number of 
openings, length of canal, mediolateral and anteroposterior 
dimensions, and level of its division are imperative to establish 
when implants are deemed within the NPC.[17]

Number of IF in this study population revealed maximum one 
foramen followed by two and three foramina. Age group-wise 
number of IF decreased with increasing age and the difference was 
statistically highly significant (P = 0.004). Similar studies were 
conducted by Mohammed[3] and Mraiwa et al.[13] However, the 
relationship between age and number of IF could not be established.

In our study, round shape was seen maximum and was 
independent of age and gender. Similar studies were conducted 
by Salemi et al.[4] and Etoz and Sisman[12] and found statistically 
nonsignificant results on comparing shapes of IF with age.

Gender wise no statistically significant difference was seen in 
mesiodistal dimension of IF; however, the mean diameter was 
greater in males. Panda et al.,[2] Rao et al.,[17] Khojastepour 
et al.,[18] and Gopal and Kapoor[19] also reported similar 
significant differences. Age‑wise mesiodistal dimension was 
increasing with increase in age group, and difference was 
statistically highly significant (P = 0.007). Similar studies 
were conducted by Panda et al.,[2] Salemi et al.,[4] Panjnoush 
et al.,[7] and Thakur et al.;[8] however, no significant correlation 
between the diameter of IF and age was found.

This study affirms anterioposterior dimension was more in males, 
and difference was statistically highly significant (P = 0.002). 
Mean anteroposterior dimension was increasing with increase 
in age group, but difference in different age groups was 
statistically not significant. The findings were supported 
by findings of Panda et al.[2] and Thakur et al.,[8] Gopal and 
Kapoor,[19] and Sathvik et al.;[20] however, the difference in 
values was statistically nonsignificant gender wise and age 
wise. On the contrary, statistical significant results were found 
in the study conducted by Görürgöz C et al.[1]

Number of Stenson’s foramen in the study population revealed 
maximum one foramen followed by two foramina and three 
foramina. Similar studies were conducted by Sicher and reported that 
around six separate foramina could be present at the nasal level and 
termed them as “Foramina of Scarpa.”[21] Gender-wise and age-wise 
numbers of Stenson’s foramen were statistically not significant in our 
study and were in agreement with results of Thakur et al.[8]

In the present study, funnel-shaped canal was seen maximum 
in the study population independent of gender. Age group-wise 
cylindrical canals were more in Group I and III, and funnel-shaped 
canals were more in Group II. However, the difference in age and 
shapes of canals was statistically not significant. Panda et al.[2] 
and Mraiwa et al.[13] found similar funnel-shaped canals more 
common in their study and described that such canals lead to 

spreading out of the IF, so depending on the angle of implant 
placement, there is a risk of perforating the NPC and damaging 
the nasopalatine nerves and arteries. However, Thakur et al.,[8] 
Liang et al.,[10] and Mishra et al.[22] reported cylindrical-shaped 
NPC in their studies. In another study, Etoz and Sisman found 
predominance of hour-glass shaped NPC.[12]

The direction and course of the canal was determined by its 
curvature. “Curvature of the canal” was determined with 
regard to nasal floor as horizontal plane. A perpendicular line 
was drawn from the horizontal plane and the canal whose 
course changed by >10° from the vertical were considered as 
“slanted,” and those where it changed by < 10° were considered 
as “vertical.” The canal was thus classified according to 
curvature. In the present study, slanted was found maximum 
in the study population followed by slanted curved, vertical, 
and curved, which was independent of gender and age. Similar 
studies were conducted by Kajan et al.[16] and Liang et al.;[10] 
however, their results were statistically not significant. In 
contrast to our findings, Song et al. reported the predominance 
of the vertical type of NPC in their study.[9]

Angulation of the canal was determined by measuring the 
angle between the floor of nasal fossa and canal’s long axis. 
The long axis of the canal was an imaginary line joining the 
center of anteroposterior diameter of canal at nasal fossa 
and center of anteroposterior diameter at hard palate. In our 
study, it was more in females but did not reveal statistically 
significant results. Similar studies were conducted by Thakur 
et al.[8] and Liang et al.[10] and found curvature of NPC was 
not correlated with gender. However, in our study, age-wise 
angle of NPC revealed that maximum angle was present in 
Group III 91.02 (±37.89) degrees and was increasing with 
increase in age group. The difference was statistically highly 
significant (P = 0.003), and the findings were in agreement 
with Panjnoush et al.[7]

Our study revealed the length of NPC was greater in males, 
and gender-wise difference was statistically very highly 
significant (P < 0.001). Song et al.,[9] Mraiwa et al.,[13] 
Khojastepour et al.,[18] and Gopal and Kapoor[19] also reported 
comparable significant sexual differences. They also concluded 
the greater length of the NPC in the males could be ascribed 
to the relatively larger craniocaudal dimension of the face 
observed in the males. However, Panda et al.[2] and Panjnoush 
et al.[7] found no significant relationship between gender and 
canal morphology. Age wise no statistical differences were 
obtained in our study; however, Görürgöz C et al.,[1] Salemi 
et al.,[4] Mishra et al.,[22] and Takeshita et al.[23] found 
statistically significant difference between the age and length 
of the canal. The authors found that the canal length decreases 
with increasing age. In contrast to this finding, Liang et al. 
found an increase in NPC length with increasing age.[10] The 
exact cause for this could not be understood.

The mesiodistal diameter of the canal at nasal fossa level, at 
midlevel, at the level of palate was more in males and increased 
with advancing age. The differences in the values gender wise and 
among the different age groups were statistically nonsignificant. 
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However, age group-wise diameter at midlevel of canal and 
gender-wise diameter of the canal at the level of palate was 
statistically significant (P = 0.035, P = 0.036, respectively). Similar 
studies were conducted by Panda et al.,[2] Salemi et al.,[4] and 
Panjnoush et al.[7] where canal diameter increased with rising age; 
however, gender-wise correlation could not be established. This 
may be due to the fact that age-related qualitative and quantitative 
changes occur in bones of people without incisors. These factors 
result in increases in canal diameter and in decrease in canal length.

The number of additional foramen in the present study 
was found similar in males and females with maximum 
one additional foramen, followed by two, three, and four. 
However, gender wise no statistically significant results were 
obtained, but age wise statistically significant results were 
obtained (P = 0.035). Similar studies were conducted by de 
Oliveira-Santos et al.;[24] however, the results were statistically 
nonsignificant gender wise and age wise.

The limitation of this study included lag in comparison of NPC 
among dentate and edentulous patients as due to the resorption 
of bone, in edentulous maxillae there is difference in NPC 
morphology from dentulous maxillae.[25] Therefore, morphometry 
of NPC in edentulous and dentulous should have been carried out. 
Furthermore, those maxillae with any sort of pathology including 
fracture and undergoing orthodontic treatment were not included 
in the study, which again affect morphology of NPC.

In future similar studies with volumetric analysis of NPC, along 
with morphometric analysis of anatomy with a larger sample size 
using different CBCT software could be considered to achieve more 
desirable results, thereby evaluating diagnostic efficacy of CBCT.

conclusIon

The different morphometric measurements of NPC were 
thoroughly observed in our study. These features should be 
taken into consideration before planning any kind of surgical 
procedures in anterior maxilla. The values obtained in the 
study are highly beneficial for the clinicians making them more 
aware of this anatomic structure and its various implications. 
The presence of NPC and additional foramina using CBCT 
indicates its high preoperative value for any surgical evaluation 
and planning in this region.

Acknowledgment
We thank Dr. Mohit Dadu for the efforts in statistical analysis.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

RefeRences
1. Görürgöz C, Öztaş B. Anatomıc characterıstıcs and dimensions 

of the nasopalatine canal: A radiographic study using cone-beam 
computed tomography. Folia Morphol (Warsz) 2020. [doi: 10.5603/
FM.a2020.0118]. Epub ahead of print. PMID: 33084014.

2. Panda M, Shankar T, Raut A, Dev S, Kar AK, Hota S. Cone beam 
computerized tomography evaluation of incisive canal and anterior 

maxillary bone thickness for placement of immediate implants. J Indian 
Prosthodont Soc 2018;18:356‑63.

3. Mohammed DA. Anatomical variation in the dimension of nasopalatine 
canal on cone beam computed tomography (CBCT) images among 
sulaimani population. Acta Med Int 2016;3:82‑7.

4. Salemi F, Moghadam FA, Shakibai Z, Farhadian M. Three-dimensional 
assessment of the nasopalatine canal and the surrounding bone using 
cone‑beam computed tomography. J Periodontal Implant Dent 2016;8:1‑7.

5. Torres MG, Valverde LD, Vidal MT. Trifid nasopalatine canal: Case 
report of a rare anatomical variation and its surgical implications. Rev 
Cubana Estomatol 2016;53:67‑70.

6. Al‑Ghurabi ZH, Al‑Bahrani ZM. Radiographic assessment of 
nasopalatine canal using cone beam computed tomography. J Craniofac 
Surg 2020;31:e4‑6.

7. Panjnoush M, Norouzi H, Kheirandish Y, Shamshiri AR, Mofidi N. Evaluation 
of morphology and anatomical measurement of nasopalatine canal using 
cone beam computed tomography. J Dent (Tehran) 2016;13:287‑94.

8. Thakur AR, Burde K, Guttal K, Naikmasur VG. Anatomy and 
morphology of the nasopalatine canal using cone-beam computed 
tomography. Imaging Sci Dent 2013;43:273-81.

9. Song WC, Jo DI, Lee JY, Kim JN, Hur MS, Hu KS, et al. Microanatomy 
of the incisive canal using three-dimensional reconstruction of microCT 
images: An ex vivo study. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod 2009;108:583-90.

10. Liang X, Jacobs R, Martens W, Hu Y, Adriaensens P, Quirynen M, et al. 
Macro- and micro-anatomical, histological and computed tomography scan 
characterization of the nasopalatine canal. J Clin Periodontol 2009;36:598‑603.

11. Artzi Z, Nemcovsky CE, Bitlitum I, Segal P. Displacement of the 
incisive foramen in conjunction with implant placement in the anterior 
maxilla without jeopardizing vitality of nasopalatine nerve and vessels: 
A novel surgical approach. Clin Oral Implants Res 2000;11:505-10.

12. Etoz M, Sisman Y. Evaluation of the nasopalatine canal and variations with 
cone‑beam computed tomography. Surg Radiol Anat 2014;36:805‑12.

13. Mraiwa N, Jacobs R, Van Cleynenbreugel J, Sanderink G, Schutyser F, 
Suetens P, et al. The nasopalatine canal revisited using 2D and 3D CT 
imaging. Dentomaxillofac Radiol 2004;33:396‑402.

14. Bornstein MM, Balsiger R, Sendi P, von Arx T. Morphology of the 
nasopalatine canal and dental implant surgery: A radiographic analysis 
of 100 consecutive patients using limited cone-beam computed 
tomography. Clin Oral Implants Res 2011;22:295-301.

15. Chatriyanuyoke P, Lu CI, Suzuki Y, Lozada JL, Rungcharassaeng K, 
Kan JY, et al. Nasopalatine canal position relative to the maxillary 
central incisors: A cone beam computed tomography assessment. J Oral 
Implantol 2012;38:713-7.

16. Kajan ZD, Kia J, Motevasseli S, Rezaian SR. Evaluation of the 
nasopalatine canal with cone-beam computed tomography in an Iranian 
population. Dent Res J (Isfahan) 2015;12:14‑9.

17. Rao JB, Tatuskar P, Pulla A, Kumar N, Patil SC, Tiwari I. Radiographic assessment 
of anatomy of nasopalatine canal for dental implant placement: A cone beam 
computed tomographic study. J Contemp Dent Pract 2018;19:301-5.

18. Khojastepour L, Haghnegahdar A, Keshtkar M. Morphology and 
dimensions of nasopalatine canal: A radiographic analysis using cone 
beam computed tomography. J Dent (Shiraz) 2017;18:244‑50.

19. Gopal K, Kapoor P. Evaluation of nasopalatine canal using cone beam 
computed tomography-A retrospective study. Int J Sci Res 2019;8:15-8.

20. Sathvik N, Nessapan T, Dhanraj M, Jain A. Assessment of position 
and size of nasopalatine duct in dentulous and edentulous patients 
using cone-beam computed tomography: A retrospective study. Drug 
Invention Today 2018;10:1032-4.

21. Sicher H. Anatomy and oral pathology. Oral Surg Oral Med Oral Pathol 
1962;15:1264‑9.

22. Mishra R, Thimmarasa VB, Jaju PP, Mishra R, Shrivastava A. Influence 
of gender and age on nasopalatine canal: A cone-beam computed 
tomography study. J Dent Implant 2017;7:15-9.

23. Takeshita K, Funaki K, Jimbo R, Takahashi T. Nasopalatine duct cyst 
developed in association with dental implant treatment: A case report and 
histopathological observation. J Oral Maxillofac Pathol 2013;17:319.

24. de Oliveira‑Santos C, Rubira‑Bullen IR, Monteiro SA, León JE, 
Jacobs R. Neurovascular anatomical variations in the anterior palate 
observed on CBCT images. Clin Oral Implants Res 2013;24:1044-8.

25. Fukuda M, Matsunaga S, Odaka K, Oomine Y, Kasahara M, Yamamoto M, 
et al. Three-dimensional analysis of incisive canals in human dentulous 
and edentulous maxillary bones. Int J Implant Dent 2015;1:12.

[Downloaded free from http://www.amsjournal.com on Friday, September 3, 2021, IP: 103.198.30.54]



Comparison of Canal Transportation in TruNatomy, ProTaper 
Gold, and Hyflex Electric Discharge Machining File Using 

Cone-beam Computed Tomography 
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ABSTRACT 
Aim: This study was carried out to compare canal transportalion n three new rotary file systems, namely TruNatomy, ProTaper Gold, and Hyflex 
Eiectric Discharge Machining file system, using cone-beam computed tomography. 
Materials and methods: The study was conducted on 105 extracted teeth consisting of 60 extracted mandibular first molars and 45 mandibular 
second premolars involving the mesiolngual canal of mandibular first molar and the root canal of second premolar. The teeth were randomly 
divided into three groups of 35 out of which eaclh group consisted of 20 mandibular first molars and 15 mandibular second premolars. The 

TruNatomy rotary file was used in group 1, ProTaper Gold was used in group lI, and Hyflex Electric Discharge Machining was used in 

group ilil. 
Cone-beam computed tomography scan images were obtained both before and after instrumentation. Changes caused by preparation in the 

coronal, middle, and apical thirds were determined on cone-beam computed tomography scans and analyzed using the Kruskal-Wallis test at 

p0.05 evel of significance. 
Results: TruNatomy showed least amount of canal transportation as compared with other two file systems at all the three leveis of canais.

ProTaper Gold showed maximum amount of canal transportation as compared with other two file systems at all the three levels of canals. The 

Hyflex EDM rotary file system showed transportation, which was more than the TruNatomy file system while it was less than that of ProTaper 

Gold. The difference was statically significant at the middle one-thircd level (p = 0.03) and at the coronal level (p = 0.02). 
Conclusion: The TruNatomy system has least amount of canal transportation as compared with ProTaper Gold and Hyflex EDM system. With 

potential to preserve tooth structure, this file has an added advantage over other rotary file systems. 
Clinical significance: The TruNatomy file system has been recently introduced with good cyclic fatigue resistance. It is necessary to evaluate 

the root canal transportation caused by the TruNatomy file. 
Keywords: Canal transportation, Cone-beam computed tomography, Hyflex EDM, ProTaper Gold, TruNatomy. 
The Journal of Contemporary Dental Practice (2021); 10.5005/jp-journals-10024-2970 

INTRODuCTION 
Biomechanical preparation of the root canal is the process 
carried out with the main aim of removing remnants of pulp, 
microorganisms, debris, and the necrotic tisue from the root 
canal and make it prepared for three-dimensional root canal filling 
The canal preparation should be such that there is preservation
of anatomy of the root canal alongwith the maintenance of the 
apical foramen position and prevention of weakening of the root 

canal However, canal transportation is found during root canal 
preparation on application of rotary as well as manual instruments
for root canal preparation. Canal transportation is the defect 
involving the dentin removal from the wall of the root canal. It is due 
to the property ofthe rotary or manual file to get back to its original 
shape and get in straight position during root canal preparation. 

It has been found that nickel titanium (NITI) rotary files usually 
are found to preserve the anatomy of the root canal properly as 
compared with the contemporary stainless steel hand instruments. 
But root canal preparation of curved canals is still a major problem for 
the endodontists. Therefore, the manufacturers have introduced 
new designs and technologies of the rotary file system in order 
to improve their safety, performance, and mechanical properties.
These features include controlled memory, thermal technology, 
R phase and M wire, and few more. Hyflex EDM (HFEDM), ProTaper launched with a new manufacturing propetty bareid on electric
Gold (PTG), and TruNatomy (TRN) file system are examples of the 
latest generation of rotary instruments.45
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Canal Transportalion in Rotary File Systems 

prime size with 26/0.04 taper were used. ProTaper Gold was used 
in the folowing manner: SX file (one half of the working length), 
S1 file, $2 file, F1 and F2 files (full Working Length) with a taper of 
25/0.08; HFEDM (25/0.08) was used for shaping the root canal up 
to working length according to the manufacturer's guidelines. 

Before starting the root canal preparation, CBCT machine 

treatment. Therefore, this rotary file system is believed to have 
improved flexibility and increased resistance to cyclic fatigue. 
Besides, there is reduction in the shape memory helping in 
reducingthe canal defects.7 ProTaper Gold (PTG, Dentsply Sirona, 
Switzerland) is also a new rotary file system being manufactured 
from M-wire, which is new alloy of NiTi involving thermal treatment. 
tresults in increasing the flexibility and cyclic fatigue resistance of (Vatech 3D system, Korea) was used to obtain three-dimensional 

PIG Tle system. TruNatomy instruments (TRN, Dentsply Sirona images. The exposure parameters were adjusted at exposure time 

Switzerland) are the latest rotary file system being introduced 
with a special mechanical design and better heat trealment of NiTi 89, and field of view at 50 x 50 mm. 
alloys. It is available in three different shapes, which according to 
manufacturers creates a thin shaping leading to greater space in help of a high speed handpiece using diamond burs under water 
the canal. These are of parallelogram outline as observed in cross 
section with off-centered design. As a result of this unique design, 
there is much improved flexibility of the TRN file system. 

No study has been conducted before to compare canal 
transportation in these three file systems. There can be various 
methods for this analysis but cone-beam computed tomography 
CBCT) imaging is the most reliable technique because ofits precise with the #10 K file. The instrumentation of all canals was done up 
three-dimensional analysis of the root canal anatomy. Since the to the determined working length by applying the crown down 
accuracy of CBCT is well established, therefore it is considered as technique with the help of a endomotor. The endomotor used 
a standard method for making comparison among different file 
systems for canal transportation. 

Hence, this study has been conducted to compare canal 
transportation in three new rotary file system, namely PTG, HFEDM), 
and TRN file system using CBCT. 

of 10 seconds, current at 5.4 Ma, voxel size of 0.08 mm, kVp at 

Preparation of the access cavity of each tooth was done with the 

and air spray. Then there was negotiation of mesiolingual canal 
orifice of mandibular first molar and mandibular second premolar 
canal orifice. A #10 K file (Densply) was used for determination of 
working length. It was introduced inside the root canal till its tip 
reached to the root apex. After that determination of working 
length took place, which was 1 mm less than the length measured 

in this study was X-Smart plus Endomotor (Dentsply Maillefer 
USA). The speed and torque were adjusted as per the instructions 
recommended by the manufacturer. 2.5% sodium hypochlorite 
solution was used for irigation and 17% EDTA was used for removal 
of the smear layer. 

The CBCTscans of the teeth were obtained afterinstrumentation 
with the same parameters used earlier for taking CBCT scans 
before instrumentation (Fig 1). The wall thickness of the root 
canal was measured both before instrumentation as weli as after 

MATERIALS AND METHoDs 
The study was conducted at Patna Dental College, Patna. It 
was performed on 105 extracted teeth consisting 60 extracted 
mandibular first molars and 45 mandibular second premolars 
involving the mesiolingual canal of mandibular first molar and 
the root canal of mandibular second premolar. Only those teeth 
were included in the study in which there was one apical foramen 
with no signs of internal resorption of tooth. Those teeth that 
were found to have these defects were not included in the study 
and new normal teeth were used in place of them. There were 
orthodontic and periodontal reasons for the extraction of teeth. 
Mandibular first molar was selected for the study because it is the 
most common to undergo endodontic treatment. The collected 
teeth were treated with 0.1% thymol solution for 24 hours at 9°C. 
The purpose of such process was to remove the tissue remnants 
and debris alongwith proper disinfection. Tap water was then used 
to remove the residues of thymol from the teeth. Then they were 
put in normal saline mainta ined at 4°C. The teeth were stored until 
the analysis was carried out. Digital radiographs were taken for the 
initial analysis of root morphology using dental RVG (Vatech, Korea).
All teeth were analyzed to rule out root defects like fracture, craze help of equation: [(X1- X2) - (Y1- Y2)1. " When the transportationlines, and cracks with the help of a stereomicroscope adjusted at 
magnification of x12. The length of each tooth specimen was kept 
át a standard length of 19 +1 mm. It was done by using diamond
discs for decapitation of tooth crown from the occlusal surface. that transportation is directed to the distal side of the canal. Data 
The rotary file systems used in this study were TRN file (Densply were collected and the statistical analysis was carried out by using Sirona, Switzerland), PTG file (Densply Sirona, Switzerland), and the nonparametric Kruskal-Wallis test. p 0.05 was considered as HFEDM file (Coltene, USA). 

The teeth were randomly divided into three groups of 35 out 
of which each group consisted of 20 mandibular first molars and 
15 mandibular second premolars. The TRN rotary file was used in 
group I. ProTaper Gold was used in group ll, and HFEDM was used When evaluation was done at the apical one-third (3 mm from 
in group lII. For TRN instruments, small size with 20/0.04 taper and root apex), then the TRN rotary file system showed minimum 

instrumentation at three locations, which were at apical level, 
middle level, and coronal level by the same investigator who was 
kept completely unaware of the study design. Al the root canal 
preparation was carried out by the same clinician.

CANAL TRANSPORTATION 
Canal transportation was calculated in the mesiodistai direction
(Fig. 2). Different measurements were taken in consideration.
X1 represents the thickness of dentin before instrumentation while 
X2 represents the thickness after instrumentation. Y1 represents
the distancé between the periphery of the uninstrumented canai 
and furcation of the root. Y2 represents the distance between the 
periphery of the instrumented canal and the inside of the root. 
Measurements were done in both images of pre-instrumentation 
as well as post-instrumentation at three locations at 3, 6, and 9 
mm from apex. Canal transportation at each level was calculated
by using the method prescribed by Gambill et ai. (Fig. 2with the 

value is zero, then it represents that there is no transportation; 
when the value is a positive then it represents that transportation is 
directed toward the mesial side; while the negative value represents

statistically significant

RESULTSs 
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Fig. 2: Canal transportation by three ile ystems at three regions of 

canals 

Table 1: Mean amount of canal transportation by three fhle systems at 

the apical, middle one-third, and coronal one-third levels 

Mean amount of 

transformation 

Location File system mm p value 

Apical one-third TRN O.011 0.006 07 

PTG 0.016 0.004 

HFEDM 0.014 0.005 

Middle one-third TRN 0.012 0.004 0.03 
PTG 0.056 0.006 

HFEDM 0.044 0.008 

Coronal one-third TRN 0.023 0.002 0.02 

PTG 0.1060.007 

0.104 0.005 Figs 1A to F: (A) CBCT scan image of mandibular first molar and 
mandibular second premolar before instrumentation at apical level; 
(B) CBCT scan image after instrumentation at apical level; (C) Before 
instrumentation at middle one-third leve; (D) After instrumentation at 
middle one-third level; (E) Before instrumentation at coronal one-third 
level; (F) After instrumentation at coronal one-third level. Red marks 

indicate canal transportation 

HFEDM 
"Statistically significant 

MB 
MB 

Y1 X2 Y1 X1 
Mesial Distal Mesial Istal 

transportation of 0.011 + 0.006 mm while PTG showed maximum 
mean transportation of 0.016 0.004 mm. HFEDM showed 
transportation of 0.014 + 0.005 mm (Table 1 and Fig. 3). 

During the analysis at the middle one-third (6 mm from root 
apex), the TRN file system was found to have produced least 
transportation of 0.012 +0.004 mm while PTG produced maximum 
transportation of 0.056 +0.006 mm. The HFEDM rotary file system 
showed transportation of 0.044 +0.008 mm, which was more than 
that of the TRN file sys 
difference was statically significant with p value 0.03 (p 0.05) 
(Table 1 and Fig. 3). 

When mean amount of canal transportation by three file 
systems was analyzed at the coronal one-third (9 mm from apex), 
then the mean amount of transportation for the TRN file system 
was minimum, i.e., 0.023 +0.002 mm, while it was maximum in case 
of the PTG file system, i.e., 0.106 t0.007 mm. The mean amount of 
transportation for the HFEDM file system was 0.104 +0.007 mm. The 
difference was statically significant withp value of 0.02 (p < 0.05). 

X2 
ML 

Y2 Y1 
ML 

A B Post 
Pre 

Figs 3A and B: (A) Representative CBCT image of pre-instrumentation; 
(B) Representative CBCT image of post-instrumentation. The 
measurement of canal transportation is done by using the equation 
prescribed by Gambillet al.: ((X1 X2) - (Y1- - Y2) m while it was less than that of PTG. The 

The TRN rotary file system showed minimum transportation 
while PTG showed naximum mean canal transportation. The 
HFEDM rotary file system showed transportation, which was more 
than the TRN file system while it was less than that of PTG. The 
results were statistically significant at the middile one-third and 
coronal level but at apical level the difference was not statistically 
significant. 
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slim design. This unique slim design of TRN provides sufficient space 

for the file system in the root canal for process of debridement. 

The unique slim design of the rotary file system is due to the 

reason that the NiTi wire used in TRN is of 0.8 mm design instead 

of 1.2 mm design being used commonly by other rotary NiTi file 

systems. The basic geometric design of the TRN file system is special 

parallelogram design along with an off centered design. The TRN 

DISCUSSION 

It was observed in the current study that the TRN file system showed 

east transportation as compared with PTG and HFEDM rotary 

file system. The results were statistically significant at the middle 

one-third and coronal level but at the apical level the difference 

was not statistically significant. Since no study has been carried 

out to compare the TRN file system, HFEDM, and PIG, theretore is being manufactured by utilizing special NiTi wire that is heat 

this study was carried out with the purpose of evaluating canal 

transportation in these three new rotary file systems. Similar resuins the flexibility of the TRN instrurment." 

were found when Elnaghy et al. conducted a study to compare the 

TRN fle system with HyFlex CM (HCM), Vortex Blue (VB), and RaCe 

RC) instruments. it was observed that the TRN file system was 

found to have better cyclic resistance to fracture. Riyahi et al. 

conducteda study to compare the cyclic resistance of the TRN file 

system with Twisted file and Protaper next rotary file system and which are specially designed for shaping of the root canal with 

concluded that the TRN file system showed better cyclic resistance 

as compared with other file systems. Vyver et al. presented a 

paper in which the authors described the advantages, clinical 

guidelines, and applications of the recently launched TRN system. 

it was concluded that TRN instruments cause proper preservation 

of dentine alongwith superior debridement. Preservation of the 

original anatomy of the root canal is also obaerved." 

In our study, canal transportation in case of HFEDM was less 

than PTG but more than that of TRN. Similar results were found 

treated in an effective manner. This has caused enhancement in 

Due to all these properties, TRN is believed to maintain the 

basic anatomy of the root canal and preserve the integrity off 

tooth. The probability of developments of procedural defects 

like canal transportation is quite low in TRN. 
" These file systems 

are available in the market in presterilized and prepacked forms, 

continuous taper design. This file system preserves the dentine of 

walls of the root canal. Therefore, the clinician is able to have TRN 

as a new simple and safe file system with increased cutting ability 

and better mechanical properties in comparison to previous rotary 
instruments meant for root canal preparation.

In this study, a new three-dimensional imaging technigue 

CBCT was used for analyzing the canal transportation. There can 

be other various methods for this analysis but CBCT imaging is the 

most reliable technique because of its precise three-dimensional 

analysis of the root canal anatomy. Since the accuracy of CBCT is 

well-established, therefore it is considered as a standard method 

for making comparison among diferent file systems for canal 

when Turkistani et al. conducted a study to compare shaping 

ability of HFEDM and ProTaper Next rotary instruments in curved 

root canals by using micro-CT and found that HFEDM has better 

shaping ability than the Protaper Next rotary file system. "Gagliardi 
et al. conducted a study to compare the canal transportation of 

PTG, PrOTaper NEXT, and ProTaper Universal in curved canals and of transportation in the mesial and distal directions onily wniie tne 
found that PTG and ProTaper Next caused less canal transportation 
as compared with ProTaper Universal." In the present study, the There was heavy expenditure in this study, which led to limitation 

transportation.4.21 

The limitation of this study was that there was measurement 

transportation in the buccal and lingual directions was deleted. 

resuits were not similar as when PTG was compared with TRN and 
HEDM and it was found that canal transportation was more in case 

of PTG as compared with TRN and HEDM. 

of the sample size. 

The main purpose of root canal instrumentation is preparation CONCLUSION 

of the root canal in a shape such that it receive obturation as three- The TRN system has least amount of canal transportation as 

dimensional root canal filling. However, there must be preservation compared with PTG and HFEDM systems. With this property to 

of basic anatomy of the root canal. But many structural defects can preserve tooth structure, this file has beneñt over other rotary 

take place during biomechanical preparation of root canals. One of fle systems. Howeves, more studies are required to analyze other 
such defects is canal transportation, which is actually a condition properties of this file system. 
in which excessive dentin get removed from the walls of the root 
canal during root canal preparation. This condition arises due to 
the fact that files used in root canal preparation have a tendency to 
get back to their original shape and become straight during canal 
shaping. There may be formation of ledge, which may further lead 
to perforation of the canal causing failure of treatment.

In the recent years, several NiTi instruments have been 
introduced, which are able to perform better root canal preparation
maintaining the original anatomy of the canal in comparatively 
less time. Some of these new rotary file systems include TRN 
fle system, PTG fle system, HFEDM, etc. TruNatomy instruments
(Dentsply Sirona) are the most recent rotary file system being 
introduced in the market with a special design and being made 
up of heat-treated NiTi alloy." These TRN are being available 
in three different sizes. This inlude small size file system with 
taper of 20/0.4, prime-size file system with a taper of 26/0.04, and 
medium-size file system with a taper of 36/0.4. According to the 
manufacturer, the three shaping instruments of TRN collectively 
provide a better debridement of dentine because of their unique 
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Abstract
Endodontics is medicine’s specialized branch that deals with dental care, and it focuses on inner soft tissues. Several dental disease 
and injuries are associated with the compromised health of the degradation of the various parts related to the inner soft tissues. 
Bioceramics are materials used for healing damaged parts of the teeth and they have to be biocompatible. The term “bioceramics” 
may be applied to the category of biomaterials that comprise ceramic as one of its constituents. These materials were developed to 
have biocompatibility with human tissue, and they were meant to be widely used in the repair and replacement of the organs in the 
musculoskeletal system. This review is an overview of bioceramics, classification, and their advantages. It also gives a detailed insight 
into the individual bioceramic materials currently used in the fields of endodontics along with their properties and applications.

Keywords:  Bioceramics, capasio, endobinder, endosequence BC sealer, endosequence root canal repair material, Generex A, quick-set

INTRODUCTION
“Bioceramics” is defined as a type of biomaterial with 
optimal biocompatibility that is used for medical and 
dental purposes. Newly developed techniques and 
technology allow the majority of skilled dentists to 
produce stellar endodontic results. Paramount among 
these changes is the introduction of advanced material 
science. The good news is that the arena of endodontic 
material science is continuing to evolve and, in fact, a new 
day has dawned and it is the increased use of bioceramic 
technology in endodontics.

Bioceramics include alumina and zirconia, bioactive glass, 
coating and composites, hydroxyapatite, and resorbable 
calcium phosphates; they are inorganic, non-metallic, 
chemically stable, non-corrosive, and interact well with 
organic tissues. Numerous bioceramics are currently in 
use in both dentistry and medicine.[1]

HISTORICAL PERSPECTIVE
In the 1960s and 1970s, bioceramics were developed for 
use in the human body, such as for joint replacement, 

bone plates, bone cement, artificial ligaments, 
tendons,!etc.

In 1969, L.! L. Hench introduced a new material called 
bioglass and had observed that several glasses and 
ceramics could bond to living bone.[1]

Calcium phosphate was first used as bioceramic restorative 
dental cement by LeGeros et!al.[2]

CLASSIFICATION
In addition to being nontoxic, bioceramics can be 
classified!as:

1. Bioinert: Noninteractive with biological systems 
(zirconia and alumina)[3]

2. Bioactive: Interactive with surrounding tissues to 
encourage the growth of durable tissues (glass and 
calcium phosphate)

3. Biodegradable, soluble, or resorbable: Eventually 
replaces or gets incorporated into tissue. Particularly 
important with lattice frameworks.

HeadA=HeadB=HeadA=HeadB/HeadA

[Downloaded free from http://www.ijocr.org on Monday, June 13, 2022, IP: 103.154.9.26]



Mangat, et!al.: Bioceramics in endodontics: A!review

      60 International Journal of Oral Care and Research " Volume 9 " Issue 2 " April-June 2021

BIOCERAMICS USED IN ENDODONTICS

Calcium Silicate Based
Cements: Portland cement, mineral trioxide aggregate 
(MTA), biodentine (Septodont, France), ProRoot MTA, 
Endocem MTA (Maruchi, Wonju, Korea).

NeoMTA Plus is a powder–gel system. The powder 
components are an extremely fine powder, primarily 
tricalcium and dicalcium silicate, quite similar to that of 
white ProRoot MTA, but they contain no bismuth oxide 
to prevent tooth staining.[4]

Sealers: Endo CPM Sealer (EGO SRL, Buenos Aires, 
Argentina), MTA Fillapex (Angelus, Brazil), BioRoot 
RCS (Septodont, France), TechBiosealer (Profident, 
Kielce, Poland), and EndoCem (Maruchi, Wonju, Korea).

Calcium Phosphates/Tricalcium Phosphate/
Hydroxyapatite Based
Triple calcium phosphate, when used in bony defects, 
promotes osteogenesis.

In 1971, calcium-and-phosphate-containing glass ceramic, 
referred to as bioglass, was developed, and it showed that 
it “chemically” bonds with the host bone.

Mixture of Calcium Silicates and Calcium Phosphates 
EndoSequence Root Repair Material (ERRM) or 
Bioceramic Root Repair Material (BC RRM) [trade 
names- iRoot BP, iRoot BP plus, iRoot FS] (Innovative 
Bioceramix Inc., Vancouver, Canada) [Table 1].

EndoSequence BC Sealer (Brasseler, Savannah, GA,USA)/ 
Total Fill, Bioaggregate (Innovative Bioceramix Inc., 
Vancouver, Canada), Tech Biosealer, Ceramicrete 
(developed at Argonne National Lab, Illinois, USA).

Experimental Calcium Alumino Silicates[5]

EndoBinder: It is a new calcium aluminate-based endodontic 
cement, seen as presenting a satisfactory tissue reaction.
Generex A: It is a calcium silicate-based material that 
mixes to a dough-like consistency, making it easy to be 
rolled into a rope-like mass similar to an intermediate 
restorative material.
Capasio: It comprises bismuth oxide, dental glass, and 
calcium alumino-silicate with a silica and polyvinyl 
acetate-based gel, showing mineralization properties.
Quick-set: Capasio powder has been refined and renamed 
as Quick-set (Primus Consulting), and it possesses 
negligible in vitro toxicological risks after time-dependent 
elution of toxic components.
Root-end filling material using epoxy resin and Portland 
cement (EPC): EPC, a novel composite made from a 
mixture of epoxy resin and Portland cement, was found 
to be a useful material for root-end filling, with favorable 
radio-opacity, short setting time, low micro leakage, and 
clinically acceptable low cytotoxicity.

MECHANISM OF ACTION
The exact mechanism of bioceramic-based sealer bonding to 
root dentin is unknown; however, the following mechanisms 
have been suggested for calcium silicate-based sealers:

(1) Diffusion of the sealer particles into the dentinal 
tubules (tubular diffusion) to produce mechanical 
interlocking bonds.

(2) Infiltration of  the sealer’s mineral content into the 
intertubular dentin, resulting in the establishment of 
a mineral infiltration zone produced after denaturing 
the collagen fibers with a strong alkaline sealer.

(3) Partial reaction of phosphate with calcium silicate 
hydrogel and calcium hydroxide, produced through 
the reaction of calcium silicates in the presence of 
the dentin’s moisture, resulting in the formation of 
hydroxyapatite along the mineral infiltration zone.

PROPERTIES OF BIOCERAMIC AS SEALER
Bioceramic is exceedingly biocompatible, nontoxic, 
antibacterial, hydrophilic, and chemically stable. It does 

Table 1: Composition of bioceramic sealers
Product and 
manufacturer

 Component A  Component B

AH Plus 
(Dentsply 
DeTrey, 
Konstanz, 
Germany)  
Fill Canal 
(TechNew, 
Campo Grande, 
RJ, Brazil)  
L&C (Dentsply 
Herpo, 
Petropolis, RJ, 
Brazil)

Epoxy resins  
Calcium tungstate  
Zirconium oxide  
Aerosol  
Iron oxide  
Zinc oxide  
Hydrogen resin  
Bismuth subcarbonate  
Barium sulfate  
Sodium borate  
Calcium hydroxide (65.6%)  
Bismuth carbonate (32.8%)  
Colophony (1.6%)

Adamantane 
amine,  
N,N-dibenzyl-
5-oxanonane,  
TCD-diamine,  
Calcium 
tungstate,  
Zirconium 
oxide,  
Aerosol  
Eugenol  
Almond oil  
Puri#ed olive 
oil

Table 2: Composition of bioceramic sealers
Sealers Compositions

AH PLUS  
I Root SP  
MTA Fillapex  
EndoRez

Diepoxide, calcium tungstate, zirconium oxide, aerosol, 1-adamantane amine, diamine (3,4, 8, 9)-bis(aminomethyl) tricycle decane 
dibenzyldiamine, aminoadamantane, pigments.  
Zirconium oxide, calcium silicates, calcium phosphate, calcium hydroxide #ller, and thickening agents.  
Salicylate resin, diluting resin, natural resin, bismuth trioxide, nano particulated silica, mineral trioxide aggregate, pigments  
30% urethane dimethacrylate, zinc oxide, barium sulfate, pigments
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not shrink on setting. It will not result in a significant 
inflammatory response if  an overfill occurs during 
the obturation process or in root repair.[5] It possesses 
excellent sealing ability with quick setting and is easy to 
use, as the particle size is so small that it can even be used 
in a syringe [Table 2]. 

Recent developments in nanotechnology have made the 
particle size of BC Sealer so fine that it can actually be 
used with a 0.012 capillary tip. Further, its hydrophilicity 
and chemical bonding to the canal wall makes for excellent 
hydraulics.[6]

INDICATIONS
Permanent obturation of the root canal after vital pulp 
extirpation; after the removal of infected or necrotic pulp 
and the placement of intracanal dressings.

ADVANTAGES

➢ Excellent biocompatibility.
➢ Intrinsic osteoinductive capacity.
➢ Functions as a regenerative scaffold.

➢ Ability to achieve excellent hermetic seal, form a 
chemical bond with the tooth structure, and have good 
radio-opacity.

➢ Antibacterial properties.

LIMITATIONS

➢ Release of a higher amount of lead and arsenic has 
raised questions regarding its safety with respect to the 
surrounding tissues.

➢ Higher solubility may jeopardize the long-term seal of 
the restoration.

➢ Excessive setting expansion with PC may lead to crack 
formation with the tooth.

➢ Biomineralization with PC is not as effective and as 
long term as with MTA, which is critical for a bioactive 
material.

RETREATMENT
The key is using bioceramics as a sealer, not as a complete 
filler. This is why endodontic synchronicity is so important 

Figure 1: (A) Preoperative radiograph. (B) Post-apicoectomy and retroprep. (C) Use of a BC putty over a retroprep cavity filled with BC sealer. (D) 
Final placement and verification of BC putty retrofill. (E) Immediate postoperative radiograph; note the presence of BC sealer along the post toward 
the coronal part. (F) 1-year-follow-up with advanced periapical healing. Courtesy Dr. Gilberto Debelian
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and again, the use of constant tapers minimizes the amount 
of endodontic sealer, thereby facilitating retreatment.

BIOCERAMICS AS A ROOT REPAIR MATERIAL
ERRM has been specifically created as a white remixed 
cement for both permanent root canal repairs and apico 
retro fillings [Figure 1].

Advantages as a root repair material: (1) Easier to use and 
place. (2) Easy dispensing. (3) Radio-opaque. (4) Multiple uses 
for a variety of clinical conditions. (5) No mixing required.

PULP CAPPING WITH BIOCERAMICS
Bioceramics has enabled clinicians to now easily treat 
young patients in need of pulp caps or other pulpal 
therapies [Figure 2].

CONCLUSION
Continuous innovations have led to bioceramics showing a 
variety of applications in both endodontic and restorative 
dentistry. Up-to-date knowledge of these new bioactive 

materials is essential to ensure the selection of the most 
suitable material in different clinical situations, showing a 
promising future in dental medicine.
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Abstract

Origin and genesis of the article

The term ‘Dead Space’ describes an empty space that might re-
sult after the excision of a space-occupying tissue mass or evacu-
ation of collected fluid, tissue dissection leading to disruption of 
tissue planes and tissue separation or disruption secondary to 
trauma. 

Dead space, or a space remaining in the tissues due to improper closure of surgical wounds, permitting the accumulation of blood 
or serum underneath the tissues. Although seen commonly after general surgical procedures but is also commonly noticed after 
minor or major oral and maxillofacial surgical procedures. For example, enucleation of a cyst, excision of the exophytic growths etc. 
All such procedures requires elevation of a full thickness mucoperiosteal flap leaving behind a large portion of unsupported tissue 
due to excision of lesion. Such flaps when sutured back tend to develop dead space beneath which in turn can get infected and lead 
to secondary morbidity.

Usually, dead space of accessible areas can be managed easily but management of dead space in areas with minimal accessibility 
in challenging for the surgeons. This paper brings on a simplest and customized technique in avoiding dead space creation and or its 
management after oral and maxillofacial surgical procedure.

Keywords: Dead Space; Hawley’s Appliance; Oral and Maxillofacial Surgery

This empty space can accumulate fluid or blood leading to se-
roma or hematoma respectively. Persistent accumulation of fluid 
separates the tissue planes which may delay or prevent normal 
healing, moreover it can contribute to infection. Therefore, appro-
priate measures taken at the time of surgery to avoid formation of 
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a dead space and or dead space management well in time is of ut-
most importance.

There are numerous methods considered for the management 
of dead space. Choice of the same depends on the size, location, and 
the cause. These options may range from no treatment to external 
bandage compression, suture placement, use of drains, and aspira-
tion. Any of these can be used alone or in combination to combat 
dead space. Dead space management becomes challenging for the 
surgeons especially if it happens in one of the most inaccessible 
parts of the body like the oral cavity. 

Intraoral space occupying lesions like cyst, fibromas, lipomas, 
benign tumors etc. are quite commonly excised by the oral sur-
geons via intraoral approach leaving back a potential tissue pocket 
which may turn out to be a dead space in the initial post-operative 
period. 

Commonly described methods for dead space management like 
compression bandage, drains etc. are not deemed feasible in such 
an inaccessible area. Although suturing of such wounds helps to 
some extent but tissue excess and laxity after mass excision leading 
to collection of fluid and blood along with the flora rich, anaerobic 
intraoral environment complicates the situation to next level.

Taking all the factors into consideration, author being an oral 
and maxillofacial surgeon along with his team started searching 
for an more feasible and extremely effective way of managing such 
clinical scenarios. The search came to an end the day author ex-
cised an intraoral tissue mass present on the lingual aspect of the 
mandibular left premolars (Figure 1).

This patient reported to the author with the chief complain of 
difficulty in wearing her orthodontic appliance past 2 to 3 weeks 
due to a swelling in lower left back teeth region towards the tongue. 
On examination a round, rubbery, non-tender, mobile tissue mass 
was felt extending from 33 region to 36 region measuring approxi-
mately 2 x 2cms. Aspirate was found negative and the lesion was 
provisionally diagnosed as a lipoma. Excisional biopsy was planned 
under local anesthesia. 

After administering local anesthesia a crevicular incision was 
made and the mass was dissected out slowly (Figure 2). The entire 
mass was excised in toto (Figure 3) followed by gingivoplasty and 
tight closure using Mersilk 3-0. 

Figure 1: Preoperative clinical picture showing lesion lingual 
to the mandibular left premolars.

Figure 2: Intraoperative picture.

Figure 3: Lesion excised in toto.
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Looking to the tissue laxity and the tongue interference even af-
ter tight suturing, operator wondered how to give a pressure pack 
and avoid hematoma and probable dead space at this surgical site. 
The very next though was to check the fit of the patient’s old Haw-
ley’s appliance, the moment appliance was found to fit well (Figure 
4), the surgeon decided to use the appliance itself as a pressure 
pack and observe the patient for tissue blanching or necrosis. 

Figure 4: Postoperative picture with Hawley’s appliance.

The patient was recalled after 24 hours, 3 days and 1 week post-
operatively and there was no tissue blanching neither there was 
any tissue necrosis noticed [1].

Conclusion

Looking to the results, author suggested that the use of Haw-
ley’s appliance can be a novel technique in preventing development 
of intraoral dead space after minor oral and maxillofacial surgical 
procedures performed in the lingual aspect of the mandible or else 
over the hard palate. For all such cases, preoperative impressions 
can be made and a Hawley’s appliance can be fabricated after trim-
ming the swollen part in the cast and kept ready, sterilized and 
same can be inserted postoperatively and patients observed for the 
results. Based on the similar concept author is enthusiastic to use 
a modified Frankel’s Appliance in avoiding development of dead 
space for the intraoral lesions presenting in the buccal aspect of 
the jaws and operated intraorally.
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Abstract 

Topical anaesthetics are available in different 

forms like sprays, gels, creams or ointments, once 

applied, it acts on the peripheral nerves and reduce the 

pain sensation. Although topical anaesthesia is widely 

used by the practitioners of different specialities but in 

dentistry, topical anaesthetic spray is preferred by the 

majority to control local pain secondary to needle prick, 

orthodontic bands placement, rubber-dam clamps or to 

control gag reflex etc. thereby controlling patient’s 

phobia to some extent, especially in children. 

 

This communication aims to focus on the fact that 

inadvertent use of topical anaesthetic spray without 

calculating the correct dose may lead to adverse effects 

especially in pediatric patients who are more likely to 

experience toxic reactions because of their immature 

physiology and lower body weight. 

Keywords 

Anaesthetic Spray, Lidocaine, Overdose, 

Pediatric. 
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Introduction 

Topical anaesthetics used either in the form of 

sprays, gels, creams or ointments, act on the peripheral 

nerves and reduce the sensation of pain at the site of 

application. In dentistry, topical anaesthetic spray is 

commonly used to control local pain caused by needle 

prick or placement of orthodontic bands, rubber-dam 

clamps or to control gag reflex etc. thereby controlling 

patient’s phobia to some extent, especially in children. 

Commonly, these topical anaesthetic sprays 

contain lidocaine as active ingredients although newer 

products with modified ingredients and application 

methods have been introduced. Dentists should be aware 

that even topical anaesthetic spray might induce allergic 

reactions or adverse effects as a result of an overdose 

especially in pediatric patients due to their lower weight. 

Discussion 

Use of topical anaesthetic spray in day to day 

dental practice especially in pediatric patients to mitigate 

pain and phobia is a very common technique but needs 

to be opted with caution.  

A fact remains the same when it comes to 

maximum permissible dosage (MPD) of inject able local 

anaesthetic administered. For lignocaine it is restricted 

to 7mg/kg body weight or maximum 500mgin pediatric 

patients with or without vasoconstrictor.1 Local 

anaesthetic spray, commonly available as 15% 

Lignocaine spray without vasoconstrictor (Nummit®, 

ICPA, India) expels 7.5mg drug per spray2, which means 

for a 10kgs child 4.4 x 10 = 44mgs is the MPD which is 

approximately equivalent to 5 to 6 sprays of topical 

anaesthesia.  

While treating a pediatric patient, main concern 

is the relative ease of inducing an overdose. Before 

administering topicalanaesthetic spray to a child, the 

dentist should determine the child’s weightand carefully 

calculate the maximum dose adding up both topical and 

injectable anaesthesia to be administered, to help prevent 

inadvertent overdose.  

Although quantifying pain in children remains 

one of the most challenging tasks for the clinicians but 

generally self-reportsand behavioural measures of the 

child, such as crying, shaking or agitation sometime 

demands extra use of topical anaesthesia where each 

spray should be administered with utmost care according 

to the preoperative dose calculation for that patient.  

Moreover administering the spray too quickly 

and repeatedly produces ample amount of drug loaded 

aerosol which the patient can inhale, swallow or it can 

get absorbed sublingually without the notice of the 

operator. This in turn may lead to patient complaining of 

respiratory distress secondary to anesthetised naso-

pharynx and or oro-pharynxwhichmay be psychological 

but creates panic.  

Conclusion 

Considering these common scenarios in a dental 

setup, author recommends to either use the topical 

anaesthetic spray with utmost care after determining the 

correct dosage and keeping a count over the number of 

sprays and the speed of the same. However choosing 

newer topical anaesthetic preparations like gels, creams 

or ointments which can be applied with a better control 

and eliminate the chance of inhalation, swallowing or 

systemic absorption.  

No drug is free of adverse effects but our little 

caution can avoid such iatrogenic complications 
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especially with this magical friend of a dentist – ‘The 

Local Anaesthetic’. 
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Maxillary sinus carcinoma is a rare neoplasm, with incidence of 0.2 to 0.8% of all 
systemic malignancies. Patients are diagnosed in the advanced stage when there is 
orbital invasion with abnormal ocular signs and symptoms. The standard treatment of 
maxillary sinus carcinoma is en bloc radical maxillectomy along with orbital exenter-
ation, followed by postoperative adjuvant therapy. Orbital exenteration is used when 
the malignancy extends to the orbit in case of squamous/basal cell carcinoma. The 
aim of the current review is to provide an insight into the management of advanced 
maxillary carcinoma with orbital involvement in a 42-year-old male.
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Introduction
Sinonasal malignancies involve maxillary, ethmoid, fron-
tal, sphenoid and nasal cavities, of which maxillary antrum 
is 25 to 60% involved and sphenoid sinus is the least com-
monly involved. Sinonasal tumors constitute 0.2 to 0.8% of 
all systemic malignancies and 3 to 4% of all head and neck 
neoplasms. These are more commonly seen in elderly male 
patients. Local recurrences occur in approximately 25 to 35% 
of cases and distant metastases in 10% of cases. Sinonasal 
tumors have relatively poor prognosis, because they are diag-
nosed at advanced stages of disease due to relative paucity of 
pain in the early stages, with other clinical symptoms such 
as nasal congestion, rhinorrhea, epistaxis, and sinus pressure 
being treated for presumed infection.1,2

Squamous cell carcinoma is the commonest type of sinon-
asal malignancy that has been reported mostly in people who 
come into contact with hazardous material such as wood fur-
niture, isopropyl alcohol, radium, nickel, chromium pigment, 
bantu snuff, thorotrast, mustard gas, polycyclic hydrocar-
bons, and cigarettes.3,4 Invasion of malignant paranasal and 
nasal sinus neoplasms into the surrounding structures and 
beyond the sinuses occur in 75% of cases and up to the orbit 

in 45% of cases. The orbital invasion may exhibit proptosis, 
facial or eye pain, visual loss, epiphora, globe displacement, 
limitation of extraocular movements, diplopia, inequality of 
palpebral fissures, conjunctival chemosis, a palpable mass 
within the orbit, bony erosion, fundus findings (optic disc 
edema), and dacryocystitis.5-7

The treatment of sinonasal malignancies requires a mul-
tidisciplinary team approach that includes radiologists, 
head and neck surgeons, neurosurgeons, oral prosthetics 
specialists, radiation oncologists, and medical oncologists. 
The treatment of choice for sinonasal malignancies includes 
combined surgery and irradiation and more concern about 
oncologic cure. The advent of new diagnostic technologies, 
advances in anesthesia, perioperative antibiotic prophy-
laxis, surgical reconstruction, and adjunctive therapy have 
prompted oncologic surgeons to become more conservative 
regarding the extirpation of functional structures.8

Case Report
A 42-year-old male presented with complaints of gradu-
ally increasing painless swelling over the left side of the 
face since 3 to 4 months with associated focal pain. Physical 
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examination revealed thin built with no history of systemic 
illness. No history of trauma was present. On examination, 
there was a well-defined irregular fungating growth approx-
imately 6 × 8 cm, involving left maxilla infiltrating into the 
left orbit, with displacement of left eyeball laterally and 
superiorly. On extraoral examination, the lesion extended 
from lateral border of nose to cheek bone transversely and 
vertically from nasolabial fold to supraorbital margin. Left 
eyeball was not seen due to growth. The surrounding area 
of lesion was glossy, red inflamed, and edematous (►Fig. 1).

The inflamed lesion was tender on palpation. Mouth 
opening was normal. Left submandibular lymph nodes of 
3 × 3 cm were palpable with stony hard consistency and   
fixed to the neighboring structures with clinical extra  
capsular extension. Level II and III nodes were also enlarged. 
Left-sided malar swelling and nasal block were present. Left 
hemipalate was involved with the tumor. There were no sig-
nificant findings from other systemic examinations.

Contrast-enhanced CT of orbit and paranasal sinuses (PNS) 
was suggestive of a large, well-defined heterogeneously hyper-
dense solid exophytic mass lesion seen involved with left max-
illary sinus and extensive destruction of its walls. The mass 
is seen extending into the left orbit and displacing the globe 
superolaterally with loss of fat plane (►Fig.  2). Medially, the 
mass is seen involved with left osteomeatal complex, turbinates, 
ethmoid air cells, and lateral nasal wall and septum (►Fig. 3).

Routine investigation for preanesthetic clearance was 
carried out, and counseling of the patient in the presence 

of guardians was conducted, explaining the risks and ben-
efits of surgery. Written informed consent for surgery and 
removal of one eye was obtained after counseling. Left radical 
Type IIIb maxillectomy, according to Cordeiro’s classification, 
with orbital exenteration, followed by left modified radical 
neck dissection type III, reconstruction with left anterolat-
eral thigh flap and, finally, adjuvant therapy were planned.

Tracheostomy was performed and general anesthesia was 
administered through the tracheal tube. The patient was posi-
tioned supine with head up, and parts were cleaned and draped. 
The Weber–Fergusson incision was made around the involved 

Fig.1  Preoperative extraoral image.

Fig. 2 CECT PNS (contrast-enhanced computed tomography and 
paranasal sinuses): axial View depicting lesion extending into left 
orbit and displacing the globe superolaterally with loss of fat plane.

Fig. 3 CECT PNS (contrast-enhanced computed tomography and 
paranasal sinuses): corornal view showing the mass present medially 
involving left osteomeatal complex, turbinates, ethmoid air cells and 
lateral nasal wall and septum.
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skin. The left cheek flap was raised and radical maxillectomy 
was performed, along with upper gingivobuccal sulcus and an 
buccal mucosa resection done as an en bloc specimen, by giving 
anterior cut through extraction socket of left upper central inci-
sor, midline palate cut, posterior cut at pterygoids, superior cut 
at midline incorporating the left nasal bone, inferiorly midline 
cut along nasal floor incorporating the lateral nasal wall, sparing 
the left ala of nose, and lateral cut through lateral orbital rim 
and zygomatic arch. The orbital cut was placed along the medial 
orbital wall, incorporating the floor and orbital contents and 
laterally connected to the cut placed on the lateral orbital wall. 
The specimen was oriented and sent for frozen section (►Fig. 4). 
Coronoidectomy was done for access. Hemostasis was achieved. 
Modified radical neck dissection (type III) was performed at an 
extended neck position turned toward right. The skin flap was 
elevated in subplatysmal plane (►Fig. 5).

After maxillectomy, the defect (►Fig.  6) was closed 
by using anterolateral thigh flap with double paddle of 
25 × 10 cm for intraoral reconstruction of hard palate and 
buccal mucosa, extraoral reconstruction of orbit, maxilla 
and zygoma, muscle to fill the cavity, and a portion of the 
flap turned into form the lateral wall of the nose. The left 
thigh was used as a donor site with three musculocutane-
ous perforators, including fascia and partial vastus lateralis 
muscle (►Fig.  7). The donor site was closed primarily over 
room suction drain, and distal pulsation of femoral artery 
was confirmed. Anastomosis of facial artery was done by 
using 9–0 nylon, and that of common facial vein was done by 
3–0 coupler. The flap was evaluated at the end of the proce-
dure and found to be well-perfused (►Figs. 8).

Discussion
Cancer of the maxillary sinus, a lethal neoplasm with an 
insidious onset, is most often diagnosed at an advanced stage 

of the disease, because it might be misdiagnosed with com-
mon sinus infection at the early stage of clinical symptoms. It 
is most commonly predilected in elder males. Clinical classi-
fication of the cancer is dependent on the location of antrum 
involvement as well as its size.9

Staging systems are used to define the extent of neoplastic 
disease and provide some basis to determine prognosis. The 
tumor, node, and metastases (TNM) system of classification 
of maxillary sinus cancers is based on an imaginary line, 
separating the maxillary antrum into anteroinferior and 
superoposterior compartments, as shown by Ohngren10 in 
1933. Lederman11 drew two parallel lines through the antral 

Fig. 4 Labeled excised specimen.

Fig. 5 Modified radical neck dissection type III.

Fig. 6 Postoperative surgical defect.
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floor of the maxillary sinus and across the antral roof, on cor-
onal view, and divided into infrastructure, mesostructure, and 
suprastructure. Tumors extending into the suprastructure also 
often require an orbital exenteration. Sisson12 et al suggested 
inclusion of carcinoma of the antrum into the TNM classifi-
cation. T1 tumors are confined to the mucosa, T2 lesions are 
associated with osseous erosion or destruction, and T3 and T4 
tumors extend outside the sinonasal cavity into the mastica-
tor space, cheek, adjacent paranasal sinuses, orbital apex, base 
of skull, nasopharynx, or intracranially.13 Contrast-enhanced 
imaging is essential to assess the extent of local disease, and 

the presence of perineural spread and intracranial extension. 
Potential areas of tumor extension that must be assessed in 
all patients with sinonasal malignancies include intracranial 
spread (the anterior and middle cranial fossa), the palate, the 
orbits, the pterigopalatine fossa, and the skull base.14

Spreading of sinonasal malignancies usually takes place 
directly or by perineural extension. Prognosis and designing 
of the surgical management depend on superior and pos-
terior boundaries of the maxillary sinuses. If there is pos-
teriorly direct extension of tumor into the orbit, or spread 
to the intracranial compartment via the ethmoid air cells, 
then it is difficult to obtain tumor-free surgical margins. 
Medially, extension to the nasal cavity and inferiorly to the 
alveolus leads to less problematic en bloc resection.15 The 
lamina papyracea, lateral wall of the ethmoid air cells when 
violated, may result in intraorbital spread that requires 
orbital exenteration. Duke-Elder16 states that carcinoma of 
the maxillary sinus is the commonest malignant disease of 
any of the sinuses to invade the orbit. Iannetti17 et al iden-
tified three stages of orbital invasion: Grade I, erosion or 
destruction of the medial orbital wall; Grade II, extraco-
nal invasion of the periorbital fat; Grade III, invasion of 
the medial rectus muscle, optic nerve, ocular bulb, or the 
skin overlying the eyelid. They propose that only grade III 
orbital invasion warrants orbital clearance or exenteration. 
Regional lymph node metastases from sinonasal malignan-
cies are not so common, but when present, usually indicate 
tumor extension outside of the sinonasal cavity and poor 
prognosis. Lateral retropharyngeal nodes are primary nodal Fig. 7 Harvesting of anterolateral thigh flap.

Fig. 8 (A, B) Postoperative extraoral view showing viable flap.
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drainage site. Therefore, the upper internal jugular and 
submandibular nodes are the most common sites for nodal 
metastases. The above-mentioned case presenting with 
Grade III stage of orbital invasion presented with the fol-
lowing clinical symptoms: globe displacement, limitation 
of extraocular movements, inequality of palpebral fissures, 
and palpable mass overlapping the orbit. Left submandib-
ular lymph nodes were palpable, and Level II and III nodes 
were also enlarged, with no significant indication of distant 
metastasis. In our case, TNM staging is cT3N3bM0.

We have performed combined treatment in cases of 
locally advanced maxillary sinus carcinoma which includes 
en bloc radical maxillectomy by making the Weber–Ferguson 
incision with orbital exenteration along with modified neck 
dissection and reconstruction of defect with flap, followed by 
radiotherapy. Cordeiro’s classification18 of maxillary defects 
provide an idea about extent of maxillectomy procedure. In 
the above-mentioned case, it was Type IIIb (total maxillec-
tomy with orbital exenteration).

Ketcham et al19 suggested combined intracranial facial 
approach to overcome the difficulty in the complete extir-
pation of the cancer. Jesse20 suggested radical maxillary 
resection, followed by radiotherapy, permits definition of 
the extent of the tumor at the initial surgery for moder-
ately advanced cancer in older people. Yasuo et al21 included 
chemotherapy in combination with radiation and surgery 
to overcome the limitation of oncologic excisional surgery. 
Som et al22 have suggested that orbital preservation is pos-
sible by preoperative radiation therapy. However, there is no 
significant improvement in survival rate by use of planned 
combination therapy, radiation therapy before or after sur-
gery. Larson et al23 reported indications for orbital exenter-
ation which included invasion of the periorbita, infraorbital 
nerve, posterior ethmoid sinuses, or orbital apex, and sug-
gested that the survival of patients whose orbit was preserved 
was not different from those whose orbits were exenterated. 
In 1988, Perry9 et al reported their experience preserving the 
orbit, even when a sinonasal tract malignancy has invaded 
the periorbita (localized invasion), and concluded that pres-
ervation of the orbit in selected cases did not compromise 
the cure rate of these patients.

Conclusion
Carcinoma of the maxillary sinus presents the typical 
signs, symptoms, and course of the disease. CT and MR 
imaging play complementary roles in the assessment and 
staging of these malignancies by determining the presence 
or absence of extension of disease. Patient survival rate 
can be increased in patients of maxillary sinus carcinoma 
by way of a collaboration of oncologist and radio-oncolo-
gist. This association includes aggressive surgical therapy 
by performing en bloc radical maxillectomy with orbital 
exenteration accompanied by postoperative radiotherapy 
and chemotherapy.
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Abstract 
Giant cell lesions is a broad term encompassing a wide range of lesions that are biologically and morphologically diverse 
with an uncertain aetiology, whether it is a benign tumour, reactive lesion, inflammatory lesion or a self-healing lesion 
is ill understood. Their relation to each other also is not very clearly defined as they differ in their clinical and 
radiographic characteristics and their only similarity is in the histologic finding of non-neoplastic osteoclast like giant 
cells of different lineage. Owing to this fact their exact diagnosis continues to be one of the most obscure making them 
a dilemma, leaving many questions regarding their treatment and prognosis unanswered. Here we present a case of 
Central Giant Cell Tumor that was misdiagnosed as fibrous dysplasia that lead to an elusive treatment plan.  

Keywords: Giant cell lesion; Biopsy; Multinucleated giant cell 

1. Introduction
Central giant cell tumor is an uncommon, but well recognized intra osseous benign entity seen in the maxillofacial 
region, with an unknown aetiology and variable clinical behaviour. It has a spectrum of presentations ranging from 
quiescent non-aggressive to aggressive lesions. It accounts for 7% of all benign tumours of the jaws (Kramer et al, 1991) 
[1]. It is commonly seen children and younger adults usually before the age of 30 years. 

2. Case Report
An 18 year old female reported to the Department of Oral and Maxillofacial Surgery, Sri Sai College of Dental Surgery, 
Vikarabad, Telangana, India with the complaint of swelling in the front region of the lower jaw since one and a half years 
which had gradually enlarged to cause facial disfigurement at the time of presentation. The swelling was asymptomatic 
and was not associated with any pain or paraesthesia. 

No associated history of trauma, systemic or local infections was elicited. Systemic examination revealed moderately 
built and moderately nourished female with no systemic disorder. On local examination facial asymmetry due to a 
poorly defined solitary swelling in the anterior region of mandible measuring approximately 3 x 4 cm was noted. It 
extended supero-inferiorly from the corner of the mouth till inferior border of the mandible and Antero posteriorly 
from the corner of the mouth till 2 cm anterior to the ear lobe. Overlying skin was normal (Fig.1). 

http://creativecommons.org/licenses/by/4.0/deed.en_US
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Figure 1 Extraoral presentation 

On palpation skin above the swelling was smooth and pinchable, with no localized rise in temperature, bony hard in 
consistency and non-tender. Intra oral examination revealed a diffuse enlargement in the alveolar portion in relation to 
left and right mandibular incisors and premolars with obliteration of the vestibule in relation to the same. Overlying 
mucosa appeared bluish-brown in colour, adjacent oral mucosa and dentition were normal. No tooth displacement or 
mobility was noted in that quadrant. Mandibular right premolars were root canal treated and a tooth vitality test for the 
remaining teeth in the quadrant revealed normal pulpal response.  

Radiographic examination with an orthopantomogram (Fig. 2) revealed a well-defined unilocular lesion measuring 
approximately 2 x 4 cm with mixed radiolucent and radio-opaque patches, no resorption of roots of any of the associated 
teeth was seen. 

 

Figure 2 Preoperative orthopantomogram 

A mandibular occlusal view (Fig. 3) revealed no expansion of buccal or lingual cortical plates 

 

Figure 3 Preoperative mandibular occlusal view 
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Histopathological report of a chair side incisional biopsy done under local anesthesia showed the presence of 
predominantly cellular fibrous tissue along with irregularly shaped islands of metaplastic bony areas seen emerging 
from a fibrous tissue background showing Chinese letter pattern without any osteoblastic rimming. They also showed 
presence of hematoxylin reversal and resting lines and at the periphery of the bony islands giant cells were observed 
hence leading to a diagnosis of fibrous dysplasia (Fig. 4). 

 

Figure 4 Photomicrograph showing curvilinear pattern of bony trabeculae 

The age and sex predilection, fact that the swelling was bony hard, non-tender, asymptomatic and the radiographic 
findings of mixed radiolucent and radio opaque patches with no perforation of either buccal or lingual cortical plates all 
co related with the histopathological diagnosis. Since the histopathological diagnosis was conclusive, at the time further 
investigations were not considered. Owing to the young age of the patient osseous re-contouring was planned under 
general anesthesia.  

The lesion was accessed through a circumvestibular approach in the lower labial vestibule. However intra operatively 
the buccal cortical plate appeared thin and fragile and upon further exploration a large soft tissue mass measuring 3 x 
4 cms was revealed under it extending up to but not perforating the lingual cortical plate. Hence the treatment plan was 
altered on table intra operatively and enucleation of the mass in toto and curettage was done. (Fig. 5, 6) There was 
optimal bleeding that was easily arrested by local measures. We did not require to give fresh blood to the patient either. 

 

  
Figure 5 Complete curettage of lesion Figure 6 Enucleated soft tissue mass 

 

Histopathological examination of the enucleated mass (Fig. 7) revealed connective tissue stroma with abundant amount 
of osseous tissue and osseous bony trabeculae interconnected with each other with osteoclastic rimming and osteocytes 
in lacunae. Intervening connective tissue showed delicate collagen fibres and blood vessels with numerous 
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multinucleated giant cells containing few to many nuclei especially abundant in areas of haemorrhage, suggestive of 
Central Giant Cell Tumor. 

 

Figure 7 Photomicrograph showing areas of haemorrhage and presence of multinucleated giant cells 

3. Discussion 
The term giant cell lesions encompasses a wide range of uncommon lesions including Cherubism, Central giant cell 
tumor, Peripheral giant cell tumor, Aneurysmal bone cyst, Brown’s tumor of hyperparathyroidism and Noonan’s 
Syndrome to name a few. Earlier the term Central giant cell reparative granuloma coined by Jaffe in 1953 [2]was used 
to describe these lesions. It was hypothesized that these lesions were not true neoplasms but merely the result of a local 
reparative reaction and that they would resolve spontaneously [3,4], which is why they were not found in older patients. 
However the present opinion is that these are not self-healing lesions and will continue to proliferate without definitive 
treatment there by making the term reparative obsolete. 

The World Health Organization has defined it as “An intraosseous lesion consisting of cellular fibrous tissue that 
contains multiple foci of haemorrhage, aggregations of multinucleated giant cells and occasionally trabeculae of woven 
bone.’’ 

The female to male predilection ratio is 2:1 [5] which could be explained by the recent studies that have suggested that 
there is a relation between hormone secretion and appearance of CGCT in females [6]. Incidence rate is 1.1 per 106 for 
the whole population [7]. They are usually seen in children and young adults with more than 60% of the cases occurring 
before the age of 30 years [8], and occur twice as often in the mandible than in the maxilla [7,9-13]. They are most 
commonly seen in the anterior portion of the jaws (Regezzi and Scuibba, 1989) [14] crossing the mid line as was seen 
in our case. 

They characteristically present as asymptomatic lesions that come to attention during routine radiographic 
examination or as a painless but visible swelling of the affected jaw, sometimes intra orally a bluish-brown 
discolouration of the overlying mucosa can be seen, similar to our case. They enlarge very slowly but do not invade or 
grow around the nerve trunks hence are not associated with paraesthesia. It also does not invade perineural sheaths or 
spread through perineural spaces. Perforation of overlying cortical plate, and resorption of roots is also rare. Kaffe et al 
in 1996 found a radiographic correlation between root resorption and gender, they found that it occurred in 24% of the 
male patients and only 6% of the female patients [15]. However displacement of the teeth is seen frequently and can 
lead to malocclusion [16]. With our patient there was no root resorption or tooth displacement. Although considered to 
be non -neoplastic there are aggressive variants that behave like neoplasms. 

These lesions are usually larger in size show more rapid growth and are associated with pain. Paraesthesia, root 
resorption and perforation of the cortical plates. Our case was diagnosed as a non – aggressive variant as there was no 
associated pain, paraesthesia, tooth displacement, root resorption or perforation of cortical plates. The radiographic 
features are not specifically distinctive and change with the size of the lesion. Their presentation can range from well 
circumscribed small apical lesions that are unilocular and radiolucent and lack internal bone septa to large destructive 
multilocular radiolucency’s with wispy like bony septae involving a large part of the mandible or maxilla [17]. In a study 
done by Kaffe et al in 1996 on 80 cases they found that 44% of the lesions were unilocular, 51% were multilocular and 
68% of the multilocular lesions were seen in the mandible. 5% were not loculated. They also found that the average size 
of the unilocular lesions was 4.05 cm and that of the multilocular lesions was 7.38 cm hence establishing a correlation 
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between the size of the lesion and its locularity [15]. In our case we noticed mixed radiolucent and radio-opaque patches 
indicating it could have been the early stages of fibrous dysplasia. 

Histologically they show a uniform appearance with a gathering of multi-nuclear giant cells over a background of ovoid 
to spindle shaped mesenchymal cells, fibrohistiocytes, big fibroblasts, and extravasated red blood cells [18]. Evidence 
shows the giant cells may represent osteoclasts/macrophages and may be aggregated focally in the tissue or present 
diffused throughout the lesion. Even though giant cells are present in abundance, they are not considered to be the 
proliferating tumor cells, instead it is the spindle cell stroma that may be the proliferating tumor cells since they persist 
in culture and stain positive for the proliferating marker. They are osteoid like cells that secrete alkaline phosphatase 
and support osteoid as well as osteoclast formation [18-21]. The giant cells vary in shape, they maybe small and 
irregular in shape containing only a few nuclei or maybe large and round containing 30 or more nuclei. Areas of 
erythrocyte extravasation and hemosiderin deposition are often prominent. In our case also multinucleated giant cells 
containing few to may nuclei were evident in areas of haemorrhage with an intervening connective tissue showing 
delicate collagen fibres and blood vessels. 

The aggressive variants have a larger surface area occupied by giant cells [22] and this can be used as one of the criteria 
to ascertain whether the clinical behaviour of the lesion is aggressive or non-aggressive. It is important to be able to 
distinguish amongst the various lesions containing giant cells such as Brown’s tumor of hyperparathyroidism, from 
which central giant cell tumor is morphologically indistinguishable but could be ruled out in our case as the serum 
calcium, phosphorous and alkaline phosphatase levels, which are usually elevated in brown’s tumor, were normal. Giant 
cell tumor was also ruled out as these generally occur in 4th and 5th decade of life, are rarely seen in younger age groups 
[23], erode the cortex and histologically even though they contain giant cells the number of nuclei in them is usually 
more than 50. Aneurysmal bone cyst is very similar histologically to CGCG but the difference is it shows the presence of 
blood filled cystic spaces separated by fibrous septa and also a cartilage like matrix called as blue bone, infrequently 
seen in other giant cell containing lesions [24,25]. Odontogenic myxomas may also present radiographically as poorly 
defined or well circumscribed radiolucent defects which may be unilocular or multilocular but it shows a tennis racquet 
appearance which is not seen in case of CGCG. 

An array of treatments is available for these lesions. Surgical curettage with or without peripheral ostectomy is the 
conventional management and continues to be the most frequently applied therapy. Even then a recurrence rate of 15 
to 20% is quoted. Margins of the lesion may be thermally sterilized with a laser or cryoprobes and for aggressive lesions 
radicle surgery and en-bloc resection may be required. Recurrence is higher in patients with aggressive signs and 
symptoms. Chuong et al reported a recurrence rate of 72% in aggressive lesions [16]. Extensive surgery though 
indicated for aggressive lesions may cause loss of teeth and tooth germs, paraesthesia of inferior alveolar nerve hence 
it is questionable if such extensive treatment is required for a benign lesion like CGCG. However as the etiology of the 
lesion has not been fully understood, several alternative medical treatments that have been promising in delivering 
successful results have been advocated over the years. 

As these lesions histologically resembles those of sarcoid the same treatment as that given for sarcoid may work for 
giant cell granuloma also. Based on this rationale intralesional steroid injections are given. This was first described by 
Jackoway et al in 1988 [26]. The protocol suggested is intralesional injection of steroid into the lesion once every week 
for six weeks. The mechanism is not fully understood but it is hypothesized that corticosteroids on one hand stimulate 
the proliferation and differentiation of osteoclast precursors but on the other inhibit lacunar resorption by mature 
osteoclasts isolated from giant cell tumor of the bone [27]. Hence corticosteroids inhibit bone resorption [28]. But the 
fact that they may cause resorption is also contradictory. 

Subcutaneous injections of 100 units of Calcitonin daily, first advocated by Professor Malcom Harris in 1993 [29] have 
also been used. As giant cell lesions histologically resemble brown tumor of hyperparathyroidism it was thought that 
parathormone like hormone could be the cause for this lesion. This hormone still has not been identified nevertheless 
Calcitonin has been used with variable success as it causes an increased influx of calcium into the bones and acts 
antagonistically to parathyroid hormone. The lesion has to be monitored radiographically, but may not show resolution 
till six to nine months of treatment, which is continued up to 24 months to achieve maximum resolution. Once this has 
been reached, further treatment is stopped. 

It is also assumed that these lesions may have a vascular origin, although this has not been proved yet, subcutaneous 
interferon alpha has been used as it has anti angiogenic effects. When used as the sole method of therapy for aggressive 
lesions it has shown to diminish the rapid growth of the lesion and even reduce the size but it is probably necessary to 
apply additional surgery to eliminate the lesion. Its use is limited due to side effects such as headaches and flu like illness 
[30]. Imatinib, a protein tyrosine kinase inhibitor used to treat chronic myeloid leukemia and gastrointestinal stromal 
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tumours, is shown to act as an effective anti-osteolytic agent and hence could be useful in the treatment of skeletal 
diseases involving excessive osteoclastic activity such as CGCG [31]  

4. Conclusion 
The etiology of these lesions remains uncertain and as they differ in their clinical and radiographic presentations, their 
only similarity being the histologic presence of multinucleated giant cells and to base the diagnosis only on these criteria 
could be misleading as was seen in our case. We must be able to differentiate between the various sub-types that fall 
under the term giant cell lesions as the treatment plan would alter significantly with each sub type, hence the surgical 
plan cannot be based solely on a simple biopsy. Errors that could be encountered with a biopsy could be due to 
inadequacy of specimen sample or improper sectioning. Also in case of large masses not all the sections taken for 
staining would show evidence of cells specific to the lesion thereby once again misleading the diagnosis. If we could 
identify the specific molecular markers for each sub-type it may help to understand the nature of these lesions better, 
subsequently helping to establish a target pharmacological and surgical approach.  
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Abstract 
Speech is a learned function that requires adequately developed nervous system, clear vision and hearing 
ability. Failure in development of any of these systems or the components involved in the production of 
speech will result in defective phonation. A prosthesis fabricated for a patient should be mechanically 
functional, esthetically pleasing and should allow proper phonation. The articulators change their shape 
and size in order to pronounce words. Therefore, a prosthesis should be fabricated in such a way that it 
doesnot hinder speech. A clinician may often come across situations where prosthodontic treatment is 
required to correct the speech. A prosthodontist, therefore must have a good understanding of production 
of speech and the various components of speech. This article discusses the mechanism of speech 
production and its role in prosthodontics. 
 
Keywords: Phonetics, articulation, palatography 
 
Introduction 
Speech is a fundamental part of human development and is the means by which a person can 
communicate with another. Speech may be defined as the faculty or act of expressing or 
describing thoughts, feelings, or perceptions by the articulation of words. Phonetics is the 
branch of linguistics that deals with the sounds of speech and their production, combination, 
description, and representation by written symbols. The production of speech requires involves 
neural, muscular, mechanical, aerodynamic, acoustic and auditory elements [1]. A prosthodontist 
should be well versed with the principles of phonation in order to deliver a prosthesis that 
corrects and/or allows proper speech. A major part of phonation occurs in the mouth therefore 
a prosthesis will a direct impact on speech. Therefore, a prosthodontist should carefully 
analyse the speech of the patient and take necessary measure to achieve appropriate phonation. 
 
History 
 In 1949 ‘Sears’ recommended grooving the palate just above the median sulcus of the 

patient. 
 In 1951 ‘Pound’ was successful in improving phonetics by contouring the entire palatal 

aspect of the maxillary denture to simulate the normal palate 
 ‘Landa’ suggested the use of ‘s’ sound to determine the adequacy of ‘free way space’ & 

‘M’ sound to establish a desirable ‘rest position’. 
 1953 & 1956, ‘Silverman’ used ‘speaking method’ to measure patient’s vertical 

dimension in natural teeth with dentures & without dentures. 
 ‘Morrison’ suggested the use of the word, ‘sixty six’ & ‘Mississippi’ to determine closest 

speaking space 
 1967, ‘Kaire’ reported & determined the palatal pressure of the tongue in the 

pronunciation of selected palatolingual speech sounds, by electronic means under 
predetermined vertical dimensions of occlusion. 

 
Discussion 
Mechanism of Speech Production 
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Components of Speech 
 The motor component consists of a pair of lung and its 

associated muscles that supply the air. The airstream 
necessary for the production of speech is generated at the 
lungs. 

 The vibrator component includes the vocal cord that give 

pitch to the tone. 
 The airstream generated at the lungs passes through the 

larynx and causes the vocal cords to vibrate. Subtle 
adjustments in air flow contribute to variations of pitch 
and intensity of the voice. 

 

 
 

Fig 1: The vocal cords [2]. 
 

The resonator includes the paranasal sinuses, oral cavity, the nasal cavity and the pharynx which are responsible for amplifying 
the sound.  
 

 
 

Fig 2: The different valves and articulators in the pharynx and the oral and nasal cavities that provide structural controls for speech sounds [3]. 
 

 The enunciators or articulators consist of the lips, tongue, 
palate and teeth which obstruct, or constricts, or diverts 
the airstream in a designated way in order to articulate 
meaning words. 

 The initiator consisting of the motor speech area in the 

brain and the nerve pathways. Speech is a learned 
function whose development requires adequate hearing, 
clear vision and a developed nervous system. For speech, 
there are two very important areas in the cerebral cortex, 
Broca’s area (after Paul Broca) and Wernickes area. 
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Fig 3: A general schema of speech production and communication [3] 

 
Valving Function 
 Speech is influenced by a series of musculoskeletal 

valves.  
1. Glottal valve- adduction of folds permits the production 

of a voiced tone and their abduction permits 
uninterrupted or voiceless passage of air.  

2. Palatopharyngeal valve- The muscles of the soft palate 
and the pharynx constitute palatopharyngeal valve, which 
couples or uncouples the nasal cavities.  

3. linguoavelar valve  
4. linguopalatal valve  
5. linguoalveolar valve 
6. linguodental valve  
7. labiodental valve  
8. labial valve 
 
The various valves interrupt, impede, and constrict the air 
stream in many ways to produce the complete repertoire of 
speech sounds. 
 
Componenets of Speech 
 Respiration 
 Phonation 
 Resonation 
 Articulation 
 Neurological Integration 
 Ability To Hear Sounds 
 

 
 

Fig 4: Static and dynamic components of speech [4] 

Classification of Speech 

1. Vowels : a, e, i, o, u.  
 Voiced sounds. 
 The vocal cords are activated by the production of these 

sounds. 
 Require sub-glottic pressure. 
 The tip of the tongue lies on the floor of the mouth either 

in contact with or close to the lingual surfaces of the 
lower anterior teeth and gums. 

 Vowel sounds are affected adversely by setting the 
mandibular anterior and posterior teeth lingually off the 
ridge. Setting the mandibular teeth too far lingually 
crowds the tongue in the floor of the mouth and makes 
the production of vowel sounds defective. The tongue is 
often seen to be broad after a prolonged edentulous 
period,so the crowding of the tongue may be experienced 
even when the teeth are set in the correct positions.  

 If the denture is correct phonetically for the consonant 
sounds, the vowels present little or no trouble [5]. 
 

2. Consonants: p, b, m, s, t, r, z. 
 The production of consonants requires the airstream to be 

impeded, diverted, or interrupted before it is released. 
 Voiced or breathed sounds. 
 Vocal cords may or may not vibrate. 
 Consonants are further divided into 6 categories: 
 Plosives/stops 
 Fricatives 
 Affricatives 
 Nasal 
 Liquid 
 Glides 
 
Plosive Consonants 
 An overpressure of air is been built up between the soft 

palate and pharyngeal wall and the airstream is then 
released in an explosive way.  

 Examples: P, B, T, D.  
 
Fricatives 
 Also known as sibilants.  
 A sharp and whistling sound quality is characteristic of 
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these sounds which is created when the airstream is 
squeezed through nearly obstructed articulators. 

 Examples: S, Z. 
 
Affricative Consonants 
 Are a mix between the plosives and the fricatives. 
 
Nasal Consonants 
 These sounds are created without the expulsion of 

airstream through the mouth, instead the airstream is 
directed towards the nasal cavity. 

 Production of such consonants involves the coupling of 
nasal cavity as resonators. 

 Example: M, N, NG. 
 
Liquid Consonants 
 Also known as the semi vowels 
 These sounds are produced in such a way that the 

airstream experiences no friction produced with out 
friction. 

 Example: R, L. 
 
Glides 
 that is sounds characterized by a gradually changing 

articulator shape Ex: W (witch), Y (you) 
 
Classification of Consonants Based On the Place of Their 
Production 
Consonants may be classified according to the anatomic parts 
involved in their formation: 
1. Linguopalatal sounds, formed by tongue and hard/soft 

palate,  
2. Linguodental sounds, formed by the tongue and teeth,  
3. Labiodental sounds, formed by the lips and teeth, and  
4. Bilabial sounds, formed by the lips.  

5. Linguoalveolar, formed by the contact of tongue and 
alveolus. 

 
Phonetics in Complete Denture 
Because complete dentures may distort speech production, it 
can be used as a guide to position artificial teeth. However, 
tooth positions are sometimes critical for the production of 
certain sounds and not at all for others. As the teeth are being 
arranged for esthetics, it is not the speech sound itself that is 
critical but rather, the interrelationships of the tongue, teeth, 
denture base, and lips. Speech production made by patients at 
the try-in appointment can never be as accurate as when the 
processed acrylic resin denture base has been substituted for 
the trial bases, and the patient has become accustomed to the 
new dentures [3]. 
 
Linguopalatal Sounds 
a. Linguopalatal Sounds Formed By Tongue And Hard 

Palate 
 
Word like S, T D N and L belong to this category 
S-Sound and Their Prosthodontic Cosiderations 
1. Thickness of denture 
2. Antero-posterior position of teeth 
3. Vertical dimension of occlusion 
4. Width of dental arch:  
5. Relationship of upper teeth to the lower anterior teeth by 

“S-Position 
 During the production of the syllable ‘s’, the tongue 

comes in contact with the anterior most part of the palate 
just behind the maxillary incisors and the anterior teeth 
must come in close approximation to each other without 
contact. The airstream passes through a median groove 
formed between the tongue and the hard palate. This 
median groove may or may not coincide with the median 
raphe of the palate. A palatogram may be utilized using a 
maxillary trial denture base dusted with talc in order to 
locate this groove.  

 

 
 

Fig 5: Palatograms of s, sh, and th. Note that an increase in the width of the channel corresponds to an increase in shallowness of the groove in 
the tongue, causing softening of s to sh and to th. A palatogram is a representation of the palate. The dark portions indicate points of lingual 

occlusion [5]. 
 

Effect of Thickness of Denture on ‘S’ 
 Is the depth of this groove is decreased, s is softened 

toward sh, and as the groove is further decreased, toward 
th as a lisp. Excessive thickness of the denture base in the 
anterior part of the palate is often the cause of lisping. If 
this groove of the tongue is too deep, the patient may 
whistle while making the sound s. 

 If a whistling sound is heard while pronouncing ‘s’, then

depth of the groove of the tongue is too deep and should 
be made more shallow by thickening the denture base in 
the appropriate area. 

 If a lisping sound is heard while pronouncing ‘s’ , then 
the groove is too shallow and must be made deeper by 
identifying the position of the median groove and then 
trimming the denture base to make the groove deep 
enough. 
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Effect of Positioning of Anterior Teeth on ‘S’ 
 If the mandibular incisors are set too far posteriorly, s is 

softened toward the lisp because the tongue is crowded 
posteriorly which make the groove in the tongue shallow.  

 If the madibular incisors are set too far anteriorly, then /s/ 
will whistle since the tongue will be overextended 
anteriorly and cause the groove in the tongue to deepen. 
The sound s will sound like sh. This occurs due to the 
leakage of air from the lateral borders of the tongue as the 
tongue is not sufficiently confined in the bicuspid region. 
This phenomenon, known as Stigmatismus lateralis, 
which may be corrected by creating palatal eminences 
bilaterally on the denture base corresponding to the 
naturally occurring prominences of the alveolar ridges in 
the bicuspid- molar regions. 

 
Effect of Vertical Dimension on ‘S’ 
 Silverman used the sibilant /S/ as a phonetic means for 

determining vertical dimension. When s is pronounced, 
the maxillary and the mandibular teeth approximate each 
other but dont contact such that they are separated by 
only 1 or 2 mm [5]. 

 If the maxillary and mandibular teeth contact each other 
causing a clicking sound while pronouncing these words, 
it will indicate an increased vertical dimension of 
occlusion.  

 If too much space can be seen while the pronounciation 
of words like sixty six, it will indicate lack of vertical 
dimension of occlusion. 

 

 
 

Fig 6: Vertical length of the anterior teeth during sibilant production 
from left to right is shown as correct, excessive, and with inadequate 

vertical overlap [3]. 
 

 
 

Fig 7: Horizontal relation of the anterior teeth during sibilant 
production from left to right is shown as correct, excessive, and with 

deficient overlapping [3]. 
 

a. Linguopalatal Sounds Formed By Tongue And Soft 
Palate 

 Consonant k, ng and g are representative of the 
palatolingual group of sounds. 

 Sound is formed by raising the back of the tongue to 
occlude with the soft palate and then suddenly depressing 
the middle portion of the back of the tongue releasing the 
air in a puff. If the posterior border of the upper denture 
is overextended or does not make firm contact with the 
tissue at the posterior palatal seal, the k becomes altered 
toward the ch sound [6]. 

 
Linguodental Sounds 
 Consonant ‘Th’ is representative of the linguodental 

group of sounds 
 The linguodental sounds are made with the tip of the 

tongue extending slightly between the maxillary and the 
mandibular anterior teeth. Air is pushed into the channel 
formed by the palate and the dorsum of the tongue, then 
the tip of the tongue is retracted into the oral cavity. As 
the air escapes through the space created by the retraction 
of the tongue, the sound th is produced [4]. 

 
Effect of inter arch space or the labiolingual position of 
the anterior teeth on ‘Th’ 
 If about 3mm of the tip of the tongue is not visible, the 

anterior teeth are probably too far forward (except for 
class 2 malocclusions), or there is excessive overbite 
which doesnt allow the tongue to protrude through.  

 If more than 6mm of the tongue extends out between the 
teeth when such sounds are made, the teeth are probably 
too lingual. 

 Inadequate interocclusal distance may cause a sensation 
of tongue biting when th is articulated. The patient may 
tend to place the tip of the tongue behind the anterior 
teeth instead of between them and th will be pronounced 
t. Similarly, th is pronounced t when the anterior teeth are 
set too far lingually. The tongue becomes pressed against 
the lingual surfaces of the upper and lower teeth and 
against the linguogingival margin of the upper anterior 
teeth. The sound t will result from this relation of the 
tongue and teeth A patient with an exceptionally retruded 
mandible requires an arrangement of anterior teeth with a 
large horizontal overlap. The linguodental sounds are 
difficult for such a patient to pronounce. 

 
Linguoalveolar Sounds 
 T, D, S, Z, V are representative of the linguoalveolar 

group of sounds 
 The tip of the tongue contacts with the most anterior part 

of the palate (the alveolus) or the lingual sides of the 
anterior teeth. 

 Sibilants S, Z, SH, CH and J (with CH and J being 
affricatives) are alveolar sounds, because the tongue and 
alveolus forms the controlling valve. 

 These syllables give us the relationship of the anterior 
teeth to each other. 

 Upper and lower incisors should come in very close 
approximation to each other but should not touch. 

 The syllables T, D, N, L may or may not be affected by 
the reproduction of rugae in the anterior palate. Several 
authors encourage this because these rugae help in the 
orientation of the tongue. There are authors that 
discourage this on the grounds that the tongue maybe 
cramped due to the additional thickness of the denture 
base and almost no resorption of the hard palate. 

 
Labiodental Sounds 
 F and V are representatives of the labiodental group of 

sounds. 
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 Formed by raising the lower lip into contact with the 

incisal edge of the maxilliary anterior teeth, therefore 
these sounds help us to determine the relationship 
between the same. 

 

 
 

Fig 8: Relation of tooth to lip [7]. 
 

 In case the maxillary anterior teeth are too short i.e. if 
they are set too high up, then V sound will be more like 
an F. 

 If they are too long i.e. if they are set too far down, then F 
will sound more like a V. 

 If the labial surface of the lower lip contact the incisal 
edges of the maxillary teeth, it means that the mandibular 
anterior teeth are placed too far anterior or that the 
mandibular anterior teeth have been placed too far 
posteriorly. 

 If the lower lip falls back while pronouncing these words, 
it means that the lower anterior teeth have been placed 
too far posteriorly 

 If an imprint of the maxillary anterior teeth is formed on 
the mucosa of the lower lip or if the mandibular denture 
is lifted by the lower lip, it means that the mandibular 
anterior teeth have been placed too far anteriorly, 
consequently the maxillary anterior teeth have also been 
placed too farward. 

 

 
 

Fig 9: Effect of tooth positioning on f and v. A, Upper antetior teeth 
too long, During the pronounciation off, they will contact the lower 

lip in a position similar to v, and the sounds may sound alike. B, 
effect of antero-posterior positioning of the teeth from left to right 

are, correct, too far posterior and too far anterior [3]. 
 
Bilabial Sounds 
 B, P and m are representatives of the bilabial group of 

sounds. 
 Formed by the stream of air coming from the lungs which 

meets with no resistance along its entire path until it 
reaches the lip. The sound m is produced in a similar 
manner except that the air escapes in part through the 

nose as a nasal sound. 
 If there is insufficient support of the lips by the teeth or 

the denture base can cause these sounds to be defective. 
 
Effect of Interarch Distance on Bilabials 
 If the interarch distance is increased then the patient will 

not be able to close the lips comfortably to form a seal or 
if insufficient interarch distance exists, the lips will 
contact prematurely. 

 Both these situations will alter bilabials. 
 
Effect of Correct Labiolingual Positioning Of the Anterior 
Teeth on Bilabials 
 When the teeth are placed too far labially, the lips do not 

meet comfortably; with a lingual displacement of the 
anterior teeth, the lips meet prematurely. Therefore, the 
pronunciation of the bilabial sounds should be used to 
check the vertical jaw relation and to make sure that the 
lips meet comfortably without premature contact of the 
occlusion rims. Bilabial are also affected by the thickness 
of the labial flange. 

 
Soft Palate and Speech 
 The soft palate must rise and form a competent 

velopharyngeal sphincter closing the nasopharyngeal 
space in all speech sounds except n, m, and ng. When the 
soft palate is inactive, the space remains open, causing a 
nasal tone. An overextended maxillary denture may cause 
irritation of the velum, with subsequent stiffening of its 
muscles [4]. 

 
Prosthodontic Implication In Denture Design Affecting 
Speech 
1. Denture thickness and peripheral outline 
2. Vertical dimension  
3. Occlusal plane 
4. Relationship of the upper and lower teeth 
5. Post dam area 
6. Anterior-posterior positioning of teeth 
7. Width of dental arch 
 
Denture Thickness and Peripheral Outline 

 A denture is required to be mechanically functional, 
aesthetically pleasing and should also allow normal speech.  

  
 Denture Peripheries: Unduly thick denture bases are one of 

the biggest reasons for the defective phonation. Increase in the 
thickness consequently causes a decrease in the volume of 
oral cavity and loss of tongue space. The denture should be 
extended to as much area as possible without encroaching 
upon the movable tissues. Overextended peripheries of the 
denture will hinder the movements of the articulators while 
speaking. This will lead to incomprehensible speech. 

  
 Denture Thickness: No residual ridge resorption occurs in 

the palatal area. The thickness of the denture base covering 
the palate decreases the amount of tongue room and the oral 
air volume. The production of the palatolingual group of 
sounds involves contact between the tongue, and either the 
palate, the alveolar process, or the teeth.  
 With the consonants T and D, the tongue makes firm 

contact with the anterior part of the hard palate, if the 
denture base is excessively thick in this region it may 
cause defective formation of these sounds.  

 With the syllables S, G , Z, R and L, the tongue contacts 
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the most anterior part of the hard palate A median groove 
is formed between the hard palate and the tongue while 
the phonation of sounds like S, G, Z. If the denture base 
too thick in this area this groove is obliterated or it may 
become shallow as a result of which lisping occurs. 

 With the syllables Gh and J sounds the tongue is pressed 
against a larger area of the hard palate. Again if the 
thickness of the denture is increased in this area, it will 
lead to defective phonation. 

 
Vertical Dimension 
The bilabials such as P, B and M require that the lips contact 
to form a seal. With P and B, the lips part quite forcibly, but 
in case of the M sound, the lip contact is passive.  
 The syllable ‘M’ is used to obtaining the correct vertical 

height. If there is a strained appearance during lip 
contact, or the lips fail to make contact, it would mean 
that the occlusal rims are contacting prematurely [8]. 

 The syllables G, S and Z when produced bring the teeth 
in close approximation to each other without coming into 
contact. If the vertical dimension of occlusion is too 
large, the dentures will actually make contact as these 
consonants are formed, and a clicking sound will be 
produced.  

 

 
 

Fig 10: The S- Position [7] 

 
The Occlusal Plane 
 Labiodental group of sounds F and V help in determining 

the correct occlusal plane. These are formed by raising 
the lower lip into contact with the incisal edge of the 
maxilliary anterior teeth. 

 In case the maxillary anterior teeth are placed above the 
occlusal plane, then V sound will be more like an F. 

 If they are placed below the occlusal plane, then F will 
sound more like a V. 

 
The Anteroposterior Position of the Incisors 
 Labiodental F, V and Ph may be used as a guide in the 

anteroposterior positioning of the incisors. If the teeth are 
placed too far palatally, the contact of the lower lip with 
the incisal and labial surfaces will become difficult.  

 Palatolinguals, S, G (soft), and Z are also affected in this 
case, since the tongue will make premature contact with 
the incisors, this will result in a lisp.  

 
The Post-dam Area 
 Vowels such as I and E and the palatolinguals such as K, 

NG, G and G can be used to determine the extent of the 
post dam area.  

 A denture which has a thick base in the post-dam area, or 
that edge finished square instead of tapering, will irritate 
the dorsum of the tongue, impeding the speech. 

 A denture with poor palatal seal will unseat when the 
words requiring expulsion of burst of airsteam forcefully 
are pronounced. Such syllables include the plosive such 
as P, B etc. 

 
Width of Dental Arch 
 A narrow arch cramps the tongue which cause the size 

and shape of the air channel to alter. Consequently, 
Defective phonation of such syllables such as T, D, S, M, 
N, K, G and H, where the lateral margins of the tongue 
make contact with the palatal surfaces of the upper 
posterior teeth, occurs.  

 
Relationship of the Upper Anterior to the Lower Anterior 
Teeth 
The sibilant S requires near contact of maxillary and 
mandibular incisors so that the air stream can escape through 
the slight space between the teeth. The consonants Ch, J and 
Z require a similar air channel in their formation [9]. 
 
Phonetics and Occlusion 
Using Phonetics to Determine the Class of Occlusion  
 This technique was suggested by Earl Pound. Through this 
technique we can precisely record the patient’s class of 
occlusion, vertical dimension, centric occlusion and incisal 
guidance. This technique involves to determining the “S” 
position. Allow the patient to relax in the hinge position and 
note the amount of retrusion. The sum of movements will 
indicate the patient’s occlusion and also when closed at this 
position we will be able to make conclusion about the patients 
original vertical dimension. If there is 2 to 3mm of retrusion, 
the incisal edges of lower anterior teeth will be seen close to 
the cingulum of the upper anterior teeth. Henceforth this will 
automatically adopt a class - 1 occlusion. If there is distal 
movement of anterior teeth of more than 3mm for the “S” 
position, the incisal edges of lower anteriors will be distal to 
cingulum of upper anteriors and many a times may be against 
the palatal soft tissues assuming a class -2 relation. If there is 
no distal movement from the “S” position the incisal edge of 
lower anteriors will be positioned in edge to edge relation, 
therefore assuming a class -3 relation [7]. 
 

 
 

Fig 10: Relation of anterior teeth in different classes of occlusion 
[10]. 
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Phonetics and Malocclusion 
The “s” sound formation maybe considered the most difficult 
sound to produce and most misarticulated consonant that are 
related with the articulator structures. In subjects with ideal 
occlusion, it has been demonstrated that formation of an 
acoustically perfect “s” sound occurs when the incisors are 
edge to edge, molars slightly separated, the mandible lightly 
protruded, the tongue is consistently related to the palate and 
alveolar process where as the horizontal tip lies posterior to 
the lower incisors, while the hyoid bone is lightly elevated. 
Therefore the sounds that are produced in the anterior region, 
particularly a correct “s” sound is more difficult to produce in 
cases of increased over-jet. Since frontal segment of the 
dental arch have an important role in sibilants pronounciation, 
sibilant speech disorders might occur in patients with intense 
orthodontic anomaly of the frontal segment. It has been seen 
that there is a tendency for subjects with disturbance of the 
“s” sound to have a lightly narrower palate than the subjects 
with a correct “s” sound. Also, subjects that produce sounds 
from the posterior region had systematically higher mean 
values for palatal length in all segments. Earlier researchers 
argued the relationship between increased over-jet and speech 
disorders since compensatory movements allowed normal 
speech even in the presence of abnormal anatomical 
relationships. Cephalometric radiography and cine-
radiographic techniques were used to study the nature of this 
compensatory mechanism individuals who have severe Class 
II malocclusion constantly have difficulty producing bilabial 
consonants such as “p”, “b” and “m”. By definition, the 
formation of these sounds requires the upper and lower lip to 
contact each other. Individuals who have Class II 
malocclusion often modify these bilabial sounds by using the 
lower lip in contact with the maxillary incisors. Class III 
subjects often have a tongue posture that is habitually low and 
loose. Constriction of the linguo-alveolar valve necessary for 
sibilants is therefore not produced effectively. Individuals 
who have Class III malocclusion often present difficulty in 
producing labio-dental and linguo-alveolar consonants “f” and 
“v”. These sounds require the lower lip to position nearly to 
the maxillary incisors. Instead of the typical place of 
production, Class III patients may exhibit two types of error 
pattern. The first common pattern is the individuals that 
produce these sounds with a bilabial place of production, 
moving the lower lip up to the upper lip and narrowly 
constricting the air stream at the place of articulation. The 
second pattern includes the upper lip slightly contacting the 
mandibular incisors, in a reversed labio-dental posture. 
Individuals who have Class III malocclusion tend to have 
difficulty with the consonants “t”, “d”, “l”, “n”, “s” and “z”. 
These sounds should be produced with tongue tip coming 
near the alveolar ridge. Instead, these individuals often 
produce these sounds with the tip of the tongue contacting the 
maxillary incisors. This is called dentalization. A important 
relationship between open-bite and anterior lisping during 
articulation of the linguo-alveolar consonants “t”, “d”, “n”, 
“l” has been found. Distortion of anteriorly produced sounds 
is observed in open-bite patient. It is reported that incisal 
open-bite alone is rarely associated with articulatory speech 
defects. But, if it is combined with other occlusal anomalies, 
more severe mis-articulations are observed. On the contrary, 
Bernstein reported that even though speech disorders are 
directly related to open bite, the severity of the lisp does not 
vary with the amount of the malocclusion. The spacing of 
maxillary incisors is associated with articulatory defects of 
“l”, “n”, “d” and “r” sounds. Increased open-bite and over-jet 

plays a more important role than anterior spacing during 
pronounciation [10]. 
 
Phonetics in Esthetic Dentistry 
Where today’s modern society demands a pleasing 
appearance in both personal and professional lives, it has now 
become a necessity to look ones best. The face is the mirror of 
one’s personality and the our mouth itself is a focal point of 
attention. Not all of us are bestowed with an esthetically 
pleasing smile. So, several times we might encounter patients 
demand an alteration of their smile. It may range from limited 
to anterior segment to a full mouth rehabilitation. Analysis of 
the smile includes a study of facial features and lip 
movements in line with the tooth using facial, dento-labial 
and phonetic parameters, in order to achieve the optimal and 
final esthetics. Successively dental and gingival aspect 
completes esthetic analysis. Careful evaluations of these 
parameters allow clinicians to create the restorations that are 
integrated not only in the oral cavity, but also in relation with 
patient’s facial look. Tooth visibility in relax position and 
mouth slightly opened and lips relaxed varies with age. Facial 
esthetic value depends to a great extent on tooth display in 
vertical dimension of the rest. This seemingly ease task 
actually requires a lot of skill and knowledge [11, 12]. 
 
Phonetics in Maxillofacial Prosthesis 
Production of intelligible speech is dependent upon the 
controlled movement of air from the lungs through the larynx, 
hypopharynx, and oral cavity. The production of various 
phonemes and silibants is highly dependent upon the shape of 
the structures as the air passes through the various chambers. 
In the oral cavity, the tongue, soft palate, hard palate, dental 
alveolar complex, buccinator muscle, and lips play an 
important role in the control of the shape and volume of the 
oral cavity in the production of speech. The tongue shapes the 
oral and pharyngeal cavities for vowel production. It restricts 
air flow in the oral cavity to produce consonants. Compromise 
to the tongue secondary to surgical resection, resulting in 
altered volume, and limited and restricted movement of the 
tongue, tongue segments, or flaps, can have an adverse effect 
upon the quality of speech Consequently, following resection 
of lesions located close to the mandible, articulation is 
adversely affected. Lesions vary in their size and location and, 
therefore, the surgical and radiological treatment will vary; as 
will the impact upon oral structure and function. In general, 
following mandibular resections, the oral cavity is reduced in 
size and a portion of the tongue often is excised and/or used 
for closure of the wound. In general, the speech exhibited by 
most mandibulectomy patients will be understandable. The 
degree of impairment is related primarily to the status of 
tongue function. With extensive resections of the tongue and 
floor of the mouth, the remaining portion of the tongue may 
exhibit limited and imprecise movements. Partial glossectomy 
patients may make use of the residual tongue to perform 
adaptive movements approximating normal movements, 
whereas the total glossectomy patients develope truly 
compensatory patterns of speech [13]. 
The tongue is one of the most important structures of the 
speech system. It must elevate, narrow, thin, groove, protrude, 
retract, and even lie flat in the mouth as it contributes to 
speech. Generally, it is such an efficient and adaptable 
instrument that, when the static structures are abnormal in 
some way, the tongue can make adjustments to compensate 
for the abnormality; yet there are limitations [14] Frahm [15] 

said, “While nature provides an simple degree of tolerance 
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and the tongue can adapt itself to changes in surface 
conditions, and aid in the enunciation of the patient, it is not 

wise to impose too much upon such a yielding and willing 
member of the vocal instrument”. 

 

 
 

FIG 11: Clinical speech considerations to identify speech pathology [16]. 
 

Analysis of Speech In Prosthodontics 
In order to acquire best possible phonetics in a patient we 
most essentially need to thoroughly analyse the structures that 
are critical to speech e.g. the alveolar ridge, and the palate, the 
teeth, the tongue. When speech problems are found, one 
approach to the analysis of these problems is to relate 
structure to mode. As an example, it is important to note how 
the tongue approaches the alveolus and directs the airstream 
thereupon to cause a speech sound to be made. 
 
Errors In Articulation 
The articulatory errors can be classified into: 
 Omissions, Substitution and Distortion. Some typical 

illustrations of these might prove Useful.  
 Ommissions may be seen kids or may be heard in a 

person trying to learn a new unfamiliar language or a 
person with auditory defects. This type of articulatory 

error is not so common in denture wearers. 
 Substitution Error are those when a sound is replaced by 

some other, for example ‘think for sink’. Here the person 
may have replaced ‘th’ by ‘s’ sound. This is termed as 
lisp. We may come across prosthodontic patients 
exhibiting this type of error. 

 Distortion is seen when a sound intended to produce is so 
distorted that it becomes some other word completely. 
The speech may become incomprehensible [8]. 

 
Table 1: Types of errors in speech [14] 

 

Error Type Example Effect 

Substitution “Think” For “Sink” “Th” Replaces “S” Sound: Wrong 
Word. 

Omission “Ink” For “Sink” “S” Is Omitted : Wrong Word 

Distortion “Ink” For “Sink” “S” Is Distorted: Wrong Is 
Unintelligent. 

 
Table 2: Speech sound deviation according to structural deviation [14] 

 

Structural Situation Tongue Behavior Airflow Change Speech Effect 
Tooth Position    

 Incisors Labial Stretching Apex Broadened Airstream /Sh/ For /S/ 
 Incisors Lingual ‘Jammed Apex” Laterized Lateral Lisp 
 Normal Tongue Thrust Turbulence Labial /Th/ For /S/ 
 Lateral Molars Orientation Or Fulcrum Loss Wide Variations ‘Slushy’ Speech 

Corrected Palatal Area Orientation And Feedback Loss Wide Variations Imprecise Articulation 
Tongue Deviation 

(Asymmetry And Scarring) Gross Misplacement Wide Variation Imprecise Articulation 

 
Speech Tests 
Speech Analysis 
 2categories 

1) Perceptual/acoustic 
 Based on broad band spectrogram, recording by 

Sonograph • Objective opinion of performance 
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2) Kinematic movement analysis: 
 
Ultrasonics  
 X-ray mapping 
 Cineradiography 
 Optoelectronic articulatory movement tracking  
 Electropalatography 
 
Palatography  
The tongue plays a major role in speech. It changes position 
and shape for the pronunciation of each of the vowels, and it 
is the principal articulator for the consonants. In pronouncing 
the consonants, the tongue contacts various portions of the 
teeth, the alveolar ridge, and the hard palate. Since these 

structures are either replaced or covered by the denture, it was 
basic to the study to know exactly which portions of these 
structures are normally contacted by the tongue in 
pronouncing a given consonant. To accomplish this, 
palatograms were made on a group of dentulous individuals, 
with normal speech, who were chosen so as to incorporate a 
maximum variety of tooth arrangement, tooth occlusion, arch 
form, arch size, vault form, and vault depth [17]. 
It is a group of techniques to record contact between the 
tongue and the roof the mouth to get articulatory records for 
the production of speech sounds. Palatograms are the areas of 
tongue contact for a given sound displayed on an artificial 
palate through a medium of talcum powder. 

 

 
 

Fig 13: Typical electropalatography diagrams for the sounds in “oh sadist.” Shaded area represents the contact between tongue and palate. Note 
the sagittal groove created when the s sound is uttered.8 

 
Prerequisite for making palatogram  
1. The artificial palate made must be uniformly adapted, no 

adhesive must be used. 
2. Patient who have severe gagging must not be used for 

making palatograms.  
3. The patient has to be trained to open his mouth after 

uttering the desired word. 
4. The tracing material must not be distasteful and its 

consistency should permit easy application 
5. The palate has to be thoroughly dried before the medium 

is applied and the medium must have a contrasting colour 
so that it can be easily identified  

6. Talc is considered the best material that can be used for 
palatogram, although activated charcoal, chocolate 
powder where also used. 

 
Conclusion 
 The proper knowledge of speech production and phonetic 

parameters will enable a clinician in fabrication of 
dentures with good phonetic capabilities.  

 Achievement of the optimum phonetic potential is 
possible by providing correlation between mechanics, 
esthetics and phonetics. 

 
Conclusion 
The importance of phonetics in the field of prosthodontics is 
undeniable. It is mandatory for a clinician to have a working 
knowledge of the production of speech and the effect a 
prosthesis may have on proper speech. Since speech is 
fundamental to us therefore, it is essential that a clinician 
delivers a prosthesis that allows clear speech. 
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INTRODUCTION 
The value of dentistry as an important health service will 
be enhanced when the dental examination includes a 
complete study of the teeth, jaws, and other oral 
structures. From such a complete examination will 
frequently be uncovered conditions more detrimental to 
the health of the patient than the specific complaint for 
which relief may be sought.[1] Diagnosis involves 
development of a comprehensive and concise database of 
pertinent information, sufficient to understand the 
patient‟s problem as well as answer questions arising in 
the treating clinicians‟ mind. Proper diagnosis is 
essential to intelligent treatment for this diagnosis should 
first determine whether disease is present: then identify 
its type, extent, distribution and severity; and finally, 
should amalgamate information obtained from a 
thorough clinical examination along with information 
gained from various diagnostic aids.[2] Diagnosis forms 
the basis of treatment. Direct clinical observations and 

radiographic findings are used to identify existing 
problems and to select the most appropriate dental 
treatment. Evaluation of a patient‟s health status 
determines how systemic illnesses can modify oral, 
dental, and craniofacial diseases and a patient‟s ability to 
tolerate dental treatment. Careful attention to diagnostic 
aids and an understanding of both their usefulness and 
limitations is essential if they are to be employed most 
effectively in clinical dentistry. 
 
Diagnostic aids used in prosthetic dentistry include 
diagnostic casts, photographs and various imaging 
technique such as Computerized tomography, Cone 
beam computerized tomography, Ultrasonography, 
Magnetic resonance imaging and Stereolithography. 

System like Tekscan (T scan) and Matscan permit a 
precise study of occlusal contacts and the forces created 
examining even slightest of occlusal interferences, 
significant in full mouth rehabilitation and implant 
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protected occlusion (IPO). Other areas to be explored 
include use of virtual articulators and digital face bows to 
facilitate automatic design of the occlusal surface.[3] 

 
WHY DO WE NEED “DIAGNOSIS”? 
Diagnosis is the determination of the nature of a disease 
made from a study of the signs and symptoms of a 
disease. In the present era because of increased life 
expectancy of patient, the population is aging, more 
patients are retaining their teeth, edentulism is declining, 
and more people with multiple chronic diseases are 
seeking dental care. It is because we have better 
understanding of the etiology of oral and systemic 
disorders and of primary and secondary risk factors for 
oral, dental, and craniofacial disorders due to advances in 
the field of dentistry. With a growing body of knowledge 
suggesting the association of oral infection and the 
associated tissue inflammation with systemic diseases 
and conditions (e.g., cerebrovascular/cardiovascular 
disease, pregnancy, respiratory disease, diabetes 
mellitus), there is an greater emphasis on the importance 
of oral diseases in the context of systemic health and for 
this improving diagnostic skills is must which is 
dependent on a complete understanding of the etiology 
of disease and their identification by clinical and 
laboratory means. Better understanding of systemic 
diseases by dentists will improve the management of 
patients presenting for dental care and help dentists to 
evaluate changes that can occur over the course of 
treatment.[4] 

 
ORAL EXAMINATION 
A patient‟s health, pharmacological history, and current 
status are the foundation of the examination process. The 
goal of an enhanced examination and screening is to 
discover any abnormality, no matter what it may be. A 
more appropriate way to present and discuss the 
examination with patients is to tell them that an enhanced 
oral evaluation is going to be done, in which all of their 
teeth and surrounding structures will be examined, and 
everything will be checked. A thorough dental 
examination includes the following information- 
personal information, chief complaint, past and present 
dental history, extra oral examination, the tone of muscle 
attachments, the arch form, the amount of interarch 
space, the size of bony structures, the existing ridge 
relations, the position and form of tongue, character of 
saliva, the resorption of alveolar structures, and the 
mucosal conditions. 
 
The biologic conditions, favorable and unfavorable to 
successful service, should be evaluated and then 
considered in conjunction with the information revealed 
in the patient‟s oral and general health history. 
Conclusions reached in visual and exploratory 
examinations of the dentulous patient must be verified by 
roentgenograms and vitality tests of the teeth. It should 
be remembered that complete and thorough examination 
always precedes the scientific plan for dental treatment. 
There are no “short-cuts” in dental examination. Cursory 

examinations reveal insufficient information of 
diagnostic value, bear little relationship to the proper 
conception of dentistry as an important health service, 
and prevent dentistry from performing its duties as an 
important health service to humanity.[1] 

 

PRE EXTRACTION RECORDS 
The complete denture (CD) replaces the entire dentition 
and associated structures of the maxilla or the mandible. 
Establishing the vertical dimension of occlusion (VDO), 
recording centric relation and arranging the maxillary 
anterior teeth in their proper position are important for 
the success of CDs. The most common pre extraction 
records include pre-extraction diagnostic casts, 
instruments (the Dakometer, Willis gauge, and Sorenson 
profile scale), measurements (between tattoo points, of 
the closest speaking space and of the physiological rest 
position), photographs and radiographs.[5] Some authors 
like Smith have also emphasized that pre-extraction 
records should be used in the prosthodontic curriculum. 
Silverman stated that “the greater the number of 
preextraction records available to the dentist, the greater 
the chance of success”.[5] 

 
1. Diagnostic Casts 
Diagnostic casts are of paramount importance in 
maintaining records of the dentition of the patient before 
it is altered by treatment. For diagnosis in 
prosthodontics, diagnostic casts mounted in centric 
relation on the articulator are an essential requirement. 
The casts determine the length of the edentulous spaces, 
the vertical distance between the dental arches, and the 
form, size and individual positions of the remaining 
teeth. Occlusion can also be observed both from 
lingual[6] and buccal side on these casts and verified in 
the patient's mouth. Apart from the aforesaid features, 
diagnostic casts also aids in the evaluation of 
malocclusion, defective occlusal contacts, 
determinination of crown length, the plane of occlusion, 
orientation and angulations of natural teeth, esthetic 
evaluation, interarch space, anatomy of the teeth and soft 
tissues. 
 
2. Photographs 
Dental photography has always been an aid for diagnosis 
and aesthetic treatment planning. Intuitive software's 
make it possible to visualize post treatment effect, 
variation of tooth size and form etc. Photographic 
records are easier to store, can be viewed at various 
angulations and easily measured. Regular photographic 
records, at all dental visits could be great help to examine 
the age changes like occlusal vertical[3] dimension, tooth 
color and facial changes. Furthermore, this can aid the 
prosthodontic practice by enabling more efficient visual 
communication and also supplement the better medico-
legal documentation for contemporary practice. 
 
3. Instruments 
The most common instrument advocated for use in 
determining VDO was the Dakometer. This instrument 
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recorded both the VDO and the position of the maxillary 
anterior teeth. Willis gauge can also be used for 
measuring the vertical height from the under surface of 
the chin to the base of the nose. However, this method 
introduced inaccuracies because it depended on the 
operator applying the exact same degree of pressure 
when the instrument made contact with the skin of the 
face.[5] Other instrument such as Sorenson scale can also 
be used. 
 
THE ORTHODONTIC PROSTHODONTIC 
RELATIONSHIP 
Orthodontic analysis and adjunctive orthodontic 
treatment often can have a positive effect on the outcome 
of prosthodontic treatment. Cephalometric analysis when 
used to determine a patient's growth pattern or growth 
status can help to determine the best type of functional 
occlusal pattern or help to identify when the patient has 
largely completed facial growth for timing of implant 
placement. Prior and adequate understanding of the 
practitioners of accurate growth pattern assessment and 
implementation of pertinent procedures, the pre 
prosthodontic use of orthodontics aids in improvisation 
of patient outcomes and simplifies some otherwise 
intricate restorative situations. 
 
When planning prosthodontic treatment, the dentist 
should embrace a dynamic view of tooth position and 
determine whether restorative treatment can be enhanced 
by tooth movement. Improved tooth position can 
eliminate potentially pathologic occlusion and create a 
healthier periodontal environment that is easier to 
maintain. In addition, it permits the dentist to place 
restorations that often require less natural tooth reduction 
during preparation, and that are more esthetic, functional, 
stable, and durable.[7] 

 

PHONETICS 
The proper knowledge about speech production and 
phonetic parameters will enable the clinician to fabricate 
dentures with good phonetic capabilities. Obtaining 
optimum phonetic potential by providing correlation 
among three key objectives (mechanics, esthetics and 
phonetics) of prosthodontics is the ultimate goal of every 
prosthodontist.[8] Very often we have to depend on pre-
extraction records in order to achieve necessary 
objectives while replacing teeth. However if these 
records are missing, determining the position of artificial 
teeth becomes more challenging. Hence, phonetics can 
be used as a guideline for proper placement of artificial 
teeth. 
 
A few factors, namely, the correct vertical dimension, the 
occlusal plane, the contour of the palate, and the 
positioning of the anterior teeth, are common 
requirements for the production of most speech sounds. 
Therefore, the vertical dimension of occlusion should be 
checked by the technique of Silverman‟s closest 
speaking space. Similarly, the occlusal plane should be 
checked phonetically with the labiodental sounds.[9] 

DENTAL SURVEYOR 
The surveyor (parallelometer) is a diagnostic tool which 
should be used by every practicing dentist who provides 
removable partial denture prosthesis service for his 
patients.[10] An intraoral surveyor can be used 
successfully to ensure that teeth are optimally prepared 
to serve as abutments for fixed or removable partial 
dentures. 
 
Before tooth preparation for a fixed or removable partial 
denture, a diagnosis and a treatment plan are formulated 
by using a diagnostic cast. It is surveyed so that a path of 
insertion can be determined that best fulfils the 
requirements for parallelism, retention, and optimal 
aesthetic and functional advantages. The proper use of a 
surveyor will not only make the job of technician simple, 
but also precise. It reduces time spent in the laboratory in 
guessing the interferences to the path of placement of the 
removable prosthesis and hence the chair side time is 
also saved. 
 
RADIOLOGICAL IMAGING IN 
PROSTHODONTICS 
Dental radiographs are a necessary component of 
comprehensive patient care. In dentistry, radiographs 
enable the dental professional to identify many 
conditions that may otherwise go undetected clinically. 
Pre-operative radiographs can efficiently determine not 
only the existing bone quantity but also anatomic and 
topographic structures, which have to be preserved. 
Radiographs gives us the important information about 
anatomic structures such as the roots of the adjacent 
teeth, the floor of the nose, the course of the inferior 
alveolar nerve, the diameter of the incisal canal, and the 
morphology of the maxillary sinus including bony septi. 
Radiographs provide a good two-dimensional as well as 
three dimensional overview; facilitate detection of 
pathologies in the jawbone and evaluation of bone 
quantity in the vertical and the mesiodistal dimension. 
Hence radiographs are therefore considered as important 
adjunct for the initial diagnosis and treatment 
planning.[11] The most common methods for daily-basis 
clinical imaging in dental medicine are intraoral and 
panoramic radiography, as well as three-dimensional 
(3D) Computerized tomography, Cone Beam Computed 
Tomography (CBCT), Magnetic Resonance imaging and 
Stereolithiography pertinently in maxillofacial 
prosthetics. 
 
There have been tremendous advances in all the branches 
of dentistry over the past few decades for which the need 
for more precise diagnostic tools, specially imaging 
methods, has become paramount. 
 
Two Dimensional Imaging 
Two-dimensional intraoral and panoramic radiography 
are at present the most popularly used imaging 
techniques for dental examination. 
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1. Periapical radiography 
Long cone paralleling technique is the technique of 
choice for taking periapical radiographs. Among all the 
imaging modalities, intraoral periapical radiographs offer 
the best resolution, area of interest can be examined for 
trabecular patterns, residual roots, periodontium, as well 
as angulation of adjacent teeth, readily available, 
inexpensive, less radiation dose. However, such 
radiographs provide a two dimensional perspective of 
three dimensional anatomy, thus not adequate to estimate 
the amount of available bone (facio-lingual dimension) 
in the edentulous site, their limited size makes them 
inadequate for evaluating large edentulous areas and 
associated maxillary and mandibular structures.[12] 

 

2. Panoramic radiography 
This outlines the bony anatomy clearly and is generally 
used for diagnosis of size and shape of abutment teeth, 
pulp chambers, gross pathoses, amount of ridge 
resorption within the jaws as well as the relation of 
anatomic structures such as sinuses, canals, fossa, and 
foramen in the implant site.[12] This modality is probably 
the most utilized diagnostic modality in fixed 
prosthodontics. However, in case of quantitative 
preprosthetic implant imaging, it is not the most 
diagnostic. This radiograph produces an image of a 
section of the jaws of variable thickness and 
magnification. But due to decreased resolution and 
sharpness, no cross-sectional imaging, varied 
magnification and usually unreliable (25-30%) especially 
in the vertical dimension and is more pronounced in 
posterior than in anterior areas, it might give a false 
sense that more bone exists between the crest of the 
alveolar process and the inferior alveolar canal, nasal 
fossa or maxillary sinuses. Improper patient positioning 
may further contribute to image distortion.[12] 

 
Two dimensional imaging (2-D) allows the analysis of 
the internal architecture of teeth, its supporting structures 
and provides insight into the associated pathological 
conditions, such as incipient caries, periapical and 
periodontal lesions, that cannot be analysed clinically, 
thereby acts as an adjunct to diagnosis and treatment 
planning. A significant drawback of conventional 
radiography is the superimposition of overlying 
structures, which obscures the object of interest hence 
resulting in collapsed three dimensional structural 
information onto a 2-D image, which leads to loss of 
spatial information in the third dimension. Moreover 
superimposition of anatomical structures surrounding the 
teeth may cause anatomical or background noise, which 
results in difficulty in interpreting periapical radiographs. 
2-D radiographs show less severe bone destruction than 
is actually present. Such radiographs are inefficient in 
determining soft tissue to hard-tissue relationships. Due 
to all these shortcomings three dimensional imaging (3-
D) has gained importance in field of dentistry. Specially 
in case of diagnostic dilemma and treatment planning of 
special cases, advanced 3-D imaging modalities, helps in 
providing additional information which is of paramount 

importance for optimal implant placement, it also finds 
important roles in pre- and postoperative evaluation of 
the implant patient especially in complex reconstructions 
during multiple implant placement.[13] 

 
Three Dimensional Imaging 
Three dimensional information is essential for the 
implantologist before placement of osseointegrated 
dental implants. The fundamental basis for radiological 
examination is to maximize the ratio of the benefit/risk, 
as imaging for the planning of implant placement is 
confusing because of the large number of modalities 
available. Clinicians, however, must recognize that each 
technique has advantages and limitations.[12] Three-
dimensional imaging helps in assessing the complex 
cranio-facial structures more adequately for examination 
as well as early and accurate diagnosis of deep-seated 
lesions.[13] 

 

1. Computerized tomography (CT) 
CT was the first technology to allow visualization of 
both hard and soft tissues of the facial bones by image 
processing enhancement and the ability to acquire 
multiple, non- superimposed cross-sectional images.[13] 
The quality and the quantity of bone; the evaluation of 
potential recipient sites for implant placement, 
particularly with stents, evaluation of intraosseous 
pathologies, follow-up of regions where extensive 
surgery is performed can be determined with reformatted 
cross sectional images. In the last decade, CT scans have 
become one of the most frequently used imaging 
techniques for preoperative evaluation of the jaws before 
implant treatment. The first commercially developed 
program was DentaScan (General Electric, Milwaukee, 
Wis), which produced „„dentist-friendly‟‟ images.[14] 

 
2. Cone beam computed tomography (CBCT) 
Another such advance imaging modality, that has gained 
momentum amongst dental practitioners nowadays, is the 
CBCT. Its wider and rapidly growing popularity is 
attributed to certain features such as minimal cost, easier 
accessibility and reduced radiation exposure to patients 
compared to other advance imaging technologies. This 
modality has also unfolded opportunities for the dental 
fraternity to evaluate the maxillofacial region using 
multiplanar imaging. CBCT has been used for 
preoperative and postoperative dental implant 
assessment. Preoperatively, it can accurately determine 
the quantity and quality of bone available for placement 
of implant. It also provides more detailed and accurate 
information of the adjoining vital tissues, so that these 
could be protected during the placement of dental 
implant.[13] 

 
CBCT is capable of providing sub-millimetre resolution 
in images of high diagnostic quality, with short scanning 
times (10–70 seconds) and radiation dosages reportedly 
up to 15 times lower than those of conventional CT 
scans. Increasing availability of this technology provides 
the dental clinician with an imaging modality capable of 
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providing a 3-dimensional representation of the 
maxillofacial skeleton with minimal distortion.[15] 

 
3. Magnetic Resonance imaging 
Sinus lift assessment: Complete evaluation of the three-
dimensional shape of the sinus is desirable before 
surgery (van den Bergh et al. 2000) with respect to both 
anatomical form and volume. Incompetency to recognize 
these structures can lead to unpredictable surgery due to 
incomplete filling of the sinus. T1- weighted sequences 
are appropriate for dimensional assessment of the graft 
and the demarcation of the sinus and oral mucosa (i.e. 
the boundaries of the available bone) may be enhanced 
by the use of intravenous Magnevist (Gray et al. 1999). 
This is particularly important when autogenous bone is 
being harvested from regions[16] such as the iliac crest, to 
lower down surgical trauma. 
 
In MRI, cortical bone can be clearly delineated from the 
cancellous bone. Vital structures such as nerves, vessels, 
and the floor and mucosa of the maxillary sinus are 
readily identified by the implant surgeon, exceptionally 
safe due to the absence of ionizing radiation, high image 
quality. However, high capital and running costs with 
lack of availability has been a significant barrier to the 
use of MRI for implant assessment.[12] 

 
4. Stereolithiography (SLA) 
Stereolithography offers the clinician a 3D solid model 
for analyzing diverse maxillofacial anomalies from 
numerous observation angles. The spatial realism and 
tactile abilities of the model afford a multisensorial 
approach with regard to the surgical procedure or the 
implant placement, without the surgeon even having met 
the patient.[17] It employs photopolymers that are 
sensitive to UV light, and on curing the resin, its 
solidifies photochemically to form a a single layer model 
of the area. The application of the most recent approach, 
i.e. surgical guides or templates during insertion of 
dental implants, is one of the magnificent features 
enabled by the SLA in dental practice. Many studies 
have documented that the genesis of SLA models have 
tremendously benefited in terms of high precision and 
accuracy in delivering dental treatment. 
 
Stereolithiography applications in maxillofacial 
prosthesis such as 3D construction of auricular and nasal 
prosthesis, fabrication of obturators, construction of 
surgical stents for patients with large tumors scheduled 
for excision and manufacturing of lead shields for 
radiotherapy to protect healthy tissue during radiation 
exposure.[18] 

 

5. Ultrasonography (US) 
Ultrasonography (US), also known as real-time 
echography or sonography, is an imaging technique 
based on the propagation and reflection of ultrasound 
waves in the tissues. Diagnostic US has been used 
extensively for the assessment of soft tissue pathologic 
conditions of the head and neck with high-frequency 

transducers, including salivary gland disease, neck 
vascular pathologic conditions, maxillofacial fractures, 
muscle thickness, temporomandibular disorders as well 
as disease of floor of the mouth. In implant surgery, 
without incision and flap elevation requires precise 
determination of soft tissue thickness. During the 
subsequent healing period, location of implants can be 
challenging, especially if the implants are deeply 
submerged after thick connective tissue grafts. Studies 
investigating the role of US in implant dentistry showed 
that US can locate submerged implants for surgical 
exposure following prosthodontic restoration.[19] 

 
CONCLUSION 
The advent of several advanced technologies and 
diagnostic tools for patient evaluation and care 
substantially simplifies the diagnostic process, as well as 
benefits the treatment outcomes. New diagnostic aids in 
the field of dentistry play a pivotal role to comprehend a 
wide range of aesthetic options for patients that can 
transform a smile, an appearance, and sometimes also, a 
life. In the current era, a dentist has generous number of 
options to master the treatment however; it requires a 
parallel knowledge about the new innovations and 
developing technology to avail them all. The 
employment of newer ministrations with adequate 
comprehension about the subject greatly influences the 
upliftment of the entire dental fraternity. Thus, it can be 
concluded that, the genesis of new diagnostic tools 
undoubtedly unravel the diagnostic process and 
treatment outcomes. Further, their major role in 
improvising patient care and communication is 
irrefutable and consistent. 
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INTRODUCTION: 
Dental implant is the most advanced well-recognized treatment 
modalities to replace the missing teeth in edentulous areas. An implant 
can be used to replace the missing single teeth, multiple teeth or 
completely edentulous arches. Placing implant and giving prosthesis is 
very challenging to any dentist especially when areas displaying 

1,2severe resorption and bone height reduction . Surgical protocols 
employing bone grafting, sinus lift, intra bony separation, and 
reconstruction, as well as, inferior alveolar nerve transposition is 

3required for the placement of conventional implants  are quite 
expansive, invasive, technique sensitive, stressful and have longer 
healing period. To overcome this all, the short implant (6-8 mm) is a 
good treatment alternative. These are one of the technique that have 
developed due to anatomical barriers and lack of bone availability 
which prevent conventional dental implant treatment.

HISTORY: 
There is a story behind every success and the same goes for the implant 
also.  Implant dentistry has a very long and interesting history. Starting 
from the gold wire ligature tooth, bamboo peg, vitallium implant to the 
SLA (sand blast large grit acid etched), Hydroxyapatite coated implant 
and zirconia implant. The dental implant was more popularized after 
the discovery of osteointegration (1950) by Dr. Per-Ingvar Brenemark 
in Europe. Thomas Driskell invented the short implant in 1968 with the 
length of 8 mm under the company Bicon implant, which is the pioneer 
in the eld of short implants shows 94% of the success rate of short 

4implant , after the 10 years in (1979) Branemark also introduced 7mm 
short implant under Nobel BioCare. Nowadays many companies have 
come up with short implants and some with even surface 
modications, 8mm or less than 8 mm is considered short, and less 
than 7mm is categorized as ultra-short implant system. Most of the 
ultra-short are used by orthodontists for taking anchorage, and 

5prosthodontists for the implant-retained or supported overdentures . 
However more recently, Straumann introduced a 4-mm implant, with 

65-year data showing survival of 94% for these implants .

WHY AND WHEN TO USE SHORT IMPLANT??
Residual ridge resorption has varying rates in different individuals and 
in the same individual at different times. The most common site of 
resorption is maxillary and mandibular posterior due to decrease in 
bone density, volume and pneumatization of sinus, due to the presence 
of vital structures like maxillary sinus in the maxilla and mandibular 
nerve in mandible use of conventional implants is very limited when 
there is severe resorption. In that situation, the surgeon should go for 
appositional bone block graft, distraction osteogenesis, vertical guided 
regeneration, interposition bone block grafting, sinus lift for maxilla, 
nerve repositioning in the mandible for the placement of conventional 

implants. Although all procedures are invasive, costly, more time 
consuming so using a short implant is the treatment of choice to reduce 

7.the associated risk, patient's morbidity, and anxiety and cost

ADVANTAGES 
Followings are the advantages associated with the short implant that 

4,8promote us to use the short implant to rehabilitate the atrophic ridges . 
Ÿ Fewer surgical procedures are required, resulting in less morbidity 

and less swelling and pain to the patients post operatively. 
Ÿ Fewer materials are required, which means economical treatment 

option for the patients. 
Ÿ Less surgical time is required because of smaller osteotomy site 

preparation, which results in less operator stress and fatigue to the 
surgeons as well as less tissue damage for the patients. 

Ÿ Few pre-operative and post-operative complications. 
Ÿ Decreased risk of damaging adjacent tooth roots while surgical 

placement of implant. 
Ÿ There is a greater likelihood of achieving optimal implant 

positioning in patient mouth. 

DISADVANTAGES
Followings are the disadvantages associated with the short implants 
that limits the use of short implants in clinical practice in certain 

3,4clinical situation . 
Ÿ Achieving initial stability can be challenging because of length of 

implant.
Ÿ Type 4 bone may be at greater risk because of bone density. 
Ÿ Submerged healing with subsequent reentry is generally 

recommended for better osseointegration. 
Ÿ There is a possibility of more prosthetic complications. 
Ÿ Because long-term data are still required (especially for ultrashort 

implants and single-crown short implants), there are potentially 
unknown long-term complications.

CLASSIFICATION OF SHORT IMPLANTS 
41.According to Length by Douglas. D. (2014)

2. Classification of dental implants based on diameter and length 
9By Al-Johany et al (2016) . 
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ABSTRACT
Implant dentistry has seen rapid progress in recent years leading to its application as standard treatment modalities. While selecting treatment plan, 
bone mapping and selection of implant is very essential for a successful implant practice. In case of an atrophic ridge where bone height is less, then 
selection of short implant could be a good treatment alternative, as it is a conservative treatment option because it prevents the need of sinus lift, 
alveolar nerve repositioning, and bone grafting. This article will discuss about how? when to use short implants along with their advantages, 
disadvantages of short implants in details.
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<3.0 mm. Extra-narrow
≥3.0 mm to <3.75 mm. Narrow
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GUIDELINES FOR USING SHORT IMPLANTS
Whenever it is decided to use short implants then following things 
should be kept in mind for long-term success and also to avoid certain 
complications. 6,7Bone quality and quantity should be sufcient . The 
thickness of remaining buccal bone should be 2 mm after nal 
osteotomies to avoid post-operative complication. When primary 
stability is less than ideal (eg. < 35 Ncm), a submerged surgical 
protocol and extended healing period of 5 months or more should be 

8allowed (according to bone density) prior to implant reentry . When 
primary stability is less than (10-15 Ncm) then we should choose larger 

8,9diameter implant and extended healing period should follow . 
Usually type 2 and 3 bone is preferred, but when there is type 4 then we 
should go for wide diameter implant if possible, to increase bone 
implant contact (BIC). A crown-to-implant ratio of 1:1 should be used 
where possible. These implants should also be splinted wherever 

10feasible using accurately tted prostheses . Cantilevers and balancing 
side contacts should be avoided if possible, and a harmonious 
occlusion established and maintained over time to prevent mechanical 

11overloading and prevent the implant failure and mechanical fracture .
 
IMPLANT FACTOR
Implant shape, thread, taper, surface treatment these all things affect 
the primary stability as well as the rate of osseointegration so before 
choosing the short implant following things should be kept in mind.
 
SHAPE: - Root form screw shape threaded implant is the gold 
standard, but plateau root form [PRF] and the other with a sintered 
porous-surfaced geometry (SPSI) and topography instead of threads, 
both of these latter designs have a long history of successful use in 

12short implant . On the surface of implant the shape of thread, pitch, 
depth also affect the bone implant contact (BIC) more the surface more 

3,4BIC . 

TORQUE: - Currently available implant geometry thread of dental 
implant exhibit greater torque while placing in bone. Achieving 
primary stability is important to reduce the micromovement of implant 

5for the proper osseointegration , but it is quite critical to achieve in 
short implants because of length. When implant is surface treated then 

13it will increase the secondary stability also .

SURFACE TREATMENT: - 
Surface treatment onto the surface of dental implants like sand blast 
large grit acid etched (SLA), titanium plasma sprayed (TPS), plasma 
sprayed hydroxyapatite (HA), and calcium phosphate (CAP) modied 
surfaces readily adsorb proteins, a property that facilitates brinogen 
binding and increased platelet adhesion and activation with 

14accelerated healing . All these surface treatments increase the 
osteoconductive activity and nally increase osseointegration. So, it is 
better to choose surface treated short implant for better clinical result.
  
OTHER: - 
Other design considerations for short implants include implant 
diameter, collar design, prosthetic abutment connection type, and 

15platform switching all these affect survivals of short implants . Larger 
diameters will benet short implant because increase in implant width 
appear to be more important than increase in length when it comes to 
improving stress transfer during off-axis loading and also increase the 

16stability of implant . Collar design will affect implant as it is important 
to establish biologic width—the peri-implant cuff of gingival 

17epithelial and connective tissue that seals off the underlying bone . 
Initially the many companies came up with smooth collar but later on 
rough surface collar showed better survival rates in short implant. 
Internal hex connection is preferred over the external hex connection 

16for the short implant . Platform-switch feature (ie, the diameter of the 
prosthetic abutment is smaller than the implant prosthetic table) in 
there with the intent of reducing crestal stresses. platform switched 

18implant should preferred for short implant .

SURGICAL FACTOR 

Some modication in surgical technique is also essential for long term 
results in short implant these all are follow. 

MODIFICATION IN OSTEOTOMY: - 
Most of the clinician prefer to do either undersize osteotomy or step 
back osteotomy to get good primary stability. Study done by Al-

19Marshood MM  concluded that, using nal osteotomy drill 0.3mm 
smaller than the implant diameter can lead to increased cancellous 
BIC, peri-implant bone density and primary stability in short implant. 
sometimes excessively small osteotomies may cause macrostrains and 
microcracks in cortical bone, leading to delayed cortical bone 

20,21formation, and possibly early implant failure . 

Stepped osteotomy: - 
In this procedure, as the bur diameters increase incrementally in 
sequence from initial drill to nal implant drill, the depth of prepared 

22osteotomy site is progressively lessened . While doing this maximum 
recommended torque is 35 Ncm to prevent the microfracture.

AVOIDING BONE DAMAGE: - 
Surgeon should prevent the damage of the bone while doing surgical 
preparation of osteotomy site to prevent the early implant failure and 
faster osseointegration of implant. Using low speed or new burs may 
reduce cancellous bone damage, meanwhile placing short implant in 
soft bone (D 4) using a hand ratchet without pre tapping the osteotomy 

23site can also be use . Most recently developed Osseo densifying burs 
that operate in reverse, compacting bone against the osteotomy walls, 
it has also showed reduced bone damage and increase the rate of 

24osseointegration . 

AUTOGENOUS BLOOD AND OSSEOINTEGRATION: - 
Autogenous platelet-rich plasma (PRP) and platelet rich brine (PRF) 
preparations use with short implants because their inherent 
concentrated growth factors, antibacterial, anti-inammatory action 

25may enhance the speed and quality of integration and healing . Short 
implants are mostly used in atrophic ridge especially in posterior 
maxilla and mandible, when posterior maxillary sites with less than 5-

26mm residual sub antral bone height . Then PRF or PRP combination 
with bone-added osteotome sinus oor elevation can be used for better 

27clinical result .

KERATINIZED GINGIVA: - 
There should be a band of 2mm keratinized gingiva as the tissue 
responsible for the peri-implant biologic seal which will improve the 

28likelihood of long-term in short implant success . 

PROSTHETIC FACTOR 
Knowledge of prosthetic portion is very essential for any 
implantologist which will decide how much implant will survive. 
Prosthetic factors like crown implant ratio, splinting, prosthetic 
design, occlusion all of these things will affects the survival of the 
implant.  

CROWN TO IMPLANT RATIO: - 
Short implants are mostly used in atrophic ridge and when we talk 
about the crown implant ratio most of the time it will compromised 
because of reduction of ridge. Earlier, the use of short or ultra-short 
implants was often ruled out due to the perception that implants with 

29high C/I (crown implant) ratios considered as unfavorable  it was 
myth that they cannot survive as much as longer implants, because 
during offset load in short implants more stress is generated (as 
compared to conventional) toward the apex and crest that leads to 

30resorption and nally loss of implant .  However, recent scientic 
evidences have led investigators to challenge and alter this thesis. 

30Rokni et al  published data after a mean functional time approaching 4 
years from 74 partially edentulous patients treated with short press-t 
implants that had a mean C/I ratio of 1.5; 78.9% of the implants had C/I 
ratios of 1.1 to 2.0. It was concluded that higher C/I ratios did not result 
in crestal bone loss. Unexpectedly, same time they observed that more 
marginal bone loss in slandered length implants in same patients. After 

31that Blanes R.  observed that after the certain limits of crown implant 
ratio, the implant abutment junction act as fulcrum and they lead to 
microfracture and nally loss of implant. they stated that crestal bone 
loss decreased as the C/I ratio increased within a certain range of 
values: 0.6 to 2.36, however precaution should be taken before doing 
prosthetic works because even 1 or 2 mm of loss of crestal bone can 

32affect the prognosis of implant . 
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≥3.75 mm to <5 mm. Standard
≥ 5 mm. Wide
Length Implant
≤ 6 mm. Extra-short
> 6 mm to <10 mm. Short
≥10 mm to < 13 mm. Standard
≥ 13 mm. Long



SPLINTING/NONSPLINTING  
Splinting is done to reduce the nonaxial loads on implant, splinting of 
short implant with the conventional one, is very conventional 
treatment modalities in implant dentistry to reduce non axial loads. Lee 

33KJ. et al  reported 5- to 10-year (mean 7.2 year) results with 6- to 8-
mm-long implant used in posterior maxillary and mandibular sites and 
restored with single crowns. Overall survival was 98.3%, but when 
you are going for non-splinting then more screw loosening will be 

34observed. Mendonça et al  compared splinted short threaded implants 
and no splinted short implants and showed a signicant benet for 
splinting, especially in male patients who showed 10 times higher 
failure in the no splinted group. While selecting short implant splinting 
should always be considered along with occlusal table reduction, 
attening of cusp inclines, minimizing off-axis loading, and avoiding 
cantilevers.

SURVIVAL RATE 
Survival rate of implant depends on type of implant, bone quality, 
surgical techniques, prosthetic factor, host factor and the skill of 
surgeon. However, short implant can perform as similar as the 

35conventional implant, study done by the Akbulut N.  investigate the 
survival rate of short implant as compared of long implant in atrophic 
ridges and concluded that short implants have similar survival rates 
compared to long implants. Another study by 36Papaspyridakos P.  
concluded that mean survival rate was 96% for short implants, and 
98% for longer implants on 10 years of follow up.    

Showing risk factor and survival rate wrt bone density and length of 
implant

CONCLUSION 
Short and ultra-short implant can be a good treatment option especially 
in cases of atrophic posterior maxilla and mandible, even it shows 
better clinical results than using conventional implant after doing 
complex surgery.  In case of resorbed anterior maxilla and mandible it 
can also be used for the overdenture treatment. Certain factors aid in 
survival rate of short implants, ie; election of active implant, minimum 
2 mm of bone around the implant, thick keratinized gingiva, splinting 
the crowns if possible and not to provide cantilever.
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Introduction:
Polymer-based denture base materials are widely used for the 
fabrication of removable complete and partial dentures. Bakelite, 
Vulcanite, Cellulose nitrate, Polystyrene, etc., were the earlier 
polymers commonly used for this purpose. However, a new resin 
material such as Polymethylmethacrylate (PMMA) was introduced 
to the dentistry in 1937, and soon it replaced those earlier denture 
materials. [1,2] Though numerous materials have been developed to 
fabricate removable partial and complete dentures, PMMA remained 
the most preferred material of choice.The priority for the selection of 
PMMA resin as denture base material can be attributed to its ease of 
processing, inexpensive, low density, excellent aestheticproperties, 
low water sorption and solubility; and ability to berepaired easily. 
However, this resin possesses weak mechanical strength, high 
brittleness, poor thermal conductivity, and a high coefficient of 
thermal expansion; and these make this material more vulnerable to 
failure during the clinical service. [3-5]
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The quality and durability of the denture prosthesis depend on 
various physical and mechanical properties of the PMMA. Numerous 
studies have reported the mechanisms to improve the flexural 
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strength of these resin materials. [4,6] Surface hardness is an 
essential mechanical property for the denture base materials to 
prevent the abrasion of the denture bases during regular cleansing 
and polishing procedures. The poor abrasion resistance creates 
surface irregularities on the prosthesis and encourages the sticking of 
food that results in an unhygienic denture and may cause stomatitis. 
In addition, denture base resins are notable for their tendency to 
absorb water. [7]This absorbed water may actas a plasticizer and 
reduces the mechanical properties,especially strength and hardness 
and also alters the dimensional stability. [8] Further, the absorption 
of the water or solutions may change the colour of the denture 
prosthesis over a period. 

Several attempts have been made to improve the resistance to the 
abrasion and also to minimise the water sorption of denture base 
materials by modifying their composition or incorporating with new 
fillers. [4,6].Some potential alternative materials toPMMA such as 
nylon denture base polymers with superiorimpact strength may be 
used.Nylon is a crystalline polymer consist of polyamides. A 
condensation reaction between a diamine NH2-(CH2)6-NH2 and a 
dibasic acid, CO2H-(CH2)4-COOH produces the Nylon. The 
crystalline nature of Nylon improves resistanceto solubility 
insolvents, as well as resistance to heat and also increases strength 
along with high ductility. Also, nylonmaterials are characterized 
with higher elasticity, toxicologically safe and exhibit 
leastpolymerization shrinkage. [9-11] Recently newer versions of 
Nylon-based materials have been introduced to overcome the 
disadvantages of earlier versions. The disadvantages of previous 
versions of nylon-based denture bases include a tendency to undergo 
discolouration, staining, high water sorption and development ofa 
rough surface after a short perio. [10]This study was undertaken to 
evaluate and compare the surface hardness, water sorption and 
staining resistance of two commonly used flexible denture base 
resinswith conventional heat-cured PMMA denture base 
resinsavailable in the market and select the best denture base 
materialfor the clinical situation.

Two conventional heat-cure acrylic resin materials and two Nylon 
denture basematerials were used in the present study, and the details 
of these materials are given in table 1.

A total of 120 specimens, thirty from each material, were 
fabricatedby investing the metal specimen analogues with the 
dimensions of 65◊10◊2.5mm strips for hardness, 50◊0.5mm discs 
for water sorption and 20◊1mm disc for staining resistance 
according to ADA specification number 12. After the investment 
material has been set, the metal specimen analogues were carefully 
removed.Acrylic resin powder of each material was mixed with 
theirrespective monomers as per the manufacturer 's 
recommendations. The acrylic dough was filled into themold 
cavities andpolymerized using short curing cycles in a curing bath or 
acrylizer, (ConfidentA-73, India), for heat cure acrylic resins.

Materials and methods:

Specimens with Nylon denture base materials were fabricated using 
Aluminium flasks with sprue channels. The meltingcylinder was 
preheated for 20 minutes in a digital furnace at a temperature of 
550°F. The resin cartridge was then placed withcrimp end into the 
melting cylinder, and the preselectedbronze disc was inserted against 
the end of the resin cartridge.The resin cartridge was allowed to melt 
for a preset 11 minutes'cycle at 550°F in the furnace. The tightened 
aluminium flaskwas positioned with the sprue end up directly under 
the shaftof the super injector. After 11 minutes, the melting cylinder 
wasplaced on the projection of the sprue end.Then, the levers of 
thesuper injector were turned with a rapid and steady motion toapply 
firm pressure, and the resin was injected into the flask.The pressure 
was maintained for 3 minutes.

The hardness of the specimens was evaluated using Shore D 
durometer as per ASTM D 2240. Measurements were taken atleast 
12mm from the edge of specimen and 10mm apart. A total of six 
readings were made for each sample, and the average of these 
readings was taken as the shore D Durometer hardness of the 
specimen [12].

The water sorption of the specimens was measured by weighing the 
specimens after immersing them in the water (12).The specimens 
were transferred into a desiccatorand stored in an incubator for 24 
hours. The specimens were then removed and weighed using a 
digital balance, and it was recorded as conditional mass m1. The 
volume of the discs was calculated using the formula;Volume = 2pr2 
+ 2prh

Where r- radius of the disc obtained by the mean diameter divided by 
2, and h- thickness ofthe disc.

The specimens were then immersed in distilled water and stored in 
an incubator at 37°C for seven days. The water was changed daily. 
After seven days, the specimens were removed and dried using 
laboratory tissue papers and weighed using a digital balance, and it 
was recorded as mass after immersion in water m[2]. Thevalue of 
water sorption was calculated using the formula;Wsp = m2 – m1/ V

The synthetic food colorwas used to evaluate the resistance to 
staining of the specimens. The food color used in the study was 
Tartrazine CI. 19140 (Mallya fine chem. Pvt. Ltd, Bengaluru, 
Karnataka, India, Lot no. 543). Tartrazine is FD and C yellow 
number. The specimens were immersed in 3% tartrazine solution in 
200ml beakers and stored for seven days at a temperature of 37°C. 
The specimens were hung to avoid specimen to specimen contact 
and to ensure all the specimen surfaces were exposed to the staining 
solution. After seven days, the specimens were removed and wiped 
with the laboratory tissues and placed in an extraction solvent of 
ethanol for 24 hours. The concentration of the dye in the extraction 
solvent was evaluated using an absorption spectrophotometer.

The spectrophotometer was set up at the wavelength of 485nm. 
Using plain distilled water, the transmission was set at 100% and the 
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absorbance at 0%. The sample compartment consists of holding 
chambers for two cuvettes. The standard reference solution was 
placed in one of the cuvettes, and the optical density was set at 0. In 
the second cuvette, 1.5ml of extraction solvent with dissolved dye 
was placed. The optical density of the test solution was recorded. 

The obtained data were subjected to One-way ANOVA and 
TukeyHSDtests for statistical analyses using SPSS for 
Windows,Version 12.0., SPSS Inc.

The means and standard deviations of hardness, water sorption and 
staining resistance of the four materials used in the study are given in 
Table 2. Acralyn-H demonstrated more hardness (82.5±3.779) 
among the materials tested, and Valplast showed the least hardness 
(66.0±2.789). Both the heat cure acrylic materials exhibited more 
hardness compared to Nylon-based denture base materials. In 
multiple comparisons (Tukey HSD) between the four denture base 
materials (table 3), both the heat-cure acrylics and Nylon denture 
base materials showed significant differences between them 
(p<0.05) in the hardness tests. However, no significant differences 
were observed (p>0.05) in the hardness between the Nylon-based 
denture base materials (Table 3)

More amount of water sorption was observed with the Acralyn-H 
(9.73±3.779) denture base material. However, the water sorption of 
Acralyn-H, DPI and Valplast were comparable. In Tukey HSD 
analysis, significant differences (p<0.05) were observed between the 
Nylon denture base materials in water sorption (table 3). The 
Flexident denture base material specimens displayed significant 
differences with both the heat-cure acrylic resin materials. However, 
the Valplast material exhibited no significant differences with both 
the heat-cure acrylic resins (table 3). 

In the staining resistance test, the Valplast material demonstrated 
with the more optical density (0.044±0.009661). Whereas, the other 
three materials used in the study displayed comparable optical 
density. Repeated ANOVA analysis showed significant differences 
(p<0.001) between the four materials in all the three properties tested 
(table 2). Significant differences (p<0.05) were observed between 
the Nylon denture base materials in Tukey HSD analysis (table 3). 
TheValplastdenture base material specimens displayed significant 
differences with both the heat-cure acrylic resin materials. In 
contrast,Flexident denture base material did not show significant 
differences with both the heat-cure acrylic resins (Table 3).

PMMA resin is a widely used material for the fabrication of the 
denture bases. [2] Fracture of the acrylic denture base may occur 
during function due to lack of adequate mechanical properties. The 
denture base must be strong enough to allow the prosthesis to 
withstand functional forces. To overcome the shortcomings of the 

Results:

Discussion:
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PMMA denture base materials like nylon denture base materials 
have evolved. Nylon is a generic name for certain types of 
thermoplastic polymers belonging to the class known as polyamides 
and based primarily on aliphatic chains.[11,13] Numerous 
researchers evaluated and compared the flexural strength of flexible 
dentures with heat-cure denture base resin materials. [11] However, 
the research was not focused much on the surface hardness and 
colour stability of the flexible denture base materials. The surface 
hardness is also an essential property along with strength. Heat-cure 
denture base materials have poor resistance to wear and they undergo 
abrasion during regular cleaning of the dentures. This abrasion 
results in the formation of surface roughness, which causes plaque 
accumulation, and the denture becomes unhygienic. [14]Hence, this 
study was designed to evaluate and compare the surface hardness of 
the heat-cure acrylics with flexible denture base materials. 

In the present study, heat-cure acrylic resin materials displayed more 
surface hardness compared to flexible denture base materials. 
Posthoc analysis showed significant differences (p<0.05) between 
the heat cure denture base materials and also between the heat-cure 
and flexible denture base materials. However, no significant 
differences (p>0.05) were observed between flexible denture base 
materials. The less surface hardness for flexible dentures can be 
attributed to their more ductility compared to conventional heat-cure 
acrylic resins. Therefore, the polymer chains in the flexible denture 
base materials deform easily under indentation. [9]

The results of this study were in accordance witha study conducted 
by Utami M et al. (2009). [15] They suggested that the flexible 
denture bases have less surface hardness compared heat-cure denture 
base materials. This could be due to the more cross-linking between 
the polymer chains in heat-cure resin materials. The cross-linking 
increases the surface hardness as it resists the indentation forces to a 
greater extent. [2,5,9] Whereas, the ductile character of polymer 
chains in flexible dentures cannot resist the indentation forces.

In contrast, Wieckiewicz M et al.(2014)[14] reported that PMMA 
based denture materials showed more surface roughness compared 
to the flexible denture materials after immersing in various 
beverages.The difference in surface roughness values between both 
the materials and they suggested that the increase in surface 
roughness in PMMA denture material was due to the processing 
errors. However, the specimens were stored only in distilled water 
for seven days at 370C, in this study. Immersion in water did not 
affect the surface hardness of the PMMA denture base materials as it 
could not influence the crosslinking of polymer chains. [2]

Water sorption is another important property that affects the 
mechanical properties of denture base resin materials. The polymers 
have a tendency to absorb water and acts as a plasticizer by pushing 
the polymer chains apart, thereby reducing the strength and 
hardness. The rate of watersorption depends on the polarityof resin 
molecules, the concentration of polar sites available to form 



hydrogen bonds with water and network topology. [12,16] Hence, an 
ideal denture base material should exhibit least or no water sorption. 
According to ISO standards specification 1567:1999, the maximum 
allowable water sorption by both heat and self-cure denture base 
materials must be 32µg/mm. [12,17]In the present study, all the 
denture base materials showed the least water sorption. Statistically, 
only Flexidentmaterial showed significant differences (p<0.05) with 
the other denture base materials. This can be attributed to the 
composition of the Flexidentdenture base material that enhances the 
polarity towards the water.The water sorption results of this study 
arecomplywith the results indicated by Alla RK et al. (2018, [12]

Denture base materials absorb water and other fluids slowly over 
time and may discolour the denture bases. [14, 18] There is a limited 
study in the staining effect of food colouration on the denture base 
materials. Tartrazine is a synthetic dye that was used in this study. It is 
the most common colouring agent used in medication, 
pharmaceuticals and various food products. The resin specimens 
absorbing these colorant solutions may undergo staining. In this 
study, traces of dye concentration were detected in the extraction 
solvent of all the test specimens. The Valplastexhibited more staining 
than the other denture base materials tested while other materials 
showed comparable staining.

Similarly, Wieckiewicz M et al.(2014)[14] reported that the flexible 
denture base materials were more susceptible to discolouration than 
the PMMA materials. They studied the colour stability of various 
denture base materials in different beverages. The discolouration of 
flexible denture base materials can be attributed to the presence of 
yellow colorants with different polaritiesand probably might be both 
adsorbed and absorbed dueto compatibility of the polymer phase 
with the colorants. Further, the acidic pH of the colorants and 
polarity of the resins also cause staining the denture bases[14] In the 
present study, the food colorant used wasTartrazine dye, which is an 
organic trisodium salt of tartrazine acid. [19] The pH and polarity of 
this colorant towards the resin materials might be caused the 
discolouration in the specimens. 

Similarly, the results of this study are in compliance with the results 
indicated by Goiato MCet al.(2010). [20] They also reported that the 
Valplastflexible materials demonstrated more discolouration 
compared to other denture base materials. On the other hand,it was 
evident that adequate oral hygiene maintenance and 
professionalcare can considerably reduce the problemof staining. 
[21,22]

Limitation of the study only conventional and nylon type denture 
materials were tested and it was invitro evaluation. Further studies 
are need with denture materials 
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Aim: The present study was undertaken for assessing the C-reactive 

proteins (CRP) levels and IL-6 levels in patients with peri-implantitis. 

Materials and Methods: A total of 20 patients with confirmed clinical and 
radiographic diagnosis of peri-implantitis were included in the present study. 

Another set of 20 subjects who reported for routine health check-up were 

included as healthy controls. All the subjects were recalled in the morning and 

fasting (minimum of 12 h) venous blood samples were obtained. Plain vials 

were used for collecting the venous blood which was sent to the laboratory for 

biochemical analysis. In the laboratory, levels of CRP were assessed by means of 

latex enhanced nephelometric method, and interleukin 6 (IL-6) was assessed by 

means of Elisa kit. Results: Mean levels of CRPs in patients of the peri-implantitis 

group and the control group was found to be 0.795 mg/dL and 0.294 mg/dL 
respectively. Mean IL-6 levels among the patients of the peri-implantitis group 

and the control group was found to be 12.178 pg/ml and 6.458 pg/ml 
respectively. While analyzing statistically, significant results were obtained. 
Conclusion: Enhanced periodontal inflammation in peri‑implantitis patients is 
accompanied by a considerable increase in the concentration of CRPs and IL-6.

Keywords: C-reactive proteins, interleukin, peri-implantitis
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interleukin (IL-6) have been demonstrated by various 

studies which tend to decrease with suitable periodontal 

treatment. IL-6 stands out to be the chief pro-coagulant 

cytokine. Moreover, it also leads to the induction of 

CRP expression which further stimulates the responses 

of the pro‑coagulants and mediators of inflammation.[5-7] 

Hence, we aimed to analyze the CRP levels and IL-6 

levels in patients with peri-implantitis.

Materials and Methods
Twenty patients with confirmed clinical and radiographic 
features of peri-implantitis were enrolled. Another set 

of 20 subjects who reported for routine health check-up 

Introduction

Periodontal disease basically is an inflammatory 
process in itself arousing tissue response in the 

supporting structures of dentition. Gingivitis is an 
outcome of microbial plaque accumulation around 

the tooth surface causing inflammation in the gingival 
tissues.[1,2] The branch of dental implantology has 

shown enormous advancements in past years with the 

target of providing reasonable osseointegration which 

would provide efficacious outcome. During the time of 
initiation of any complication has been disregarded as 

a few sporadic events. However, with an increase in 

the cases of peri-implantitis of late, a plethora of steps 

are being undertaken with the aim of avoiding and 

preventing any such biological management.[3,4]

A greater concentration of these mediators of 

inflammation such as C‑reactive protein (CRP), 
fibrinogen, and cytokines are observed in patients 
suffering from periodontal diseases. Raised levels of 
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were included as healthy controls. Complete data in 

relation to clinical and demographic details of all the 

patients were obtained. A set of full-mouth periapical 

radiographs was taken in all the subjects. Criteria 

described previously in the literature (Hashim et al.) were 

used for confirming peri‑implantitis.[8] All the subjects 

were recalled in the morning and fasting (minimum of 12 

h) venous blood samples were obtained. Plain vials were 

used for collecting the venous blood which was sent to 

the laboratory for biochemical analysis. In the laboratory, 

serum CRP levels were evaluated by latex-enhanced 

nephelometric method, and IL-6 was assessed by means 

of Elisa kit. SPSS software version 20.0 (IBM, Armonk, 

New York) was used for analysis.

Results
Twenty patients with peri implantitis and 20 healthy 

controls were done. Sixty percent of the patients of the 

peri implantitis group and 55% of the patients of the 
control group belonged to the age group of more than 

40 years as shown in Table 1. Mean age of the patients 

of the peri-implantitis group and the control group was 

found to be 41.3 years and 39.6 years, respectively. 

Seventy five percent of the patients of the peri‑implantitis 
group and 65% of the subjects of the control group were 
males.

Mean CRPs levels among the patients of the peri 

implantitis group and the control group was found 

to be 0.795 mg/dL and 0.294 mg/dL respectively as 
shown in Table 2. While analyzing statistically, it 

was seen that mean CRP levels among the patients of 

the peri‑implantitis group was significantly higher in 
comparison to the healthy controls. Mean IL 6 levels 

among the patients of the peri implantitis group and the 

control group was found to be 12.178 pg/ml and 6.458 
pg/ml, respectively as shown in Table 3. IL‑6 levels were 
significantly higher in peri‑implantitis group.

Discussion
Peri‑implantitis is basically an inflammatory condition 
associated with a compounded bacterial attack. However, 

there are a few conditions where an altered immune 

response may be responsible for marginal bone loss, and 

the role of microbial attack may be secondary. This in 

turn may lead to failure of implant osseointegration due 

to change in the tissue dynamics from a stable to a more 

active immune system.[9]

A failed case of a dental implant is more or less 

attributed to weakening of osseointegration. The criteria 

for a dental implant to be considered failed cases 

includes lack of osseointegration, a bone loss around 

the surface of implant which is more than 1 mm at 

the culmination of 1 year and 0.2 mm in the following 

year. Peri-implantitis may lead to failure of implant 

prosthesis by initiating peri-implant bone loss.[10-12] 

Hence; we evaluated the CRP levels and IL-6 levels in 

patients with peri-implantitis.

In the present study, analysis of a total of 20 patients 

with peri-implantitis and 20 healthy controls was 

done. Mean CRPs levels among the patients of the 

peri-implantitis group and the control group was found 

to be 0.795 mg/dL and 0.294 mg/dL respectively. While 
analyzing statistically, it was seen that mean CRP 

levels among the patients of the peri-implantitis group 

was significantly higher in comparison to the healthy 
controls. Vohra et al. did a comparison on the peri-
implant parameters of inflammatory mediators in obese 
people and then correlated them with CRP. A total of 

84 patients were included in this study. It was observed 

that patients who presented with severe obesity had 

significantly elevated levels of mediators of inflammation 
as was evident in the diagnostic findings.[13] A positive 

correlation can be seen in the prevalence of peri-implant 

disease owing to increasing trends of implant treatments. 

Peri-implant mucositis can be summed up to be an 

inflammatory soft‑tissue lesion around the implant 
surface with concomitant marginal bone loss.[14]

Table 1: Demographic data
Parameter Peri‑implantitis group, 

number of patients (%)
Control group, number 

of patients (%)
Age 

group (years)

<25 2 (10) 1 (5)

25-40 6 (30) 7 (35)

40-50 7 (35) 6 (30)

>50 5 (25) 5 (25)

Gender
Males 15 (75) 13 (65)

Females 5 (25) 7 (35)

Table 2: Comparison of C‑reactive protein 
levels (mg/dL)

CRPs (mg/dL) Peri‑implantitis 
group

Control 
group

P

Mean 0.795 0.294 0.000 (significant)
SD 0.115 0.086

CRPs: C‑reactive proteins, SD: Standard deviation

Table 3: Comparison of interleukin 6 levels (pg/ml)
IL‑6 Peri‑implantitis 

group
Control 
group

P

Mean 12.178 6.458 0.001 (significant)
SD 3.689 1.338

IL‑6: Interleukin 6, SD: Standard deviation

[Downloaded free from http://www.jpbsonline.org on Tuesday, June 14, 2022, IP: 106.215.248.198]



S446 Journal of Pharmacy and Bioallied Sciences ! Volume 13 ! Supplement 1 ! June 2021

Khichy, et al.: C-Reactive proteins and interleukin 6 in peri-implantitis patients

In the present study, mean IL-6 levels among the patients 

of the peri-implantitis group and the control group was 

found to be 12.178 pg/ml and 6.458 pg/ml respectively. 
While analyzing statistically, it was seen that mean IL- 6 

levels among the patients of the peri-implantitis group 

was significantly higher in comparison to the healthy 
controls. CRP is basically an acute-phase reactant which 

induces the expression of cellular adhesion molecules 

which results in adhesion of white blood cells to the 

vascular endothelium. CRP is now drawing a greater 

interest in researches owing to the risk it poses for 

cardiovascular events when its concentration is >2.1 mg/l. 
The hepatic expression of CRP is known to be stimulated 

by IL-6. CRP directly contributes to atherogenesis due 

to its effects on the vascular wall. CRP also increases 
the expression of s CD40 ligand and MCP-1, which 

further accentuates the expression of cellular adhesion 

molecules.[15-17]

A lot of researches in the past have tried to analyze 

the correlation between the chemical mediators of 

inflammation and clinical parameters of periodontal 
disease in gingival crevicular fluid (GCF) samples. 
Moreover, it was evident that these select biomarkers not 

only show a definite correlation with the inflammatory 
process but they also tend to predict periodontal 

destruction in the times to come.[16-18] Nowzari and Slots 

analyzed the values of 6 inflammatory chemical mediators 
in peri‑implant sulcus fluid (PISF) and compared these 
with the samples of GCF in 24 participants. Furthermore, 
they also analyzed the composition of microbes in the 

samples of plaque obtained from teeth and implant 

surface. They found a similar microbial composition in 

both the cases. They found a distinctive presentation 

of inflammatory cytokines in PISF to innate immune 
response, which was in a greater concentration than in 

GCF. Statistically significant variation in the cytokine 
concentration between PISF and GCF samples was seen 
only with tumor necrosis factor-α.[19]

Conclusion
Enhanced periodontal inflammation in peri‑implantitis 
patients is accompanied by a considerable increase in 

the concentration of CRPs and IL-6. Further studies 

are therefore recommended with larger sample size for 

exploring this field of periodontal and implant surgery.
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A B S T R A C T

Introduction: The Laser Assisted New Attachment Procedure (LANAP) protocol is a laser based
periodontal regenerative procedure and was patterned, conceptually, after the Excisional New Attachment
Procedure (ENAP) to separate the diseased epithelium from the underlying connective tissue and to
selectively vaporize and disrupt inflamed and necrotic tissue from connective tissue.
Objective: The present study was designed to compare and evaluate the clinical efficacy of LANAP versus
ENAP in the treatment of chronic periodontitis.
Materials and Methods: Twenty periodontal pocket sites of !5mm in systemically healthy patients were
selected and randomly allocated to either (ENAP) Excisional New Attachment Procedure (Group I) or
(LANAP) Laser Assisted New Attachment Procedure (Group II). Patients were evaluated for Plaque Index,
Gingival Index, Gingival Bleeding Index, Probing Depth, Loss of attachment, recession and VAS scores.
Patients were recalled for follow up at 1 week, 1 month and 3 months at which clinical parameters were
recorded.
Results: The results of the present study revealed statistically insignificant difference in both groups
however clinically significant reduction in probing depth was seen with ENAP as compared to LANAP
but laser procedure had less VAS scores as compared to ENAP.
Conclusion: Although probing depth reduction was more for ENAP, patient discomfort with less bleeding
was observed with LANAP.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

Periodontitis is a multifactorial inflammatory disease
of periodontal tissue caused by extension of bacterial
infection into the gingiva,1which leads to connective
tissue destruction and alveolar bone loss.2,3 The essential
objective of periodontal treatment is to decrease or eliminate
the responsible periodontal pathogens,4 by means of
removing bacterial deposits from the tooth surface.5

Conventional mechanical debridement (scaling and root
planning) is considered to be the gold standard for
inflammatory periodontal disease.6 The ultimate goal of

* Corresponding author.
E-mail address: priyankabds12@hotmail.com (P. Kumari).

periodontal therapy is the formation of a new connective
tissue attachment & re-growth of alveolar bone. This new
connective tissue attachment can only be achieved when the
epithelial migration can be prevented on the treated root
surface. Over the years, various modes of therapy have been
suggested to avoid epithelial migration, which includes soft
tissue curettage, various types of flap procedures including
Modified Widman flap, Guided Tissue Regeneration and,
more recently Lasers.7

The Excisional New Attachment Procedure has been
described as “curettage with a scalpel”. The objective of
the excisional new attachment procedure is to provide
easy access to the root surface for visual treatment. The
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epithelium of the soft pocket wall is excised by means of
a reverse bevel incision, and a mucosal flap is reflected
without exposing the alveolar bone, to allow for access to
the root surface. The mucosal flap is then readapted in its
original position with interdental sutures. The primary goal
of this surgery is the removal of pocket epithelium.8

Lasers are one of the most promising new technical
modalities for non- surgical periodontal treatment for
achieving excellent tissue ablation with strong bactericidal
and detoxification effects.9 LANAP is “cementum-
mediated new attachment to the root surface in the absence
of a long junctional epithelium.” LANAP utilizes a free-
running (10- 6 seconds) pulsed Nd:YAG laser in place of a
scalpel. A thin 0.3 to 0.4 laser fiber permits easy access deep
into the periodontal pocket without the need to surgically
elevate a flap.10 Laser treatment is expected to promote
healing of periodontal tissue, ablating the inflamed lesion
and epithelial lining of soft tissue wall within periodontal
pockets. This procedure might be more effective for the
treatment of residual pockets after initial therapy and
during maintenance. Part of the laser energy scatters and
energy level might then stimulate the cells of surrounding
tissue, resulting in reduction of inflammatory conditions, in
cell proliferation, and increased flow of lymph improving
the periodontal tissue attachment and possibly reducing
postoperative pain.9

2. Aim

The present study was designed to compare and evaluate the
clinical efficacy of diode laser as an adjunct to SRP versus
ENAP in the treatment of chronic periodontitis.

3. Materials and Methods

Twenty periodontal pocket sites of !5mm in systemically
healthy patients were selected from the Out Patient
Department of Periodontology, Institute of Dental Studies
& Technologies, Modinagar, UP. All the patients underwent
scaling and root planing and thereafter were randomly
allocated to either Excisional New Attachment Procedure
(Group I) or Laser Assisted New Attachment Procedure
(Group II).

In Group I Excisional New Attachment Procedure (10
sites), after infiltrating the area with local anesthesia, depth
of the pocket was marked with the help of a pocket marker
(Figure 1) then with No.15 or 11 scalpel blade scalloped
reverse bevel incision was made from the crest of gingiva to
the base of sulcus (Figure 2). The inflamed granulated and
excised tissues was removed with the help of scalers and
curettes (Figure 3). The root was scaled hard and smooth
and was free of calculus and the area was flushed with
normal saline to remove debris, blood clots and tissue tags
(Figure 4). Sutures and periodontal pack were placed if
necessary (Figure 5).

In Group II Laser Assisted New Attachment Procedure
(10 sites), bone sounding under anesthesia was done to
identify bone defects depth (Figure 6). 810 nm wavelength
and 1.0 W/cm2 power density diode laser tip was inserted
into the pockets (3 cycles each of 10 seconds duration and
interrupted for 10 seconds each) (Figure 7). The tip was
constantly moved with the objective to remove epithelial
lining (Figure 8). Patients were recalled for follow up at 1
week, 1 month and 3 months at which clinical parameters
were recorded.

Clinical parameters (Plaque Index, Gingival Index,
Gingival Bleeding Index, Probing Depth, Loss of
Attachment, Recession) were recorded. Plaque index,
Gingival Index, Gingival Bleeding Index were recorded on
the day of surgery (Baseline), 1 week and 1 month. Probing
Depth, Loss of Attachment, Recession were recorded on
the day of surgery (Baseline) and 1 month.

Descriptive statistics was performed by calculating
mean and standard deviation for the continuous variables.
Categorical variables are presented as absolute numbers and
percentage. Nominal categorical data between the groups
were compared using chi-square goodness-to-fit test. The
collected data was tabulated and subjected to statistical
analysis. The software used for the statistical analysis were
SPSS (statistical package for social sciences) version 25.0
and MedCalc software. The following results were obtained.

3.1. Group I- Excisional new attachment procedure

Fig. 1: Baseline measurement
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Fig. 2: Reverse bevel incision

Fig. 3: Excised Gingival Lining

Fig. 4: Debridement

Fig. 5: Periodontal pack placed

Fig. 6: Measurement at 1 month

Fig. 7: Baseline measurement
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Fig. 8: Application of laser

Fig. 9: After Laser tip inserted

Fig. 10: Measurement at 1 month (ENAP)

Fig. 11: Measurement at 1 month (LANAP)

3.2. Group II- Laser assisted new attachment
procedure(Figures 7, 8, 9, 10 and 11)

4. Results

The result of the present study revealed that during
intragroup comparison there was statistically significant
reduction in mean values of PI, GI, BOP, PPD and CAL
in both ENAP and LANAP groups when compared from
baseline to follow up visits (Figures 11, 12, 13, 14 and 15).

Fig. 12: Plaque index among the two groups

During intergroup comparisons PI and GI showed
statistically insignificant differences in both the groups (
Table 1 ). Clinically significant reduction in probing depth
was seen more with ENAP as compared to LANAP. Also
GR and CAL showed clinically insignificant differences in
both the groups (Figure16 and 17). However laser procedure
had less BOP and VAS score as compared to ENAP.
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Fig. 13: Gingival index among the two groups

Fig. 14: BOP among the two groups

Fig. 15: Vas score among the two groups

Table 1: Intergroup comparison for change in various parameters

ENAP v/s LANAP (p-value)
Change in 1 week Change in 1 month

PI 0.560 0.173
GI 0.049 0.029
BOP 0.562 0.560
PPD - 0.001
GR - 0.088
CAL - 0.017
VAS 0.462 0.666

p-value significant at p<0.05

Fig. 16: PPD among the two groups

Fig. 17: GR among the two groups

5. Discussion

Present study revealed that during intragroup comparison
there was statistically significant reduction in mean values
of PI, GI, BOP, PPD and CAL in both ENAP and
LANAP groups when compared from baseline to follow up
visits. During intergroup comparisons PI and GI showed
statistically insignificant differences in both the groups.
Clinically significant reduction in probing depth was seen
more with ENAP as compared to LANAP. The greater
reduction of PD in ENAP group may be due to complete
removal of the sulcular epithelium and the possibility of
gaining soft tissue attachment to the tooth. Histological
studies have confirmed that this attachment is most likely
to be a long junctional epithelium. These findings was
in accordance with the studies done by Raymond Yukna,
Ramfjord et al and Zamet et al. Lobo and Paul in their
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Fig. 18: Cal among the two groups

study concluded that the use of diode laser for open flap
debridement did not significantly benefit the treatment
outcome. Also GR and CAL showed clinically insignificant
differences in both the groups. However laser procedure
had less BOP and VAS score as compared to ENAP these
findings was in accordance with study done by Harshada et
al. Conlan found laser therapy of periodontal pockets does
not involve discomfort or intraoperative pain, nor requires,
the execution of locoregional anesthesia since the power
values provided are relatively low and the energy is supplied
in pulsed mode. Also study done by Katuri indicates that the
LANAP showed decreased gingival bleeding and less pain
as laser therapy blocks the pain signal transmitted from the
injured parts of the body to the brain. This decrease nerve
sensitivity and significantly reduces the perception of pain.
With the diode laser there is reduced need for systemic or
locally applied antimicrobials.

6. Conclusion

Although probing depth reduction was more for ENAP,
patient discomfort with less bleeding was observed with
LANAP.
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A B S T R A C T

Melanin, a nonhemoglobin-derived brown pigment, is the most common of the endogenous pigments and

is produced by melanocytes present in the basal layer of the epithelium. Gingival hyperpigmentation is

caused by excessive deposition of melanin located in the basal and suprabasal cell layers of the epithelium.

Pigmentation of gingiva not just has an impact on esthetics but also creates psychological negativity.

Though a wide range of techniques are available to manage this condition. Depigmentation procedures

such as scalpel surgery, gingivectomy with free gingival autografting, electrosurgery, cryosurgery, chemical

agents such as 90% phenol and 95% alcohol, abrasion with diamond bur, Nd: YAG laser, semiconductor

diode laser, and CO2 laser have been employed for removal of melanin hyper pigmentation. The following

case report describes two different surgical depigmentation techniques scalpel technique and lasers. Better

results of depigmentation were achieved with diode laser than conventional scalpel with respect to esthetics

and less postoperative discomfort.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

The harmony of smile is determined by gingival health
along with the shape, colour and position of teeth.1Gingival
health and appearance are essential components of an
attractive smile. Healthy gingiva and its appearance
are essential for an aesthetic smile and removal of
hyperpigmentation is necessary for an attractive and
beautiful smile.2 Colour of gingiva depends on number
and size of blood vessels, epithelial thickness, quantity of
keratinization and pigments within epithelium like melanin,
carotene, reduced haemoglobin and oxyhemoglobin.3

Melanin is the most common natural pigment contributing
to colour of gums. Although melanin pigmentation of
gingiva is completely benign and does not present
medical problems. Complaints of black gums are common
particularly in patients having very high smile line (gummy

* Corresponding author.

E-mail address: drayushkhatri@gmail.com (A. Khatri).

smile). The first and foremost important indication of
depigmentation is patient’s improved aesthetics.

Oral melanin pigmentation is considered to be
multifactorial. It can be physiological or pathological and
can be caused by a variety of local and/or systemic factors
such as tobacco use, genetic, prolonged administration
of certain drugs like antimalarial agents and tricyclic
anti-depressants.4

Oral pigmentation is a discoloration of the gingival/oral
mucosa, associated with several exogenous and endogenous
factors. Etiological factors are varied which include drugs,
heavy metals, genetics, endocrine disturbances, syndromes
as Albright’s syndrome, Peutz Jegher’s syndrome, and
also in inflammation. Adverse habits such as smoking
can also stimulate melanin pigmentation and the intensity
of pigmentation is related to the duration of smoking
and the number of cigarettes consumed.5 It is generally
agreed that pigmented areas are present only when melanin
granules synthesized by melanocytes are transferred to

https://doi.org/10.18231/j.jdp.2021.026
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keratinocytes. This close relation between melanocytes and
keratinocytes was labelled by Fitzpatrik and Breathnach
(1963) as the epidermal-melanin unit. 6 The distribution
and intensity of the pigmentation varies and hence, the
technique should be based on clinical experience and
individual preference, which give better results.7 Various
methods such as gingivectomy with free gingival autografts
and acellular dermal matrix, allograft, electrosurgery,
cryosurgery, abrasion with diamond burs, scalpel and laser
therapy have been used for the treatment of gingival melanin
pigmentation with various degree of success.8

Demand for cosmetic therapy of gingival melanin
depigmentation is common. Gingival depigmentation has
been carried out using non-surgical and surgical approaches.

1.1. Methods aimed at removing pigmented layer2

A. Surgical methods of depigmentation

1. Scalpel surgical technique
2. Cryosurgery
3. Electrosurgery
4. Lasers:

(a) Neodymium: Aluminum-Yttrium-Garnet
(Nd:YAG) lasers

(b) Erbium (Er:YAG) lasers
(c) Carbon dioxide (CO2) lasers

5. Diamond burs

B. Methods aimed at masking the pigmented gingiva with
grafts from less pigmented areas.

1. Free gingival grafts
2. Acellular dermal matrix allograft.

The following is the case report of gingival depigmentation
procedure performed using 980 nm diode laser. Infiltration
anesthesia was given to the patient and depigmentation
procedure was done.

2. Case Report

A 28 year old female reported to the outpatient department
of the institute, with a chief complaint of black coloured
gingiva, since she was very conscious about her esthetic
appearance, she wants to get it corrected. Intra oral
examination revealed deeply pigmented gingiva from
canine to canine in both maxillary and mandibular arches
(Figure 1). The pigmentation was esthetically displeasing
and hence gingival depigmentation procedure was planned
only in maxillary arch, since the mandibular region was not
visible during smiling and taking etc. For right maxillary
quadrant, scalpel technique for depigmentation was planned
and for left maxillary quadrant, use of diode laser was
planned. Accordingly, phase I therapy including thorough

scaling and root planning was performed and routine blood
examination of patient was done which revealed all values
within the normal limits.

Fig. 1: Pigmentation on both maxillary and mandibular gingiva.

Fig. 2: Removal of pigmented layer using scalpel.

Fig. 3: Sirona diode laser unit.
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Fig. 4: Contact of laser tip with pigmented tissue.

Fig. 5: Immediate post-operative site.

Fig. 6: Coe pack on scalpel site.

Fig. 7: 3 day post- operative.

Fig. 8: 1 week post-operative.

2.1. Procedure

For right side, local anaesthesia was infiltrated. Bard-Parker
with blade no 15 was used to remove the pigmented
layer (Figure 2). Pressure was applied with a sterile gauze
moistened in saline to control haemorrhage during the
procedure. For left maxillary side, topical anaesthesia spray
was used, Sirona laser having wavelength 810 to 980 nm
at 1.5 to 2 Watt power in a continuous wave mode with a
flexible fibre optic was used. (Figure 3)

After the selected power setting were entered, the laser
was activated. The procedure was performed in contact
mode, with light sweeping brush strokes (Figure 4). The
laser fibre optic was directed to the target tissue until white
scab formation occurred. White scab gingiva was scraped
off with wet saline moistened gauze to remove epithelium
containing melanin pigmentation. No pain was experienced
by the patient during the procedure.

Both sides were appeared normal immediately after the
surgery (Figures 5 and 6). Periodontal pack was given to
the patient on side treated with scalpel. Patient was recalled
on 3rdday. (Figure 7) Progressive healing of surgical site
was seen. Patient didn’t report any pain or discomfort on
side treated with laser. She felt little discomfort and pain
on the side treated with scalpel. After 1 week patient was
recalled for review. Wound healing was evaluated based on
epithilization & Visual analog scale (Figure 8). Similarly
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same procedure was carried out for 10 patients.

3. Results

In all the above case, no postoperative pain, hemorrhage,
infection or scarring occurred in any of the site where laser
was used. The patients were observed at 1 day, 3 days and
1 week after the procedure and the healing was found to be
uneventful. The patient’s acceptance of the procedure was
good and the results were excellent, as perceived by the
patient. The follow-up period spanned over 3 months. There
was no recurrence of pigmentation observed in 3 months.

4. Discussion

Various methods of de-epithelization of the pigmented areas
of the gingiva have been documented, such as scalpel
surgery, gingivectomy, gingivectomy with free gingival
autograft, cryosurgery, electrosurgery, chemical agents such
as 90% phenol and 95% alcohol, abrasion with diamond bur,
Nd:YAG laser, semiconductor diode laser and CO2.

Scalpel technique for depigmentation is the most
economical one as compared to other techniques which
requires more advance armamentarium. Scalpel technique
is relatively simple and versatile and it requires minimum
time and effort. However, scalpel surgery causes unpleasant
bleeding during and after operation and it is necessary to
cover the surgical site with periodontal dressing for 7 to 10
days. This technique requires good hand movement control
of clinician to avoid excessive cutting of gingiva.

Electrosurgery requires more expertise than scalpel
surgery. Prolonged or repeated application of current to
the tissues induce heat application and undesired tissue
destruction. Contact of current with the periosteum or the
alveolar bone and vital teeth should be avoided. Cryosurgery
procedure is followed by considerable swelling and it is also
accompanied by increased soft tissue destruction. Depth
control is difficult and optimal duration of freezing is not
known, but prolonged freezing increases tissue destruction.

Free gingival graft is quite an invasive and an extensive
procedure and it has not been advised for depigmentation
procedures routinely. It also has the disadvantage of second
surgical site, additional discomfort and poor tissue color
matching at the recipient site.

Depigmentation was performed using 980nm diode laser.
It is a one-step laser treatment and is sufficient to eliminate
the pigmented areas and does not require any periodontal
dressing.

Laser has the advantage of easy handling, it is less time
consuming, ability to hemostasis, and effects less or no pain
after the tretment, less discomfort. But laser is an expensive
and sophisticated equipment that is not available commonly
at all places it makes the treatment expensive.

Lasers were introduced in 1960 by Maiman and were
brought into general practice by Dr William and Terry

Myers. Different lasers such as carbon dioxide CO2
laser, Nd:YAG laser, semicondonductor diode laser, argon
laser, Er:YAG laser and Er,Cr.YSGG laser have been
reported as effective, pleasant and reliable method with
minimal postoperative discomfort and faster wound healing
depigmentation procedure.4 The diode laser is a solid state
semiconductor laser that typically uses a combination of
gallium (Ga), Arsenide (Ar), and other elements, such
as aluminium (Al) and indium (In), to change electrical
energy into light energy. Dental laser energy has an
affinity for different tissue components. The 980 nm
diode laser has energy and wavelength characteristics that
specially target the soft tissues. It has an affinity for
hemoglobin and melanin, therefore it more efficient and
better equipped to address deeper soft tissue problems9

Since, the diode does not interact with dental hard tissues
at reduced power settings, the laser is an excellent soft
tissue surgical laser indicated for cutting and coagulating
gingiva and oral mucosa, and for soft tissue curettage or
sulcular debridement. There is little information on the
behavior of melanocytes after surgical injury. Spontaneous
repigmentation has been shown to occur and mechanism
suggested is that the active melanocytes from the adjacent
pigmented tissues migrate to treated areas. The large
variation in time of repigmentation may be related to the
technique used and the race of the patient. Repigmentation
may also attribute to the melanocytes which were left during
the surgery as stated by Ginwalla et al. 10 These may become
activated and start synthesizing melanin.

Soft tissue lasers help in healing by reducing
inflammation and pain. Its applications include:
Frenectomies, Incision and Excision Biopsy, Crown
lengthening, Operculum removal, Lower Level
Laser Therapy LLLT for TMD pain, LLLT for Post
Extraction/Impaction pain, LLLT for Post Implant pain
and discomfort, Implant second stage(screw exposing),
for treating Ulcers, Whitening, Endo procedures (Canal
irrigation) , Perio procedures (Curettage of gums),
Bleaching.

Diode laser has high electrical to optical efficiency, are
small light weight and compact, hence portable and are quiet
devices as compared to other solid state and gas lasers (such
as Nd:YAG, KTP.YAG, HO.YAG, argon, erbium family and
CO2).11 The procedure can be performed using topical or
infiltration anesthesia depending on patient’s pain threshold
and the comfort of the operator.

5. Conclusion

The diode laser is minimally invasive treatment option for
the elimination of unesthetic gingival melanin pigmentation.
Scalpel procedure causes unpleasant bleeding during the
procedure and requires covering the unexposed surface with
periodontal dressing. Diode lasers are minimal invasise
incomparison to scalpel technique and less traumatic to the
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patient in terms of bleeding and pain.
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To the Editor,

It was interesting to read about the case report by Goyal [!] on “Clinical e"ectiveness of 
combining platelet rich #brin with alloplastic bone substitute for the management of 
combined endodontic periodontal lesion ($%!&;'(:)!-))).” The author has very interestingly 
and aptly described the endo-perio case and its management.

However, there is some discrepancy regarding the preparation of platelet rich #brin 
(PRF). PRF belongs to the second generation of platelet concentrates geared to simpli#ed 
preparation without biochemical blood handling. PRF was #rst developed in France by 
Choukroun et al. [$] for speci#c use in oral and maxillofacial surgery. This technique requires 
neither anticoagulant nor bovine thrombin (nor any other gelling agent). The PRF protocol 
includes the withdrawal of blood samples without anticoagulant in !%-mL tubes which are 
immediately centrifuged at ',%%% rpm for !% minutes ['].

The method described by the author is of preparation of platelet rich plasma (PRP) wherein 
venous blood is taken with anticoagulant to avoid platelet activation and degranulation. The 
#rst centrifugation (“so* spin”) allows the blood separation in ' distinct layers. At the bottom 
of the tube, the red blood corpuscles constitute ))% of the total volume. At the top of the tube, 
the acellular plasma layer is mainly made up of circulating plasmatic molecules (in particular, 
#brinogen) and low in platelets. It is designated platelet poor plasma (PPP) and constitutes &%% 
of the total volume. Between the $, an intermediate layer is where platelet concentrations are 
largely increased. It constitutes only )% of total volume and presents a characteristic bu"y aspect 
that led to it being called “bu"y coat.” It will comprise the major part of the future PRP. Using 
a sterile syringe, PPP, PRP, and some red blood corpuscles are aspirated. Then the material is 
transferred to another tube, without anticoagulant. This second tube will then undergo another 
centrifugation, purported to be longer and faster than the #rst (“hard spin”). This makes it 
possible to concentrate platelets at the bottom of the tube and subsequently to obtain once 
again ' distinct layers. Some residual red blood corpuscles are trapped at the bottom of the 
tube, acellular plasma and between the $, a bu"y layer, or PRP. With a syringe, the clinician can 
discard the major part of the PPP, leaving just enough serum to place the concentrated platelets 
in suspension. The unit is then gently shaken to obtain a ready-to-use PRP [',&].
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The author started the paragraph with the preparation of PRF, however, described the 
protocol for PRP, continued by saying that “coagulated preparation of %.' mL of PRF was 
obtained by its combination with %.! g of calcium chloride” and then #nish by saying that 
“then gra* material was mixed with the coagulated PRP preparation.”

We would be highly grateful if the author can clarify our doubts.
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Abstract 
Periodontal diseases are bacterial-induced inflammatory disease characterized by a complex interplay 
between the pathogens and the host tissue. A disturbance in the equilibrium between bacteria and host, 
results in periodontal tissue destruction. As periodontal disease progresses, a series of events occur in 
bacterial plaque, gingival sulcus, junctional epithelium, connective tissue, and bone, due to alteration in 
tissue homeostasis. This increasing awareness and knowledge of the host microbial interaction in 
periodontal pathogenesis has presented the opportunity for exploring new therapeutic strategies for 
periodontitis by means of targeting host response via host modulating agents. This has lead to the 
emergence of the field of “Perioceutics” i.e. the use of pharmacotherapeutic agents including 
antimicrobial therapy as well as host modulatory therapy for the management of periodontitis. These host 
modulating agents used as an adjunct tip the balance between periodontal health and disease progression 
in the direction of a healing response. 
 
Keywords: Host modulation, Nonsteroidal anti-inflammatory drugs, tetracycline, bisphosphonates 
 
Introduction 
Periodontitis is one of the most ubiquitous diseases. It is characterized by the destruction of 
connective tissue and dental bone support following an inflammatory host response secondary 
to infection by periodontal bacteria [1]. The first clinical manifestation of periodontal disease is 
of periodontal pockets, which offer a favorable niche for bacterial colonization. It can be 
diagnosed by clinical examination with the periodontal probe to determine pocket depths in 
combination with X-ray imaging, using microbiological techniques for a precise analysis of 
the infectious agents [2]. 
According to current concepts of the multifactorial etiology of periodontal disease, it is caused 
by the interaction among single or multiple microbial agents, a host with some degree of 
susceptibility, and environmental factors that influence on both. Although a single model of 
the etiopathogenic of periodontal disease has yet to be validated, it is broadly accepted that 
periodontal disease results from the action of the bacterial biofilm on the periodontium of the 
susceptible individual. Bacteria can survive and grow in the complex ecosystem of this biofilm 
because they produce of virulence factors. These factors also confer a greater resistance to host 
defense mechanisms, i.e., they increase the capacity of the bacteria to overcome the 
inflammatory reaction and immune response to antigen presentation [3]. 
According to a review by Offenbacher in 1996, the presence of bacteria in the periodontal 
pocket triggers a reaction that starts with the intervention of the neutrophil antibody-
complement axis, stimulating different cell types [4]. 
Host modulatory therapy is a new treatment modality that has been incorporated into dental 
therapeutics. Still it has not been well implemented in the dental practice due to the easy 
unavailability of host modulatory agents in India. Host can be defined as "the organism from 
which a parasite obtains nourishment,” or in the transplantation of tissue, "the individual who 
receives the graft". Modulation is defined as "the alteration of function or status of something 
in response to a stimulus or an altered chemical or physical environment.” The Host 
modulation with chemotherapeutic agents or drugs is a promising new adjunctive therapeutic 
opportunity for managing of periodontal diseases.

http://www.oraljournal.com/
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The concept of host modulatory therapy was first introduced 
to dentistry by Williams and Golub et al. and then expanded 
by many other researchers in the dental profession. Golub and 
colleagues discussed "host modulation with tetracyclines and 
their chemically modified analogs" [5]. 
Three potential approaches to host modulation have been 
considered: 1) inhibition of matrix metalloproteinases 
(MMPs) with antiproteinases, 2) blocking the production of 
proinflammatory cytokines and prostaglandins with anti-
inflammatory drugs, and 3) inhibiting activation of osteoclasts 
with bone-sparing agents [6]. 
 
Host Response: Concepts of the etiology of periodontal 
disease have changed noticeably in the last four decades. In 
1985 research began to focus on bacterial-host interactions. 
Several specific subgingival oral bacteria, including 
porphyromonus gingivalis, actinobacillus aggregatibater, 
prevotela intermedia, bacteroides forsythus and perhaps 
others such as campylobacter rectus, fusobacterium 
nucleatum, and spirochetes are associated with a severe type 
of periodontal diseases [7]. Protective aspects of the host 
response include recruitment of neutrophils, production of 
protective antibodies, and possibly the release of anti-
inflammatory cytokines, including transforming growth factor 
(TGF-β), interleukin-4 (IL-4), IL-10, and IL-12. Persistent 
bacterial aggression disrupts homeostatic mechanisms and 
results in the release of proinflammatory cytokines (e.g., IL-1, 
IL-6, tumor necrosis factor- α (TNF-α), proteases (e.g., 
Matrix Metallo proteinase’s), and prostanoids (e.g., 
prostaglandin E2 [PGE2]), which can endorse extracellular 
matrix destruction in the periodontium and stimulate bone 
resorption, tooth mobility, and tooth loss [8]. 
 
Host Modulation: The therapeutical agents or perioceutics 
that are mainly used to control periodontitis is a rising branch 
in the treatment of periodontal diseases along with mechanical 
debridement. To lower excessive levels of enzymes, 
cytokines, prostanoids (prostaglandin E2 [PGE2]), as well to 
modulate osteoclast functions, host modulation therapy 
(HMT) are being used, but it should not reduce below 
constitutive levels. Nonsteroidal anti-inflammatory drugs 
(NSAIDS), subantimicrobial dose doxycycline (Periostat), 
systemic bisphosphonates (BP), are few host modulating 
agents that are being recommended. Systemic flurbiprofen 
and topical ketoprofen are NSAIDS that act by inhibiting 
PGE2. Bisphosphonates modulates the osteoclast function, 
and subantimicrobial dose doxycycline uses the 
anticollagenase properties of tetracycline (TC), which is lone 
permitted drug by FDA. Future prospect lies for chemically 
modified tetracycline (CMT‘s), bone resorption uncouplers, 
anti-cytokine drugs, antimetabolites, and lipoxins (LXs). This 
provides clinician with supplementary equipment to 
conventional mechanical debridement, which could improve 
and make the clinical therapeutic outcome more predictable, 
in a susceptible host [9]. In addition, a number of local host 
modulatory agents have been investigated in clinical trials for 
their potential use as adjuncts to surgical procedures not only 
to improve upon wound healing but also to stimulate 
regeneration of lost bone, periodontal ligament, and 
cementum, restoring the complete periodontal attachment 
apparatus. These have included enamel matrix proteins 
(Emdogain), bone morphogenetic proteins (BMP-2 and BMP-
7), growth factors (platelet-derived growth factor and insulin-
like growth factor), and tetracyclines. The only host 
modulatory agent currently approved by the FDA for 

adjunctive use during surgery is Emdogain [10]. 
 
Classification of the various host modulation therapies 
A. Kenneth S. Kornman, 1999 [11] 

i. Host Modulation  
1. Blocking Direct Effectors of Bone and Connective Tissue 

Destruction E.g. bisphosphonates, MMP inhibitors ii. 
Host Modulation  

2. Blocking Host Mechanisms That Influence Clinical 
Outcomes E.g. NSAIDs, inhibitors of IL-1 and TNF iii. 
Host Modulation  

3. Host Mechanisms That Influence Bacterial Control E.g. 
agents that reduce levels of PGE2, IL-1, TNF 

 
B. Reddy MS, Geurs NC, Gunsolley JC, 2003 [12] 
1. Anti-proteinases - E.g.: tetracyclines  
2. Anti-inflammatory agents - E.g. NSAIDs  
3. Bone sparing agents - E.g. Bisphosphonates 
 
C. Anarthe RD, Mani DA, Marawar DPP, 2013 [13] 

A. Inhibition of matrix metalloproteinase (MMPs): This is 
achieved by chemically modified tetracyclines (CMTs) 
 
B. Inhibition of arachidonic acid metabolite: Through 
NSAIDs  
a. COX-1 inhibitors: Indomethacin, Flurbiprofen, 

Naproxen.  
b. COX-2 inhibitors: Rofecoxib.  
c. COX and LOX inhibitors: Triclosan, Topical ketoprofen.  
d. LOX inhibitors: Lipoxins.  
 
C. Modulation of bone metabolism  
a. Bisphosphonates 
b. Hormone replacement therapy (HRT)  
c. Calcium supplementation.  
 
D. Regulation of immune and inflammatory response  
a. Suppressing pro-inflammatory cytokines: IL1 and TNF-α 

receptor antaonist. 
b. Nitric oxide inhibition. 
c. Generation of protective antibodies through vaccination.  
d. Infusion/ supplementary anti-inflammatory cytokines: IL-

4 and IL-10. 
 
D. Carranza, Newman, Takei, Klokkevold [14] 

1. Systemically administered agents- NSAIDs, 
Bisphosphonates, Subantimicobial-dose doxycycline 
(SDD)  

2. Locally administered agents; NSAIDs, Enamel matrix 
proteins (EMP), Growth factors, Bone morphogenetic 
proteins. 

 
Chemically Modified Tetracyclines: Tetracyclines were first 
introduced in 1948 and were soon recognized as highly 
effective against Rickettsiae, several Gram-positive and 
Gram-negative bacteria, and other organisms. These 
nonantibiotic tetracyclines analogs are nothing but the 
tetracycline molecules which have been modified to eliminate 
the antimicrobial property, but retain the host modulatory, 
anticollagenolytic property. Furthermore, these drugs, known 
as broad spectrum antibiotics [15]. 
Chemically Modified Tetracyclines are used as Host 
Modulating agents in the management of periodontitis by 
inhibition of Matrix Metalloproteinases, inhibition of 
proinflammatory cytokines, inducible nitric oxide synthase 

http://www.oraljournal.com/
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(iNOS) and inhibition of bone resorption, enhancement of the 
attachment of fibroblasts and connective tissues to the tooth 
surface.16 The anti- Matrix Metalloproteinases actions of 
Chemically Modified Tetracyclines include direct inhibition 
of the active MMPs by the virtue of Ca2+ and Zn2+-binding 
sites, inhibition of reactive oxygen species-mediated 
activation of pro-MMPs, proteolysis of pro-MMPs into 
enzymatically inactive fragments, protection of α-1 proteinase 
inhibitor from MMPs, reduction in the activity of serine 
proteinases. Polymorphonuclear leucocytes (PMNs) provide 
the major source of collagenases that mediate the connective 
tissue breakdown during inflammatory periodontal disease, 
while the fibroblasts contribute the collagenase required for 
connective tissue remodeling in normal gingiva. The anti-
collagenase activity of CMTs is specific against the 
collagenase produced from neutrophils but not the fibroblasts 
[16]. 
 
SDD-Sub Antimicrobial Dose of Doxycycline: SDD is the 
only systemic host response modulator specifically indicated 
as adjunctive treatment for periodontitis and it is approved by 
USFDA and UK medicines and health care products 
regulatory agency. It is marketed as periostat, 20mg dose of 
doxycycline hyclate BD for 3-9 months has the ability to 
down regulate MMPs [17]. 
Mechanism of Action [11]. 
1. In junctional epithelium inhibition of production of 

epithelial derived MMPs by inhibiting cellular expression 
and synthesis.  

2. In connective tissue - Direct inhibition of active MMPs 
by cation chelation Inhibition of oxidative activation of 
latent MMPs, down regulates the expression of key 
inflammatory cytokines including interleukin 
IL1,IL6,and tumor necrosis factor (TNF)α,as well as 
prostaglandin E2 (PGE2)Scavenges and inhibits 
production of reactive oxygen species (ROS) produced 
by PMNs (e.g.HOCl, which activates latent 
MMPs),Inhibition of MMPs and ROS protects α1 
proteinase inhibitor (α1PI) thereby indirectly reducing 
tissue proteinase activity, Stimulates fibroblast collagen 
production.  

3. Alveolar bone- Reduces osteoclast activity and bone 
resorption, blocks osteoclast MMPs, Stimulates 
osteoblast activity and bone formation. 

 
Crout et al. 1996 - In a study of 14 patients with chronic 
periodontitis, after removal of subgingival plaque and 
calculus, patients were randomised to receive either SDD for 
2 months, then no drug for 2 months, then SDD for 2 months 
or placebo for 2 months, then no drug for 2 months, then 
placebo for 2 months SDD resulted in significantly improved 
probing depths and attachment levels compared with placebo, 
but did not affect plaque index or gingival inflammation [18]. 
Al-Shammari et al. 2001 - SDD was given to 12 patients with 
chronic periodontitis for 2 months following a course of 
subgingival instrumentation. Six patients were prescribed 
placebo. At baseline, months 1 and 2, GCF samples were 
collected and analysed for MMP-8, MMP-13 and ICTP 
(carboxyterminal peptide, a pyridinoline-containing fragment 
of type-1 collagen). The 2-month regime of SDD resulted in 
statistically significant reductions in GCF concentrations of 
ICTP, MMP-8 and MMP-13 compared with placebo. This 
was the first study that demonstrated in human subjects that 
SDD results in a simultaneous reduction of elevated MMP 
activity with a concomitant reduction in levels of collagen 

degradation fragments. SRP alone has no effect on GCF ICTP 
levels [18]. 
 
Bisphosphonates: The bisphosphonates are bone-seeking 
agents that inhibit bone resorption by disrupting osteoclast 
activity [11]. 
 
Mechanism of action  
Bisphosphonates acts on osteoclast function at Tissue, 
Cellular and molecular levels  
1. Tissue level: Decrease bone turnover due to decreased 

bone resorption, Decreased number of bone multicellular 
units, Net positive whole body bone balance  

2. Cellular level: Decreased osteoclast recruitment, Increased 
osteoclast apoptosis, Decreased osteoclast adhesion, 
Increased osteoblast differentiation and number  

3. Molecular level: Inhibit mevalonate pathway, Decreased 
post translational phenylation of GTP binding proteins [19]. 

 
Rocha et al. used oral route of alendronate as host modulating 
agent and found that there is decreased alveolar bone 
resorption, decreased tooth mobility and decreased clinical 
parameters [20]. 
Pradeep AR et al. used Alendronate as local drug delivery as 
1% gel and found that there isincrease percentage of bone fill, 
decreased probing depth and clinical attachment level [21]. 
 

Other host modulatory agents  
i. Probiotics: Probiotics have demonstrated significant 

potential as therapeutic options for a variety of disease as 
they have been known to modulate cytokine secretion 
profiles, influence TR09;lymphocyte populations, protect 
against physiologic stress, and enhance intestinal 
epithelial cell function and antibody secretion [22]. 
Teughels et al. explored the use of probiotics in 
influencing the periodontal microbiota and periodontal 
health and concluded that probiotics might offer 
opportunities to manipulate the oral microbiota, and 
periodontal health by either direct microbiological 
interactions or by immunomodulatory interactions [23]. 

ii. Periodontal Vaccine: George Hajishengallis reported 
that toll like receptors (TLRs) may offer novel targets for 
host R09; modulation therapy in periodontitis since 
manipulation of TLR signalling may contribute to control 
of infection or regulation of inflammation and, moreover, 
synthetic or natural TLR agonists could serve as novel 
periodontal vaccine adjuvants [24]. 

 
Summary and Conclusion: The improved understanding of 
the host bacterial interactions and the host immune 
inflammatory response leading to periodontal tissue 
destruction has led to the development of Host Modulation 
Therapy. Subantimicrobial dose doxycycline (SDD) is the 
only HMT currently approved and indicated as an adjunct to 
SRP for treating periodontitis. In the future a range of HMTs 
targeting different aspects of the destructive cascade of 
breakdown events in the periodontal tissues are likely to be 
developed as adjunctive treatments for periodontitis. The 
further development of these agents will permit dentists to 
treat specific aspects of the underlying biochemical basis for 
periodontal disease. The goal is to maximize the treatment 
response by reducing inflammation and inhibiting destructive 
processes in the tissues, which will result in enhanced 
periodontal stability after conventional periodontal treatments 
such as SRP. 
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A B S T R A C T

Background: Bleeding on probing (BOP) is the best documented parameter in the monitoring of
periodontal health and inflammation of the gingival tissues. It is measured as bleeding provoked by applying
a probe to the bottom of a sulcus/pocket. Since BoP may be provoked by trauma to the tissues using a
periodontal probe hence, probing pressure can be considered as an important factor in the assessment of
bleeding on probing.
Aim: The purpose of the study was to evaluate bleeding on probing by conventional probe and pressure
sensitive probe.
Materials and Methods: 50 subjects (1400 sites) in this split mouth study were evaluated for bleeding
on probing by using a conventional periodontal probe and a manual pressure sensitive probe. Gingival
Bleeding Index (Ainamo and Bay 1975) was used in the study for assessment of BOP.
Result: More bleeding sites were found in the quadrant associated with the conventional probe as compared
to the sites associated with pressure sensitive probe.
Conclusion: Amount of pressure applied during probing can be a significant factor in assessment the
periodontal disease activity.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

Diagnosis is a significant marker to assess the periodontal
health of the patient. Periodontal probe have always been
the best clinical diagnostic tool in the evaluating the health
status of periodontal tissues. They are designed to facilitate
pocket or attachment level measurements at any tooth
site. A probe consists of three parts, including handle,
shank, and tip. The tip is the working end calibrated
with millimeter markings.1 There are different types of
probing system present including generation of probes. The
University of North Carolina probe (PCP UNC 15, Hu

* Corresponding author.
E-mail address: drpratikshatripathi28@gmail.com (P. Tripathi).

Friedy Manufacturing Co., Chicago, IL, USA) is the choice
of instrument in clinical research when conventional probes
are required.2 Second generation includes Pressure sensitive
probe (TPS) that maintains consistency of probing force
for periodontal examination. Pressure-indicating marks are
present on the pressure sensitive probe. When the operator
force reached 15 grams, the shank moved up to match the
mark.3

According to Classification of Periodontal and Peri-
implant Diseases and Conditions 2017, probing force of
0.25N has a direct and linear effect on bleeding on probing
(BOP). Clinical gingival inflammation is a well-defined
specific condition characterized by BOP. It is found to be
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an accurate and objective tool for assessing gingival and
periodontal health.4

The present study was conducted to evaluate bleeding
on probing by two different probing systems including
conventional UNC-15 probe and pressure sensitive probe.

2. Materials and Methods

This was a randomized split mouth study conducted in the
Department of Periodontology. Ethical clearance for the
study was obtained from the ethical committee of institute.

Systemically healthy patients with age group of 18 -55
years were included in the study. Screening of fifty seven
patients was done from the Out Patient Department, out
which seven patients were excluded as they were found to
be on anticoagulant therapy. Pregnant/lactating mothers and
patients having bleeding disorders were also excluded from
the study.

Demographic details like name, age, gender etc were
recorded and informed consent was taken from all the fifty
patients who had agreed to participate in the study.

Total 1400 sites were evaluated for bleeding on probing.
Randomization was done by flip of the coin for first/
fourth and second / third quadrants which were evaluated
either by UNC-15 probe (conventional system) or TPS
probe (pressure sensitive system) Figure 1. About 700
gingival sites were examined by each of the probing system
and bleeding scores were recorded according to Gingival
Bleeding Index (Ainamo and Bay 1975).5Figure 2

Fig. 1: UNC-15 probe and TPS probe

3. Results

Evaluation of all the examined bleeding sites (1400 sites)
was done. The comparison of presence or absence of sites
with BOP was done between UNC-15 and TPS (700 sites
by each probe) using the Chi-square test. The number of
sites with BOP was found to be significantly more among
UNC-15 probe compared to TPS probe.

Mean percentage of bleeding sites (%) were calculated
based on the two different probing system i.e conventional
UNC-15 probe and pressure sensitive probe. TPS probe

Fig. 2: Examination of gingival sites byUNC-15 probe and TPS
probe

Graph 1: Mean percentage of gingival bleeding sites by two
probing systems

resulted in lesser bleeding sites (47.1%) compared to that
of (58.6%) UNC 15- probe.

Graph 2: Distribution of gingival bleeding sites by two
probing systems

The comparison of number of bleeding sites was done
between UNC-15 and TPS using the Chi-square test. The
number of sites with >30% bleeding sites was found to be
significantly more among UNC-15 probe compared to TPS
probe.
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Table 1: Assessment of gingival bleeding sites by two probing systems

Examined gingival
sites

UNC-15 TPS

Total gingival SITES
= 700

Mean percentage Total gingival SITES =
700

Mean percentage

BOP +ve 410 58.6% 330 47.1%
BOP -ve 290 41.4% 370 52.9%

!2 value = 4.519, p-value = 0.048*
Chi-square test * Significant difference

Table 2: Distribution of gingival bleeding sites by two probing systems

Examined gingival
sites

UNC-15 TPS

No. of patients (Total
=50)

Mean percentage No. of patients (Total
=50)

Mean percentage

<10% bleeding sites 4 8.0% 8 16.0%
>10-<30% bleeding
sites

20 40.0% 28 56.0%

>30% bleeding sites 26 52.0% 14 28.0%
!2 value = 6.267, p-value = 0.044*

Chi-square test * Significant difference

4. Discussion

Gingival inflammation is a site-specific and well defined
condition for which numerous measurement systems have
been proposed and validated indicating its high prevalence
globally.6 The World Work shop 2017 introduced the
term “pristine periodontal health” meaning absence of
clinical inflammation. However, “Clinical periodontal
health” is characterized by an absence or minimal levels
of inflammation. Out of clinically detectable signs, such
as color (redness) or volume changes (edema), bleeding on
probing is considered as an accurate and objective measure
for assessing periodontal health.7,8 Gingival bleeding is
found to be an early sign of inflammation and was
first incorporated in a clinical periodontal index in 1958.
Histopathologically, gingival bleeding is characterized by
larger and denser inflammatory infiltrates.9

Periodontal probe is the diagnostic key instrument and its
precision is affected by factors like the design of the probe,
probing force, probe position etc. The periodontal clinical
signs detected through probing include bleeding tendency,
probing depth, and clinical attachment level. According to
world work shop 2017, probing force has a direct and linear
effect on the prevalence of BOP.4

The present split mouth study is unique of its own as it
has compared two different probing systems for evaluation
of bleeding on probing. Randomization prevents biasing of
the study which was done by flipping a coin. The gingival
sites were examined either by conventional UNC-15 probe
or by manual tactile pressure sensitive (TPS) probe.

The authors used the Gingival Bleeding Index (Ainamo
and Bay 1975)5 for evaluating BOP. The world workshop
2017 accurately defined and graded a BOP score (BOP

%) as the proportion of bleeding sites stimulated by a
standardized (dimensions and shape) manual probe with a
controlled (!25 g) force to the bottom of the sulcus/pocket.5

American Academy of Periodontology (AAP) updated
the 1999 Classification of Periodontal Diseases and
Conditions and stated that lower the proportion of BOP
positive sites, higher the gingival health. They concluded
that gingival sites with the presence of BOP < 10%
perceived as a clinically healthy gingiva while (BOP "10%
and #30%) is considered as a localized gingivitis case.
Patients having BOP > 30% was graded as generalized
gingivitis case and was more prone to periodontal disease.
However, case definition of periodontal disease involves the
criteria of clinical attachment loss but involves BOP too.

The World Work shop 2017 defines a periodontally-
healthy patient with a BOP score < 10% without attachment
loss and radiographic bone loss (intact periodontium).
Moreover, the concept of minimal level of gingival
inflammation throughout the dentition can be considered as
compatible with “clinical periodontal health”.4

The same criterion was used in the study for determining
the extent of disease activity. The authors found that
TPS probe have resulted in less BOP% of gingival
sites compared to conventional UNC-15 probe. However,
application of controlled probing force could be a possible
reason behind less bleeding sites. Forces greater than 0.25 N
(UNC-15 probe) increases the risk of false positive readings
while using constant probing force (TPS probe) results
in greater reproducibility of bleeding scores. The probing
force applied by different clinicians varies significantly and
often exceeds the 25-g threshold. Hassell et al reported that
constant pressure senstive electronic probes detect active
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periodontal disease at earlier stages.10,11 Antonio et al also
evaluated significant decreased bleeding site sites on using
pressure sensitive probe.12

The present study found that BOP may be used for (i)
distinguishing between a healthy and gingivitis patient (ii)
classifying a gingivitis case (localized, generalized). Using
BOP as a criteria for assessing disease activity would have
the following advantages: 1) It is an objective, universally
accepted, reliable and accurate clinical sign 2) Gingival
bleeding represents a clinical sign often perceived by the
patient, whereas low level of BOP% are consistent with
self-reported perception of healthy gingival conditions; 3)
BOP recording is user-friendly, economic, and requires
minimal/no technology.

5. Conclusion

Pressure sensitive probes proved to better compared to
conventional probes like UNC-15. Controlled probing force
maintains the integrity of connective tissue attachment
leading to precise periodontal diagnosis. Bleeding on
probing can be used as reliable criteria for evaluating the
“minimal” amount of gingival inflammation distinguishing
from a periodontally-healthy patient.
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A B S T R A C T

In this era, the passion to look beautiful has evolved various new technologies to enhance and improve the
physical appearance of people. There are many medical and dental conditions, which do not have complete
treatment modalities in conventional ways. Botox is emerging as one such popular treatment to improve
the facial appearance. Botox can enhance aesthetics and is used therapeutically in other medical conditions.
The Botox is a minimally invasive technique and may prove out to be an attractive alternative to surgery in
some cases

© This is an open access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

1. Introduction

Esthetic dentistry is emerging as one of the most progressive
and challenging branches of dentistry. The focus of dentistry
in the present times is not only the prevention and treatment
of diseases but on meeting the demands for better esthetics.
Facial beauty and attractiveness has been linked to social
perception, where people with a more attractive face are
perceived to have higher athletic, social, and leadership
skills. The two main components of facial beauty are the
face and the dental composition.

The art and science of soft tissues esthetics is an
ever evolving field of medicine and dentistry especially
periodontology, evidenced by continual development of
new surgical and non surgical treatment modalities.1

Nonsurgical rejuvenation procedure such as botulinum
toxin (BTX) and dermal filler injections are now the
most common aesthetic treatments performed wordwide.
According to statistics published by American Society for
Aesthetic Plastic Surgery, there was 200% increase in the
rate of botox and dermal filler injection techniques since
1997.

* Corresponding author.
E-mail address: bharat.sachdeva2488@gmail.com (B. Sachdeva).

Botulinum toxin (BT) is a neurotoxin produced by
anaerobic bacteria clostridium botulinum. It is highly toxic
neurotoxin which causes a serious disease called botulism
characterised by paralysis of the musculature in the body
leading to death which was first noticed by Emile Van
Ermengem in 1897.2 BT is a high-molecular weight protein
complex made of 3 different proteins: First, a 150-KDa
toxin, second, a non-toxin hemagglutinin protein, third, a
non-toxin non-hemagglutinin protein.3 Botulinum toxin can
be differentiated serologically into eight kinds of toxins
named from A to G (A, B, C1, C2, D, E, F, and G).4,5

Neurotoxin strains A and B are antigenically different, but
have similar functions and are commercially available for
medical treatments.6,7

2. History

The German physician and poet Justinus Kerner8 first
developed the idea of a possible therapeutic use of
botulinum toxin, which he called “sausage poison”. In
1870, Muller9 (another German physician) coined the
name botulism. In 1949, Dr. Burgen’s group discovered
that botulinum toxin blocks neuromuscular transmission.In
December 1989, (BOTOX®) was approved by the United
States Food and Drug Administration (US FDA) for the

https://doi.org/10.18231/j.ijpi.2021.015
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treatment of strabismus, blepharospasm, and hemifacial
spasm in patients aged younger than 12 years.10On
December 21, 2000, Botox received US FDA approval for
treatment of cervical dystonia.11 On April 15, 2002, the
US FDA announced the approval of BOTOX® Cosmetic to
temporarily improve the appearance of moderate-to-severe
frown lines between the eyebrows (glabellar lines).On
September 11, 2013, the US FDA approved BOTOX® for
the temporary improvement in the appearance of moderate
to severe lateral canthal lines, known as crow’s feet. This
is the only FDA-approved drug treatment option for lateral
canthal lines.

Fig. 1: Mechanism of action

Fig. 2:

3. Application of botox

3.1. General appliction

1. Overactive bladder
2. Upper limb spasticity in adult patients
3. Prophylaxis of headaches in adult patients with

chronic migraine
4. Cervical dystonia in adult patients (severe neck muscle

spasm)
5. Blepharospasm (spasm of the eyelids)
6. Strabismus (Squint)
7. Rhinitis
8. Hyperhidrosis
9. Foot dystonia

10. Tremor
11. Spasticity
12. Induce ptosis/Reduce lid retraction
13. Laryngeal dystonia
14. Benign prostatic hyperplasia
15. Stammering/stuttering

3.2. Maxillofacial applications

3.2.1. Cosmetic applications
a. Facial Wrinkles: The first signs of aging are often
wrinkles around eyes, forehead, cheeks, and lips.

Wrinkles are a normal feature of the human face but
are unaesthetic. Botox is an effective way to reduce the
appearance of wrinkles

b. Drooping of corners of mouth: Hyperactivity of
depressor anguli oris can lead to drooping of the corner of
the mouth. Injection of Botox has shown to have positive
results in such cases.12

c. In post-radiosurgical neck contracture: In post-
radiosurgical neck contracture, botox injection is a simple
and easy procedure able to improve neck motion and reduce
neck pain in head-and-neck cancer patients.

3.2.2. Therapeutic applications (Non cosmetic application
The diverse group of TMDs those are likely to be benefited
by injection of Botox includes the following:13

1. Bruxism and clenching
2. Oromandibular Dystonia
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3. Hemifacial Spasm
4. Myofascial Pain
5. Masseter and temporalis hypertrophy
6. Sialorrhea and salivary disorders
7. Facial nerve palsy
8. Facial pain trigeminal neuraligia
9. Oral and maxillofacial trauma

10. Cancer and palliative care
11. Denture Wearers
12. Adjunct to orthodontic treatment and to prevent

relapse
13. An adjuvant for wound healing after oral and

maxillofacial surgery

3.3. Periodontal applications

3.4. Gummy smile

The smile is considered the most pleasant and complex
of all the facial expressions.14 It has been said that “a
smile is one of the most effective means by which people
convey their emotions”.15 A person’s smile depends on
three main components: teeth, gums, and lips. Many have
studied the components of an attractive smile; most studies
concluded that the perfect amount of maxillary gingival
tissue shown during smiling is 3 mm.15 Gummy smile, or
excessive gingival display in the maxillary arch on smiling,
is known as the difference between the lower margin of
the upper lip and the superior margin of the incisors and is
considered one of the most embarrassing and self-conscious
cosmetic aspects in humans.16 Gummy smile should be
first classified either according to the area of the maxilla
shown, i.e., anterior, posterior, mixed, or asymmetric, or
via the Goldstein classification as low, medium, or high
based on the amount of exposure.15 This classification is
important to identify the involved muscle and to modify the
injection technique of Botox type I.14 The effect of Botox
will appear after 2 weeks and persists between 4 and 6
months depending on the muscle thickness and anatomy.17

Etiological factors involved in the formation of gummy
smile can be, Skeletal (vertical maxillary Skeletal (vertical
maxillary excess), Gingival (passive eruption) or Muscular
(hyper functional upper lip) and treatment options range
from Le fort I osteotomy, crown lengthening, intrusion,
myectomy to muscle resection etc. Botox is indicated when
the gummy smile is due to hyper functional upper lip
elevator muscles (muscular capacity to raise the upper lip
is higher than average)

3.4.1. Procedure for injection
For correction of gummy smile, Botox is injected into
the hyperactive elevator muscles of lip blocking excessive
contractions and thus prevent the lip from being pulled too
far up while smiling. It will be important for the patient to
avoid taking aspirin or related products, such as ibuprofen

(e.g., Advil) or naproxen if possible after the procedure to
keep bruising to a minimum. Prior to injection, reconstitute
vacuum-dried BOTOX, with sterile normal saline without
a preservative; 0.9% Sodium Chloride Injection is the
only recommended diluents. Draw up the proper amount
of diluents in the appropriate size syringe, and slowly
inject the diluents into the vial. BOTOX should be
administered within four hours after reconstitution.During
this time period, reconstituted BOTOX should be stored in
a refrigerator (2! to 8!C). Reconstituted BOTOX should be
clear, colorless and free of particulate matter.

Mark polo18 has advocated the ideal dosage might be
2.5 U/0.1ml per side at the LLS & LLSAN, 2.5 U/0.1ml
per side at the LLS/ZM sites, and 1.25 U/0.1ml per side at
the OO sites. Hwang et al, 14 Yonsei University College of
Dentistry, Seoul, Korea have proposed a injection point for
botulinum toxin-A, and named it as YONSEI POINT and
they recommend a dose of 3U at each Yonsei point.Yonsei
point is located at the centre of the triangle formed by:

1. Levator labii superioris [LLS],
2. Levator labii superioris alaeque nasi [LLSAN],
3. Zygomaticus minor [Zmi]

After the injection, the patient was instructed to avoid lying
down , exercising, or massaging the injection site lying
down for 4 hours.14 Two weeks later, post injection photos
were taken at the same position of the pre-injection. Effect
of botox is seen within 5-10 days and last about 6 months,
with a range of 4 to 8 months, at which time the patient
can return to repeat the process. It is important not to give
injections prematurely (before the effects of the treatment
have worn off), as this can result in a buildup of antibodies
to botox that would dilute the effect of further treatments.

Fig. 3: (A) Muscleinvolved in gummy smile

3.4.2. Dental Implants
Excessive functional forces, especially in patients
with parafunctional habits can hamper the process of
osseointegration. Thus, the overloading of implant results
in its failure. Forces from hyperactive masticatory muscles
can also prevent or impede fracture callus formation after
maxillofacial fracture fixation. Hence in both conditions
muscular relaxation can be achieved with Botox injections
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Fig. 4: Gummy smile treated with Botox

into the masticatory muscles allowing a more stable
environment for implant integration and fracture healing.19

Etiological factors involved in the formation of gummy
smile can be, Skeletal (vertical maxillary excess), Gingival
(passive eruption) or Muscular (hyper functional upper lip)
and treatment options range from Lefort I osteotomy, crown
lengthening, intrusion, myectomy to muscle resection etc.

3.5. Contraindication

The following conditions are contraindicated with this drug.

1. Allergy to botulinum toxin
2. Lou Gehrig’s Disease
3. Disorder of the Peripheral Nerves that Cause

Movement
4. Myasthenia Gravis
5. Progressive Muscle Weakness with Carcinoma
6. Condition Where One Object Appears as Two or More

Object
7. Double Vision
8. Blurred Vision
9. Drooping of the upper eyelid

10. Infection of Lung from Inhaling Stomach Contents
11. Decreased Lung Function
12. Voice disorder
13. Hoarseness
14. Dysarthria
15. Trouble Breathing
16. Difficulty Swallowing
17. Problems with Bladder Control

3.6. Post operative care for patients

1. Treated area should not be manipulated for 3 hours
following treatment.

2. Any facial/laser treatments or microdermabrasion
after Botox injections for at least 10 days should not
be conducted.

3. Some providers believe that smiling and frowning
right after botox treatments helps the Botox find its way
to the muscle into which it was injected after treated.

4. Patients should be instructed not to lie down for 4
hours after your Botox treatment. This will prevent

tracking into the orbit of your eye and causing drooping
eyelid.

5. It can take approximately 4 to 7 days for results to be
seen. If the desired result is not seen after 2 weeks of
your treatment additional Botox may be required.
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INTRODUCTION
Traumatic dental injuries are one of the major concern during 
children's growing years. These injuries are common in young children 
as well as adolescents due to sports and playful activities. Mothers are 

 [1]in the immediate vicinity of children in such situation . Lack of 
awareness and knowledge of mothers about emergency management 
of avulsed tooth leads to late presentation in dental clinic which results 

[2]to unfavorable long term prognosis.  Mothers are the primary source 
of knowledge for the children and their appropriate decision making 
plays an important role in the management of avulsed tooth. Most 
dental injuries occur to permanent teeth with incomplete root 
development in children in mixed dentition. Primary and permanent 
anterior teeth  are  not  only  important  for  esthetics  but  also  are  
essential  for phonetics, mastication, integrity of supporting tissues, as 
well  as psychological and mental wellbeing of children., thus, the loss 

 [3],[4],[5],[6]of a tooth can cause signicant effect on a child's quality of life.

exarticulation or total luxation implies total displacement of tooth out 
[7]of its socket.  During tooth avulsion there is a discontinuity of tissues, 

such as the periodontal ligament (PDL).  Avulsion of teeth most often 
occurs in children from 7-9 years of age, when the permanent incisors 
are erupting. At this tooth developing age periodontal ligament are 
loosely structured and surrounding by low mineralized bone, thus the 
erupting tooth provide minimum resistance towards an extrusive 

[4]force.  Maxillary central incisors are the most frequently avulsed teeth 
while the lower jaw is rarely affected. 

Various treatment modalities are available for avulsed tooth such as 
prosthetic replacement ,functional appliances , minor orthodontic 
movement and immediate reimplanation of avulsed tooth followed by 
endodontic treatment, among this immediate reimplantation of 

[3]avulsed tooth is considered to be the ideal treatment choice.  The 
prognosis of reimplantation depends on the viability of  PDL bres and 

[7],[8]the time elapsed post avulsion.  Thus, it becomes necessary to 
prevent the drying of the root surface of avulsed tooth. This can be 
prevented by storing avulsed teeth in different favourable medium. But 
, unfortunately many parents lack knowledge and awareness for the 
same. Through immediate action the prognosis of traumatic dental 

[2]injuries can be improved.

Maternal awareness about avulsion injuries have an immediate impact 
on the outcome of this kind of dental trauma. Timely intervention by 

the dentist can save the tooth limit the damage that has occurred. In 
rural areas, mothers are guided by village elders and socio cultural 
beliefs of a region. Therefore, this study was planned with the aim to 
assess the knowledge, attitude and perception of mothers about tooth 
avulsion in rural areas of modinagar (Uttar Pradesh). So that awareness 
programmes could be directed accordingly

Considering the above, the present questionnaire based study was 
conducted to assess the knowledge, attitude and perception of mothers 
towards emergency management of avulsed tooth  in children in rural 
areas of modinagar.

MATERIALS AND METHODS:
The present questionnaire based study was conducted in the 
Department of Pedodontic and Preventive dentistry, IDST, Modinagar. 
All the mothers who accompanied their children to the department for 
receiving dental treatment were included in the study. A written 
informed consent according to the ethical guidelines was obtained 
from the participants. A questionnaire based on the Raphael and 
Gregory PJ model was formulated in local vernacular language. It 
comprised of 10 questions concerning avulsion of a tooth in permanent 
dentitions and regarding knowledge and attitude of the mothers on the 
management of tooth avulsion injuries (Figure 1: questionnaire). 

The questionnaire was pretested in a group of 20 mothers for 
standardization and estimating the validity and modications were 
made accordingly. The test-retest analysis showed a good reliability of 
0.7 of the questionnaire.300 mothers participated in the study who 
were made to ll the questionnaire and the respondents were asked to 
tick the appropriate answer, which they perceive according to their 
knowledge is correct. Responses obtained were tabulated and 
expressed in computed percentages, and then as frequency 
distributions. SPSS software version 21.1 was used for statistical 
analysis.
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ABSTRACT
Traumatic dental injuries (TDIs) are a common occurrence in primary as well as permanent dentition. Among them dental avulsion is the most 
serious form of dental trauma which can be best treated by reimplantation of the avulsed tooth. The extra oral time of avulsed tooth governs the 
prognosis of reimplanted tooth. Thus, avulsed tooth should be transported to dental clinic on an urgent basis. These injuries occur frequently at 
home or during playground activities in children and adolescents. Since, mothers are the in the immediate vicinity of children in such situations, 
their knowledge regarding the emergency management of avulsed tooth is of great importance. Therefore, this study aimed at evaluating the 
knowledge and awareness of Indian mothers regarding management of avulsed tooth.  The study was conducted to evaluate the knowledge, Aim:
attitude and perception of mothers in rural areas of Modinagar with regard to avulsed tooth and its management using a questionnaire. Materials 
and Methods: The study was conducted on 300 mothers who accompanied their children while visiting Department of Pedodontics and Preventive 
dentistry. A questionnaire comprising 10 questions in local vernacular (Hindi) language was used. Mothers were instructed to mark one option in 
multiple choice questions, which they assume to be correct.  It was concluded from the study that mothers knowledge of management Conclusion:
of tooth avulsion was insufcient to provide emergency care to their child. 
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Figure 1: questionnaire

RESULTS:
A total of 300 mothers participated in the present study. The responses 
of mothers recorded through the questionnaire revealed that signicant 
number of mothers  (43%) did not experience any trauma in their life, a 
smaller number of mothers(11.7%) had a previous experience of dental 
trauma  and 23 % of mothers said their child experienced dental trauma 
When asked about  experience of  mothers towards avulsed tooth, only 
a small number of mothers (1.7%) had received previous experience 
with avulsed tooth. (table.1)

When the perception of mothers regarding the preservation of avulsed 
tooth was recorded, only 25% were found to believe that avulsed tooth 
can be saved and 75% did not know that there is a possibility of saving 
an avulsed tooth. This difference was found to be statistically 
signicant. (table.2)

When mothers responses were recorded on the need of seeking 
treatment in case of avulsion ,31.5% considered it to be desirable but a 
huge percentage (25%) thought it is unnecessary to treat an avulsed 
tooth. Other responses recorded were very essential (16.7%) and 
essential (26.7%). (table.2)

When asked “what would you do if the tooth is knocked out of the 
socket?” majority of mothers(60% ) said they would discard the 
avulsed tooth  and only 30 %  would prefer saving an avulsed tooth and 
10% did not have any idea  about what they are suppose to do with the 
avulsed tooth. (table.3)

On asking about the ways of saving an avulsed tooth, maximum 
number of mothers (60%) would prefer cleaning it with water, instead 
of trying other ways like washing with soap(1.7%) and clean it with 
soft cloth or paper (10%). On the contrary, 28.3% said that they are 
hesitant  in cleaning the teeth on their own. The mothers responses 
were statistically signicant. (table.3)
.
When asked “What would you do if the tooth was in child's mouth, a 
statistically signicant differences were observed in mother's opinion. 
About 65% of mothers responded that they would remove the tooth 
from the mouth,20% of them do not know what to do. 10% said they 
would put the tooth back into the socket and 5% of mothers said they 
would leave the tooth inside the mouth. (table.3)

On exploring the perception of mothers whose child had undergone 
tooth avulsion,58.7% of them responded they would visit dentist for 
further treatment while 16% of mothers said they would give self-
medication. Equal amount of respondent (10%) replied that they 
would visit a general physician (10%) or treatment is not required. 
(table.3)

Regarding urgency of need of treatment, a signicant high number of 
parents (46.7%) would seek the dental treatment only if any pain or 
other symptoms are noticed. 35% of mothers replied that they would 
seek immediate treatment. About 18.3 % of mothers said that they 
would meet dentist on next day. (table.3)

When asked about the transport media for avulsed tooth, 80% of 
mothers preferred carrying avulsed tooth by wrapping in a paper or 
gauze. Remaining20% 0f them preferred water as transporting media. 
None  of parents were aware of carrying avulsed tooth in mouth or 
milk. (table.3)

The overall awareness amongst mothers is 32.5% showing lack of 
technical information regarding the preservation and management of 
avulsed tooth

Table 1: parental experience about dental avulsion 

Table 2: Parental knowledge about tooth avulsion

Table 3: Parental attitude towards tooth avulsion
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1 Have you or your family 
ever had any dental trauma?

N % Chi 
square

p-
value

 Myself  35 11.7 12.667 0.005
 My husband / 
mother/ father 

65 21.7

 My children 70 23.3
 No one 130 43.3

2 Do you have 
anyexperience with avulsed 
tooth?

Yes 5 1.7 56.067 0.0001
No 295 98.3

N % Chi 
square

p-
value

3 Do you think that avulsed 
tooth can be saved? 

Yes 75 25 15.000 0.001
No 225 75

4 Do you think treatment is 
needed after tooth avulsion 
in a child?

Very essential 50 16.7 2.800 0.423
Essential 80 26.7
Desirable 95 31.7
Not necessary 75 25

N % Chi 
square

p-
value

5. What would you 
do if the tooth is 
knocked out of the 
socket?

 Save 90 30 22.80
0

0.000
1Discard 180 60

Don't know 30 10

6. What would you 
do with the saved 
tooth?

Wash with water 180 60 48.13
3

0.001
Wash with soap and 
water 

5 1.7

Clean it with a soft 
cloth or a paper 

30 10

Don't clean it 85 28.3
7. What would you 
do if the tooth was 
in child's mouth, 
however, out of 
place?

 Put the tooth back 
into the socket 

30 10 54.00
0

0.001

Leave the tooth 
inside the mouth 

15 5

Remove the tooth 
from the mouth 

195 65

Don't know 60 20
8. What would you 
do when avulsion of 
tooth occurs?

 Visit a general 
physician 

30 10 54.00
0

0.001

Visit a dentist 190 58.3
Will give self-
medication 

50 16.7

No treatment required 30 10
9. When do you 
think a professional 
treatment is needed?

Immediately 105 35 7.300 0.026
Next day 55 18.3
After a week 0 0
Only when if any 
pain or other 
symptoms noticed

140 46.7

10.  How will you 
carry the tooth to 
the dentist? 
- 

Wrap in paper or 
gauze 

240 80 21.60
0

0.000
1

Water 60 20
Milk 0 0
In the mouth 0 0



DISCUSSION-
Dental traumatic injuries are common in young children and 
adolescents. They are mostly encountered at home or while playing 
sports. Since, mothers are in close vicinity of children in most of the 
occasions, their emergency knowledge for handling the situation is of 
prime importance. The prognosis of avulsion depends on quick and 
prompt emergency management. Being considered as the most severe 
form of dental trauma, dental avulsion is characterized by complete 
severance of the periodontal ligament and neurovascular bundles of 
the tooth, leading to the loss of pulp vitality.  Immediate reimplantation 
of the avulsed tooth, followed by endodontic treatment is, hence, 
considered as the best treatment modality.

The purpose of this study was to evaluate, by means of a questionnaire, 
mother's awareness of the emergency management of avulsed 
permanent teeth. The present study results showed lack of awareness in 
67%mothers and only 32.5%,were found to be aware amongst the total 
sample. It was found that 43.3%mothers did not experience any kind of 
dental trauma amongst their family members and 98.3% never 
experienced avulsion. 

The present study results justied the general perception that an 
avulsed tooth cannot be saved since only 25% mothers were of the 
opinion that avulsed tooth should be saved and 75% said that it is not 
necessary to save an avulsed tooth.

In the present study, 35% of mothers said that they would immediately 
seek professional treatment for avulsed tooth these responses were 

[9]similar(35%) to the study conducted by kruthika murali et al.

The present study found that about 60% of the mothers would discard 
an avulsed tooth, which was similar to the study conducted by Hegde et 

[10]al.,  (64.8%) and was much higher than the study conducted by 
[11]Oliveira et al.,  (10%). This may be due to the fact that they are under 

the impression that once the tooth is fallen from the socket it will not be 
of any use and will not serve any purpose.

The PDL bres must remain intact because they are the main 
determinant of success of replantation procedure. In the present study 
due to lack of awareness 60% mothers said that they would wash the 
teeth with water,10% would clean it with tissue and 1.7% prefer 
washing with soap and water. About 28.3% of the mothers in the 
present study answered that they will not clean the avulsed tooth. 
before going to the dentist and these responses were found to be 

 [11]slightly less (31%) when compared with the study by Oliveira et al.

The storage mediums that can aid in pulpal and periodontal healing are 
milk, sterile saline solution, saliva, etc. But in the present study, most 
of the mothers responded that they would wrap the avulsed tooth in the 
cloth or paper (80%), which was found to be much higher when 

[11]compared to the studies reported by Oliveira et al.,  (45%) and Hegde 
[10] et al. (35.8%).In a the study by Sarah L   Raphael and Peter J. 

[12]Gregory  regarding transport medium, only 5% knew that milk was 
the medium of choice. Though very few (5%) said that they would 
leave the avulsed tooth inside the mouth and it was much lesser (32%) 

[11]than the study conducted by Oliveira et al.

 Preference of mothers (58.3%) to visit a dentist in case of dental 
trauma was higher than those who preferred going to a general 
physician (15%).However, some  mothers(16.7%) did not feel the 
need for medical intervention and preferred giving self-medication. 
Majority of mothers responded that they would seek professional 
treatment only if pain or symptoms were noticed but a few(35%) 
would like to visit the dentist immediately. In this study 65%of mothers 
were not aware about the reimplantation of avulsed tooth. The study by 

[13]  [14] [10] [15]parikh & shah ,  Al Ghamdi et al,   Hedge et al  and sood et al    
showed similar results of attitude of mothers towards the immediate 
treatment of avulsed tooth.

The present study result revealed the lack of experience and 
knowledge among the mothers regarding the management of dental 
trauma and necessitates the need of measures to increase the 
awareness.

The present study results reects the need for more effective 
communication between dentist and mothers to make them aware of 
the proper management while facing a situation of dental avulsion.  
Also this study indicate the need of educational and community based 

programs to improve mothers knowledge for emergency management 
for avulsed tooth.

CONCLUSION 
Within the limitations of the present study, it can be concluded that 
there is a less awareness among mothers regarding emergency 
management of avulsed teeth.

Lack of knowledge regarding transporting medium and late 
presentation in dental clinic which results to unfavorable long-term 
prognosis.

These data reinforce the need to provide the population with some 
important information regarding the emergency management of 
avulsed tooth.
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Abstract 

Background: In contemporary dentistry, microleakage 

and shear bond strength of a restorative material are 

considered to be the most important requisites for a 

successful restoration. 

Aim: To evaluate and compare the Microleakage and 

Shear bond strength of Cention N, Light cure GIC, 

Nanohybrid composite in primary molar teeth. 

Materials and Methods: 120 primary molars were 

randomly divided into four groups (n=15) based on the 

materials used. Each group was subdivided into 2 for 

checking microleakage (A) and shear bond strength (B). 

Class V cavities were prepared on the buccal surface and 

restored. Sixty samples were stained with 2% Methylene 

blue for 24 hours to evaluate dye penetration for 

microleakage under stereomicroscope and sixty samples 

were prepared to determine shear bond strength using Z 

wick universal testing machine. Results were analysed 

statistically 

Results: Group IA (Cention N with bonding agent) 

showed least microleakage and the difference between the 

values were statistically significant (p < 0.001). Of all 

groups tested: Group IA (Cention N with bonding agent) 

showed highest shear bond strength (p=0.0001). 
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Conclusion: Cention N with bonding agent exhibited least 

microleakage and highest shear bond strength when 

compared to other restorative materials used. 

Keywords: Cention N, Shear strength, Nanohybrid 

composite, Primary Molar, Glass ionomer cements. 

Introduction 

With the advent of tooth-colored filling materials, the 

anterior tooth restoration has become easier and more 

acceptable by the patients owing to their good lustre and 

esthetic properties. But performance of these materials 

still remains a concern which depends on their durability 

and integrity of marginal sealing. 

Microleakage is defined as the clinically undetectable 

passage of bacteria, fluids, molecules or ions between the 

cavity wall and restorative material applied to it. Possible 

reasons for microleakage at the dentin restoration margin 

are cavity configuration (c-factor) dentinal tubule 

orientation to the cervical wall (CEJ) and organic content 

of dentine substrate. Polymerization shrinkage of 

restorative materials results in marginal discrepancies 

causing microleakage which leads to secondary caries. [1]       

Another important consideration for the restorative 

material is the bond strength. Masticatory forces on the 

restoration transfer stress in the form of compression, 

tension or shear along the tooth restoration interface. 

Thus, the true nature of adhesive strength of the materials 

at the interface is depicted by the shear bond strength. The 

quality and efficacy of these adhesive materials is 

reflected in their mode of failure. Conventional restorative 

materials have a   disadvantage of moisture sensitivity and 

low strength. 

Glass ionomers were introduced to the profession twenty-

five years ago and have been shown to be a very useful 

adjunct to restorative dentistry. Glass ionomers cements 

are composed of a calcium – alumino – silicate glass 

powder and an aqueous solution of an acrylic acid homo – 

or copolymer. These cements possess certain unique 

properties that make them useful as restorative and 

adhesive materials, including adhesion to tooth structure 

and base metals, anticariogenic properties due to release 

of fluoride, thermal compatibility with tooth enamel, and 

biocompatibility. In recent years there have been 

considerable changes in the formulations, properties and 

handling properties of the glass ionomer cements for 

different clinical applications. It is certain that no material 

is perfect, but with the current level of intensive research 

on glass ionomers, the deficiencies that exist seem to be 

eliminated or at least reduced, resulting in an ever – 

improving range of materials of this type [2]. Newer resin 

modified glass cements (LC- GIC) has an advantage of 

adhesion by development of an ion – exchange layer 

adjacent to dentin. They have a higher shear bond strength 

than conventional [3]. 

Apart from the traditional hybrid-type and microfilled 

resins, a new group of resin composites containing nano-

sized filler particles has been introduced. These materials 

are claimed to offer reduced polymerization contraction, 

enhanced mechanical characteristics, and improved 

esthetics. Nanofill composites are formulated with both 

nanomer and nanocluster filler particles, whereas 

nanohybrid composites are hybrid resin composites 

containing finely ground glass filler and nanofiller in a 

prepolymerized filler form. Resin composite are widely 

used in restorative dentistry due to their mechanical 

properties. Recently hybrid composite materials are 

developed containing blends of micron and submicron 

fillers which offer sufficient strength and wear resistance 

due to the presence of nano particles [4]. 

An ideal material used for restoration should be adhesive, 

tooth colored, resistant to wear, nontoxic, biocompatible 

to the tissue. Recently Cention N has been introduced in 

dentistry which the manufacturers claim to possess best of 
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the properties of Amalgam and GIC. Cention N is an 

“alkasite” which is a new category of filling material for 

direct restorations. It is self-curing with optional 

additional light curing. The liquid comprises of 

dimethacrylates and initiators and the powder contain 

various glass fillers, initiators and pigments. It is radio 

opaque and the alkaline glass fillers are capable of 

releasing fluoride, calcium and hydroxide ions. Cention N 

is stated to exhibit a high polymer network density and 

degree of polymerization in the entire depth of the 

restoration [5]. 

Thus, the present study was conducted to evaluate and 

compare the microleakage and shear bond strength of 

Cention N, LC-GIC and Nanohybrid composite in primary 

teeth. 

Materials and methods 

Ethical clearance for this in vitro study was obtained from 

the ethical committee of the    Institute of Dental Studies 

and Technologies, Ghaziabad. 

Distribution of samples 

120 primary molars, having no caries, or white spot lesion 

and intact crown structure, indicated for extraction or 

exfoliated, were collected and randomly divided into four 

groups depending on the basis of materials used for 

restoring the samples. Further, each group samples were 

divided into two subgroups A and B as shown in fig 1. 

Grouping of Samples 

In subgroup A samples microleakage assessment were 

done .(figure.1) 

In subgroup B samples SBS were assessed. 

For evaluation of Microleakage 

Preparation of samples : After procuring sixty extracted 

human primary molar teeth, standard class V cavities 

measuring 5 millimetres in length (mesiodistally), 2 

millimetres in width (occluso gingivally) and 1.5 

millimetres in depth were prepared on the buccal surfaces 

of each tooth. Cavities in each group were restored with 

different restorative materials according to manufacturer 

instructions. 

• For Group IA, the cavity is cleaned and single 

bond is applied onto the tooth surface and it was light 

cured for 20 seconds. The powder and liquid of cention N 

were mixed on the mixing pad in the ratio of 1:1. The 

cement was loaded onto the spatula and the cavity was 

restored. Finally, the cement was cured for forty seconds. 

• For Group IIA, the cavity is cleaned and the 

powder and liquid of Cention N were mixed on the mixing 

pad in the ratio of 1:1. The cement was loaded onto the 

spatula and the cavity was restored. The excess cement 

was removed and a layer of petroleum jelly was applied 

over the set restoration. 

• For Group IIIA, the powder and liquid of light 

cure GIC were mixed in a ratio of 3:1 and single bond 

agent is applied on to the tooth surface for 15 seconds. 

The mixed material is loaded onto the plastic filling 

instrument and cured for 60 seconds.  

• For Group IVA, the cavity is cleaned and single 

bond is applied onto the tooth surface and cured for 30 

seconds. The cavity was restored with Filtek Z250XT 

composite and light cured for forty seconds.  

The samples of 60 teeth werelabeled according to the 

groups and subjected to thermocycling for 250 cycles 

between 5°C and 55°C with a dwell time of thirty seconds 

and three seconds transfer time between beakers in a 

controlled water bath using a thermostat. 

To evaluate dye penetration under stereomicroscope 

• The entire crown structure was coated with two 

layers of nail varnish, leaving the restored cavity and a 

one millilmetre window around the cavity margins. Root 

apices were sealed with sticky wax and samples were kept 

in a solution of 2% methylene blue for 24 hrs for staining 
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• After removal of the samples from the dye 

solution, the surface was rinsed in water and nail varnish 

was removed with a BP blade. 

• The teeth were sectioned in a labiolingual 

direction through the centre of the restoration using a 

water-cooled low speed diamond disc. 

• Dye penetration in the samples was studied under 

the stereomicroscope and scoring was done accordingly. 

Scoring criteria used for dye penetration: (by 

Khera&Chan) 

0 =      No dye penetration 

1 =     Dye penetrating is to the lesser than and upto one 

half of the depth of the depth of the prepared cavity. 

2 =     Dye penetrating is to more than one half of the 

depth of the prepared cavity but not up to the junction of 

the axial and occlusal or gingival wall. 

3 =     Dye penetrating up to the junction of the axial and 

occlusal or gingival wall but not including the axial wall 

4 =      Dye penetration including the axial wall. 

Determination of shear bond strength 

Sample preparation: Remaining sixty freshly extracted 

human primary molars for each group will be taken for 

shear bond strength evaluation. The samples will be 

scraped of any residual tags and cleaned thoroughly. After 

decoronation the samples will be mounted horizontally on 

acrylic block exposing the facial surface outward. 

Different restorative materials will be applied on the 

exposed tooth surface. Each group (Group IB-Cention N 

with bonding agent), (Group IIB Cention N without 

bonding agent), (Group IIIB Light cure glass ionomer 

cement), (Group IV B Nanohybrid composite). A split 

Teflon mold will be used to build the restorative material 

cylinder on the dentinal surface of all the samples. Shear 

bond strength will be determined by using a universal 

testing machine (UTM). 

Statistical Analysis: One-way ANOVA with 

Posthocbonferroni tests were used for statistical analysis 

of microleakage and shear bond strength in which P = 

0.05 was considered as a statistically significant level. 

Results 

Microleakage Analysis: Out of 60 primary molar teeth, it 

was observed that Cention N with bonding agent (Group 

IA) showed the least and light cure GIC (Group IIIA) 

showed highest microleakage. The difference in mean 

values between the groups was statistically significant. (p 

< 0.001). It was observed that Cention N with bonding 

agent (Group IA) exhibited no microleakage. (Table 1) 

No significant difference was observed between Group I 

A and Group II A. Group I A and Group IV A exhibited 

no significant differences. Group II A and Group III A 

showed highly significant difference, whereas Group II A 

and Group IV A observed no significant difference. Group 

III A and Group IV A did not show significant difference. 

(Table 2) 

Shear Bond Strength (SBS) Analysis: The results of 

shear bond strength showed that Group I B has the highest 

SBS (1232.09 N) when compared to other restorative 

materials. It was observed that the teeth restored with 

Light cure GIC exhibited inferior SBS (555.58 N) in 

relation to the teeth restored with Cention N without 

bonding agent (1194.96 N) and nanohybrid composite 

(996.32 N). (Table 3) 

The mean SBS values of all groups revealed that there was 

a very highly significant difference between different 

restorative materials (p < 0.0001). No significant 

difference existed in mean SBS values between Group I B 

and Group II B. There was very highly significant 

difference between Group I B and Group III B. Group I B 

and Group IV B exhibited no significant differences. 

Group II B and Group III B exhibited very highly 

significant differences, whereas Group II B and Group IV 
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B exhibited no significant differences. Group III B and 

Group IV B showed very highly significant differences. 

(Table 4) 

Discussion 

An ideal restorative material should have the properties of 

good marginal seal, chemical adhesion with dental tissues, 

and similar thermal expansion coefficient with the tooth, 

good color stability, and biocompatibility. The adhesion of 

restorative materials to dentin is a desirable property 

because it can prevent the formation of secondary caries, 

microleakage, marginal discoloration, and subsequent 

pulpal damage[6]. Therefore, in the current study, SBS 

and microleakage of different restorative materials were 

evaluated. 

Out of 60 primary molar teeth, it was observed that the 

Group IA showed the least and Group IIIA showed 

highest microleakage. The difference in mean values 

between the groups was statistically very highly 

significant. (p< 0.001). It was observed that Cention N 

with bonding agent exhibited no microleakage. Group IA 

(Cention N with bonding agent) and Group IVA (Nano 

hybrid composite) exhibited no significant differences. 

Group IIA (Cention N withoit bonding agent and Group 

IIIA (Light cure GIC) showed highly significant 

difference, whereas Group IIA (Cention N withoit 

bonding agent) and Group IVA (Nano hybrid composite) 

observed no significant difference. Group IIIA (Light cure 

GIC) and Group IVA (Nano hybrid composite) exhibited 

no significant difference. 

Although Cention N could be used without bonding agent 

as per the recommendations but dentin agent was used in 

this study to exploring additional benefit of its usage at 

tooth adhesion interface. Dentin bonding systems consist 

of bifunctional molecules: 1) A methacrylate group that 

bonds to the restorative resin by chemical interaction and 

2) a functional group that is able to penetrate wet dentin 

surface[7]. Thus, bonding systems help in preventing 

microleakage between the tooth and restorative surface 

interface. 

The results of the present study were in accordance to the 

study conducted by Samanta et al5 who compared 

microleakage in class V cavities filled with Flowable 

Composite resin, Glass ionomer cement and Cention N. 

They concluded that Cention N exhibited better results in 

terms of microleakage when compared to other materials. 

In another study done by Agarwal N et al[8]who 

compared microleakage of Cention N, Nano- Filled 

Composite and Ketac Molar. They concluded that Cention 

N was better than Ketac Molar and Nano- filled composite 

in terms of microleakage. Aakriti et al[9]in their study 

concluded that all the three restorative materials compared 

in their study showed some microleakage. However, 

Cention N displayed the least microleakage and came to 

be better than the other restorative. Meshram et 

al[10]evaluated microleakage at enamel restoration and 

dentin restoration interface of Class V cavities restored 

with Cention N, with and without using bonding agent and 

flowable composite resin. They concluded that 

microleakage at enamel restoration interface was less than 

microleakage at dentin restoration interface of each group, 

but the differences were not statistically significant. Least 

microleakage was seen with Cention N with adhesive 

followed by flowable composite. Hence, it can be well 

attributed to the fact that Cention N with bonding agent 

did not exhibit any microleakage in respect to the other 

materials used in the present study. 

In selected 60 primary molar teeth, shear bond strength 

was compared and evaluated. They were decoronated and 

mounted on an acrylic block exposing the facial surface 

outward and different restorative materials were placed.  

They were randomly divided into four groups namely, 

Group IB (Cention N with bonding agent), Group IIB 
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(Cention N without bonding agent), Group IIIB (Light 

Cure GIC), Group IVB (Nano Hybrid composite). Shear 

Bond Strength was tested using a Universal Testing 

Machine. The difference in mean values between the 

groups was statistically very highly significant. (p< 

0.001). It was observed that Cention N with bonding agent 

exhibited greater shear bond strength.  

The results of the present study were in accordance to the 

study conducted by Mazumdar et al[11]who concluded 

that Cention N was also found to have a better bond 

strength when compared to Nano hybrid composite. In 

another study conducted by Naz F et al[12]who compared 

alkasite (Cention N) with glass ionomer cement (GIC) and 

nano-hybrid composite. They concluded that shear bond 

strength values with dentine were found to be highest for 

alkasite (Cention N) among the other tested groups. 

Chowdhury D et al[13] conducted a study where they 

compared the fracture resistance of two restorative 

materials namely, Z350 nanofill composite resin and 

Cention-N restorative material in a class II cavity with 

routinely used silver amalgam material. They concluded 

that under compression loading, the use of Cention-N and 

Z350 restorative materials significantly strengthened teeth 

after Class II cavity preparation and restoration. 

On the contrary in a study by Feiz et al[14] the 

microtensile bond strength in primary teeth dentin, 

Giomer showed better results than Cention N, RMGI and 

Zirconomer, owing to the facet; presence of higher 

amount of PRG filler inGiomer. 

Hence, in the present study the best result was shown by 

Cention N with bonding agent in terms of microleakage 

and shear bond strength when compared to the other 

materials used. The observations are totally in agreement 

with many previous studies conducted by multiple authors 

which concluded Cention N as the material of choice. 

 

Conclusion 

Within the limitations of the study design, it can be 

concluded that Cention N is better than light cure GIC and 

Nanohybrid composite in terms of both microleakage and 

shear bond strength. 
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Legend Tables  

 
Table 1: Table showing the extent of micro leakage in the 

samples 

Table 2: Intergroup comparison of micro leakage among 

the study groups 

 
Table 3: Mean Shear bond strength of four study groups 
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Table 4: Inter group comparison using post hoc bonferroni 

 
Figure 1: grouping of samples 
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Abstract 

Fusion is a rare developmental dental anomaly showing 

union of two adjacent teeth. This paper reports the 

management of a case of a 5 year old child having fused 

and carious primary maxillary right central and lateral 

incisor. 

Keywords: Fused teeth, Pediatric Dentistry, Tooth 

abnormalities 

Introduction 

Tooth fusion is defined as union between two or more 

separate developing teeth [1]. The appearance of fused 

teeth is based upon the developmental stage of tooth bud. 

Full fusion occurs, if 2 tooth buds are in contact before the 

calcification phase. If the fusion takes place in the 

advanced stage of morph-differentiation, the fused teeth 

might have separate pulp chambers and root canals. [2,3]  

The etiology of fusion is unclear. Shafer et al. [4] reported 

that pressure produced by some physical force that 

prolongs the contact of the developing teeth results in 

fusion. Lowell and Soloman stated that fused teeth result 

from some physical action that causes the young tooth 

germs to come into contact, thus allowing the enamel 

organ and dental papilla to fuse together [5]. Many authors 

have also suggested hereditary involvement as a 

contributing factor [6].  

Fusion has a higher incidence in deciduous dentition 

(0.5%–2.5%) than in permanent dentition (0.1%–1.0%) 
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[7,8,9]. They are found predominantly in the anterior 

region and may be bilateral or unilateral [10,11].  

This is a case report of a child having fusion of right 

primary maxillary central and lateral incisor. 

Case Report 

A 5 - year-old boy reported to the Department of 

Pedodontic and Preventive Dentistry with a chief 

complaint of excessively large & decayed front teeth. The 

patient was healthy and medical history was 

nonsignificant. There was no family history of any dental 

anomaly. The parents did not report any history of trauma 

to the teeth or jaws. 

On extraoral examination no abnormality was detected. 

Height and weight were within normal limits for age. On 

clinical examination, localized macrodontia was observed 

in relation to the upper anterior region. The right maxillary 

central and lateral incisors were found to be fused and 

showed grossly decayed coronal portion both labially and 

palatally. A large groove running from incisal edge to 

cervical margin was also observed which showed the 

origin of caries. [Fig.1]  

Orthopantomogram radiographic examination revealed 

that primary right central incisor was fused completely 

with lateral incisor i.e union was seen in both crown and 

root portion with the presence of one pulp chamber. No 

other anomalies were found apart from multiple caries in 

many teeth. [Fig.2]  

Management 

Since the tooth was not in a restorable condition due to the 

excessive demineralization, it was decided that the fused 

tooth would be extracted and esthetic rehabilitation would 

be done since that was the chief concern of the parents. 

The treatment plan for complete rehabilitation of the 

patient was formed and explained to the parents. The child 

was very cooperative showing a frankl behavior with 

positive rating and the treatment of the patient was done in 

multiple visits. 

In the first visit, restoration of carious teeth was done with 

Glass Ionomer Cement and impression of both maxillary 

and mandibular arch was taken with alginate. The dmf 

score was found to be 12 (decayed), Silness and Loe 

plaque index was 2.33 indicating poor oral hygiene. 

Assessment of caries risk concluded that the child belong 

into the high risk group. Parent counseling was done to 

maintain the diet and brushing twice a day with 

fluoridated toothpaste was also advised to the child. 

In the second visit, extraction of the fused tooth and 65 

[Fig.3] was done. Tropical anesthesia was given using 

lignocaine gel at the injection site to minimize the pain of 

needle insertion. Local infiltration was done bucally and 

palatally using 2% lignocaine hydrochloride solution. 

After anesthesia was obtained, the tooth was extracted 

without any complication. Post extraction instructions 

were given. In the subsequent visits, pulpectomy of 85 

was done in single setting. Stainless steel crown for 85 

and 75 was given and impression for crown and loop 

space maintainer followed by extraction of 84 [Fig.4]. In 

the end the removable partial denture was delivered. 

[Fig.5,6] As a preventive approach fluoride varnish 

application was also carried out. 

Followup examinations revealed that the treatment had 

successfully restored both esthetics and function.[Fig.7] 

Proper instructions regarding the maintenance of oral 

hygiene were given to the patient. 

Discussion 

Terminologies that have been used to describe the 

anomaly of double teeth are fusion, gemination[12]. 

Fusion is the union of two normal teeth with separate 

tooth buds leading to the formation of a joined tooth. 

Gemination is defined as an attempt of single tooth bud to 
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divide which result in formation of a tooth with a bifid 

crown and usually a common root and root canal.  

Madder's two tooth rule may be a practical way of 

differentiating fusion and gemination. If joined tooth are 

counted as one and the number of teeth in the dental arch 

is less, then the term fusion is considered whereas if the 

number of teeth in dental arch is normal, then it is termed 

as germination [13] This case revealed complete fusion of 

two teeth i.e 51 and 52 involving the coronal and root 

surfaces with single roots and single large pulp chambers 

and canals. 

Fused teeth are usually asymptomatic but can be 

associated with clinical problems like abnormal shape of 

the tooth leading to unaesthetic appearance, occlusal 

disturbances, space discrepancies and the presence of 

fissures or grooves at the union between fused teeth can 

lead to caries and periodontal disease.  

Numerous treatment options have been described in the 

literature to manage fused teeth. A multidisciplinary 

approach involves orthodontic treatment, endodontic 

intervention, periodontal therapy, surgical and 

prosthodontic management. However a conservative 

treatment plan should be considered based on the 

requirement. [14] 

Every case shows a unique presentation. There is no single 

or ideal way of management. Therefore the clinician has 

to be aware of all the factors to be considered for 

formulating the treatment plan. In the primary dentition, 

no treatment is recommended unless the fusion is 

hindering the eruption of the affected tooth. [15]  

In this case, pulpectomy and rehabilitation of the fused 

tooth could not be done since it would have resulted in a 

very large crown. The pulp canal of the roots was very 

wide and single so post and core rehabilitation of the tooth 

would have resulted again in a very wide crown which 

was esthetically unacceptable for the parents. Hence the 

decision of extraction was taken.  The patient had severe 

caries and poor oral hygiene. Therefore keeping all these 

factors in consideration a removable prosthesis was 

fabricated instead of a fixed appliance. 

Figures 

 
Fig.1: Clinical appearance of fused teeth 

 
Fig. 2: Pretreatment panaromic radiograph showing fully 

fused 51 and 52 

  
Fig. 3: Fused 51 and 52 showing single root 
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Fig. 4: Occlusal view of Crown and Loop and Stainless 

steel crown in mandibular arch. 

 
Fig. 5: Frontal view of the Functional removable 

appliance 

 
Fig. 6: Occlusal view of the Functional removable 

appliance 

 
Fig. 7: Postoperative image of the child 

Conclusion 

Maintenance of primary teeth in the dental arch until their 

exfoliation is important as it guides the permanent teeth 

into occlusion. Appropriate treatment planning is 

important when encountered with dental anomalies like 

fusion in the primary dentition to improve esthetic and 

function and also to avoid malocclusion in permanent 

dentition. 
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ABSTRACT 
Early childhood caries (ECC) is a prevalent disease which spreads at a rapid pace, ultimately resulting in muti-
lated primary dentition. It results in loss of tooth structure in a short span of time. Minimal and non invasive 
approaches should be taken into consideration for ECC management in order to preserve the tooth structure. 
Silver diamine fluoride (SDF) gained attention recently due to its effectiveness in arresting caries progression 
and preventing new caries. SDF allows a more conservative tooth preparation by arresting remaining decay 
and remineralising the affected dentin. Thus, it can be a favorable means to treat dental caries in children. The 
present review discusses the effect of SDF in arresting and preventing caries and its clinical significance based 
on the published literature.  

Keywords: Silver diamine fluoride, Early childhood caries, Caries arrest, fluorides 
 
INTRODUCTION 
Untreated decay of the primary teeth poses signif-
icant impact on the well being and quality of life 
in children and their families resulting in dispari-
ties (GBD 2017), It is challenging to treat dental 
decay in children. Effective and Comprehensive 
caries management of children demands ad-
vanced armamentarium and resources. Often, 
hospitalisation and pharmacologic behaviour 
management techniques (sedation, general an-
aesthesia) are required to treat children with spe-
cial health care needs and those affected with 
severe early childhood caries, poses an additional 
financial burden. These modalities are inaccessi-
ble to large population and confers limitations 
and health risks (GBD 2015). 

The use of conventional topical fluorides like so-
dium fluoride, stannous fluoride and ApF fluoride 
have been proved to be effective in preventing 
dental caries (Chu, C. H., Mei, M. L., & Lo, E. C, 
2010). This effect was attributed to its high fluo-
ride content which enables substantial potential 
for remineralisation, caries arrest and their simul-
taneous prevention. However, the widespread 
usage is restricted by their tedious application 
protocols. Silver diamine fluoride (SDF) is a novel 
emerging topical fluoride agent which is presently 

considered the gold standard in arresting dentinal 
caries in primary teeth (Crystal, Y. O., & 
Niederman, R, (2019).   
Comprehensive caries management aims at an 
individual’s susceptibility to caries and manage-
ment of the same by applying effective strategies 
(American Academy of Pediatric Dentistry. Pediat-
ric restorative dentistry, 2020). The general con-
sensus is that if the responsible risk factors are not 
adequately addressed, new and recurrent decay 
will likely develop. SDF may be included in the 
chronic disease management (CDM) protocol, 
substituting for fluoride varnish. The SDF panel of 
American Academy of Pediatric Dentistry (AAPD) 
advocates the usage of 38% SDF in arresting the 
cavitated carious lesions of the primary teeth in 
the comprehensive caries management program 
(American Academy of Pediatric Dentistry, 2013). 
SDF is an alkaline, colourless, topical fluoride 
solution of 38% weight/volume Ag(NH3)2F metal 
halide complex. The two main components, fluo-
ride and silver, along with ammonia forms a 
highly stable silver halide complex. While metallic 
silver is inert, silver ions are broad-spectrum an-
timicrobial properties that has high biocompatibil-
ity and low toxicity in humans. The silver acts as 
an antimicrobial agent and kills bacteria while 
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fluoride provides remineralization. Ammonia 
dramatically stabilizes the high concentrations of 
silver and fluoride in solution (Crystal, Y. O., 
Marghalani, A. A., Ureles, S. D, 2017), 
(Rosenblatt, A., Stamford, T. C., Niederman, R, 
2009), 
 
History of SDF 
SDF was first investigated at Osaka University, 
Japan in 1969 (Zhao, I. S., Gao, S. S., Hiraishi, 
N, 2018). It was approved to be used as a thera-
peutic agent to arrest dental caries in children 
and was marketed under the name Saforide. Till 
late 1960s and 1970s, SDF was not much ex-
posed to other parts of the world other than Ja-
pan and china where it was traditionally used as 
a cariostatic and anti-hypersensitivity agent.  
SDF has been reported to have the highest fluo-
ride concentration (44,800 ppm fluoride ion) 
compared to other fluoride products and is twice 
that of fluoride varnish. Upon application of SDF 
to a demineralized or caries infected surface, a 
silver-protein conjugate layer forms, increasing 
the resistance to acid dissolution and enzymatic 
digestion. Treated carious lesions remineralize by 
increasing mineral density and hardness while 
decreasing the demineralization layer (Chu, C. 
H., & Lo, E. C, 2008). 

Owing to its unique favourable properties, SDF 
became popular in many countries like China, 
Argentina, Australia and Brazil as a cariostatic 
agent and are often used in the community dental 
health programs due to its ease of application 
and cost-effectiveness (Li Y. J, 1984, Bedi, R., 
Infirri, J. S. 1999). 
Other than Japan, SDF was first reportedly used 
in Southern California. The widespread use start-
ed only after it was approved by the US Food and 
Drug Administration (FDA) in August 2014 for the 
management of tooth hypersensitivity. (Crystal, Y. 
O., Marghalani, A. A., Ureles, S. D. 2017).  
 
SDF-tooth interaction- 
SDF is a unique cariostatic medicament because 
of the combined antimicrobial properties of silver 
and remineralising properties of fluoride. The 
SDF derives its effectiveness by three mecha-
nisms- 
Antibacterial action on cariogenic bacteria  
Silver ions are bactericidal metal cations that in-
hibit formation of biofilm. The SDF exerts antimi-
crobial activity against diverse microflora in the 
cariogenic biofilm. Silver ions act as tiny “silver 
bullets” against bacterial enzymes resulting in the 
blockage of electron transport system (Marx, D. 
E., Barillo, D. J, 2014). In Addition to the deacti-
vation of thiol group of enzymes, they degrade 

bacterial cell walls disrupting bacterial DNA syn-
thesis and thier replication. This arrest of intracel-
lular metabolic activity leads to cellular death 
(Slawson & R.M., Lee, H. 1980)(Morones, J. R., 
Elechiguerra, J. L., Camacho, A et al (2017) The 
killed bacteria further acts as a carrier for silver 
ions and is capable of killing bacteria in close 
proximity, which is referred to as the “zombie ef-
fect.” The reactionary products of SDF blocks the 
diffusion of acid and invasion of microorganisms 
into the dentinal tubules. Obturation of the den-
tinal tubules decreases the surface area of dentin, 
hence preventing caries attack. It has shown an-
timicrobial activity against mono-species, dual-
species, and multi species cariogenic biofilm. 
(Marx, D. E., & Barillo, D. J, 2014) (Morones, J. 
R., Elechiguerra, J. L., Camacho, A et al, 2017) 
Promotion of remineralization 
SDF fluoride concentration is the highest 
(44,800ppm) among the recommended topical 
fluorides. On interacting with hydroxyapatite crys-
tals, calcium fluoride (CaF2) and silver phosphate 
are released, which are responsible for hardening 
of affected dentine. When applied to dentin under 
in vivo conditions, the fluoride ions penetrate to a 
depth of 50–100 μ. The silver phosphate then 
becomes insoluble to acid attacks and CaF2 
forms a reservoir of fluoride ions for the for-
mation of fluorapatite. SDF also enhances calcifi-
cation of tooth restoring lattice imperfections. 
(Fung, M. H. T., Wong, M. C. M., Lo, E. C. M., 
2017)  
Inhibition of demineralisation of enamel and 
dentine 
SDF 38% suppresses demineralisation and pre-
serves collagen from degradation in demineral-
ised dentin (Horst, J. A., Ellenikiotis, H., & 
Milgrom, P. L, 2016). 
 
SDF -Adhesive materials interaction 
SDF showed bonding compatibility with glass 
ionomer cement and adhesive composites. It is 
believed to strengthen the bond between the den-
tin and adhesive restorations (Suzuki, T., Nishida, 
M., Sobue, S., & Moriwaki, Y, 1974). 
Degradation of collagen occurs at a rapid pace in 
carious dentin because of the lytic activity of Ma-
trix Metallo proteases (MMPs) and cysteine 
cathepsins. This results in poor bonding of restor-
ative materials. SDF inhibits the action of MMP 
and prevents the loss of calcium and phosphate 
ions from dentin, resulting in durable adhesion 
between the filling and the dentin (Yamaga, M., 
Koide, T., & Hieda, T, 1993). When applied on 
the affected dentin surface, silver ions from SDF 
obturates the dentinal tubules and initiates a 
cariostatic reaction between SDF and the adhe-
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sive restoration interface because of the local re-
lease of fluoride. This increases dentin micro 
hardness and forms a caries-resistant layer. 
On comparing the clinical application of Stan-
nous fluoride and SDF with restoration of resin 
composites, McDonald and Sheiham, concluded 
that caries progressed in only 5% of the SDF/SnF2 
group and 11% of the control group (McDonald, 
S. P., & Sheiham, A, 1994). The combination of 
potassium iodide had synergistic properties that 
improved the microtensile and shear bonding 
strength of dentin with GIC significantly (Lutgen, 
P., Chan, D., & Sadr, A, 2018) It was also noted 
that it neither compromised the bond strength of 
GIC to dentine nor interfered with fluoride uptake 
into the demineralised dental tissue (Zhao, I. S., 
Mei, M. L., Burrow, M. F, 2017). 
 
Role in Caries Prevention 
The SDF forms silver phosphate and calcium fluo-
ride (CaF2) on reacting with hydroxyapatite pro-
moting remineralization. Although, CaF2 is one 
of the principal products of SDF reaction with 
tooth and is highly soluble which evoked ques-
tions regarding the effectiveness of SDF as a car-
ies-protective agent initially. But as of this current 
review, many studies have highlighted preventive 
effect of SDF (Chu, C. H., Mei, M. L., & Lo, E. C, 
2010) (Crystal, Y. O., Marghalani, A. A., Ureles, 
S. D, 2017) 
A systematic review by Oliveira et al evaluated the 
studies that compared SDF with fluoride varnish 
and placebos (Oliveira, B. H., Rajendra, A., Veitz-
Keenan, A., & Niederman, R, 2019). Shalin et al  
found significant increase in fluoride content IN 
TE enamel after,  in vivo SDF application when 
compared to fluoride varnish and Acidulated 
Phosphate Fluoride (APF) Gel. They advocated its 
use as a topical agent (Shalin, G. S., Vijay, B, 
Sunita, C, 2014). 
The results of Rosenblatt et al study suggests that 
38% SDF is safe, equitable, efficient and more 
effective than 5% fluoride varnish, and may be 
used as  a caries-preventive agent (Rosenblatt, A., 
Stamford, T. C., & Niederman, R, 2009). Llodra 
et al in 2005 supported its preventive action in 
primary teeth as well as first permanent molars 
(Llodra, J. C., Rodriguez, A., Ferrer, B, 2005) 
The most widespread intervention for caries pre-
vention in permanent molars is the application of 
pit and fissure sealants. SDF showed less inci-
dence of caries compared with SnF2 8% or 
Ag(NO)3 in preventing pit and fissure caries 
However, Long-term effectiveness is greater if the 
SDF treatment is repeated (Knight, G. M., McIn-
tyre, J. M., Craig, G. G, 200).27  

Green reported that a solution of SDF + SnF2 
was more effective in preventing caries in first 
permanent molars, compared with the applica-
tion of SnF2 alone (Green E, 1989). Similarly, 
Llodra et al and Yamaga et al demonstrated a 
preventive fraction of 70% (36 mo) and 92% 
(9mo) respectively (Llodra, J. C., Bravo, M., Del-
gado-Rodriguez, 1993) (Yamaga, R., Nishino, 
M., Yoshida, S., & Yokomizo, I, 1972). Bell 
Monse et al examined a one-time application of 
38% SDF to prevent dentinal caries lesions on the 
occlusal surfaces of permanent first molars. They 
found that is not an effective method to prevent 
dentinal (D3) caries lesions. Sealents used in 
atraumatic restorative treatment (ART) significantly 
reduced the onset of caries over a period of 18 
months (Monse, B., Heinrich-Weltzien, R, et al, 
2012).  
However, Llodra et al. and Liu et al. confirmed 
the prevention of new carious lesions in first per-
manent molars by using SDF (Llodra, J. C., Ro-
driguez, A., Ferrer, B t al, 2005) (Liu, B. Y., Lo, E. 
C., Chu, C. H,  2005). Zhang et al in Hong Kong 
observed that SDF when applied with proper oral 
hygiene instructions in elderly patients, it had sig-
nificantly better effect on prevention and arrest of 
root caries than OHI alone (Zhang, W., McGrath, 
C., Lo, E. C, 2013)  
 
Laser assisted caries prevention  
It was shown that Er:YAG (2,980 nm) and CO2 
(10,600 nm) laser irradiation could increase the 
fluoride uptake of SDF on dentin. Zhang men-
tioned that Lasers create micropores in the min-
eral structure thereby providing sites for precipita-
tion of calcium, phosphate, and fluoride ions 
(Zhang, C., Kimura, Y., & Matsumoto, K, 1996). 
Also the combined effect of fluoride and laser 
irradiation, decreases solubility of recrystallised 
hydroxyapatite by altering their composition and 
enhancing fluoride uptake and the prevention of 
tooth fracture after root canal treatment. 
 
Role in Caries arrest 
Initially, In-vitro studies proved antimicrobial ef-
fect of SDF on dental biofilms and its role in ar-
resting S. mutans. The effectiveness of using SDF 
as a cariostatic agent at a low concentration 
needs more research and is yet to be confirmed.  
Fung et al reported that a higher concentration 
(38%) of SDF performed better in arresting caries 
than 12% SDF in primary teeth. They observed 
75.5% reduction in caries by biannual application 
while only 66.9% when applied annually. They 
examined caries arrest tooth wise and stated that 
maximum arrest of the carious activity was ob-
served for lower anterior teeth (91.7%) followed 
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by upper anterior teeth (85.6%), lower posterior 
teeth (62.4%), and upper posterior teeth (57.0%). 
It was suggested caries arrest rate of SDF treat-
ment can be increased by increasing the frequen-
cy of application. The concentration of SDF at 
38% was found to be more effective than lower 
concentrations (Fung, M., Duangthip, D., Wong, 
M et al, 2018). 
Chibinski et al in a systematic review showed that 
SDF is 89% more effective than other alternative 
treatments or placebo in arresting dental caries in 
primary dentition (Chibinski, A. C., Wambier, L. 
M., Feltrin, J, et al 2013) Yee et al found that 
one-off application of 12% SDF (14,100 ppm) 
was not effective in arresting caries among chil-
dren. They also observed that there was no signif-
icant difference in caries arrest between 38% SDF 
with or without the use of tannic acid as reducing 
agent (Yee, R., Holmgren, C., Mulder, J, 2009). 
Regarding the desire to remove caries, it was said 
that SDF acts on the active caries by releasing 
silver ions and does not require caries removal 
prior to its application. Chu et al found no signifi-
cant difference in caries arrest by 38% SDF with 
and without excavation of caries. (Chu, C. H., Lo, 
E. C., & Lin, H. C, 2002). 
Llodra et al showed that 38% SDF was effective in 
arresting caries in primary teeth and preventing 
caries in first permanent molars. The mean num-
ber of new decayed surfaces that had appeared 
in primary teeth during the study was 0.29 in the 
SDF group vs.1.43 in controls and  it was 0.37 in 
the SDF group vs. 1.06 in controls in first perma-
nent molars (Llodra, J. C., Rodriguez, A., Ferrer, 
B, 2005) 
Braga et al suggested that 38% SDF confers equal 
benefit in caries reduction when compared to 
cross tooth brushing and GIC fissure sealant 
when followed upto 30 months. Though, initially 
at 3rd and 6th month, SDF showed a significantly 
greater capacity for caries arrest but at 18th and 
30th month evaluations, no differences were ob-
served among the 3 methods of caries reduction 
(Braga, M. M., Mendes, F. M., De Benedetto, M. 
S, 2009) 
Shah et al compared NaF varnish and APF gel 
with SDF and found that it was more efficient in 
reducing the number of new carious surfaces 
(Shah, S. G., Bhaskar, V., Chawla, S et al, 2014) 
Dos sentos et al suggested that 1 year, treatment 
with SDF was more effective [66.9%] than inter-
mediate restorative treatment (IRT) (38.6%) for the 
arrest of cavities in deciduous teeth (Dos Santos, 
V. E., Jr, de Vasconcelos, F. M., Ribeiro, A. G, 
2014).Zhi et al suggested that by increasing the 
frequency of application from annually to every 6 
months. The arrest of active dentine caries in pri-

mary teeth can be enhanced (Zhi, Q. H., Lo, E. 
C., & Lin, H. C, 2012). Duangthip et al Annual or 
three consecutive weekly applications of 38%SDF 
solution is more effective in arresting dentine car-
ies in primary teeth than three consecutive weekly 
applications of 5% Naf varnish (Duangthip, D., 
Chu, C. H., & Lo, E. C, 2016). 
Huang et al in china concluded that biannual 
application of 38% SDF was more effective in ar-
resting caries in anterior teeth than posterior 
teeth, they observed the study samples for 18 
months.44 The above mentioned Studies also re-
ported that using SDF was superior compared to 
glass ionomer cement or fluoride varnish in ar-
resting caries in primary teeth. 
Li et al in Hong Kong examined the arrest rate of 
carious root surfaces and assessed colour of ar-
rested carious lesion on application of SDF alone 
vs SDF plus KI and did not find any statistically 
significant difference in any of the outcome 
measures (Li, R., Lo, E. C., Liu, B. Y, 2016). 
 
Other uses 
Management of Dental Hypersensitivity-  
Dental hypersensitivity results from inward or 
outward fluid displacement in dentinal tubules 
which is initiated by chemical, thermal, osmotic or 
evaporative stimulus resulting in varying degree 
of pain. This happens due to activation of nerve 
endings (Chu, C. H., Lam, A., & Lo, E. C, 2011) 
Studies suggests that the reaction of fluoride ions 
with free calcium results in the formation of calci-
um fluoride. The calcium fluoride occludes the 
dentinal tubules by precipitation of proteins by 
silver ions. It was suggested that repeated appli-
cation of SDF four times was suitable for its 
treatment (Castillo, J. L., Rivera, S., Aparicio, T et 
al, 2011) (Craig, G. G., Knight, G. M., & McIn-
tyre, J. M, 2012). Knight found that potassium 
iodide could further reduce dentin permeability 
when it was applied after topical fluoride treat-
ment and that both SDF and SDF potassium io-
dide combination were effective and safe in de-
sensitizing teeth one week after treatment (Knight, 
G. M., McIntyre, J. M., Craig, G. G, 2005) 
 
Disinfection of Root Canal in Endodontic 
Treatment  
Most of the antibacterial agents fail to overcome 
the resistance of the E-faecalis when used as en-
dodontic irrigants. On examining the use of SDF 
as an antimicrobial root canal irrigant or for in-
ter-appointment dressing, a laboratory study 
showed that 3.8% SDF exhibited 100% reduction 
of E.faecalis after 60-minute exposure (Hiraishi, 
N., Yiu, C. K., King, N. M, 2010) 
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The manufacturers recommend three times appli-
cation at 24-hour intervals of 1:10 dilution of the 
38% SDF solution for root canal disinfection dur-
ing endodontic treatment under the brand name 
saforide (Law, A., & Messer, H, 2004) (Mathew, 
V. B., Madhusudhana, K., Sivakumar, N et al, 
2012). However, human clinical trials are needed 
to support these laboratory findings. 
 
Application time and Frequency 
Studies suggest that the ideal time of application 
should be one minute. Although, an application 
time of 10 seconds to 3 minute has been studied. 
It was suggested that pH plays an important role 
in determining SDF mode of action. When the pH 
is acidic, SDF forms Ag3Po4 which aids in caries 
arrest. However the presence of thiol group in 
carious lesions significantly delays the reaction 
and thus formation Ag3Po4 takes time. 
In alkaline and neutral conditions, SDF works as 
a caries-preventive agent by forming fluorapatite 
(FAP). The time needed to form FAP is shorter 
than that needed to form Ag3PO4 indicating the 
time needed for SDF to work as a caries- preven-
tive agent is shorter than that needed to be a car-
ies-arresting agent. Thus reaction occurs faster on 
sound tooth structure compared to decayed tooth 
structure. Thus, It should be emphasized that the 
time of application of SDF to carious tooth struc-
ture should be more (Arwa, I., Owais., Grace Lu, 
2018). 
There is no available literature that suggests or 
recommend frequency of application of SDF solu-
tion. Chu et al used an annual SDF application to 
avoid any potential toxic effect of SDF. They found 
it to be effective in arresting dentinal caries after a 
30 month follow up (Chu, C. H., Lo, E. C., & Lin, 
H. C, 2002). Similarly, Yee et al studied once a 
year application of SDF and found that single 
application of 38% SDF was sufficient to prevent 
50% of the arrested carious surfaces at 6 months 
from reverting to active lesions again over 24 
months, which confirms that the effectiveness de-
creases over time if reapplication is not done 
(Yamaga, M., Koide, T., & Hieda, T, 1993). Zhi et 
al examined once a year versus twice a year SDF 
application and concluded that arrest of active 
dentine caries in primary teeth by topical applica-
tion of SDF solution can be enhanced by increas-
ing the frequency of application from annually to 
biannually (Zhi, Q. H., Lo, E. C., & Lin, H. C, 
2012). Liodra et al observed that the six-monthly 
application of silver diamine fluoride (SDF) can 
arrest the development of caries in primary teeth 
as well as prevent caries in first permanent mo-
lars. These findings suggests that multiple appli-
cations of SDF are more successful at arresting 

dental caries than single annual application and 
increasing frequency of application can increase 
caries arrest rate (Llodra, J. C., Rodriguez, A., 
Ferrer, B, 2005) 
 
SDF concerns  
The existing literature report no significant com-
plications associated with SDF use. However, 
some authors cited concerns such as gingival irri-
tation, metallic/bitter taste which were short lived. 
LIodra et al observed a small, mildly painful, 
white reversible lesion on oral mucosa which sub-
sided after 48 hrs with no intervention. (Llodra, J. 
C., Rodriguez, A., Ferrer, B, 2005). One study by 
Fung et al reported gingival ulceration/ swelling 
apart from black discoloration. Staining or black 
discolouration is a predictable side effect which is 
thought to result from the deposits of silver phos-
phate released from SDF. Yamaga et al reported 
a darkening of the treated carious lesion only. 
SDF does not stain healthy tooth structure. This 
discolouration can be reduced with an application 
of potassium iodide which binds with free silver 
ions hence decreasing the blackening (Yamaga, 
M., Koide, T., & Hieda, T, 1993). 
Crystal et al assessed parental perceptions and 
acceptance of SDF based on the staining and 
found that parents of young children report 
greater dissatisfaction to having discolored ante-
rior teeth compared to posterior teeth (Crystal, Y. 
O., Marghalani, A. A., Ureles, S. D, 2018). Alt-
hough staining on anterior teeth was perceived as 
undesirable, many parents acceptance for black 
staining increased when they were made to 
choose between sedation or general anesthesia 
procedures. 
 
Potential Leverages 
Non-invasive approach 
SDF application procedures are simple and do 
not require injection or drilling, which incites fear 
in children. The arrest of caries with SDF is imme-
diate which eliminates the need for extensive 
treatment which may require multiple visits. The 
treatment does not involve expensive support in-
frastructure equipment. It also allows trained 
workers to deliver the treatment to people who 
are inaccessible to dental services. Patient com-
pliance and satisfaction is often good when the 
patient is provided a clear explanation of the 
treatment outcome.

 

Finally, the cost of SDF treat-
ment is low and should be affordable in most 
communities. 
  
Ease of application  
Its ease of application allows restoration of inac-
cessible areas including partially erupted third 
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molars, furcations, under and around existing 
restorations. Also, the simplicity of treatment is 
conducive to treat children with special needs, 
apprehensive patients with intense dental fear 
who display uncooperative behavior. As treatment 
can be done without caries removal and does not 
require potential child co-operation. 
 
Alleviates the need for sedation and General 
anesthesia (GA) 
SDF is recommended in patients with behavioural 
issues which does not permit chair side caries 
management and treatment under Sedation and 
GA might pose risk. 
 
In conserving tooth structure 
SDF acts as an aid of minimally invasive dentistry 
in primary teeth which require conservative ap-
proach and seek preservation of tooth structure. 
Treated teeth may not require a dental restoration 
to maintain health unless the patient wants to im-
prove form, function, or esthetics. 
 
Community based programs  
SDF is effective in arresting dentin caries in a 
Community-based Caries Control Program. They 
require less expenditure and can be done with 
affordable cost. Also, due to the simple procedure 
of SDF application, it can be applied by non-
professionals. The Non-invasive when applying it 
eliminates the risk of infection spread, which is a 
major concern in community based programs 
due to compromised sterilisation. 
 
CONCLUSION 
SDF has a broad application in dentistry as con-
firmed by laboratory studies performed in vitro 
and in vivo. Several clinical trials reported its anti 
caries effect in both the primary and permanent 
dentition. SDF enables a clinician to render an 
efficient, secure and quick treatment. SDF is a 
promising nontoxic material which allows pain- 
free and drill-free caries removal. Evidence sug-
gests that twice a year application of SDF is useful 
in arresting or preventing dental caries compared 
to other topical fluorides which require more fre-
quent applications. Long term clinical trials are 
needed to determine the status of the arrested 
lesions if treatment is withdrawn after 2–3 years. 
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Quantitative Analysis and Effect of SDF, APF, NaF on 
Demineralized Human Primary Enamel Using SEM, XRD, 
and FTIR
Zohra Jabin1, Iffat Nasim2, Vishnu Priya V3, Nidhi Agarwal4

AB S T R AC T 
Introduction: Topical !uoride therapy has proven bene"ts in the prevention of demineralization. Tooth enamel has shown a great potential for 
remineralization with an application of topical !uorides if administered at an appropriate time. In an e#ort to "nd an e#ective remineralizing 
agent, a novel !uoride agent silver diamine !uoride (SDF) has emerged as a potent caries arresting as well as caries preventing agent.
Aim and objective: The present study was aimed at determining the primary tooth enamel resistance to demineralization after topical application 
of three !uoride agents SDF, APF, and NaF.
Materials and methods: Enamel specimens were prepared from 40 caries-free primary molars. These specimens were randomly allocated into 
three groups of 10 specimens each and they were treated by di#erent topical !uorides namely: Group I–SDF, group II–Acidulated phosphate 
!uoride (APF), group III–Sodium !uoride. Three enamel specimens from each group were placed on custom-made acrylic blocks with 5 ! 5 
mm of an exposed window for scanning electron microscope (SEM) evaluation and rest of the specimens were ground into a "ne powder for 
X-ray di#raction (XRD) and Fourier transform infrared spectroscopy (FTIR) analysis. The tooth blocks and treated samples were subjected to 
the demineralization process for 168 hours. They were then qualitatively assessed to evaluate their resistance to demineralization using SEM, 
XRD, and FTIR.
Results and conclusion: Morphologically, the enamel of all groups specimens was mostly smooth with some groves and microporosities. 
Chemically, the Ca/P molar ratios of all groups were similar with slight variations. Structurally, the crystalline phases found in enamel by powder 
XRD were hydroxyapatite and carbonate apatite; and there was a higher amount of incorporated type B carbonate than type A carbonate as 
evidenced by FTIR. The study concludes that topical application of a 38% SDF solution can inhibit demineralization of enamel.
Keywords: Primary teeth, Silver diamine !uoride, Sodium !uoride, Tooth remineralization.
International Journal of Clinical Pediatric Dentistry (2021): 10.5005/jp-journals-10005-1988

IN T R O D U C T I O N 
Early childhood caries (ECC) is increasing rapidly, despite several 
measures taken for their decline.

Current concepts in dentistry advocate that more focus 
should be laid upon the prevention of caries rather than treating 
or restoring them. This necessitates the use of methods and 
interventions which prevent tooth demineralization and halts the 
caries process at its initial level.1–4

Under normal oral conditions when the pH is favorable, the 
ongoing demineralization and remineralization processes maintain 
a healthy ecological balance. Saliva promotes remineralization by 
exerting its bu#ering action and aids in the continuous uptake of 
calcium and phosphate ions by the teeth. However, several factors 
like changes in individual dietary patterns and compromised 
oral hygiene may bring about a fall in pH and precipitates 
demineralization.5

If demineralization exceeds the self-regulated remineralization, 
excessive loss of mineral content may take place, endangering 
the integrity of the tooth It implies that for preventing the caries 
process the modulation of the demineralization–remineralization 
balance is imperative.6

Remineralization by topical fluorides can be achieved by 
incorporating minerals into the enamel. Topical application of !uoride 
agents forms a thick layer of calcium !uoride on the teeth. Whenever 
demineralization supersedes remineralization the minerals from this 
layer are dissolved and enamel remains una#ected.6,7

Although topical !uorides contribute largely to the prevention 
of tooth decay, their preventive action is attributed to their constant 
availability in the oral cavity which allows them to act directly on 
the demineralization/remineralization phenomena.8

Fluoride varnish is the most preferred method of fluoride 
delivery but its effectiveness is partial as reported by several 
researchers. Also, few reported patient compliance issues with its 
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use owing to the unpalatable taste and need for multiple frequent 
visits for the application cycle.9

Silver diamine !uoride (SDF) is a novel !uoride agent and its 
main constituents are silver, !uoride, and ammonia. The !uoride 
is present in a high amount which ensures excellent tooth 
remineralization and silver potentiates its antimicrobial e#ect. Also, 
ammonia stabilizes its concentration in the solution for extended 
periods of time. It has a high !uoride content, cariostatic e#ect, and 
renders great ease of application. Its unique properties make it a 
promising agent for the prevention of caries.10

Caries arresting effect of SDF is well documented in the 
available literature since most of the studies done so far on SDF 
were aimed at evaluating its e#ect on active caries. However, the 
literature exploring its preventive e#ect after application on sound 
teeth is still scarce. Thus, it is of interest to conduct a qualitative 
assessment of primary tooth enamel after the application of SDF 
and di#erent topical !uorides.

X-ray diffraction (XRD) is a technique for characterizing 
crystalline materials and is used to evaluate the crystal structure of 
the samples. It provides information on crystal structure, chemical 
phases, preferred crystal orientation (texture), and other structural 
parameters. Fourier transform infrared spectroscopy (FTIR) analyzes 
the enamel crystallinity by measuring molecular bands at di#erent 
vibration modes. This technique provides an insight into the crystal 
sizes and order of arrangement within the hydroxyapatite crystals. 
SEM displays the morphological characteristics of enamel for its 
qualitative assessment.

The purpose of this study was to assess primary tooth enamel 
resistance to demineralization after topical SDF application. This 
study was performed in vitro comparing SDF with two other topical 
!uorides (NaF and APF) having di#erent !uoride concentrations, 
by the qualitative assessment of primary tooth enamel using SEM, 
XRD, and FTIR.

MAT E R I A L S A N D ME T H O D S 
Sound primary teeth that were freshly extracted due to pre-
shedding mobility or recently exfoliated were obtained from the 
department. Teeth showing the presence of caries, teeth with 
!uorosis, or other developmental defects, fractures, or restorations 
were not included in the study. All teeth were immersed in sodium 
hypochlorite solution overnight and were gently cleaned in the 
morning to remove soft tissue debris using a soft bristle brush. 
After which teeth were stored at 4°C in 0.2% thymol solution before 
the initiation of the study. Before the intervention, each tooth was 
rinsed with deionized water.

The crown of the selected teeth was separated from the root 
and enamel was gently sliced from the coronal part. These thin 
enamel slices received topical !uorides.

Group Division and Agent Application
Enamel slices were divided into three groups randomly. Each group 
(Group I–SDF, group II–APF, group III–NaF) comprised 10 samples, 
which were treated by topical !uorides agents. Each sample was 
painted with an assigned agent as per the manufacturer’s instruction. 
The samples were dried for 30 minutes to activate the agents.

Specimen Preparation
Tooth blocks were made from cold cure acrylic by pouring it into 
preformed molds. Out of total samples, three enamel slices from 
each group were randomly selected for SEM evaluation. These 

enamel slices were embedded on the top surface of cylindrical 
tooth blocks. They were coated by nail varnish all over the surface 
except for an exposed small window (5 ! 5 mm) left in the middle 
part of the sample.

Preparation of Demineralizing Solution
The demineralization solution used in this study contained 2.2 mM 
CaCl2.2 mM NaHPO, and 50 mM acetic acid. The pH was maintained 
at 4.4 by adding 1 M KOH.

Demineralization
Demineralization solution (60 mL) was poured into three beakers 
and each group sample was immersed in them individually. The 
demineralization process was done for 7 days during which the 
beakers were kept on a vibrator to ensure continuous shaking of 
samples. At the end of the 7th day, all blocks and slices were taken 
out and thoroughly dried.

SEM Evaluation
Scanning electron microscope images were obtained at 600! and 
1,200! for visualizing the morphological characteristics of each 
group sample.

XRD and FTIR Analysis
Enamel slices were milled into "ne powder. Half of this powder was 
taken for XRD analysis by means of a di#ractometer.11 The rest half 
was used for FTIR analysis. The di#raction intensity as a function of 
the angle 2-theta was measured between 20° and 90°.

FTIR
Fourier transform infrared spectroscopy spectra of enamel 
powder were recorded, before which the enamel powder was 
mixed with KBr in an agate mortar. Fourier Transform Infrared 
Spectroscopy measured the absorbance of carbonate and  
phosphate bands.

RE S U LTS 
SEM
SEM images of all samples showed hemogeneously arranged 
crystals with well-coalesced enamel rods without any loss of 
structural characteristics. Enamel was covered with a CaF2 layer 
which showed a granular morphology. Silver diamine !uoride 
treated enamel samples exhibited a similar appearance with the 
presence of honeycomb structure and hydroxyapatite prisms 
(Fig. 1A).

APF-treated sample (Fig. 1B) showed a remineralized 
layer of enamel at the surface and also along the prismatic 
borders. Few NaF-treated samples showed exposed prisms 
with irregular shapes (Fig. 1C). Although the morphological 
pattern of most samples was smooth with some grooves and 
microporosities. The treatments with all three topical !uorides 
significantly inhibited enamel demineralization by forming 
CaF2 and !uoride-containing appetites at the enamel surface, 
however, enamel rod characteristics could not be appreciated in  
APF samples.

XRD
The di#ractograms shown in graphs 2A, B and C (Fig. 2) indicate 
that there are no crystallographic changes of statistical signi"cance 
observed in enamel when pretreated with three di#erent topical 
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!uorides. The positions of all di#raction peaks were largely similar 
to each other. As the crystallites of human tooth enamel have 
a “prism” like shape, their size is reported to vary depending 
on the peak intensities. On observing the intensity of peaks in 
XRD patterns, several phases of enamel-like calcium silicate, 
potassium calcium phosphate, and hydrated calcium phosphate 
were discovered. In NaF pretreated samples, the initial peaks 
were observed at 2!  values of 26.14° and 31.16°. These peaks 
are related to crystalline and amorphous organic phases of 
primary tooth enamel. 2!  values of 36.13, 40.20°, and 46.92° were  
also obtained.

APF pretreated enamel showed the initial peaks at 2!  values 
of 20.13° and 28.22° along with 2!  values of 30.12, 35.18°, 41.10°, 
46.07, and 50.10.

Silver diamine !uoride pretreated enamel showed the initial 
peaks at 2!  values of 12.98°, 26.14, 32.53, 37.22, 41.57, and 48.96° 
which were suggestive of enamel organic phases. 2!  values of 30.12, 
35.18°, 41.10°, 46.07, and 50.10 were also obtained.

FTIR
Fourier Transform Infrared Spectroscopy registered the tissue 
spectra as between 4,000 and 400 cm" 1. Fourier Transform Infrared 

Figs 1A to C: SEM images of SDF, APF and NaF samples

Figs 2A to C: FTIR graphs of SDF, APF and NaF samples
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Spectroscopy analysis of powdered enamel samples was done to 
characterize the enamel and check the possible functional groups 
present after pretreatment with di#erent topical !uorides. Fourier 
Transform Infrared Spectroscopy spectra show various functional 
groups found in the enamel powder treated with Naf, APF, and 
SDF as seen in Figure 3. For sodium fluoride, the broad peak 
at 3,268 cm" 1 corresponds to O–H stretching vibrations of the 
hydroxyl groups. The amide I vibration arising from C$O stretching 
was centered in the 1,654 cm" 1 band. The peak at 1,559 cm" 1 is 
also due to amide C$O stretching vibration. The characteristic 
bands for the alkanes functional group (H–C–H) were observed 
at 1,449 and 1,410 cm" 1. The peak at 1,015 cm" 1 attributes to C–O 
[carbonyl group] stretching vibration. Regarding the phosphates, 
bands could be localized at 957 cm" 1 The major of carbonate was 
located at 872 cm" 1.

For APF, fluoride bands were visible in the range 500 to 
2,000 cm" 1, the FTIR spectra showed the characteristic bands of 
carbonate at 1,019 cm" 1, alkanes (H–C–H) at 1,410, and the peak 
of 870 cm" 1 attributes to C–H bending vibration. Silver diamine 
fluoride applied powdered enamel samples show a peak at 
1,653 which denotes amide stretching. The band at 1,457 cm" 1 
corresponds to the H–C–H band for the alkanes functional group. 
The C–O carbonyl region shows stretching vibration at 1,023 cm" 1, 

regarding the phosphates peak, was localized at 959 cm" 1 in SDF-
powdered samples.

DI S C U S S I O N 
Modern dentistry emphasizes that early detection and prevention 
of tooth demineralization should be done so that the need for an 
invasive restorative approach does not arise. The 38% SDF has 
potent antimicrobial properties and it helps in remineralization 
due to its high !uoride content (44,800 ppm), moreover, its ease of 
application and noninvasive approach makes it a promising topical 
!uoride agent.12

The present study was conducted on the primary tooth 
enamel. Although ample research has been done to evaluate 
the remineralization characteristics of permanent tooth enamel 
less attention was given to analyze the same for their primary 
counterparts. Derise et al. found primary and permanent teeth di#er 
in their, concentration and percentage of Ca and P.13 Since primary 
and permanent teeth bear startling differences between the 
micropatterns and structural morphology, it is imperative to study 
both of them individually. The present study explored qualitative 
changes occurring in sound enamel, post SDF, and other topical 
!uoride applications and assessed their demineralization inhibiting 
action by means of morphological characterization. SEM, structural 

Figs 3A to C: XRD graphs of SDF, APF and NaF samples
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characterization. X-ray di#raction and infrared microscopy spectral 
analysis (FTIR).

Resistance against demineralization in a given sample is 
measured by estimation of its crystallinity index. This gives an idea 
about crystal size and order.14

X-ray di#raction and FTIR techniques represent the e%cient 
and promising qualitative methods for analyzing the crystalline 
phases of enamel, and it is emphasized that both methods be 
used in synergy.

Fourier Transform Infrared Spectroscopy results of the present 
study showed high, sharp peaks of carbonate, phosphate, and 
amide I, II, and/or III bands. This e#ect is thought to be due to 
remineralizing e#ects of topical !uorides on primary tooth enamel 
by their incorporation into the crystal lattice.

The SEM observations showed that the enamel is characterized 
by both amorphous and prismatic hydroxyapatite. The exposure 
to demineralizing solution rendered the prisms exposed resulted 
in deprived interprismatic and prismatic substances in all groups.

The application of topical !uorides before demineralization 
for 4 minutes prompts hemogeneous consistent remineralization 
of enamel by forming a rich layer of carbonate-hydroxyapatite 
coating which covers the enamel structure and provided protection 
against demineralization. In the present study, the resistance to 
demineralization was similar in all three groups.

Several studies researched the remineralizing e#ect of SDF 
by using an alternative method of microhardness measurement 
of carious lesions treated with SDF and observed an approximate 
depth of 150 &m.15

The XRD patterns, SEM images, and FTIR spectra display an 
enamel repair process resulted due to the application of topical 
!uorides before enamel demineralization.

Available literature suggests that caries can be efficiently 
treated by direct application of SDF.16,17 The calcium, phosphate, 
and !uoride ions knocked out from the teeth due to pH changes 
and ecological imbalance can be reabsorbed resulting in highly 
remineralized and acid-resistant fluorapatite crystals. Thus, 
SDF application may be considered an innovative approach to 
remineralization and subsequent caries prevention.

Although the present study yields useful results, its potential 
limitation is that the evaluation was done in vitro conditions. As the 
in vitro conditions does not simulate dynamic complex biological 
oral system further in vivo clinical trials needs to be conducted 
to gain more valuable information regarding demineralization 
inhibiting the potential of SDF.
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INTRODUCTION:
Colors are often used as metaphors for moods and have been related 
well with the anxiety levels in children. Colour preferences appear to 
change with different situations, emotions, thoughts, and behaviours. 
Colour preference and perception can be used to explore a child's 
impression of events in pedodontic clinical settings. Colors that relieve 
anxiety and create calmness could have a positive impact on the 
emotional status of a patient.

This study was conducted to determine the association between 
anxiety levels and colour preferences of children coming to the dental 
clinic for treatment. It has been shown that the colour of the dental 
environment could have a positive impact in reducing dental anxiety, 
thus by adding bright colours to the dental set up and incorporating 
colourful equipment the dentist can make the child feel at ease in the 

 1dental environment.

AIM: To assess colour preferences in relation to paediatric dental 
clinic.

MATERIALS AND METHODS
The study was conducted on 500 children aged 7 to 12 years from 
schools in Ghaziabad district.

Ethical committee approval was obtained prior to the commencement 
of the study. The study was carried over a period of 2 months. The 
children were selected according to the following criteria.

Inclusion Criteria:
Ÿ All healthy children aged between 7 to 12 years
Ÿ Children with no history of previous dental visit

Exclusion Criteria:
Ÿ Children having communicative disorders or handicapped 

conditions

Questionnaire regarding colour choices was given to 500 children. 
Five colours were shown which were answered by pupils in school 
classrooms under the supervision of their teachers/ guardians.(Figure 
1)

Figure 1: Recording Of Color Preference In School Children

 The questions included were : Out of 5 colours present i.e.
Red
Orange
Yellow
Green

2Blue (the colors were selected from the anxiety rainbow)
Ÿ Q.1. Which is your favourite colour?
Ÿ Q.2. Which is the colour you don't like?
Ÿ Q.3. Apart from the 5 colours mentioned above which other colour 

do you like?
Ÿ Q.4. What colour's gift (soft toy, star, etc.) will you like to take as 

reward?
Ÿ Q.5. What colour of dress would you like your dentist towear?
Ÿ Q.6. What colour of walls do you prefer to have in the dental clinic 

room where you are treated?

RESULTS
The data was collected and statistical analysis was done using SPSS 
software. It was observed that maximum children preferred red color 
in happy situations accounting to 35% whereas, 40% of the children 
associated blue color with unhappy feelings.

Apart from the given choices, white & pink color were chosen by 40% 
of the children as their preferred choice and almost 90% children 
related WHITE color to calm situations and image of a dentist.

Introduction: - Color of dental environment could have positive impact on children, thus by adding bright colors to 
dental set-up and incorporating colorful equipment dentist can make child feel at ease in dental environment.

Aim: - To assess color preferences in relation to paediatric dental clinic.
Materials & Method: - Questionnaire regarding color choices distributed in a school to 500 children aged 7 to 12 yrs. Five colors were shown & 
color preferences were recorded.
Results: - Most of the children preferred red color in happy situations, & linked to a playful surrounding. Majority of children associated blue 
color with unhappy feelings. Apart from given colors, white & pink color were chosen by children as their preferred choice. Children related white 
color to calm situations & image of dentist.
Conclusion: - As RED/WHITE/PINK color is liked to most of happy feelings, the dental operatory of paediatric patients can be designed keeping 
color preference of children in mind.
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It was also observed that red color was linked to a playful surrounding 
in 50% of the children.

DISCUSSION:
Colors play an important role in a child's life. A lot can be observed 
from the child's environment which convey their feelings for example 

3 4their clothes, toys, and home accessories.  Goldstein  stated that 
specic emotional responses are elicited by particular colors.8 Color 
play an important role in day to day life people often buy products in 
the colors that are most pleasing at the time of purchase, as colors 
appeal emotionally and aesthetically. The colorful pencil cases, games, 
or the cartoon stickers are common examples of how colors inuence 
child preference.

How children come to associate different colors with positive or 
negative topics is an issue which needs to be addressed by further 
research. One reason for this can be that children may acquire these 
associations from what they have seen in coloring books, television 

5ads, mobile phones, and interactive media. Terwogt and Hoeksma  
established that the link between color and emotion preferences varied 
between age and gender. Color preferences change based on individual 
experiences. In the present study, most of the children preferred red 
color with happy feelings and blue color with unhappy feelings. It has 
been found that the associations of some mood tones with particular 
colors are more apparent and precise than others. Red, orange and 
yellow are all warm colors. Warm colors often evoke feelings of 

6happiness, optimism and energy.  Lawler and Lawler found that 
preschoolers colored with a yellow crayon after hearing a happy story 

7 and with a black crayon after hearing a sad one. Sad colors are colors 
that are dark and muted. Grey is the prototypical for sad color, but dark 
and muted cool colors like blue, green or neutrals like brown or beige 
can have a similar effect on feelings and emotions depending on how 

6they're used.  Apart from this in the present study white and pink colors 
were observed as the preferred choice for a majority of kids. Neutrals 
like white, beige and grey can also make you feel calm.

The study has been attempted to understand better the value of color in 
pediatric population and how it inuence the dental environment. The 
results showed that children do have preferential colors and can match 
these colors to emotions. Color can play an important role in enabling 
both therapeutic interpretations of emotional state and also as an 
intervention aid to facilitate exploration of emotion. The use of color 
interpretation and emotional association has the potential to become a 
useful tool in the daily pediatric practice.

Limitations of this study may be cultural and socioeconomic changes 
regarding different societies where there may (or not) be distinctive 

8child behavioural standards.

Future research with a larger sample size and including children of 
wider age group, with more variety of color samples could establish a 
strong association between different colors and psychological aspect 
of children. This research will have important implications for people 
who may be involved in using color in practical dental situations. 
These results can also help health care providers and professionals to 
understand appropriate colors better for younger populations.

CONCLUSION:
As red/white/pink color is liked to most of the happy feelings, the 
ambience of dental operatory of paediatric patients can be designed 
keeping the color preference of children in mind, as the color of happy 
feelings reduces the child anxiety to enter dental operatory.
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Effect of Endodontic Irrigating Agents on Microhardness of 
Radicular Dentin in Primary Teeth: An In Vitro Study
Tanya Agarwal1, Nidhi Agarwal2

AB S T R AC T 
Introduction: Biochemical debridement with an irrigating solution is indispensable to remove microorganisms, debris !ushing, and smear 
layer from a passage of the root canal, thus involving the use of many irrigants. Along with the desirable e"ects, these agents may have some 
detrimental e"ects on dental hard tissues.
Aim and objective: To evaluate the e"ect of di"erent irrigating solutions on the microhardness of radicular dentin of primary teeth.
Materials and methods: Thirty buccolingual sections of roots of primary teeth (decoronated using a diamond disk mounted in acrylic) were 
indiscriminately distributed among three groups of 10 specimens, respectively, in accordance with the irrigants used, i.e., group I [1% sodium 
hypochlorite with 10% ethylene diamine tetraacetic acid (EDTA)], group II [6% citric acid (CA)], and group III (normal saline). Dentin microhardness 
was measured before and after irrigation at apical, middle, cervical levels of the roots with a Vickers indenter machine. Data so collected were 
analyzed using SPSS software version 24.
Results: There was a statistically signi#cant di"erence in the microhardness values of radicular dentin before and after irrigation with the 
di"erent agents. More reduction was seen with the CA (24.62 ± 6.43) group when compared with 1% sodium hypochlorite with 10% EDTA 
group (33.09 ± 6.93) (p = 0.001).
Conclusion: Citric acid, although an acid belonging to the organic category, acts as a chelating agent like that of EDTA, thus bringing about a 
signi#cant reduction in microhardness of radicular dentin in primary teeth.
Keywords: Citric acid, Ethylene diamine tetraacetic acid, Irrigation, Microhardness, Sodium Hypochlorite, Vickers test.
Journal of South Asian Association of Pediatric Dentistry (2021): 10.5005/jp-journals-10077-3084

IN T R O D U C T I O N 
Thorough debridement and cleaning are as necessary for 
endodontic treatment as in any surgery. E"ective endodontic 
treatment is accomplished by cleaning, shaping, and complete the 
disinfection of the root canals.1 A myriad of compounds in aqueous 
solutions lead to the removal of the smear layer that helps improve 
the !uid-tight seal.2 The complex morphology of the canal system 
of deciduous teeth makes their instrumentation a challenging 
process. Therefore, a signi#cant role is played by these irrigating 
solutions in eliminating microorganisms, dissolution, and removal 
of tissue debris, including the smear layer.3 Normal saline (NS), 
sodium hypochlorite (NaOCl), ethylene diamine tetraacetic acid 
(EDTA) and its various mixtures, and citric acid (CA) are frequently 
used as irrigating solutions in primary teeth.4

Although NaOCl is used as a regular standard irrigating 
solution due to its increased antiseptic and antibacterial e"ect, 
as revealed by the studies that it is not adequate to dissolve the 
inorganic element of the smear layer of root dentin in primary 
teeth. The chelating agent EDTA is used to chiefly dissolve 
the inorganic elements of the smear layer in deciduous teeth. 
Therefore, combined use of irrigating solutions is advocated for 
usage as it helps in the removal of all the elements of the smear 
layer.5

Citric acid, which is an organic acid, is known as an agent that 
aids in the elimination of the inorganic quantity of the smear layer, 
and hence 6% dilution of CA was used additionally in deciduous 
teeth, as the smear layer was very precisely eliminated at this 
percentage dilution. Usage of CA in deciduous teeth is generally 

accompanied by a lower amount compared with permanent tooth 
studies.5

As stated by the dental literature, the research showed an 
absence of importance of irrigating solutions in root canal treatment 
of primary teeth. There has been a lack of investigation regarding 
the in!uence of di"erent irrigating solutions and transfer systems in 
deciduous root canal treatment.6 Thus, the goal of the current study 
was to analyze the in!uence of di"erent irrigating solutions, on the 
microhardness of radicular dentin in primary teeth. The null theories 
of the existing study was that (a) there is no variation between CA 
and NaOCl + EDTA as irrigating solutions on the microhardness of 
radicular dentin of primary teeth, (b) there is no e"ect of NS on the 
microhardness of radicular dentin of primary teeth.
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MAT E R I A L S A N D ME T H O D S 
Approval was attained by the Institutional Ethical Commission 
f o l l ow in g w h i ch  th e  s t u d y w as  c a r r i e d  o u t .  E th i c a l 
no-IERBC/2016-19/19.

Preparation of Samples
Thirty freshly extracted human primary teeth (anterior and 
posterior) were indicated for extraction only after clinical and 
radiographic examination. After extraction, only those teeth 
have been considered which have a minimum root length being 
standardized to 6 mm of either root post-extraction therefore there 
is no pre- and postoperative radiograph. The length of the root has 
been measured using a digital vernier caliper so only those teeth 
which had a root length of 6 mm or more were considered in the 
study, others were excluded.

Teeth that were fractured or calci#ed or that were previously 
root canal treatment were excluded.

Each tooth was decoronated at the cement enamel junction 
and the roots were sectioned buccolingually and root halves were 
then buried in acrylic with the dentin facing upward (Fig. 1).

Determination of Microhardness
Three separate indentations were made at the cervix, middle, and 
root apex of dentin in each sample at pulp dentin interface with 
a Vickers diamond indenter (Japan) (Fig. 2) each using 200 g load 
and a 10-second dwell time. Pretreatment microhardness value was 
calculated so that mean baseline Vickers hardness number (VHN) 
could be obtained which was then converted into microhardness 
values.

Ethylene diamine tetraacetic acid (10%) (Dentsply glide EDTA 
gel) with sodium hypochlorite (1%) (Aculife Healthcare Pvt. Ltd, 
Sachana, Gujrat) and CA (6%) and NS as control were used as 
irrigating solutions in the study.

Specimens were divided into three groups of 10 specimens 
each (n = 10) using the Research Randomizer software using the 
lottery system.
Group I—EDTA and sodium hypochlorite group—In this, 
the specimens were treated with 10% EDTA and 1% sodium 
hypochlorite for 3 minutes. Few drops of the irrigants were applied 
using a disposable syringe continuously on the !attened smooth 
dentinal surface.

Group II—CA group—In this, the specimens were treated with 6% 
CA which was applied using a disposable syringe continuously on 
the !attened smooth dentinal surface for 3 minutes.
Group III—NS group—In this, the specimens were treated with 
saline which was applied using a disposable syringe continuously 
on the !attened smooth dentinal surface for 3 minutes.

Specimens were then rinsed in distilled water and blotted dry. 
Vickers hardness number was again recorded, as described before, 
for each specimen, and the change in microhardness values was 
calculated.

The data were analyzed using SPSS software version 24

RE S U LTS 
The mean baseline Vickers microhardness value for primary 
radicular dentin for all tested specimens was found to be 51.36 ± 
11.282, 50.46 ± 15.85, and 51.09 ± 13.69 VHN, in groups I, II, and III, 
respectively.

In group I, the mean value before treatment with the baseline 
value was 51.36 ± 11.282 VHN which was reduced to 33.09 ± 6.93 
VHN after irrigation with a combination of 10% EDTA with 1% 
sodium hypochlorite. The p value was considered statistically 
signi#cant with p < 0.01.

The mean value for group II before treatment was 50.46 ± 15.85 
VHN and this was reduced to 24.62 ± 6.43 VHN after treatment. 
The p value was considered statistically signi#cant with p < 0.01.

The mean value for group III treatment was 51.09 ± 13.69 VHN 
and this was reduced to 50.72 ± 13.42 VHN after treatment. The p 
value was not statistically signi#cant with p = 0.62.

When the two groups were compared with each other, a 
statistically signi#cant di"erence was found between them. Citric 
acid caused a greater percentage reduction in dentin microhardness 
than EDTA used with sodium hypochlorite. Intergroup and 
intragroup comparisons of the values between the two groups 
pretreatment and posttreatment showed this reduction to be 
statistically signi#cant. However, it was seen that group III did not 
a"ect the microhardness of the primary radicular dentin (Table 1).

DI S C U S S I O N 
Studies to evaluate the changes in microhardness of radicular 
dentin after using irrigating agents have been carried out in the 

Fig. 1: Decoronated root halves buried in acrylic with the dentin facing 
upward Fig. 2: Testing of the sample using universal testing machine



E!ect of Irrigating Solutions on Microhardness of Primary Radicular Dentin

Journal of South Asian Association of Pediatric Dentistry, Volume 4 Issue 2 (July–September 2021)88

permanent teeth but similar changes in primary dentition have 
not been reported.

No available records were seen on microhardness and modulus 
of elasticity of hydrated primary dentin. In a study done by Angker 
et al. in the year 2003, microhardness and elastic modulus of primary 
dentin were found to be 0.52 + 0.24 to 0.91 + 0.15 and 11.59 + 3.95 
to 17.06 + 3.09 grade point average (GPa), respectively. The current 
outcome has been started using the Knoop hardness method.7 In 
the present study, the mean values for the hardness of radicular 
dentin of primary teeth were found to be 50.91 + 13.566 VHN at 
baseline.

The combination of EDTA and sodium hypochlorite together 
increases the e"ect of chelation by uplifting the pH and generating 
a basic atmosphere in which EDTA has a greater attraction for 
calcium ions.8 Ethylene diamine tetraacetic acid acts in reaction 
with the calcium ions in dentin and causes the formation of soluble 
calcium chelates. Consequently, by allowing cleaning and removal 
of diseased tissue, it further adds to the abolition of microorganisms 
in the root canal system.9 Ethylene diamine tetraacetic acid solution 
due to its chelating action brings out an aversive unsti"ening on 
the calci#ed constituents of dentin and subsequently a decline in 
the microhardness.10 Hariharan et al. showed that EDTA when used 
as an irrigating solution in the root canal system in primary teeth, 
although it caused the removal of the smear layer but adversely 
a"ected the dentinal tubules.8

Citric acid is a weak organic acid and a chelating agent. The 
latest studies bring more data about the e"ective performance 
of the weaker solutions of CA (6–19%) and that is the reason for 
considering 6% CA solution in this study.9

The utmost e$cacious irrigating solution was found to be 
the CA due to its ability of e$cient removal of the smear layer. 
In the research stage of this study, no similar studies have been 
established in the literature. In unchanging clinical conditions, as in 
accordance with the outcome of the present study, it is measured 
that elimination of the complete components of the smear layer will 
escalate the subsequent success amount of root canal treatment 
in primary teeth.

The irrigating solution sodium hypochlorite (NaOCl) has been 
used independently or in relation with other drugs. NaOCl acts like 
a cleanser thus allowing the elimination of remains from the root 
canals by causing albumin denaturation11 Sodium hypochlorite 
when used in a concentration varying from 0.5 to 5.25%; acts as 
a powerful antimicrobial solution, and e$ciently lique#es pulpal 
remnants and biological constituents of dentin.12

A similar study by Chibber et al. in the year 2020 was conducted 
to evaluate the e"ect of two irrigating solutions on microhardness 
of radicular dentin of primary teeth where they found out that 
more reduction was seen with CA when compared with EDTA with 

statistically signi#cant di"erence (p = 0.001). The present study 
related to the outcomes of this study by Chibber et al.13

The use of these agents on permanent teeth is advantageous. 
Similar e"ects on primary teeth may be undesirable. Primary teeth 
have a much reduced radicular dentin thickness. The average 
thickness of dentin in primary teeth is 0.52 ± 0.24 GPa. Smear 
layer removal in primary dentition may lead to a greater reduction 
in microhardness of dentin, and this ultimately leads to a loss of 
mechanical properties of the tooth thus decreasing the strength 
of the tooth.7

Primary dentin mechanical properties are dependent on 
its position within the tooth. The hardness of primary dentin 
deteriorates in proportion to its distance toward the pulp 
and this is likely to re!ect in both the mineral content and the 
histopathological structure of dentin. Hence, dentin immediately 
surrounding the pulp canal would be expected to have a 
reduced hardness when compared with dentin closer to enamel/
cementum.7

It can be assumed that reduction in microhardness might 
lead to faster resorption of roots, thus causing earlier exfoliation 
of primary teeth. It is thus recommended that additional studies 
should be conducted on #nding the outcome and long-term e"ect 
of these irrigants on the primary teeth.

It was observed that the application of these irrigating solutions 
negatively a"ected the microhardness. The substantial alteration in 
dentin microhardness after the irrigation treatment indicated the 
e"ects of these chemical solutions on the composition of dentin 
structure.

CO N C LU S I O N 
Root canal irrigating solutions a"ect the structural characteristics 
of the hard dentinal layer. All irrigating solutions that are CA and 
EDTA and sodium hypochlorite used for primary teeth in the study 
have reduced the microhardness of the radicular dentin when 
compared with pre-treated radicular dentin. Citric acid produced a 
greater reduction in microhardness when compared with EDTA and 
sodium hypochlorite and the results so obtained were statistically 
signi#cant.
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Abstract: 
The goal of endodontic treatment is the debridement and removal of the microbial ecosystem associated with the disease process. The 
need for root canal disinfectants increases especially in those cases where infection is resistant to the regular treatment and the 
outcome of endodontic therapy is often compromised. Therefore, it is of interest to document the known effectiveness of silver 
nanoparticle based root canal disinfectants with other root canal disinfectants on microbial load reduction during root canal dis 
infection. Known data shows that the overall risk of bias for the selected studies was moderate. Silver nanoparticle based root canal 
disinfectants showed superior reduction of microbial counts in majority of the studies. This data is limited to vitro studies with no 
clinical information to validate the use of antimicrobial properties of silver nanoparticles used as root canal disinfectant.  
 
Keywords: Antimicrobial colony forming units; disinfection  root canal, and silver nanoparticles; systematic review 

 
Background: 
One of the objectives of a successful root canal treatment is to 
eliminate or reduce the presence of intra"canal bacteria. An 
infected root canal system is a unique niche for the selective 
species of microorganisms [1]. It has been clearly defined that 
there is a microbial difference between primary endodontic 
treatment and retreatment [2]. Apical periodontitis, which 
persists after root canal treatment, possesses more complex 
etiological and therapeutic situation [3]. Certain species of 

microorganisms, especially Gram-positive facultative, possess 
greater resistance to antimicrobial agents used during 
endodontic treatment than anaerobes. Another important 
factor, which has become evident during the last few years, is 
that microbes in the root canals can grow not only as 
planktonic cells or in aggregates, co-aggregates, but they can 
also form biofilms consisting of a complex network of 
different microorganisms [4,5]. Biofilms are composed of 
micro colonies of bacterial cells that are distributed in a matrix 
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which consists of exopolysaccharides, cell material etc in an 
aqueous solution. Bacterial biofilms are reported to be the 
most common cause of persistent inflammation [6].. As the 
morphology of root canal systems is complex it favours the 
growth of bacteria in the form of biofilms [7]. Numerous 
measures have been advocated to reduce the numbers of root 
canal microorganisms, including the use of various 
instrumentation techniques, irrigation regimens, and 
intracanal medications [8]. The chemo mechanical preparation 
of the root canal reduces endodontic infection. However, 
microorganisms are able to survive within the complex 
anatomy of the root canal system. In the field of endodontics, 
nanomaterials have been developed which focus to improve 
antimicrobial efficacy of root canal disinfectants, mechanical 
integrity of previously diseased dentin matrix, and tissue 
regeneration. Silver ions and salts are known for their wide 
antimicrobial effect. [9]. They have been used since years in 
different fields in medicine, including wound dressings, 
catheters, and prostheses. [10-12]. AgNPs have applications in 
several areas of dentistry as endodontics, dental prostheses, 
implantology and restorative dentistry [13-16]. Because of 
their small size, they possess chemical, physical, and 
biological properties distinctive from those presented by 
traditional bulk materials [17]. Their smaller particles and 
large surface area provide potent antibacterial effects at a low 
filler level [18]. Other advantage provided by the small size is 
the possibility of silver nanoparticles to penetrate through cell 
membranes more readily, resulting in higher antimicrobial 
activity, [19] which is especially important since 
microorganisms in biofilms are more resistant to 
antimicrobial agents than planktonic pathogens [20]. 
Therefore, it is of interest to document the known 
effectiveness of silver nanoparticle based root canal 
disinfectants with other root canal disinfectants on microbial 
load reduction during root canal disinfection. 
 
Materials and methods  
Protocol and registration: 
A detailed protocol was developed for this systematic review 
in which the analysis and eligibility criteria were stated and 
documented, according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses PRISMA guidelines 
and The Cochrane Collaboration [21] and was registered with 
Open Science Framework [OSF][osf.io] 
 
Search Strategy: 
The electronic search of the literature was conducted 
individually by two examiners [IN and ZJ] on the ‘PubMed, 
Web of Science, EMBASE and Google Scholar’ databases with 
the following MESH-terms with their synonyms and different 
combinations: Infected root canals AND Silver nanoparticles 
AND commonly used disinfectants AND antimicrobial effect. 

In addition, the reference lists of each paper containing as 
data were scanned to identify additional documents on the 
issues that had been missed. Only papers published in 
English were used. The electronic searches were conducted in 
July 2020. No restrictions on publication date were imposed.  
 
Population Intervention Control Outcome Question 
To address the aim of this systematic review, the following 
question was constructed based on the Population 
Intervention Control Outcome PICO principle: “Is 
antimicrobial efficiency of silver nanoparticles is better than 
the other antimicrobial agents used for root canal 
disinfection?” 
 
Eligibility criteria 
Data extraction relied on the antimicrobial effect of Silver 
Nanoparticles in root canal infections. To further refine the 
search, the following inclusion criteria were adopted: Studies 
assessing antimicrobial activity of silver nanoparticles, report 
of outcomes of reduction in microbial load. Studies were 
excluded if they were animal studies or did not quantify the 
antimicrobial effect of silver nanoparticles or assessed the 
general activity of antimicrobial nanoparticles against  
microbial species non relevant to root canal infection or 
assessed the antimicrobial behavior of nanoparticles with no 
potential application in dental root canal or Reviews, book 
chapters and editorials with no experimental studies.  
 
Our PICOS criteria were constructed as listed below: 
 
Population:  
Teeth indicated for Root Canal/Inoculated root canals of 
extracted teeth with relevant microbial species /standard 
inoculums of relevant microbial species.  
 
Intervention:  
Exposure of the samples to Silver Nanoparticles with 
antimicrobial activity in root canal infections 
 
Comparison:  
Treatment with commonly used root canal irrigants and/or 
intracanal medicaments. 
  
Outcome:  
Eradication of microbes or persistence in the acceptable 
concentration level  
 
Study design [S]: In vivo studies, in vitro studies, ex vivo 
studies or clinical trials 
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Identification of Studies 
Two authors [IN and ZJ] independently reviewed all the selected 
studies by reading the titles and abstracts.  

 
Dataextraction  
Two authors [IN and ZJ] thoroughly studied all the included 
studies and independently collected the data. 

 
Qualityassessment  
Two authors [IN and ZJ] independently assessed the risk of bias. 
The quality assessment method was adopted from the methods 
used in previous systematic reviews [22,23]. 

 
The parameter was judged as low/high/unclear risk of bias. In 
case of unclear risk of bias, the authors were contacted through 
mail and doubts were cleared. Any disagreement between two 
authors was discussed with third author VP and problem was 
resolved. The parameter with high risk was marked as negative 
symbol with red color code. Low risk was marked as positive 
symbol and green color code. The studies were considered as low 
risk of bias if only one parameter had negative symbol and the 
studies having two or more negative symbols were considered to 
have moderate risk of bias. 
 

Results: 
A total of seventeen titles and abstracts were identified after an 
electronic search in PubMed electronic database using the specific 
combination of terms and key words (Figure 1). Out of seventeen 
studies five studies were excluded, as they did not meet inclusion 
criteria. Reasons for exclusion was, in four studies Silver 
nanoparticles were not used, in one study comparison with other 
root canal disinfectants were not done. So potentially twelve 
articles were relevant from PubMed search. After search from 
other sources four articles were found. So total sixteen studies, 
which fulfilled the inclusion criteria, were included in this 
systematic review. (Figure 2) No clinical reports concerning the 
application of antimicrobial silver nanoparticles in endodontics 
was found. Thus the review was restricted to in vitro studies. The 
small number of studies and the heterogeneity among the studies 
such as difference in sample sizes and inclusion criteria among 
the included studies did not allow us to conduct a meta-analysis. 
The detailed data was collected from the selected studies. Table 1 
gives the characteristics of the included studies. The risk of bias is 
summarized in Figure 3. Out of sixteen included studies twelve 
studies had low risk of bias and four studies had moderate risk of 
bias [24-27]. 
 

 
Figure 2: Search Flow Chart 
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Figure 1: PubMed search strategy 
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Figure 3: Risk of bias results of included studies [+] indicates low risk of bias, [-] indicates high risk of bias. 
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Table 1: Characteristics of the included studies 
S.No Authors,Year,  

Country [Type  
of study] 

Groups/Statistical test Microorganism 
tested/Method of Evaluation 

Average  
nanoparticle 
size/ 
Concentration 

      Interpretation 

1  Afkhami et al., 
2015,Iran  
[Ex Vivo] 

� Contro l  
� Saline [n=6].  
� Experimental  
� Ca[OH]2 paste [n=16] 

� Ca[OH]2 paste +2% CHX 

[n=16] 
� Ca[OH]2 paste + AgNPs 

suspension[n=16] 
� Kruskal-Wallis test, Mann 

Whitney test  
� P<0.05. 

E. faecalis /CFU after 1 week 
and 1  month 

� 20 nm � At one week, Ca[OH]2 with AgNPs was the most effective 

medicament against E. faecalis bacteria with statistical 
significant difference when compared to other 
medicaments 

� At one month, no significant difference was found among 
all the medicaments 

2  Gisse l le  e t  
a l . , 
2017 , 
Brazi l , 
[Ex  Vivo]  

� Contro l  
� Positive control-without 

irrigation [n=10] 
� Negative control-sterile 

culture medium  
� Experimental  
� G1: 2.5% NaOCl + 17% 

EDTA + SS [n=10] 
� G2: NaOCl+EDTA + 

SS+AgNPs-PVA [n=10] 
� G3: NaOCl + EDTA 

+SS+1%FAR [n=10] 
� G4: SS+AgNPs-PVA [n=10] 
� G5: SS+FAR [n=10] 
� Kruskal-Wallis test, Dunn 

post-hoc tests  
� P<0.05 

E. faecalis/CFU post irrigation 
and after 1 week 

� 4-11 nm � No significant difference among all the irrigants 

3  Javidi et al.,2014, 
Iran,Ex Vivo 

� Contro l  
� sterile water [n=6] 
� Experimental  
� -Ca[OH]2 alone [n=30] 

� -Ca[OH]2 + nanosilver 

[n=30] 
�  
�  
� Mann–Whitney and t-tests  
� P<0.05. 

E .  faeca l i s/CFU af ter  1  
day  and 1  week  

� 70 nm � The colony forming units were significantly less in 
Ca[OH]2 + nanosilver group as compared to Ca[OH]2 
alone after 1 or 7 days. 

4  Afkhami et 
al.,2016, 
Iran,Ex Vivo 

� Control 
� 2.5% sodium hypochlorite 

[n = 9]  
� Experimental  
� -Diode laser[n = 14]  
� -AgNPs [n = 14]  
� -ICG/DL group [n = 14]  
� -AgNPs/ICG/DL group [n 

= 14]  
� Kruskal-Wallis test, Dunn 

test,Wilcoxon signed rank 
test  

� P<0.05. 

E. faecalis/CFU at  baseline 
and after each intervention 
protocol. 

� 30 nm � The greatest reduction in colony count was noted in the 
modified PDT with AgNPs/ICG/ DL however, it did not 
show significant difference when compared to other 
groups. 



!  
!

!

ISSN 0973-2063 (online) 0973-8894 (print)!

Bioinformation 17(1): 218-222 (2021) 

!
©Biomedical Informatics (2021) 

!

!

218!

5  Abbaszadegan et 
al. 
2014,Iran,In 
Vitro 

� Control 
� Negative control-Sterile 

water 
� Experimental  
� -Negative charged Ag NPs 
� -Neutral Ag NPs 
� -Positive-charged Ag NPs 
� -2.5% NaOCl  
� -0.2% CHX  
� Student’s t-test and one-

way ANOVA/Tukey tests  
� P<0.05. 

E. faecalis /CFU at different 
contact times [5, 20 and 60 min 
and 4 and 24 h]  

� 5-10 nm � Ag NP with a positive surface charge had the smallest 
MIC against planktonic E. faecalis, and it was active in 
very lower concentrations compared to NaOCl, CHX and 
the other tested AgNPs. 

6  Lotfi et al. 
2011,Iran,In 
Vitro 

� Experimental 
� 3 Groups 
� Group 1-Nanosilver 
� Group 2-2 % Chlorhexidine 

gluconate 
� Group 3-5.25% Sodium 

hypochlorite 
�  
� ANOVA  
� Post hoc Tukey test  
� P<0.05. 

E. faecalis/MIC, zone of 
inhibition 

� 35 nm  
 

� Nanosilver in a remarkably lower concentration would 
possess the same bactericidal effect as 5.25% NaOCl. 

7  Pedro IV et al. 
2016,Mexico, 
Ex Vivo 

� Control 
� Saline [n=30] 
�  
� Experimental 
� silver nanoparticles [n=30] 
� -2.25% sodium 

hypochlorite[n=30] 
� silver nanoparticles+ 17% 

EDTA [n=30] 
� one-way ANOVA  
� P<0.05. 

E. faecalis/Absence or 
presence of turbidity 

� 10 nm  � Nanoparticles and NaOCl at 2.25% were effective for 
eliminating E. faecalis, with no significant difference 
between them. 

8  Wu et al.  
2014,China, 
Ex Vivo 

� Irrigants  
� Control group 
� Negative control  
� No Irr igat ion  [n=24]  
� Positive control 
� 2% sodium hypochlorite 

[n=24] 
� Exper imenta l  group 

 
� 0.1% AgNP solution [n=24] 
� sterile saline. [n=24] 
� Medicaments  
� Control group 
� Negative control  
� sterile saline [n=20] 
� positive control 
� calcium hydroxide [n=20] 
� Exper imenta l  group 

 
� 0.02% AgNP gel [n=20] 
� 0.01% AgNP gel [n=20] 
� Kruskal-Wallis and Mann-

E. faecalis/scanning electron 
microscopy  
confocal laser scanning 
microscopy combined with 
viability staining. 

 
0.1% solution  
[0.02% and 
0.01%] gel 

� Antibiofilm efficacy of AgNPs depends on the mode of 
application.  

� AgNPs as a medicament and not as an irrigant showed 
potential to eliminate residual bacterial biofilms during 
root canal disinfection. 
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Whitney U test  
P<0.05. 
 
 
 

9  Rodríguez et al. 
2016,Costa  
Rica,In Vitro 

� Contro l  
�  
� positive control-5% NaOCl 
� negative control-sterile 

saline 
� Exper imenta l  group 
�  
� AgNP  
� Student’s-t test  
� P<0.05. 

E. faecalis/CFU  
5 and 30-minute contact tests 

� 30 - 60 nm � AgNP-CM does not seem to be effective in eliminating E. 
faecalis when compared to 5% NaOCl. 

10  Rodrigues et al. 
2018,Brazil, 
Ex Vivo 

� Control 
� positive control-sterile 

saline 
� negative control-without 

inoculum,  
� Experimental 
� AgNp solution[n=5] 
�  
� 2.5% NaOCl for 5, 15 and 

30 min. [n=5]each 
� 2% chlorhexidine for 5, 15 

and 30 min. [n=5]each 
� Kruskal–Wallis, Dunn’s 

tests, Friedman test, Mann–
Whitney U-test  

� P<0.05. 

E. faecalis/confocal laser 
scanning microscope 

� 94ppm � AgNp irrigant was not effective against E. faecalis when 
compared to sodium hypochlorite at all contact time 
intervals.Though it was found to be comparable to 
chlorhexidine when contact time was increased.  

11  Kushwaha et al.  
2018,India,In 
vitro 

� Contro l  
� Negat ive  contro l  -

normal  sa l ine  [n=20]  
� Posi t ive  contro l -  2% 

CHX [n=20]  
�  
� Exper imenta l  
� Si lver  nano  par t ic les  

[n=20]  
�  
� Gold  nano par t ic les  

[n=20]  
� SNP +  Nd:  YAG Laser  

[n=20]  
� GNP + Nd:  YAG Laser  

[n=20]  
� One way ANOVA,  

Tukey’s  post -hoc  tes ts   
�  p -va lue<0 .05   

E. faecalis/CFU � 20nm  � The combination of AgNPs & Nd: YAG lasers group 
showed the greatest reduction in colony forming units. 

12  Nabavizadeh et 
al.  
2017,Iran, 
Ex Vivo 

� Control 
� Sterile saline[n = 12] 
� Experimental 
�  

PC Im-based AgNPs[n = 
12] 

� 2.5% NaOCl[n = 12] 

E. faecalis/CFU Real time 
PCR 

� 9 nm  � PC Im-based AgNPs were as effective as 2.5% NaOCl.  
� They were significantly more effective in bacterial count 

reduction compared to 2% chlorhexidine. 
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2% CHX[n = 12] 
� Wilcoxon signed rank test  
� Kruskal-Wallis and Mann-

Whitney U tests  
� P<0.05. 

 

13  Almeida 
et al. 
2018,Brazil, 
Ex Vivo 

� Control 
�  0.85% saline[n = 12]  
� Experimental 
� 2% CHX[n = 12]  
� 5% NaOCl[n = 12]  
� 1% NaOCl[n = 12]  
� 1% Ag Np [n = 12]  
� – 26% ZnO Np [n = 12]  
� Kruskal–Wallis and Dunn 

post hoc tests  
� P<0.05. 

E. faecalis/CFU � 5 to 20 nm � Nanoparticles solutions showed similar antimicrobial 
activity compared to conventional endodontic irrigants 

14  Moghadas et al. 
2012,Iran, 
Invitro 

� Control 
� Sterile saline  
� Experimental 
� Silver nanoparticle solution 
� 5.25% NaOCl  
� one-way ANOVA  
� P<0.05. 

E. faecalis and S. aureus/CFU not mentioned � Silver nanoparticle irrigant is as effective as NaOCl in 
preventing the bacterial growth of common root canal 
bacteria. 

15  Alabdulmohsen 
et al. 
2017,Saudi  
Arabia,Ex vivo 

� Control 
� Positive control "[n = 10]  

Negative control " [n = 10] 
 

� Ca[OH]

2

[n = 30] 

� AgNP [n = 30]  
 

� Ca[OH]

2 

+ AgNP [n = 30] 

� Student’s paired t"test and 
independent t"test 
 
 

E. faecalis and S. aureus/CFU not mentioned � The AgNP is less effective against E. faecalis than the 
Ca[OH]

2 

alone or combination of both materials 

16  Ioannidis et al., 
2019,UK,Ex vivo 

� Positive control 
� No treatment 
� Experimental 
� Sterile saline 
� EDTA 17%  
� NaOCl 1% 
�  NaOCl 2.5% 
� 2% [CHX] 
� Ag- GO 
� Two-way analysis 

ANOVA, post hoc Tukey 
tests  

� P < 0.05 

multispecies biofilm/CLSM � 20–50 nm � The maximum biofilm disruption was achieved by 2.5% 
NaOCl. 

� Ag-GO caused a significant reduction of biofilms 
compared to the rest of the experimental groups  

!
Discussion: 
Sixteen articles were selected for descriptive analysis. Till date 
there are no clinical trials done which have checked the 
efficacy of silver nanoparticles when used as root canal 

disinfectant either in the form of root canal irrigants or 
intracanal medicament. So in the present systematic review 
we considered only in vitro studies.  On the basis of evidence 
extracted from the scientific literature, it is clear that silver 
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NPs have unique properties allowing it to be one of the most 
commonly used metal NPs in dental application. Some 
studies favor the use of silver nanoparticles as root canal 
disinfectant but some studies gave contradictory findings too. 
Majority of the studies showed silver nanoparticles have 
comparable antimicrobial properties as gold standard sodium 
hypochlorite. Abbaszadegan et al compared antimicrobial 
activity of positively charged, negatively charged, neutral 
surface charged silver nanoparticles, 2.5 % NaOCl and 0.2% 
CHX.They found that positively charged silver nanoparticles 
were comparable to 2.5% NaOCl in eliminating E Faecalis. 
[28] Nano silver at low concentration had comparable 
bactericidal effect equivalent to 2.25% or 5.25% NaOCl. 
[26,27,29,30] Almeida et al reported that Silver nanoparticles 
showed similar antimicrobial activity compared to 5% NaOCl, 
2% Chlorhexidine. [31] It is an important point to note that 
when silver nanoparticles were combined with commonly 
used root canal disinfectants they were able to exert better 
antimicrobial activity. Afkhami et al used silver nanoparticles 
as a vehicle for calcium hydroxide and found that the 
antimicrobial activity was better when compared to other 
vehicles but this effect was noticed for short term. The 
antimicrobial activity seems to be comparable with other 
combinations when tested again after one month. [32] Giselle 
et al combined Silver nanoparticles with other root canal 
irrigants and they found that the combined irrigants were 
able to achieve complete bacterial elimination but they were 
not proved to be better than sodium hypochlorite. They also 
noted that there was increase in bacterial count with all the 
tested root canal irrigants after 7 days. [33] Javidi et al tested 
the antimicrobial activity of intracanal medicaments after one 
day and seven days.The combination of nano silver and 
calcium hydroxide showed better antimicrobial activity when 
compared to calcium hydroxide used alone. The combination 
of silver nanoparticles and calcium hydroxide intracanal 
medicament was able to exert antimicrobial activity after one-
day exposure and remained unchanged after 7 days [34]. 
Afkhami et al found that silver nanoparticles were equivalent 
to 2.5% NaOCl in reducing the microbial load and 
antimicrobial activity was increased when silver nanoparticles 
were combined with diode laser and photodynamic therapy 
[35]. Kushwaha et al combined Silver nanoparticles with laser 
and observed excellent antimicrobial properties [25]. 
According to Ioannidis et al silver nanoparticle graphene 
oxide combination had greater antimicrobial activity when 
compared to 17% EDTA, 2% CHX and 1% NaOCl but showed 
lesser antimicrobial activity when compared to 2.5% NaOCl 
[36]. An important noteworthy finding was shown by Wu et 
al.. They evaluated the anti microbial efficacy of silver 
nanoparticles in the form of root canal irrigants and intracanal 
medicaments and found that antimicrobial activity is 
dependent on mode of application and silver nanoparticles 

when used as intracanal medicaments have better 
antimicrobial efficacy when compared to root canal irrigants 
[37]. The present systematic review also found some 
contradictory results in which Silver nanoparticles were not 
found better than sodium hypochlorite. [24,38,39] Majority of 
the included studies in this review showed an enhanced effect 
of silver nano particulate systems to combat dental root canal 
infections. After reviewing all the studies and according to the 
evidence available silver nanoparticles can be considered as 
an adjunct to existing root canal disinfectants. The future of 
these promising approaches lies in the development of better 
techniques for preparing efficient antimicrobial nanoparticles 
in addition to the highest safety for patients and to assess 
their toxic effects in clinical situations. 
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ABSTRACT: 
Background: Visually impaired children suffer from many health problems which include 
orofacial trauma, dental caries, and periodontal disease. Out of these, orofacial trauma is 
the most common health hazards. The present study was conducted to assess traumatic 
dental injuries in children. 
Materials & Methods: 64 visually impaired children age ranged 4-14 years of both genders 
were recruited. The cause of the injury and the type of TDI was classified, according to the 
system described by Ellis classification. 
Results: The main cause of injury was fall was 24, cycling in 10, sports injury in 16 and 
accident in 14 children. Ellis class I fracture was found in 10, class II in 18, class III in 12, 
class IV in 8, class V in 4, class VI in 1, class VII in 2, class VIII in 5 and class IX in 4 
children. The difference was significant (P< 0.05). 
Conclusion: There was higher prevalence of traumatic dental injuries in visually impaired 
children. 
Key words: Ellis fracture, Traumatic dental injuries, Visually impaired children 
 
1. INTRODUCTION 
The term disability is defined as any impairment that limits daily activity. Out of the various 
handicapped condition, blindness is most prevalent worldwide. According to the WHO 
(2014), 285 million people are visually impaired worldwide.1 It is estimated that in India, 
200,000 children had severe visual impairment, out of which only 15,000 are in schools for 
blind children. Corneal scarring and inadequate sanitation are the main causes of blindness. 
Visually impaired children suffer from many health problems which include orofacial trauma, 
dental caries, and periodontal disease. Out of these, orofacial trauma is the most common 
health hazards.2 The prevalence of traumatic dental injury (TDI) of permanent anterior teeth 
is high worldwide ranging from 4.1% to 58.6%. Upper incisors are the most frequently 
affected teeth by trauma (90%). Incisors play an important role in esthetics, phonation, and 

mailto:dr.garima1716@gmail.com


European Journal of Molecular & Clinical Medicine 
                                                                              ISSN 2515-8260                 Volume 08, Issue 01, 2021 

 

1065 
 

psychological impact which affect the behavior of a child on a daily basis. Falls, increased 
overjet, and inadequate lip coverage are one of the major risk factors for dental trauma. Out 
of these, falls are frequently reported due to collisions, sports, violence, and traffic accidents.3  
Dental injuries may occur throughout life, but traumatic dental injuries (TDI) are a very 
significant problem among children. The main etiology being accidents such as falls, fights, 
and during sports.4 They are associated with biological, socioeconomic, psychological, and 
behavioral factors. The predisposing dental risk factors include increased incisal overjet, open 
bite, protrusion, and lip incompetence.5 The present study was conducted to assess traumatic 
dental injuries in children. 
 
2. MATERIALS & METHODS 
The present study was conducted among 64 visually impaired children age ranged 4-14 years 
of both genders. The consent of the study was obtained from parents.  
Data such as age, gender, cause of the injury, type of injury, and teeth injured was recorded. 
The type of TDI was classified, according to the system described by Ellis classification. 
Results of the study was tabulated and subjected to statistical analysis using chi- square test. 
P value less than 0.05 was considered significant. 
 
3. RESULTS 

 
 

Table I Distribution of patients 
Total- 64 

Gender Boys Girls 
Number 34 30 
Table I shows that out of 64 children, boys were 34 and girls were 30. 

 
 
 
 
 
 

Table II Cause of injury 
Cause Number P value 

Fall 24 0.05 
Cycling 10 

Sports injury 16 
Accident 14 

 
Table II, graph I shows that main cause of injury was fall was 24, cycling in 10, sports injury 

in 16 and accident in 14 children. The difference was significant (P< 0.05). 
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Graph I Cause of injury 

 
 

Table III Pattern of fracture 
Ellis fracture Number P value 

Class I 10 0.01 
 Class II 18 
Class III 12 
Class IV 8 
Class V 4 
Class VI 1 
Class VII 2 
Class VIII 5 
Class IX 4 

 
Table III, graph II shows that Ellis class I fracture was found in 10, class II  in 18, class III  in 
12, class IV in 8, class V in 4, class VI in 1, class VII in 2, class VIII in 5 and class IX 
in 4 children. The difference was significant (P< 0.05). 
 
4. DISCUSSION 
Special health care needs” children also known as “disabled child.” According to WHO 
blindness is defined as “visual acuity of <3/60 or corresponding visual field loss in the better 
eye with the best possible correction.”6 Dental trauma is a serious problem in visually 
impaired child. Despite its high prevalence, it is a neglected oral condition. Traumatic dental 
injuries (TDIs) are more prevalent in visually impaired children compared to normal 
children.7 The prevalence of TDI among visually impaired children ranges from 27.4 to 
36.4%.Besides lack of acquisition of movement skills, blind children tend to move and play 
like healthy children during the 1st year of life. However, as compared to sighted children 
visually impaired child are more prone to an accident which leads to dental trauma. It is a 
dental emergency situation in young patients and requires immediate assessment and 
management because many permanent teeth continue their development in those ages.8 The 
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improvement of TDI in permanent teeth illustrates important aspects that must be carefully 
planned, requiring several follow-up appointments, mainly due to the possible appearance 
sequels in the developing permanent dentition.  The importance of assessing the prevalence 
of traumatized teeth by the survey was pointed out by Andreasen and Andreasen in 1994. 
Epidemiological data provide a basis for evaluating the concepts of effective treatment, 
resource allocation, and planning within any health environment.9 The present study was 
conducted to assess traumatic dental injuries in children. 
We found that out of 64 children, boys were 34 and girls were 30. The main cause of injury 
was fall was 24, cycling in 10, sports injury in 16 and accident in 14 children. Munot et al10 
among 400 children from various special schools of visually impaired children was 
selected. The results showed that out of 400 children, 39% suffered from TDIs. Permanent 
maxillary central incisors were most commonly injured teeth with injuries involving enamel 
(53%) being most frequently observed. Increased overjet and inadequate lip coverage were 
significantly associated with the occurrence of trauma. 
We found that Ellis class I fracture was found in 10, class II  in 18, class III  in 12, class IV in 
8, class V in 4, class VI in 1, class VII in 2, class VIII in 5 and class IX in 4 children. 
Reddy et al11 determined the prevalence of TDI among 324 patients aged between 3 and 18 
years. The highest frequency of TDI was in the 10–12-year-old participants and lowest 
frequency was in 3–6-year-old children. The etiology of TDI was analyzed; highest were 
caused by falls, followed by sports activities and then striking objectives and then followed 
by accidents and cycling. The most common type of injury was uncomplicated crown fracture 
(without pulp exposure) followed by avulsion and complicated crown fracture (with pulp 
exposure). 
Visual incompatibility is one of the most important risk factors contributing higher 
prevalence of TDIs. Thus, special attention is needed in visually impaired children by the 
caregivers. It is also important to establish preventive measures for avoiding future injuries. 
A great improvement is needed in the education of caregiver and parents. Health promotion 
strategies should aim at providing safer environment as well as awareness toward the health 
hazards.12 Appropriate orthodontic treatment is needed in case of increased overjet which is 
one of the major risk factors. Educational programs focusing on the prevention as well as 
conservation of the injured tooth should be conducted at community level. 
 
5. CONCLUSION 
Authors found that there was higher prevalence of traumatic dental injuries in visually 
impaired children.  
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ABSTRACT 
Background: Diabetes mellitus (DM) is a chronic systemic metabolic disease characterized 
by abnormally high blood glucose levels. The present study was conducted to assess cases 
of type I diabetes mellitus and oral health status in children. 
Materials & Methods: 82 children age ranged 8-16 years of both genders were selected. 
Diagnosis of dental caries decayed, missing, and filled surfaces/decayed and filled surfaces 
was done.  Blood samples were collected and HbA1c values measured.  

Results: There were 14 controlled diabetics and 68 uncontrolled diabetics. The mean dfs 
score in diabetics was 0.612 and in uncontrolled diabetics was 0.431, mean plaque score 
was 0.71 and 0.89 in controlled and uncontrolled diabetics and mean gingival score was 
0.056 and 0.215 in controlled and uncontrolled diabetics. The difference was non- 
significant (P> 0.05). 

Conclusion: No difference in dfs score, plaque score and gingival score in controlled and 
uncontrolled diabetics was observed.  

Key words: Diabetes, plaque score and gingival score 
 

1. INTRODUCTION 
Diabetes mellitus (DM) is a chronic systemic metabolic disease characterized by abnormally 
high blood glucose levels. The International Diabetes Federation (IDF) estimates the total 
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number of diabetic participants to be around 40.9 million in India, and this is further set to 
rise to 69.9 million by the year 2025.1 

The onset of type 1 DM occurs predominantly in childhood, with median age of 7–15 years, 
but may present at any age.2 Oral manifestations of diabetes are mainly related to fluid 
imbalance, an altered response to infection, possible increased glucose concentrations in 
saliva, and microvascular changes. Studies have shown high ratio of gingival inflammation 
and periodontal diseases with subsequent loss of teeth in diabetic patients, and the degree of 
inflammation and caries incidence depends on the metabolic control.3 

Historically, type 1 diabetes was largely considered a disorder in children and adolescents, 
but this opinion has changed over the past decade, so that age at symptomatic onset is no 
longer a restricting factor.4 Polydipsia, polyphagia, and polyuria (the classic trio of symptoms 
associated with disease onset) along with overt hyperglycaemia remain diagnostic hallmarks 
in children and adolescents, and to a lesser extent in adults. An immediate need for 
exogenous insulin replacement is also a hallmark of type 1 diabetes, for which lifetime 
treatment is needed.5 The present study was conducted to assess cases of type I diabetes 
mellitus in children. 

2. MATERIALS & METHODS 
The present study was conducted among 82 children age ranged 8-16 years of both genders. 
The consent from parents was obtained.  

A thorough clinical examination was performed with under natural light, mouth mirror, 
CPITNC probe, two-tone plaque disclosing agents, and applicator tips. DMFS index was 
recorded based on The WHO 1997 Oral Health Survey criteria for diagnosis of dental caries 
decayed, missing, and filled surfaces/decayed and filled surfaces. Blood samples were 
collected and HbA1c values measured (turbidimetric immunoassay method) were recorded 
and classified as controlled and uncontrolled diabetics. Decayed and filled surface, plaque, 
and gingival scores was recorded. The data were subjected to statistical analysis. P value less 
than 0.05 was considered significant. 

3. RESULTS 
Table I Distribution of patients 

Total- 82 
Gender Boys Girls 
Number 52 30 

Table I shows that out of 82 girls, boys were 52 and girls were 30. 
 
 

Table II Distribution of diabetics 
Diabetics Number P value 
Controlled 14 0.01 

Uncontrolled 68 
Table II, graph I shows that there were 14 controlled diabetics and 68 uncontrolled diabetics. 
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Graph I Distribution of diabetics 

 

Table III Distribution of decayed and filled surface, plaque, and gingival scores 

Variables Diabetics Mean P value 
dfs Controlled 0.612 0.12 

Uncontrolled 0.431 
Plaque score Controlled 0.71 0.09 

Uncontrolled 0.89 
Gingival score Controlled 0.056 0.18 

Uncontrolled 0.215 
 

Table III, graph II shows that mean dfs score in diabetics was 0.612 and in uncontrolled 
diabetics was 0.431, mean plaque score was 0.71 and 0.89 in controlled and uncontrolled 
diabetics and mean gingival score was 0.056 and 0.215 in controlled and uncontrolled 
diabetics. The difference was non- significant (P> 0.05). 
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Graph II Decayed and filled surface, plaque, and gingival scores 

 

 
4. DISCUSSION 
Although type 1 diabetes can be diagnosed at any age, it is one of the most common chronic 
diseases of childhood.6 Peaks in presentation occur between 5–7 years of age and at or near 
puberty. Whereas most autoimmune disorders disproportionately affect women, type 1 
diabetes is slightly more common in boys and men. The incidence of type 1 diabetes varies 
with seasonal changes and birth month.7 More cases are diagnosed in autumn and winter, and 
being born in the spring is associated with a higher chance of having type 1 
diabetes. Development of type 1 diabetes-associated autoimmunity (ie, formation of islet 
autoantibodies) in the months or years before onset of symptomatic type 1 diabetes also 
shows some seasonal synchronisation.8 These concepts support a theoretical role for an 
environ mental agent initiating or driving the pathogenic processes in type 1 diabetes. 
Diagnosis of diabetes has historically included fasting blood glucose higher than 7 mmol/L 
(126 mg/dL), any blood glucose of 11·1 mmol/L (200 mg/dL) or higher with symptoms of 
hyperglycaemia, or an abnormal 2 horal glucose-tolerance test.34 In 2009, the American 
Diabetes Association modified their guidelines for diabetes diagnosis to include glycated 
haemoglobin 6·5% or higher.9 The present study was conducted to assess cases of type I 
diabetes mellitus in children. 

We found that out of 82 girls, boys were 52 and girls were 30. There were 14 controlled 
diabetics and 68 uncontrolled diabetics. Vidya et al10 evaluated the relationship between oral 
health status and the level of glycemic control in type 1 diabetes patients.  The study was 
carried out in 87 children with type 1 diabetes, aged 8–16 years, attending a diabetes 
specialty hospital. Results showed a significant difference in decayed, missing, and filled 
surface component (P = 0.043) and gingival index scores (P< 0.001) in the permanent 
dentition between controlled and uncontrolled groups but not in case of the primary dentition. 

We found that mean dfs score in diabetics was 0.612 and in uncontrolled diabetics was 0.431, 
mean plaque score was 0.71 and 0.89 in controlled and uncontrolled diabetics and mean 
gingival score was 0.056 and 0.215 in controlled and uncontrolled diabetics. High values of 
HbA1c, especially in the long run, indicate that the participants concerned have had periods 
of hyperglycemia during which salivary flow may have decreased, and salivary glucose 
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concentrations may have risen, thereby increasing their caries risk. Furthermore, the role of 
behavior should not be forgotten because poor control may be a result of negligence in 
relation to diabetes care and treatment regimens, and such participants may be liable to be 
careless about their dental health and dental care as well. High salivary or gingival fluid 
glucose concentrations and decreased salivary flow rates have been reported especially if 
diabetes is poorly controlled.11 

Most cases of type 1 diabetes represent an immune, if not autoimmune-mediated disorder, 
meaning patients often show features of an immunological contribution to disease 
pathogenesis (eg, autoantibodies or genetic associations with genes controlling immune 
responses). However, not all patients with type 1 diabetes have these characteristics, leading 
to proposed classifications of type 1A (autoimmune) diabetes, for the 70–90% of patients 
with type 1 disease that have immunological, self-reactive autoantibodies, and type 1B 
(idiopathic) diabetes, representing the remainder whose specific pathogenesis remains 
unclear. A subset of individuals within this latter group have monogenic forms of diabetes, 
such as maturity onset diabetes of the young (MODY).12 

5. CONCLUSION 
Authors found no difference in dfs score, plaque score and gingival score in controlled and 
uncontrolled diabetics.  
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Forensic Corner

INTRODUCTION

Human bite marks have gained wide acceptance in the field 
of  criminal justice based on the assumption that human 

dentition is unique in terms of  characteristics and that the 

asserted uniqueness can be replicated in the bitten material.[1]

Commonly transparent overlays are used to record the 

biting edges of  the suspect’s teeth for further evaluation. 

Impression of  the bitten area may also be made when tooth 

indentations are present.[2] The examination of  bite marks 
currently relies on morphometric analysis, which involves 

the comparison of  the characteristics of  suspect’s teeth 

with full scale photographs of  the injury.[3]

The objective of  the current study is to adjudge the 

uniqueness of  human dentition in both orthodontically 

treated and untreated populations. It aims to evaluate the 

reliability of  bitemark analysis and to show that despite the 
common accepted concept of  “bite mark’s uniqueness,” in 
reality there is a considerable overlap in bite mark patterns 
amongst populations.

Aim: To compare the uniqueness of human dentition in both orthodontically treated and untreated 
populations and evaluate the reliability of bitemark analysis.
Materials and Methods: A total of 1464 maxillary and mandibular casts were fabricated from orthodontically 
treated and nontreated population. After careful examination of the study teeth, 326 nontreated 
maxillary cast (Group 1), 333 nontreated mandibular cast (Group 2), 336 orthodontically treated maxillary 
cast (Group 3), and 320 orthodontically treated mandibular casts (Group 4) were selected for the analysis. 
For uniformity, the sample size of 320 was selected from each group for comparison.
Results: The arch width was a major cause of variance. In Group 1, only 6.87% of similarity rate was seen, 
whereas in Group 3, the match rate increased to 55% showing similarity. In Group 2, only 1.87% similarity 
and Group 4 showed 42.7% match rate.
Conclusion: The human dentition may be unique, but it loses its uniqueness once any dental treatment 
is carried out.

Keywords: Bitemark uniqueness, dental uniqueness, orthodontic treatment
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MATERIALS AND METHODS

The present study was carried out on casts retrieved from 

the archives from the department of  orthodontics. The casts 

used for the study were selected randomly comprising of  both 

genders. Maxillary and mandibular casts of  orthodontically 

treated and nontreated dentition with full complement of  

anterior teeth, i.e. central incisors, lateral incisors and canines 

and with no dental treatment done on the study teeth were 

included. Dentitions having missing anterior tooth/teeth, 

retained deciduous anterior tooth/teeth, mixed dentition, 

esthetically treated or restored anterior tooth/teeth, dental 

caries associated with anterior tooth/teeth, fractured anterior 

tooth/teeth and developmental anomaly like peg‑shaped 
lateral and mesodens were excluded.

The total study cases consisted of  1464 maxillary and 
mandibular casts fabricated from both an orthodontically 

treated population and a nontreated (specifically study teeth) 
population. After careful examination of  the study teeth, 

326 nontreated maxillary cast (Group 1), 333 non treated 
mandibular cast (Group 2), 336 orthodontically treated 
maxillary cast (Group 3) and 320 orthodontically treated 
mandibular casts (Group 4) were selected for the analysis. 
To maintain uniformity, the sample size of  320 was selected 
from each group for the comparison of  the data. The casts 

were scanned on Hewlett-Packard scanjet G– 2410 along with 

an American Board of  Forensic Odontology (ABFO) 

number #2 reference scale. The casts were scanned and 

landmarks were placed using TpsDig232 software[4] [Figure 1] 

and were analysed using IMP Coord_Gen 8 software.[5]

RESULTS

The analysis was first carried out for the sample of  30 (each 
group) to deduce mean threshold value. Intra-operator 

error measurement for landmark placement resulted in 
a Procrustes distance threshold of  0.03 [Table 1]. This 
value was taken twice the root‑mean‑square of  distances 
of  specimens about their mean, which is analogous to a 

standard deviation measurement in univariate systems. This 

was taken as the minimum shape difference below which 
two samples were considered a match. The measurement 

error in this study was very small, thus the measurements 

of  this study were accurate and considered reliable. 

A complete analysis involving all the study cases (320 in 
each of  the 4 groups) was thereafter undertaken.

The root mean square (RMS) scatters were measured 

in Procrustes distances. In Procrustes units, the RMS 

scatter is dimensionless. The results of  the RMS scatter 

measurements were further used to establish the match 

criterion for the dentitions. Twice the RMS distance of  the 

scatter of  specimens about the average of  many repeated 

measurements was considered the match criterion. With 

this criterion and the software MatchMaker, which is 

incorporated in the IMP Coord_Gen 8 software, it was possible 

to search for matches when the matches were searched, it 

was found that the RMS value for maxillary non treated 

dentition was 0.113, orthodontically treated maxillary 
dentition was 0.046, mandibular non treated dentition was 
0.136 and orthodontically treated mandibular dentition 
was 0.051 [Table 2]. This shows there are more matches in 

orthodontically treated population because match criteria 

value (RMS scatter) was lesser for orthodontically treated 

population.

The landmarks for each dentition overlapped with 
limited spread as evident by the Clustering (nonuniform 

distribution) of  the data points [Table 3]. Among the 
nontreated maxillary and orthodontically treated maxillary, 

Table 1: Intra operative error measurement to establish 
procrustes distance threshold (n=30)

RMS 
scatter in 

procrustes

Twice the 
RMS distance 
of the scatter

Group 1 0.0165 0.033
Group 2 0.0177 0.035
Group 3 0.0151 0.030
Group 4 0.0148 0.029
Procrustes distance threshold (mean) 0.0317
RMS: Root mean square

Table 2: Root mean square scatter about the mean for each 
group (n=320)
Group (n=320) RMS
Group 1 0.113
Group 2 0.136
Group 3 0.046
Group 4 0.051

Figure 1: The scale measuring 8 cm is placed on x- and y-axis followed 
by marking of outline
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22 and 176 dentitions matched, respectively (n = 320) 
resulting in a match rate of  6.87% and 55%, respectively. 

Clustering of  the data points is evident in the Procrustes 

plots [Figures 2 and 3]. Among the nontreated and 
orthodontically treated mandibular, 06 and 152 dentitions 

matched, resulting in a match rate of  1.87% and 42.7%, 
respectively. Clustering of  the data points is evident in the 

Procrustes plots [Figures 4 and 5]. Hence, orthodontically 
treated population showed a high match rate of  55% and 

42.7% in both maxillary and mandibular dentition.

The histogram appears similar to a Poisson distribution, with 

few specimen pairs at very small distances, a large number 

at intermediate values and long tail at large distances. The 

bold (red) vertical line on the histogram indicates the error 

measurement threshold established. As measurement 

error increases, and the threshold moved to the right, large 

numbers of  dentitions were considered a match. The x-axis 

on the histogram is a measure of  similarity, with most similar 

dentitions to the left, and less similar to the right. The shift 

can be easily seen in the histogram of  group 1 [Figure 6a] 

to group 3 [Figure 6b] and group 2 [Figure 7a] to group 4 
[Figure 7b].

Principal component analysis (PCA) of  the nontreated 

population showed that arch width is the biggest variable. 

PCA plots in which the first axis are plotted horizontally 
representing degree of  arch curvature and second axis is 

plotted vertically represents movement of  central incisors 

and lateral incisors. This can be visualized by plotting the 

relative shifts of  point. Figures 8a, 8b, 9a and 9b, show 

the two principal dental variables for Group 1 and 2 are 
curvature of  the arch, and facial movement of  central 

incisors. Figures 10a, 10b, 11a and 11b show the variation for 

Group 3 and 4 is due to lateral movement of  anterior teeth.

The variance measure is the summed squared Procrustes 

distances of  all specimens in a group from the mean 

of  that group divided by (n-1), where n is the number 

Table 3: Match rates (%)
Sample size Similar dentitions Percentage

Group 1 320 22 6.87
Group 2 320 06 1.87
Group 3 320 176 55
Group 4 320 152 42.7

Figure 2: Group 1: Non treated maxillary dentition Procrustes plot Figure 3: Group 3: Orthodontically treated maxillary dentition 
Procrustes plot

Figure 4: Group 2: Mandibular non treated dentition procrustes plot
Figure 5: Group 4: Orthodontically treated Mandibular dentition 
Procrustes plot
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of  specimens. The shape variance within each group 

was calculated [Table 4]. The variation was less in 
dental shape among the orthodontically treated 

groups (Group 3 – 0.0021 and Group 4 – 0.0026) in 
comparison to nontreated groups (Group 1 – 0.0128 and 
Group 2 – 0.0186).

DISCUSSION

Bite marks are the representative patterns left on an object or 
tissue by the dental structures of  an animal or human. Teeth 

have different arrangements leading to the distinctiveness of  

human dentition from animal dentition. The capability of  

the dentition to transfer a characteristic pattern to human 

skin and the ability of  the skin to maintain that uniqueness 
has still not been scientifically established. By establishing 
the uniqueness of  the biter’s teeth and then applying those 

unique properties to the bite pattern, many judicial cases can 

be solved leading to the perpetrator’s conviction.[6]

The uniqueness of  human dentition can get altered due 

to any dental treatment which alters the arrangement or 

shape of  the tooth. The bite marks of  the same individual 
show changes in the postorthodontic treatment casts 

as compared to the preorthodontic treatment ones. 

Restorations involving the occlusal 2/3rd of  the crowns, 

extractions, implants and prosthetic work will also alter 
the bite marks. All these factors need to be taken into 
consideration while doing the analysis and therefore 

detailed dental records of  the suspect and the victim also 

need to be considered.[7,8]

The philosophy for orthodontics is to achieve the 

correct occlusal relationship.[9] In an individual, the ideal 

relationship of  teeth within each arch is generally a smooth 

curve.[10] Houston et al. in 1992 suggested each arch is 

regular with the teeth at ideal mesiodistal and buccolingual 

inclinations and having correct proximal relationship at 

each interdental contact area.[7]

In the present study, the uniqueness of  human dentition 

in both the maxillary and mandibular dentitions, in both 

orthodontically treated and nontreated populations was 

analyzed using integrated morphometric software for 

coordinate the generation in which manual placement 

of  landmarks as Cartesian coordinates was done and 
comparison between the dentition’s spatial relation was 

recorded. Cartesian coordinates are measurement points, 

the so called landmarks. Landmarks have a position (two or 
three coordinates) and a name, expressing some sort of  

homology across all measured specimens.[11‑13]

Morphometrics is the quantitative study of  biological shape, 

shape variation and covariation of  shape. Landmark-based 

geometric morphometrics involves analyzing shape in terms 

of  a landmark configuration (a constellation of  discrete 
anatomical loci, each described by 2‑or 3‑dimensional 
Cartesian coordinates).[12]

To estimate a potential measurement error, repeated 

landmarks were placed on one image of  each group and the 
RMS scatter was determined [Table 1]. The RMS of  repeated 

measurements is measured in Procrustes distance. Procrustes 

distance is a measure of  the closeness in shape of  Procrustes 

superimposed specimens and is recognized as a general 

purpose measure of  the specimen’s similarity in the geometric 

morphometric analysis. Procrustes method is based on the 

least-squares estimation of  translation, rotation and scaling 

Figure 7: (a) Group 2: A histogram of distribution of the Procrustes 
distances between all 51,040 possible pairwise comparisons in the 
320 mandibular dentitions of nontreated population (b) Group 4: 
A histogram of distribution of the Procrustes distances between all 
50403 possible pairwise comparisons in the 320 mandibular dentitions 
of orthodontically treated population

Figure 6: (a) Group 1: A histogram of distribution of the Procrustes 
distances between all 51,360 possible pairwise comparisons in 
the 320 maxillary dentitions of nontreated population (b) Group 3: 
A histogram of distribution of the Procrustes distances between all 
56,280 possible pairwise comparisons in the 320 maxillary dentitions 
of orthodontically treated population

a b a b
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parameters that align sets of  landmark coordinates for pairs 
of  specimens. The smaller the Procrustes distance the more 

precise is the landmark placement.[14‑17]

For the analysis and visualization of  the variation, PCA 

using IMP Coord_Gen 8 software was performed. PCA is 

a simple, nonparametric method of  retrieving relevant 

information from complex data sets, so that the maximum 

variability is visible.[18]

The teeth selected for the study were central incisors, lateral 

incisors and canines as these teeth make contact with the 
skin during a bite. The casts were scanned along with 
ABFO scale placed in the center. A total of  12 landmarks 
were placed on the mesio-incisal and disto-incisal angle 

of  the anterior teeth of  each image. Two digital scales of  

8 cm were placed along the ABFO scale.

The results of  this study showed that the arch width was a 

major cause of  variance. The relative labial shift was evident 

in all the groups [Figures 8‑11]. Among the 320 cases of  
nontreated maxillary dentitions (Group 1), only 22 matches 
were found with 6.87% of  similarity rate, whereas in 

the sample size of  320 orthodontically treated maxillary 
dentitions (Group 3), the match rate increased to 55% 
with 176 cases showing matched dentitions. In nontreated 

mandibular dentitions (Group 2), only 06 matches were 
found with a match rate of  1.87%, whereas 152 similar 

dentitions were found in orthodontically treated mandibular 

dentitions (Group 4) with 42.7% match rate [Table 3]. 
When intergroup data were studied a significant variation 
was found within the two groups (Group 1 and 3, Group 2 

Table 4: Variance (n=320)
Group (n=320) Variation 
Group 1 (nontreated maxillary dentition) 0.0128
Group 3 (orthodontically treated maxillary dentition) 0.0021
Group 2 (nontreated mandibular dentition) 0.0186
Group 4 (orthodontically treated mandibular dentition) 0.0026

Figure 8: (a) Principal component analysis plot of Group 1: The first axis 
explains 33.33% of the variance in shape, whereas the second vertical 
axis explains 20.11%. (b) Group 1: The arrows show the relative facial 
movements in shape space of the landmark points according to the 
PCA plot axes

a

b

Figure 9: (a) Principal component analysis plot of Group 2‑The first 
axis explains 34.93% of the variance in shape, whereas the second 
vertical axis explains 14.49% (b) Group 2: The arrows show the relative 
movements in shape space of the landmark points according to the 
Principal component analysis plot axes

a

b
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and 4) which was similar to the results of  a previous study 
done in 2011 by Sheets[14] thus revealing that orthodontic 

treatment decreases the variance in anterior dentition as it 

increases the match rates. Variation was also seen within 

the Groups 2 and 4 (nontreated and orthodontically treated 
mandibular dentition, respectively); however, it was not 

marked [Table 4]. The variation seen in the match rates 
of  maxillary and mandibular nontreated dentition was 

noticeable, but it was an expected finding due to the higher 
incidence of  crowding in the lower arch. A previous study 

done on both the arches had similar results.[11]

Hence, we can say from our study that human dentition 

may be unique, but it loses that uniqueness once any dental 

treatment involving the maxillary or mandibular anterior 

teeth is carried out. Hence, investigating officers should 
take a detailed dental history specifically of  orthodontic 
treatment before considering the individual as a candidate 

for bite mark analysis.

CONCLUSION

The use of  unique features and morphological variations 

of  the teeth in personal identification is well accepted in 
forensic examinations and in the court of  law. In spite of  

advances in the leading identification techniques such as 
DNA profiling, fingerprints and facial reconstruction, the 
comparison of  dental records play an important role in 

the identification of  the deceased in mass fatality incidents 
such as air plane crashes and natural disasters. However, in 

the determination of  uniqueness of  human dentition, one 

should be careful about population specificity as different 
population show varying degree of  variations in dental 

traits.[19,20]

Scientific evidence for the uniqueness of  human dentition 
was not detected in the current study. The populations 

included both orthodontically treated (high degree of  

dental alignment) and nontreated population where 

maxillary and mandibular dental casts were used.

Figure 11: (a) Principal component analysis plot of Group 4: The plot 
shows a higher percentage of variance explained by change in arch 
curvature, i.e. 47.15%. The second axis explain 10.39% of the shape 
variance. (b) Plotting the relative facial shifts of points of Group 4

a

b

Figure 10: (a) Principal component analysis plot of Group 3: shows a 
higher percentage of variance explained by change in arch curvature, 
39.88%. The second axis explains 9.04% of the shape variance. (b) 
Plotting of the relative facial shifts of point of Group 3

a

b
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Further researches using increased number of  landmarks 
are necessary. The current findings indicate that in forensic 
investigations, bitemark analysis can be performed in 
closed populations. Furthermore, selection of  dentition 

should be based on distinctive features of  individual 

tooth or dentition characteristics to allow decisions based 

on the exclusion or inclusion of  suspect associated with 

legal issues. The use of  advanced techniques such as 

three-dimensional imaging and scanning at the crime scene 

or disaster zone for transferring data to the main server for 

detailed analysis should be used to increase the reliability 

of  bitemark analysis.[21]
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IntRoductIon

Immediate implant procedures have revolutionized the 
age old conventional dental practices and are ahead of 
attaining much of clinical importance. Therefore, a sound 
knowledge of anatomy of the surgical site is essential.[1] 
Dental rehabilitation of maxillary anterior region is often 
challenging due to variations in morphometric dimensions 
of nasopalatine canal (NPC) or incisive canal and 
incisive foramen (IF).[2,3] Therefore, careful radiological 
preassessment of this region is essential before any surgical 
or prosthetic intervention.[4,5]

Long NPC can cause numbness of anterior palatal tissue after 
implant surgery, whereas deficient facial bony wall may require 
augmentation using guided bone regeneration. If after tooth 
extraction atrophy of maxilla occur NPC tends to enlarge 
by 32% and may occupy up to 58% of alveolar ridge width. 

Therefore, smaller size implants are solution to anterior maxilla 
to avoid failure of implants.[2]

Previous attempts using two-dimensional radiographs provided 
limited knowledge of morphometry of NPC. Anthropometric 
studies are difficult to compare with patient population due to 
inconsistency in demographic data and differences between 
healthy and diseased individuals. In recent years, several 
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Introduction: Oral rehabilitation in maxillary anterior region has increased concerns in the dental fraternity to have detailed 
morphological examination in treatment planning. The nasopalatine canal (NPC) along with its contents plays an important role in 
determining the prognosis of implants and their associated surgeries. The present study was performed to evaluate morphometric 
anatomic variations of the NPC using focused small field of view on cone‑beam computed tomography (CBCT). Materials and 
Methods: The study included 250 participants. CBCT examination was conducted using standard exposure and patient positioning 
protocols. Sagittal, coronal, and axial sections were reviewed to determine NPC morphology and dimensions. Results: Single, 
round, incisive foramen with mean mesiodistal diameter of 3.23 (±1.00) mm, and mean anteroposterior dimension of 3.03 (±0.96) 
mm was found. Single Stenson’s foramen along with funnel shaped, slanted NPC with mean angulation of 81.97 (±42.19), and mean 
length of 12.67 (±2.69) mm was found. Mean mesiodistal diameter at nasal fossa of NPC was 3.27 (±1.75) mm, at mid‑level was 
2.23 (±1.02) mm, at palate was 3.46 (±1.12) mm. At least one additional foramen was found. Discussion: Anatomy of the NPC is 
highly variable. Age-wise and gender-wise correlations revealed statistically significant results for different parameters. The present 
study highlighted significance of NPC along with its variations. Therefore, a methodical three-dimensional presurgical assessment is 
mandatory before any surgical intervention in this region.
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studies have analyzed these characteristics with few features 
in different world populations.[6‑8]

The understanding of anatomic and morphometric variability of 
NPC has been transformed with the introduction of cone-beam 
computed tomography (CBCT). CBCT is an advanced 
craniofacial imaging modality producing cross-sectional 
images which aid in three-dimensional views of maxillofacial 
structures. It plays an important diagnostic adjunct to the 
clinical assessment of the patients.[9-11]

Nevertheless, few studies have evaluated all anatomical and 
morphometric features of NPC using CBCT in the North Indian 
population and investigate their correlation with demographic 
variables.[6,7]

The neurovascular bundles have been pushed posteriorly 
within the canal, and implant is placed without affecting 
the sensory innervations, thereby providing an additional 
osteotomy site.[11] Furthermore, bone augmentation in the 
palatine region of NPC has shown 100% success rate, where 
no complications were noted after canal obliteration.[11]

With this background, the aim of the study is to evaluate 
morphometric characteristics of NPC using CBCT and to 
identify correlations with age and gender.

MateRIals and Methods

In this retrospective study, 250 patients who reported for CBCT 
scans of the anterior maxilla for various diagnostic purposes 
at Diagnostic and Research Centre,  Delhi – NCR, India, were 
included in the study. The institutional ethical committee approved 
this project. Patients who gave consent for CBCT scan and 
allowed them to be used for research purpose were incorporated.

The period of study consisted from January 2017 to February 
2018. The inclusion criteria were as follows:
•	 The study population was divided into Group I: 

11–30 years, Group II: 31–50 years, and Group III: 
51–82 years. The sample for each age group was selected 
using simple random sampling

•	 Patients with edentulous or partially edentulous maxillae
•	 Only high-quality reconstructed images without 

artifacts.

There were no confounders present in this study that could 
affect the study variables.

All high-resolution CBCT images were obtained by New 
Tom Giano unit (QR SRL Company, Verona, Italy) with 
a 5 cm × 5 cm field of view and exposure parameters 
of kVp = 70–90, mAs = 14.64, exposure time = 3.6 s. 
Coronal and sagittal cross-sections were prepared with 1 
mm thickness and spacing among the slices was 0.5 mm. 
Manufacturer instructions regarding the positioning and 
placement of the patient were followed. The settings were 
same for all the scans. The image acquisition protocol 
consisted of 360° rotation with an X‑ray tube and a flat panel 
amorphous silicon detector.

The images obtained in Digital Image Communication 
in Medicine (DICOM) format were transferred to a 
separate workstation, and the measurements were 
done in a quiet windowless room with proper lighting 
conditions. The images were viewed on HP Envy Spectre 
X360 Convertible 13–ac059tu, 13.3 inch diagonal HD 
bright view light-emitting diode-backlit Display, Core 
i7 7500U processor (Hewlett Packard Company, 71004 
Boeblingen, Germany) at a 1920 × 1080 resolution. Raw 
data were reconstructed using CBCT software New Net 
Technologies (NNT) viewer software version 6.1, QR Sri, 
Company, Verona, Italy.

The DICOM file of new CBCT scan was opened in NNT viewer 
software. The visualization of sections in axial, sagittal, and 
coronal sections and was aligned on all three planes [Figure 1]. 
With the zooming tool, the image was zoomed in for easier 
visualization of the desired area and morphology of NPC along 
with its relation to the adjacent structures were observed. The 
parameters analyzed in the study are detailed in Table 1.

Figure 1: (a) Age and gender wise distribution of different morphometric 
parameters of nasopalatine canal- Number of openings of incisive foramen 
(IF). (b) Age and gender wise distribution of different morphometric 
parameters of nasopalatine canal-Number of openings of Stenson’s 
foramen. (c) Age and gender wise distribution of different morphometric 
parameters of nasopalatine canal - Shape of nasopalatine canal (NPC). 
(d) Age and gender wise distribution of different morphometric parameters 
of nasopalatine - Curvature of nasopalatine canal (NPC)

a b

c d
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Observers were allowed to use 2‑fold magnification and modify 
screen brightness.

All images were observed and evaluated by two independent 
observers both experienced maxillofacial radiologists blind 
to the details of age and sex of the subjects, to analyze 
the reconstructed image sections. Calibration of the 
linear measurements had been performed using known 
dimensions in millimeters in cross section. The linear 
measurements were performed using the software and 
guides with the same machine. All measurements were 
taken twice by the same observers, and the mean values 
of all the measurements were included in the statistical 
analysis.

To assess the reliability of the measurement, two observers 
measured all parameters in study sample two times with 
3-week intervals. Inter- and intra-examiner intraclass 
correlation coefficient (ICC) and 95% confidence interval 
were assessed. Inter-examiner reliability was assessed by the 
ICC of data obtained for the measurement of each parameter 
among both the observers. Intraexaminer reliability was also 
assessed between the first and second measurements by both 
the observers.

A 95% confidence level was used for all tests. All data 
were analyzed by SPSS version 18 (SPSS Inc., Chicago, 
IL, USA). Values are reported as the mean (±standard 
deviation). Independent t-test and ANOVA were used for 
the comparison of quantitative data between gender and 
Chi‑square test and Pearson’s correlation coefficient was 
applied to assess the correlation between dimensions and 
different age groups. A P < 0.05 was considered statistically 
significant.

Results

Distribution of patients’ scans according to age and gender 
is described in Table 2. Gender-wise distribution is shown in 
Table 3. Age-wise distribution is shown in Table 4.

Incisive foramen
I n  t h e  p r e s e n t  s t u d y,  m o s t  s u b j e c t s  h a d  o n e 
opening (83.2%), followed by two openings (16.4%) and 
three openings (0.4%). Age‑ and gender‑wise distribution 
is shown in Figure 1a. The mean mesiodistal diameter 
of IF was 3.23 (±1.00) mm and was statistically highly 
significant among different age groups (P = 0.007). Mean 
anteroposterior diameter was found to be 3.03 (±0.96) 
mm [Figure 2]. The mean diameter showed statistically 
highly significant differences between males and 
females (P = 0.002). The most common shape of IF 
was round (40.0%); however, oval (32.4%) and heart 
shaped (27.6%) were also found [Figure 3].

Foramina of Stenson
In this study, most subjects had one opening (Stenson’s 
foramina) (94.3%), two openings was seen in 4.9%, and 
three opening were seen in 0.8% subjects. The distribution 

Table 1: Parameters analyzed in the study

Parameter Details
Number of IF Seen at the level of palate (e.g., 1, 2, 3, 4) (axial section)
Shape of IF Classified as round, oval, heart (axial section)
Mesio-distal diameter of IF The inner diameter measured at the level of the hard palate inferiorly (axial section)
Antero-posterior diameter Assessed in sagittal section
Number of opening of Stenson’s foramen Single or multiple. Seen at the level of nasal fossa (axial section)
Shape of the NPC Classified as funnel (increased anteroposterior dimension from nasal fossa to hard palate), hourglass 

(narrowest anteroposterior dimension at mid level compared to dimension at nasal fossa and hard 
palate level), cylindrical (parallel labial and palatal walls) and spindle (widest anteroposterior 
dimension at midlevel compared to dimension at nasal fossa and hard palate level) (sagittal section)

Curvature of NPC Classified as vertical, vertical curved, slanted curved and slanted (sagittal section)
Angle of NPC Angle between floor of nasal fossa and long axis of canal (sagittal section)
Length of canal Measured between floor of the nasal fossa and level of hard palate along the long axis of the canal 

(sagittal section)
Mesiodistal dimension of NPC at nasal fossa level Inner diameter measured at the level of nasal fossa (sagittal/coronal section)
Mesiodistal dimeter of NPC at mid level Inner diameter measured at the level of midpoint between the nasal fossa and the hard palate 

(sagittal/coronal section)
Mesiodistal dimeter of NPC at hard palate level Inner diameter measured at the level of hard palate (sagittal/coronal section)
Additional foramen Assessed in axial section
NPC=Nasopalatine canal; IF=Incisive foramen

Table 2: Distribution of study sample

Age group 
(years)

Gender Total, 
n (%)Male, n (%) Female, n (%)

11-30 49 (38.3) 42 (34.4) 91 (36.4)
31-50 38 (29.7) 42 (34.4) 80 (32.0)
51-82 41 (32.0) 38 (31.1) 79 (31.6)
Total 128 (100.0) 122 (100.0) 250 (100.0)
Mean age=40.06
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of the number of openings by age and gender is shown in 
Figure 1b.

Nasopalatine canal
The authors observed most subjects had funnel shaped (38.4%), 
followed by cylindrical (38.0%), hourglass (19.6%), and 
spindle shaped (4.0%) NPC [Figure 4]. The distribution of 
the subjects by gender and age according to the shape of the 
canal is shown in Figure 1c. Statistically significant differences 
between the genders and between the different age groups with 
respect to the shape of the NPC were not observed.

The most common curvature of NPC was slanted (71.3%), 
followed by slanted curve (15.6%), vertical (12.3%), and 

curved (0.8%) [Figure 5]. Distribution of subjects by gender 
and age according to canal curvature is shown in Figure 1d. 
Statistically highly significant differences between the genders 
were observed (P = 0.005). However, age‑wise nonsignificant 
differences were observed.

Angulation of canal revealed statistically nonsignificant 
differences gender wise. Age wise the difference in mean 
angulation was statistically highly significant (P = 0.003). 
The length of the canal was measured along the long 
axis of canal and the mean length was 12.67 (±2.69) 
mm. The gender-wise differences were statistically very 
highly significant (P < 0.001). Age‑wise statistically 
nonsignificant differences were observed. The mean 

Table 3: Gender wise comparison of all parameters

Parameter Male Female t P
Mesiodistal dimension of incisive fossa 3.24±1.03 3.22±0.97 0.20 0.83
Antero-posterior dimension of IF 3.21±1.03 2.83±0.85 3.13 0.002 (HS)
Angle of NPC 77.04±44.05 87.15±39.67 1.90 0.058
Length of NPC 13.60±2.62 11.69±2.41 5.98 <0.001 (VHS)
Mesiodistal diameter of NPC at nasal level 3.35±1.86 3.18±1.62 0.74 0.45
Mesiodistal diameter of NPC at mid level 2.34±1.04 2.12±0.99 1.70 0.08
Mesiodistal diameter of NPC at palate 3.61±1.17 3.31±1.06 2.11 0.03 (S)
NPC=Nasopalatine canal; HS=Highly significant; VHS=Very highly significant; S=Significant; IF=Incisive foramen

Table 4: Age wise comparison of all parameters

Parameter 11-30 years 31-50 years 51-82 years t P
Mesiodistal dimension of incisive fossa 2.98±1.09 3.32±0.85 3.43±0.97 5.03 0.007 (HS)
Anteroposterior dimension of IF 2.84±0.98 3.12±0.88 3.15±0.99 2.81 0.06
Angle of NPC 70.30±45.85 86.32±39.24 91.02±37.89 5.95 0.003 (HS)
Length of NPC 12.54±2.24 12.58±2.91 12.91±2.94 0.45 0.63
Mesiodistal diameter of NPC at nasal level 3.08±1.53 3.33±1.81 3.42±1.91 0.90 0.40
Mesiodistal diameter of NPC at mid level 2.03±0.92 2.26±1.03 2.44±1.08 3.41 0.035 (S)
Mesiodistal diameter of NPC at palate 3.55±1.07 3.29±1.14 3.53±1.16 1.32 0.26
NPC=Nasopalatine canal; HS=Highly significant; S=Significant; IF=Incisive foramen

Figure 3: Cone-beam computed tomography image in axial plane showing 
oval, round, and heart shaped incisive foramen

Figure 2: Multi-Planar Reformatted image showing nasopalatine canal. Axial 
plane showing mesiodistal and anteroposterior diameter of nasopalatine canal
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mesiodistal diameter of the canal at nasal fossa was 
3.27 (±1.75) mm, at midlevel was 2.23 (±1.02) mm, at 
palate was 3.46 (±1.12) mm [Figure 6].

Presence of additional foramina
This study had the presence of at least one additional 
foramen in maximum subjects (37.7%), two were present 
in 10.7%, three were present in 8.2%, and four additional 
foramina was present in 2.5% subjects [Figure 7]. 
Gender‑wise statistically nonsignificant differences were 
observed. However, age-wise statistically significant 
difference (P = 0.035) was observed.

dIscussIon

Oral rehabilitation with implants in maxillary anterior region is 
a formidable venture due to its high and appreciable esthetic, 

phonetics, and functional demands.[1,5,7] Factors such as 
position of NPC, resorption of alveolar ridge may alter positive 
outcomes of the treatment.[12,13] Therefore, the knowledge at 
par of the three-dimensional morphology of NPC along with 
its anatomic variations is of foremost importance and should 
be thoroughly evaluated preoperatively.[14,15]

In this study, presence of NPC was observed in 100% of 
subjects. Similar studies were conducted in the past by Salemi 
et al.,[4] Thakur et al.,[8] and Kajan et al.[16] The location of 
NPC was found to be about 0.9 cm from the interproximal 
region of the central incisors which was independent of gender. 
This is in agreement with a study conducted by Thakur et al., 
where location was independent of gender.[8] The current 
study affirmed effect of aging on position of IF indicating 
that implant surgery may become more complicated for 
elderly patients, barring them to be statistically nonsignificant. 
However, in the study conducted by Panda et al., the average 

Figure 4: Cone-beam computed tomography image in sagittal plane 
showing shapes of nasopalatine canal – cylindrical, spindle, hourglass, 
and funnel shaped

Figure 5: Cone-beam computed tomography image in sagittal plane 
showing curvature of nasopalatine canal – slanted, vertical, slanted 
curved, and vertical curved

Figure 6: Cone-beam computed tomography image in sagittal plane 
showing method of measurement for vertical and slanted nasopalatine 
canal along with angulation of canal. Sagittal plane showing mesiodistal 
dimension of nasopalatine canal at nasal level, midlevel, and palate level

Figure 7: Cone-beam computed tomography image in axial plane showing 
number of opening single, double, and multiple. Cone-beam computed 
tomography image in axial and three-dimensional reconstruction showing 
additional foramina
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distance was found to be 13.81 (±2.05) mm, with statistical 
differences gender wise and age wise.[2]

In a study conducted by Rao et al., it was found that the shape, 
curvature, and angulation of the canal and its anteroposterior 
dimensions are crucial factors that play a key role during 
implant placement. Other parameters such as the number of 
openings, length of canal, mediolateral and anteroposterior 
dimensions, and level of its division are imperative to establish 
when implants are deemed within the NPC.[17]

Number of IF in this study population revealed maximum one 
foramen followed by two and three foramina. Age group-wise 
number of IF decreased with increasing age and the difference was 
statistically highly significant (P = 0.004). Similar studies were 
conducted by Mohammed[3] and Mraiwa et al.[13] However, the 
relationship between age and number of IF could not be established.

In our study, round shape was seen maximum and was 
independent of age and gender. Similar studies were conducted 
by Salemi et al.[4] and Etoz and Sisman[12] and found statistically 
nonsignificant results on comparing shapes of IF with age.

Gender wise no statistically significant difference was seen in 
mesiodistal dimension of IF; however, the mean diameter was 
greater in males. Panda et al.,[2] Rao et al.,[17] Khojastepour 
et al.,[18] and Gopal and Kapoor[19] also reported similar 
significant differences. Age‑wise mesiodistal dimension was 
increasing with increase in age group, and difference was 
statistically highly significant (P = 0.007). Similar studies 
were conducted by Panda et al.,[2] Salemi et al.,[4] Panjnoush 
et al.,[7] and Thakur et al.;[8] however, no significant correlation 
between the diameter of IF and age was found.

This study affirms anterioposterior dimension was more in males, 
and difference was statistically highly significant (P = 0.002). 
Mean anteroposterior dimension was increasing with increase 
in age group, but difference in different age groups was 
statistically not significant. The findings were supported 
by findings of Panda et al.[2] and Thakur et al.,[8] Gopal and 
Kapoor,[19] and Sathvik et al.;[20] however, the difference in 
values was statistically nonsignificant gender wise and age 
wise. On the contrary, statistical significant results were found 
in the study conducted by Görürgöz C et al.[1]

Number of Stenson’s foramen in the study population revealed 
maximum one foramen followed by two foramina and three 
foramina. Similar studies were conducted by Sicher and reported that 
around six separate foramina could be present at the nasal level and 
termed them as “Foramina of Scarpa.”[21] Gender-wise and age-wise 
numbers of Stenson’s foramen were statistically not significant in our 
study and were in agreement with results of Thakur et al.[8]

In the present study, funnel-shaped canal was seen maximum 
in the study population independent of gender. Age group-wise 
cylindrical canals were more in Group I and III, and funnel-shaped 
canals were more in Group II. However, the difference in age and 
shapes of canals was statistically not significant. Panda et al.[2] 
and Mraiwa et al.[13] found similar funnel-shaped canals more 
common in their study and described that such canals lead to 

spreading out of the IF, so depending on the angle of implant 
placement, there is a risk of perforating the NPC and damaging 
the nasopalatine nerves and arteries. However, Thakur et al.,[8] 
Liang et al.,[10] and Mishra et al.[22] reported cylindrical-shaped 
NPC in their studies. In another study, Etoz and Sisman found 
predominance of hour-glass shaped NPC.[12]

The direction and course of the canal was determined by its 
curvature. “Curvature of the canal” was determined with 
regard to nasal floor as horizontal plane. A perpendicular line 
was drawn from the horizontal plane and the canal whose 
course changed by >10° from the vertical were considered as 
“slanted,” and those where it changed by < 10° were considered 
as “vertical.” The canal was thus classified according to 
curvature. In the present study, slanted was found maximum 
in the study population followed by slanted curved, vertical, 
and curved, which was independent of gender and age. Similar 
studies were conducted by Kajan et al.[16] and Liang et al.;[10] 
however, their results were statistically not significant. In 
contrast to our findings, Song et al. reported the predominance 
of the vertical type of NPC in their study.[9]

Angulation of the canal was determined by measuring the 
angle between the floor of nasal fossa and canal’s long axis. 
The long axis of the canal was an imaginary line joining the 
center of anteroposterior diameter of canal at nasal fossa 
and center of anteroposterior diameter at hard palate. In our 
study, it was more in females but did not reveal statistically 
significant results. Similar studies were conducted by Thakur 
et al.[8] and Liang et al.[10] and found curvature of NPC was 
not correlated with gender. However, in our study, age-wise 
angle of NPC revealed that maximum angle was present in 
Group III 91.02 (±37.89) degrees and was increasing with 
increase in age group. The difference was statistically highly 
significant (P = 0.003), and the findings were in agreement 
with Panjnoush et al.[7]

Our study revealed the length of NPC was greater in males, 
and gender-wise difference was statistically very highly 
significant (P < 0.001). Song et al.,[9] Mraiwa et al.,[13] 
Khojastepour et al.,[18] and Gopal and Kapoor[19] also reported 
comparable significant sexual differences. They also concluded 
the greater length of the NPC in the males could be ascribed 
to the relatively larger craniocaudal dimension of the face 
observed in the males. However, Panda et al.[2] and Panjnoush 
et al.[7] found no significant relationship between gender and 
canal morphology. Age wise no statistical differences were 
obtained in our study; however, Görürgöz C et al.,[1] Salemi 
et al.,[4] Mishra et al.,[22] and Takeshita et al.[23] found 
statistically significant difference between the age and length 
of the canal. The authors found that the canal length decreases 
with increasing age. In contrast to this finding, Liang et al. 
found an increase in NPC length with increasing age.[10] The 
exact cause for this could not be understood.

The mesiodistal diameter of the canal at nasal fossa level, at 
midlevel, at the level of palate was more in males and increased 
with advancing age. The differences in the values gender wise and 
among the different age groups were statistically nonsignificant. 
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However, age group-wise diameter at midlevel of canal and 
gender-wise diameter of the canal at the level of palate was 
statistically significant (P = 0.035, P = 0.036, respectively). Similar 
studies were conducted by Panda et al.,[2] Salemi et al.,[4] and 
Panjnoush et al.[7] where canal diameter increased with rising age; 
however, gender-wise correlation could not be established. This 
may be due to the fact that age-related qualitative and quantitative 
changes occur in bones of people without incisors. These factors 
result in increases in canal diameter and in decrease in canal length.

The number of additional foramen in the present study 
was found similar in males and females with maximum 
one additional foramen, followed by two, three, and four. 
However, gender wise no statistically significant results were 
obtained, but age wise statistically significant results were 
obtained (P = 0.035). Similar studies were conducted by de 
Oliveira-Santos et al.;[24] however, the results were statistically 
nonsignificant gender wise and age wise.

The limitation of this study included lag in comparison of NPC 
among dentate and edentulous patients as due to the resorption 
of bone, in edentulous maxillae there is difference in NPC 
morphology from dentulous maxillae.[25] Therefore, morphometry 
of NPC in edentulous and dentulous should have been carried out. 
Furthermore, those maxillae with any sort of pathology including 
fracture and undergoing orthodontic treatment were not included 
in the study, which again affect morphology of NPC.

In future similar studies with volumetric analysis of NPC, along 
with morphometric analysis of anatomy with a larger sample size 
using different CBCT software could be considered to achieve more 
desirable results, thereby evaluating diagnostic efficacy of CBCT.

conclusIon

The different morphometric measurements of NPC were 
thoroughly observed in our study. These features should be 
taken into consideration before planning any kind of surgical 
procedures in anterior maxilla. The values obtained in the 
study are highly beneficial for the clinicians making them more 
aware of this anatomic structure and its various implications. 
The presence of NPC and additional foramina using CBCT 
indicates its high preoperative value for any surgical evaluation 
and planning in this region.
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Abstract: 
A direct structural and functional association between organized, living bone and the surface of the load-
bearing implant is referred to as osseointegration. An implant is considered as osseointegrated when there 
is no incremental relative movement between the implant and the bone with which it has direct contact. The 
aim of this review is to assess the basic science work done on the concept of osseointegration biology, and 
to discuss the factors that may affect osseous healing around an implant.  
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Introduction 
Modern dentistry aims to restore normal 
function, speech, aesthetics, contour, 
comfort, and wellbeing to patients. As a 
result of continued research, diagnostic aids, 
structured approach in treatment planning, 
design of implant, materials and techniques, 
Predictable progress is now a reality for the 
recovery of many complex clinical situations. 
Treatment options have evolved from acrylic 
dentures to metal framework, removable 
partial dentures to fixed partial dentures. 
Recently dental implant has joined the 
armamentarium & its success is based on 
principle osseointegration1. 
The term osseointegration (from latin osseum 
“bone” and integrate “to make whole”) was 
coined by Branemark in 1977. 
Osseointegration is defined as a direct 
attachment or connection of osseous tissue to 
an inert, alloplastic material without 
intervening fibrous connective tissue.2 The 
establishment and maintenance of 
osseointegration is dependent on an 
understanding of the tissue's healing, repair, 
and remodeling capacities. A basic 
requirement for establishing true and lasting 

tissue integration of a nonbiologic prosthesis 
with minimal risk of adverse local or general 
tissue reactions consists of a detailed 
understanding of the response behavior of 
highly differentiated hard and soft tissues to 
surgical preparation of recipient site, and 
installation of the prosthesis, as well as the 
long-term tissue adaptation to functional 
demands on the anchorage unit3.  
Osseointegration is similar to direct fracture 
healing in that the fragment ends become 
joined by bone without the formation of 
intermediate fibrous tissue or fibrocartilage. 
Osseointegration is a process that connects 
bone to an implant surface, rather than bone 
to bone. Thus, the material plays a critical 
role in achieving union. Albrektsson et al first 
referred some important factors which 
determine the success of osseointegration. 
These are implant biocompatibility, patients 
systemic condition, design characteristics, 
state of the host bed, implant surface, surgical 
technique and the implant loading 
conditions4. The aim of this review is to 
discuss basic science work on the definition 
of osseointegration biology and to determine 
and evaluate the factors that go into achieving 
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effective osseos healing around an implant in 
a reasonable amount of time given current 
knowledge 
  
Biology of bone 
Bone is classified as either Compact bone 
(Cortical bone) or Spongy bone (Cancellous 
bone). Compact bone is made up of lamellae, 
or cell layers, and a matrix composed of 
inorganic and organic components. The cells 
that are present are known as osteocytes. 
They are located in lacunae and have cell 
processes that allow nutrients to diffuse 
through small channels called canaliculi. The 
matrix component or osteoid is 
approximately 40% by weight and consists of 
Type I collagen, glycosaminoglycans and the 
adhesive protein, osteonectin. The inorganic 
component, which is approximately 40% by 
weight, consists of hydroxyapatite crystals. 
Compact bone has outer circumferential 
lamellae, inner circumferential lamellae, 
haversian lamellae, and interstitial lamellae 
which account for hardness and density. It is 
covered by periosteum and is tightly attached 
to the bone surface by Sharpey's fibres and 
serves as protection for the bone. Spongy 
bone has a three-dimensional network called 
bone trabeculae inside compact bone. As 
compared to compact bone, spongy bone 
construction is cavernous and less dense, 
resulting in lower hardness. The arrangement 
of bone trabeculae provides a large surface 
area for a large number of osteoblasts and 
osteoclasts.3 

 

Mechanism of osseointegration 
1) Tissue response to osseointegration 
2) Peri-implamt Osteogenesis 
3) Peri- implant Remodeling 

 
Tissue response to osseointegration 
A bioactive substance is thought to induce a 
favourable tissue reaction by forming 
chemical bonds with tissue components 
(hydroxyapatite) or by promoting cellular 

activities involved in the formation of the 
bone matrix.4 Bone healing around an 
implant involves a series of cellular and 
extracellular biological events. The first 
biological component to come into contact  
with an endosseous implant is blood. Blood 
cells, such as red blood cells and platelets, as 
well as inflammatory cells, such as 
polymorphonuclear granulocytes and 
monocytes, emigrate from post-capillary 
sites and move into the tissue surrounding the 
implant. These cells gets entrapped at the 
bone-implant interface, causing cytokines to 
activate and release and regulates the growth 
and differentiation factors. Platelet when 
comes into contact with the synthetic surface, 
they release serotonin and histamine causing 
further platelet aggregation and thrombosis at 
the ruptured blood vessels. Initial reactions of 
blood cells with the implant influence clot 
formation as soon as blood contacts proteins 
or a foreign material causing blood 
coagulation.  This blood clot permeates the 
wound space forming a provisional fibrin 
matrix and get adheres to the implant surface. 
The formed fibrin matrix acts as a scaffold 
(Osseoconduction) for the migration of 
osteogenic cells and eventual differentiation 
(Osteoinduction) of these cells in the healing 
compartment5,6. 

  
Peri-implant osteogenesis (De novo bone 
formation) 
Peri- implant osteogenesis can be in distance 
and in contact from the host bone which was 
first describe by Osborn and Newesley in 
1980 & referred to the general relationship 
between bone formation & implant surface. 
In distance osteogenesis refers to newly 
formed bone that developes from healing 
bone towards the implant. Contrast to that,In 
contact osteogenesis refers to newly formed 
bone on the implant surface, since no bone 
was present on the surface of the implant 
upon implantation1,5. This matrix is a 0.5 mm 
thick, early developed calcified afibrillar 
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layer rich in calcium, phosphorus, 
osteopontin, and bone sialoprotein. 
Metabolism of the local inflammatory cells, 
fibroblast, progenitor cells and other local 
cells creates an area of relative hypoxia in the 
wound area which triggers the local 
mesenchymal cells or the osteogenic cells to 
differentiate into fibroblast, osteoblast and 
chondroblast. An extracellular matrix is laid 
down by these cells & eventually a fibro-
cartilaginous callus formed. Initial immature 
bone is called the woven bone and the 
trabecular bone is formed, which shows a 
very active wide surface area, contiguous 
with marrow spaces rich in vascular and 
mesenchymal cells. Its physical architecture 
includes arches and bridges which offers as a 
biological scaffold for cell attachment and 
bone deposition that is biologic fixation. 
Marrow tissues contains a very rich 
vasculature supports mononuclear precursors 
of osteoclasts so trabecular bone remodel 
faster than cortical bone. This woven bone & 
the trabecular bone progressively matures, 
remodeled and substituted by lamellar bone 
that may reach high degree of 
mineralization5,6,7. 
The newly formed bone was laid down on the 
reabsorbed surface of the old bone after the 
osteoclastic activity. The host bone chips 
between the implant and the host bone cavity 
presumably occur from the surgical bur 
preparation of implant insertion. These are 
enveloped in a newly formed peri-implant 
trabecular bone, and seem to be involved in 
trabecular formation during the first week i.e 
in the primary stability of the implant. 
Therefore, it may be useful in clinical 
practice not washing with saline solution or 
aspirating the bone cavity before or during 
the implant insertion5.   
 
Peri-implant remodeling (Adaptation of 
bone mass to load)  
Bone remodeling characterizes the last stage 
of osseointegration which is of particularly 

critical importance in the long term stability 
of the implant.1,4 When the prosthesis has 
been connected to the abutments, the 
jawbone around the anchoring element will 
continue to remodel during several years 
until a "steady state" has been reached. This 
morphological remodeling is due to 
adaptation to stress and mechanical loading. 
Due to the surgical trauma at fixture insertion 
and the gradual adaptation to the load, some 
marginal bone is lost during the remodeling 
phase, whereas once the steady state has been 
reached, negligible bone resorption takes 
place as evaluated at yearly radiographic 
examinations using computerized periodic 
identical radiography (Figure 1). [3,5] 
New bone is created near to the immobile 
resting implant during the healing process. 
As masticatory forces are applied to the 
implant, the newly formed bone remodels in 
accordance with the magnitude, direction, 
and frequency of the applied force. After 
about 18 months steady state is achieved, 
which means that there is a balance between 
the forces acting on the implant and the 
remodeling capacities of the anchoring bone. 
The hatched area at the top of the diagram 
illustrates the reduction in height of the 
anchoring bone which occurs during healing 
and remodeling phase.3 

In cortical as well as in cancellous bone, 
remodeling occurs in discrete units, often 
called as bone multicellular unit as proposed 
by frost. Remodeling starts with osteoclastic 
resorption, followed by lamellar bone 
deposition. In cortical bone, a bone 
multicellular unit consists of a squad of 
osteoclasts that form a sort of drill head & 
produce a cylindrical canal with a diameter 
equal to an osteon that is 150-200 um.  These 
osteoclasts advance with the speed of about 
50 um/day & is followed by a vascular loop, 
accompanied by perivascular osteoprogenitor 
cells. About 100um behind the osteoclast, the 
first osteoblast line up upon the wall of the 
resorption canal and begin to deposit 
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concentric layer of lamellar bone. After 2-4 
months, the new osteon is completed. These 
new osteons circle around the implant with 
their long axes parallel to the implant 
surfaces and perpendicular to the long axis of 
the implant. In the trabecular surface, 
remodeling starts with an accumulation of 
osteoclasts that produce an erosion cavity. 
Osteoblasts emerge a few days later and fill 
the eroded space with new lamellar bone, also 
known as lamellar packet or simply 
packet.5,8. 
 
Factors affecting or enhancing 
Osseointegration 
1. Biocompatibility 
The dental implant biomaterials are devices 
that extend from the bone to the oral cavity 
across the protective epithelial zones. Hence 
these materials should have the property of 
biocompatibility1. Biomaterials are capable 
of existing in harmony with the surrounding 
biologic environment2.Titanium seemed to 
have better mechanical and surface 
characteristics for implantation in a biologic 
environment.3 Pure titanium(Ti) is widely 
used as an implant material as it is highly 
biocompatible, it has good resistance to 
corrosion, and no toxicity on macrophages or 
fibroblasts, lack of inflammatory response in 
peri-implant tissue and its surface is 
composed of an oxide layer and has the 
ability to repair itself by reoxidation when 
damaged4. Other materials as an alternative 
to titanium include tantalum, aluminum, 
niobium, nickel, zirconia & hafnium. Porous 
coating of an implant inhibits bone ingrowth, 
the properties of porous tantalum include 
high volumetric porosity, low modulus of 
elasticity, high frictional characteristics and 
excellent biocompatibility. In vitro studies 
have shown osteoblast growth and 
differentiation related to porous tantalum 
implants.5 

 

 

1) Stability 
The goal in implant placement is to achieve 
primary implant stability6. Two terms such as 
primary and secondary implant stability are 
related to implant therapy. Primary stability 
is associated with the mechanical 
engagement of an implant with the 
surrounding bone, whereas secondary 
stability offers biological stability through 
bone regeneration and remodeling. A secure 
primary stability is positively associated with 
secondary stability. The success of this 
adaptation, however, depends on several 
factors, including the density and dimension 
of the bone surrounding the implant, the 
implant design, and surgical technique used 
(Figure 2). 
There are certain methods to measure the 
clinical stability of an implant, namely the 
periotest (PT) (Figure 3) and the resonance 
frequency analysis (RFA) measurement 
using osstell device (Figure 4 and 5). 
Periotest was introduced by Schulte, it 
quantifies the mobility of an implant by 
measuring the reaction of the peri-implant 
tissues toa defined impact load. Periotest® 
uses an electro-magnetically driven and 
electronically controlled tapping metallic rod 
in a handpiece. Periotest value range from −8 
(low mobility) to +50 (high mobility). It can 
measure the bone density at the time of 
implant placement and postsurgical 
placement of the implant.9,10 

The RFA device measures the resonance 
frequency of a transducer attached to the 
implant body or abutment by screw, which is 
stimulated by different frequencies. This 
instrument has a graphic display panel 
showing the implant stability quotient (ISQ) 
values, which indicate the firmness at the 
implant–tissue interface. ISQ values greater 
than 65 have been regarded as most favorable 
for implant stability, whereas ISQ values 
below 45 indicate a poor primary stability9,10 
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2) Bone quality   
The quality and quantity of the bone available 
are highly interrelated with all the factors 
mention above and below like surgical 
techniques, implant design, materials and 
surface properties. Clinical reports show that 
oral implants placed in mandible have higher 
survival rates than those placed in maxilla. 
Bone quality is considered here to be the 
main cause where the mandible has the 
superiority in this matter. The most common 
classification is that suggested by lekholm 
and zarb for types of bone quality shown in 
(Figure 6). Type I, the entire bone is 
composed of very thick cortical bone. Type 
II, thick layer of cortical bone surrounds a 
core of dense trabecular bone. Type III, thin 
layer of cortical bone surrounds a core of 
trabecular bone of good strength. Type IV, 
very thin layer of cortical bone with low 
density trabecular bone of poor strength. 
Placing implants in type 1 to type 3 bone 
leads to good clinical outcomes whereas type 
4 is linked with lower success rates. Stability 
of implants in type 4 bone can be increased 
by manual condensation of bone around the 
implants. The ration between cortical and 
trabecular bone in addition to bone volume 
and density has a prevailing influence on 
implant success. Trabecular bone is filled 
with bone marrow, source of osteoblast and 
osteoclasts, and has therefore higher turnover 
than cortical bone. Trabecular is high in 
mandible than maxilla, anterior than 
posterior in males than females. Many studies 
have shown the required bone volume when 
planning an oral implant where at least 10mm 
and 6mm in height and 5mm and 6mm in 
width for maxilla and mandible are required 
for successful placement and 
osseointegration. Cellular characteristics of 
bone quality include 
monocytes/macrophages, mesenchymal 
progenitor cell, fibroblasts, osteoclasts and 
cells associated with angiogenesis may 
contribute to the success of local process of 

osseointegration. Bone quality can also be 
determined by CT scans, cutting torque and 
resonance frequency assessment of implant 
stability that have a major role in success of 
osseointegration11.12 
 

3) Design of dental implant 
The implant design is a vital for attaining an 
influence in osseointegration. Originally 
implants were fabricated in parallel design, 
however they were not appropriate for most 
application. Implant design features are one 
of the most fundamental element that have an 
effect in implants ability to sustain loading 
during and after osseointegration.9 Its divided 
into two major categories macrodesign and 
microdesign. Macrodesign includes implant 
body shape and thread design] e.g. thread 
geometry, face angle, thread pitch, thread 
depth and thread helix angle13.  
 
Different implant body designs available in 
implant dentistry. They may be categorized 
as cylinder type, screw type, press fit, or a 
combination of features. Originally parallel 
implants were introduced; however they were 
not appropriate for most application. Later 
tapered implants were introduced, the 
hypothesis behind using this implant was to 
provide a degree of compression in cortical 
bone in implant site with inadequate bone but 
the Lesser surface area of tapered implant 
increases the amount of stress at crestal 
portion9.13. Cylindrical wide body implant 
increase the risk of labial bone perforation 
due to presence of buccal concavities, 
whereas the decrease in diameter of tapered 
implant towards the apical region 
accommodates labial concavities ensuring 
the success of the treatment9,12. The design 
parameters primarily affects biomechanical 
load distribution in the bone tissue, to 
optimize the implant-supported prosthesis 
function12,13. The most important factor that 
influences the load transfer at the bone-
implant interface are length, diameter and 
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body/thread shape14. In type I and II bone, 
length and diameter do not seem to be 
significant factor for implant success but in 
type III and IV, large diameter implant is 
needed as it will decrease the peak values and 
stress distribution will be more homogenous 
at cancellous bone-implant interface. 
Whereas Body geometry must rely on a 
microscopic retention system such as 
roughening or coating (Acid etch, 
mechanical etch, or coating such as titanium 
plasma spray or hydroxyapatite) for the 
initial loading period. Bone is weaker when 
loaded under an angled force. The greater the 
angle of load the greater the stresses to 
implant-bone interface. Therefore, under 
ideal condition, the implant body long axis 
should be perpendicular to the curve of 
Wilson and curve of spee to apply along axis 
load to the implant during occlusal load in 
centric occlusion13, 14. Threads are designed 
to maximize the initial contact which 
enhances surface area and facilitate 
dissipation of load at the bone implant 
interface. Misch and colleagues stated that 
deeper the threads, the wider the surface area 
of the implant. If bone quality and quantity 
are optimal, then they may compensate for 
implant design inadequancy9.13,14. 
 

4) Implant surface 
The starting point for implant surface design 
is machinable implant surfaces. They were 
used for decades according to traditional 
protocols, which took several months for 
osseointegration. It has been shown that 
altering the topographic pattern of a surface 
enhances not only the bone-implant 
communication, but also the biomechanical 
interaction of that interface during the early 
stages of implantation. Rough surfaces have 
been widely used in oral implantology, and 
have largely replaced implants with 
machined surfaces in clinical applications.  

Various methods have been developed in 
order to create a rough surface and improve 
the osseointegration of titanium dental 
implants. These methods use titanium 
plasma-spraying, blasting with ceramic 
particles, acid-etching and anodization.15 

a. Titanium plasma-spraying  
This process entails injecting titanium 
powders into a high-temperature plasma 
torch. The titanium particles are projected 
onto the implant surface, where they 
condense and fuse together to form a titanium 
plasma sprayed (TPS) coating with an 
average roughness of around 7 μm. This 
technique significantly improves the surface 
area of the implants. TPS processing is one of 
the methods that further increase the surface 
roughness profile and consequently the 
surface area. Because of these features, it is 
recommended for use in areas where bone 
density is limited16. However, when the 
implant surface is exposed to oral fluids, the 
rise in surface area that constitutes an 
effective increase in osseointegration area 
provides spaces greater than 50 μm, which 
promotes pathogen migration15.  

b. Blasting with ceramic particles/Acid-
etching 

Surface acid-etching and grit-blasting/acid-
etching are very diffuse methods to obtain 
rough implant surfaces. A great part of the 
commercially available grit-blasted implant 
surfaces are subsequently acid-etched. 
Generally, the grit-blasting procedure is 
performed by propulsion of particles of 
different sizes of silica (sand), alumina, 
titanium oxide or CaP for example. The most 
commonly used acid-etching agents are 
hydrofluoric, nitric, sulfuric acids and 
combinations. An example of this group of 
surfaces was investigated by Sammons et 
al.17, evidencing a Ra value of 2.75 μm and 
irregular micropores with approximately 3-5 
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μm in diameter and 2-3 μm in depth. Even 
smaller micropores are located within these 
micropores. Recently, it was seen that 
changing the sterilization and storage method 
of an original sand-blasted/acid-etched 
surface is another possible way to modify 
implant surface. In other words, the new 
surface is rinsed under nitrogen protection to 
prevent exposure to air and then stored in a 
sealed tube containing an isotonic saline 
solution18. This method increased the surface 
wettability of the new surface as compared to 
the original one in a statistically significant 
level by obtaining the hydroxylation of 
titanium oxides without altering the surface 
topography19. These results suggest that a 
chemical modification on a microstructured 
implant surface may interfere in the 
biomechanical and bone apposition 
properties at early phases after implantation. 

c. Electrochemical anodization  

Electrochemical anodization is another 
process that has been shown to increase 
surface microtexture and alter surface 
chemistry. The thickening of the titanium 
oxide layer is caused by the combination of 
potentiostatic or galvanostatic anodization of 
titanium in strong acids at high current 
density or potential. As compared to 
machined surfaces, anodized surfaces 
interact positively with bone reaction, 
yielding higher values for biomechanical and 
histomorphometric tests20,21.  

d. CaP and HA coatings  

Up to now, plasma-spraying remains as the 
most widely used commercial CaP implant 
surface coating. CaP ceramics are thought to 
have bioactive properties, which include a 
heavy chemical bonding between the 
materials and the surrounding bone. As 
compared to those without CaP coatings, 
substrates with CaP coatings are expected to 

have faster biological fixation between 
implant and bone tissue15. However, the 
plasma-spraying process, which involves 
injecting Hydroxyapetite HA ceramic 
particles into a high-temperature plasma 
torch and projecting them onto the titanium 
surface, has also been connected to some 
drawback22. Additionally, the transmucosal 
zone of plasma sprayed HA implants 
represents a challenge23 in terms of 
periimplantitis infection. Based on these 
reasons, the clinical use of the plasma 
sprayed HA implants decreased, but the 
osteoconductive property of this bioactive 
ceramic coating remains as a factor that may 
contribute to additional bone attachment in 
areas of poor quality or quantity of bone. 
Changes in surface roughness at the 
nanoscale level tend to have a significant 
impact on the host response at both the 
cellular and tissue levels, according to a new 
trend. In comparison to the plasma sprayed 
HA technique, methods such as sol-gel 
deposition, electrophoretic deposition, and 
discrete crystalline deposition were designed 
to achieve significantly thinner coating 
thicknesses. 

 The study conducted by Rodrigo A. da 
Silva24 to better understand the biological 
behavior of osteoblasts grown on nanosized 
crystalline hydroxyapatite coating HAnano® 
surface, the set of data was compared with 
SLActive®, a hydrophilic sandblasted 
titanium surface. Osteoblasts were seeded on 
both surfaces for 72 hours to determine cell 
adhesion, viability, and a set of genes 
encoding proteins involved in adhesion, 
proliferation, and differentiation. The 
obtained data shows HAnano® displays an 
interesting substrate to support cell adhesion 
with typical spread morphologic cells, while 
SLActive®-adhering cells presented 
fusiform morphology. Our data shows that 
the cellular adhesion mechanism was 
accompanied with upexpression of integrin 
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β1, Fak, and Src, favoring the assembling of 
focal adhesion platforms and coupling cell 
cycle progression (upmodulating of Cdk2, 
Cdk4, and Cdk6 genes) in response to 
HAnano®. Additionally, both bioactive 
surfaces promoted osteoblast differentiation 
stimulus, by activating Runx2, Osterix, and 
Alp genes. Although both surfaces promoted 
Rankl gene expression, Opg gene expression 
was higher in SLActive® and this difference 
reflected on the Rankl/Opg ratio. Finally, 
Caspase1 gene was significantly 
upmodulated in response to HAnano® and it 
suggests an involvement of the 
inflammasome complex. Collectively, this 
study provides enough evidences to support 
that the nanohydroxyapatite-coated surface 
provides the necessary microenvironment to 
drive osteoblast performance on dental 
implants and these stages of osteogenesis are 
expected during the early stages of 
osseointegration. 
The main biological mechanisms triggered 
by the HAnano-modified surface in 
osteoblast responses is depicted in (Figure 7). 
When in contact with the surface, osteoblast 
upmodulates the activity of a set of genes 
related with cell adhesion at early 3 and 24 
hours and further compromises the 
expression of genes related with osteoblast 
differentiation. Importantly, calcium and 
phosphate ions are hypothesized to be 
released as described within current literature 
which triggers signaling pathway upstream 
activating osteoblast proliferation and 
differentiation. Altogether, these biological 
stages of osteoblast biology culminate on 
osteogenesis process and are expected being 
recapitulated during osseointegration of 
dental implants. 
 
Conclusion 
The use of tissue-integrated implants to 
replace missing natural teeth represents a 
significant advancement in clinical treatment. 
Over the last four decades, implant prosthesis 

knowledge has progressed from experimental 
laboratory phases to evidence-based clinical 
practice. Nanotechnology tends to be the way 
of the future, which it will inevitably become 
as genetic engineering progresses. 
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Cone‑beam computed tomography 
assessment of bone using grayscale 
values in patients with diabetes 
mellitus. A case–control observational 
study
Shalu Rai, Deepankar Misra, Akansha Misra1

Abstract:
Background: The density of cortical and cancellous bone is a key reason for implant anchorage which might be 
severely affected during diabetes. Aim: The aim of the study was to establish the role of cone-beam computed 
tomography (CBCT) using grayscale values in determining bone density in different jaw sites and in comparing 
the values in healthy with diabetic patients. Materials and Methods: Bone densities in 322 possible implant sites 
in healthy and diabetic patients were evaluated using NewTomGiano CBCT machine. Cross-sections obtained 
were assessed for bone densities in terms of Hounsfield Unit on different sites using New Net Technologies 
software version 6.1. Statistical Analysis: Data were statistically analyzed using SPSS software (version 19.0). 
Results: Age‑wise cortical and cancellous bone densities were compared and no statistical significance was 
obtained. Gender‑wise bone density was compared and significant results were found in males. Jaw‑wise bone 
density was compared and was found to be significantly high in the mandible. The mean cortical bone density 
in control group was 1608.572 (±380.36), whereas in diabetic group was 1395.368 (±296.97), and the mean 
cancellous bone density in control was 906.918 (±185.40) and in diabetic was 559.868 (±128.16). Teeth wise 
in cortical bone significant values were found at premolar region (P = 0.046) and in cancellous bone significant 
values were found at canine and premolar region (P = 0.012) and highly significant values were found at molar 
region (P = 0.001).  Conclusion: CBCT unveils a distinct pattern of cortical and cancellous bone density. A high 
degree of concordance between different regions of the mouth in cortical and cancellous bones was obtained in 
different study groups. CBCT could be used for bone density analysis.
Key words:
Bone density, cone‑beam computed tomography, diabetes mellitus, grayscale values, Hounsfield units, implant 
planning

INTRODUCTION

Bone quality and quantity during dental 
rehabilitation of patients in the anterior 

and posterior regions of jaws plays a key 
role in prognosis of the treatment.[1] It is also 
associated with success and failure of implant 
treatment.[2] Systemic diseases such as diabetes 
mellitus influence the bone quantity and quality 
of the jaws which is before well-documented 
in the literature.[2-8] The use of cone-beam 
computed tomography (CBCT) for bone density 
evaluation of these future implant sites in these 
patients may play an important role during their 
treatment planning.[3] The stability of implants 
in these patients is also influenced by the site of 
placement of implant which may vary from the 
anterior or posterior maxillary and mandibular 
jaws.[8] This is also influenced by the placement 
of implant into cortical or cancellous part of these 
bones.[9,10] Studies have reported that thin cortical 

bone is often associated with the risk of implant 
failures.[11] The present study was undertaken to 
assess bone density using CBCT in the anterior 
and posterior maxilla and mandible in normal 
people and to compare it with bone density in 
subjects with an earlier history of controlled 
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or uncontrolled diabetes mellitus. The study also evaluated 
differences in bone densities in cortical and cancellous bones in 
normal people and compared them with subjects with diabetes.

MATERIALS AND METHODS

A total of 322 patients with partial or complete edentulous 
sites in the maxilla and mandible who reported to a Diagnostic 
Centre in Delhi National Capital Region (NCR) were examined 
as a part of dental implant preassessment planning.The patients 
who gave consent for undergoing CBCT scan and agreed to 
the use of their scans for research purpose were included in 
the study. These 322 prospective implant sites were further 
categorized into two different groups, Group I (control) with 
164 sites. Patients in this group were free from any systemic 
illness and had complete and partial edentulous sites. Group 
II classified as diabetic group with patients having complete or 
partial edentulous sites with 158 sites in this group. Patients in 
Group II had glycosylated hemoglobin (HbA1C) value of 6.5% 
and above. The diabetic status of the patient was determined 
in accordance with American Diabetes Mellitus Association 
where HbA1C values determined the collective glycemic 
history of the preceding 3 months of the patient.[12] The CBCT 
scans of the patient were grouped into three age groups that is 
31–50 years, 51–70 years, and above 70 years and gender wise 
as males and females. The cortical and cancellous bone quality 
was assessed with respect to the age and gender of the patient 
in each group at each site.

Qualitative measurements of bone densities were obtained for 
four regions of the proposed implant site in the cortical and 
cancellous bone in the buccal, palatal/lingual, crestal, and 
apical in terms of Hounsfield Unit (HU) displayed by New Net 
Technologies (NNT) Software (version 6.1). QR Sri, Company, 
Verona, Italy.

The scans were selected according to the following inclusion 
criteria:
1. Patients of both the sexes with age ranging from 31 to 

75 years
2. Patients with either fully or partly edentulous spaces
3. Patients not taking any drug that may influence the bone 

quality
4. Patients without any systemic disease except diabetes 

mellitus (with HbA1c values of 6.5% and above)
5. High-quality reconstructed images.

Patients were asked to stand in a vertical place, stabilized with 
a headband and chin support, and monitored to make sure 
that they remained motionless throughout the scan. After the 
head place was standardized and located with vertical and 
horizontal reference lines. All high-resolution CBCT images 
were obtained by the NewTom Giano unit (QR SRL Company, 
Verona, Italy) with a 8 cm × 5 cm field of view (FOV) and 
exposure parameters of kVp = 90, mAs = 14.64, and exposure 
time = 3.6s. The image acquisition protocol consisted of 360° 
rotation with an X‑ray tube and a flat panel amorphous silicon 
detector. The CBCT volumes obtained were displayed with a 
0.250-mm thickness.

The images obtained in Digital Image Communication in 
Medicine (DICOM) format were transferred to a separate 

workstation and the measurements were done in a quiet 
windowless room with proper lighting conditions. The images 
were viewed on HP Envy Spectre ×360 Convertible 13-ac059tu, 
13.3 inch diagonal HD Brightview light-emitting diode-backlit 
Display, Core i7 7500U processor (Hewlett-Packard Company, 
71004 Böblingen, Germany) at a 1920 × 1080 resolution, and 
measurements were done in axial and coronal cross-section 
views. Raw data were reconstructed using CBCT software NNT 
viewer software version 6.1, QR Sri, Company, Verona, Italy. 
This system has a smart beam intelligent program that mA 
and kVp are selected automatically depending on body size.

The DICOM file of a new CBCT scan was opened in NNT 
Viewer software. Multiplanar mode tool was selected to create 
a new panoramic image. A new multiplanar tool was selected 
to draw a curved line along the respective maxillary and 
mandibular arches in the middle of the alveolar bone to get a 
new generated panoramic image which was further saved to 
acquire cross-sections at different regions in the maxilla and 
mandible. Four regions of interest (ROIs) were determined in 
each maxillary and mandibular arch for edentulous residual 
bone corresponding to the maxillary central incisor, maxillary 
canine, maxillary premolar, and maxillary molar regions on 
the right and left sides. Multiple cross-sections were created 
perpendicular to each ROI.

Cross-sections showing the greatest height and width of the 
residual ridge, among the entire cross-sectional image (ROI), 
were selected for implant placement. Insert “Implant Tool” was 
selected from the tools available within the software. After the 
choice of proper implant with the desired height and width in 
a particular ROI, the virtual implant was placed at the selected 
site and angle of implant placement was modified according 
to the available bone. Similar cross-sections were generated 
for all ROIs in the maxilla and mandible [Figure 1]. Where 
bone height and width were deficient, measurements and 
profile tracing were performed without any virtual implant 
stimulation [Figures 2 and 3].

Observers were allowed to use twofold magnification and 
change screen brightness. With the zooming tool available 
within the software, the cross-sectional image was zoomed 
in for easier visualization of the desired area. The “Trace 
Profile” tool was selected from the tools available in the 
software to measure the greatest and least bone density of 
the sites in HUs as displayed by NNT Software (version 6.1). 
The same was repeated for different aspects, i.e., crestal, 
buccal lingual/palatal, and apical aspects in the cortical 
bone. Furthermore, the “Trace Region” tool was selected to 
measure the minimum, maximum, standard deviation, and 
mean density of the cancellous bone as displayed by NNT 
Software (version 6.1) where the virtual implant was placed for 
different ROIs and different values were obtained for different 
regions of the cortical bone and cancellous bone [Figure 4]. Bone 
quality was assessed in the planned implant site using voxel 
gray values and corresponding HU values were obtained by 
the software mentioned above.

All images were observed and evaluated by two independent 
observers, both experienced maxillofacial radiologists 
blind to the details of age and sex of the subjects. All the 
measurements were taken twice by the same observers, and 
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was obtained using SPSS software (version 19.0) (IBM Inc. 
Chicago, Illinois, USA) and descriptive statistical methods 
were used by Chi‑square test with 5% level of significance 
to determine the relationship of Group I and Group II with 
demographic variables such as age and gender. Independent 
t‑test was used to determine the significant difference between 
the means in the two unrelated groups. Mann–Whitney U-test, 
ANNOVA test, and Kruskal–Wallis H-test have been used to 
find the significance of study parameters on an ordinal scale 
between two or more than two groups. The obtained data were 
statistically processed to get a correlation between the mean 
value of bone density in cortical and cancellous bones of jaws.

RESULTS

Age-wise mean cortical and cancellous bone densities were 
compared among different age groups and no statistical 
significance was obtained (P = 0.642, P = 0.593, respectively) 
[Table 1]. Males showed higher cortical and cancellous bone 
densities when compared with females with statistically significant 
differences (P = 0.047 and P = 0.040, respectively) [Table 2]. A very 
highly statistically significant difference was obtained in the mean 
cortical bone density of the mandible as compared to the maxilla.
(P < 0.001). Furthermore, a statistically significant difference was 
obtained in the mean cancellous bone density of the mandible as 
compared to the maxilla.(P = 0.048) [Table 3].

Figure 4: Measurement of maximum, minimum, standard deviation and mean 
density in Hounsfield Unit units, and area in mm2 of cancellous bone region of 

canine site of the mandible

Figure 2: Cone-beam computed tomography mandibular scan with virtual implant 
showing D2 and D3 bone type

Figure 3: Cone-beam computed tomography mandibular scan with virtual implant 
showing D4 bone type

Table 1: Age-wise comparison of cortical and cancellous 
bone density in control group

Cortical Cancellous
Mean SD Mean SD

31-50 years 1297.84 652.09 513.82 342.43
51‑70 years 1360.40 500.74 607.98 427.04
Above 70 years 1232.99 844.93 624.84 291.37
F 0.444 0.525
P 0.642 0.593
SD – Standard deviation; P – Probablility value

Figure 1: Measurement of maximum and minimum density at the buccal aspect of 
the incisor site of the mandible

the mean values of all the measurements were included 
in the statistical analysis. The observers also performed 
the study twice with an interval of 3 weeks to detect 
intraobserver variability. Intra- and interobserver examiner 
validation measures were conducted. To assess intraobserver 
reliability, the Wilcoxon matched-pairs signed-rank test 
was used for repeat measurements. The interobserver 
reliability was determined by the intraclass correlation 
coefficient (ICC) and the coefficient of variation (CV) (CV 
= [standard deviation/mean] × 100%]. ICC values range 
from 0 to 1. ICC values >0.75 showed good reliability, and 
the low CV demonstrates the precision error as an indicator 
for reproducibility.

Data were entered into an Excel Sheet and displayed as n (%) 
or as ± standard deviation. Statistical significance level of 0.05 
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The mean cortical bone density in Group I (control) was 
1608.572 (±380.36), and in Group II (diabetic), it was 1395.368 
(±296.97); however, the results were statistically nonsignificant. 
The mean cancellous bone density in Group I was 906.918 
(±185.40), and in Group II, it was 559.868 (±128.16), and the 
results were statistically very highly significant (P < 0.001) 
[Tables 4a and b]. The mean cortical bone density was found to 
be more in the premolar region in both the control and diabetic 
groups with a statistically significant value (P = 0.046). The 
mean cancellous bone density showed a highly statistically 
significant value (P = 0.001) in the molar region, in both 
control and diabetic groups, whereas canine and premolar 
regions showed statistically significant values in different 
groups (P = 0.012) [Tables 5a and b].

DISCUSSION

The use of dental implants for rehabilitation of edentulism has 
gained popularity in recent years.[1] A number of factors such 
as age, gender, and systemic status of the patients along with 
implant placement procedures play a key role in the successful 
completion of implant therapy. Osseointegrated implants are 
used with a high rate of success.[1] Osseointegration affects 
primary implant stability and is directly related to patient choice, 
treatment planning, implant design, suitable implant materials, 
good surgical technique, and restorative treatment.[2,3,5] Factors 
that negatively influence this process include poor bone quality 
and measure of available bone and underlying systemic factors 
such as metabolic bone diseases.[5] Bone density plays a pivotal 
role in the success of implant therapy. Preoperative radiologic 
assessment of bone density using various densitometric 
techniques has been before established in the literature. 
Currently, with the advent of CBCT and its dispersion in 
different fields of dentistry, the era of digital imaging has 
revolutionized. Images obtained from CBCT provide highly 
accurate fine anatomic details with high resolution and much less 
radiation exposure compared to computed tomography (CT).[6]

HUs in CT is considered as a gold standard to assess bone 
density. However, due to high radiation exposure, the use of 
CT in the maxillofacial region is limited. The present knowledge 
on HU in CBCT images provides limited information and 
acknowledges lacunae between HU and gray scale (voxel 
values) obtained from present CBCT systems.[7-9] Literature 
has reported that this deficiency is due to the degree of X‑ray 
attenuation shown in CBCT systems as gray scales (voxel 
value), whereas in CT, it is represented as HU which is 
assigned to each pixel in that image and represents the density 
of the tissue.[4,10,11] Furthermore, in another study conducted 
by Turkyilmaz et al., it was found that it is not possible to 
prevent the scattered radiation entering the two-dimensional 
CBCT detector when compared with multi-slice CT which 
uses an anti-scatter grid and further prevents beam hardening 
effect, partial volume averaging, and under sampling, thus 
resulting in changes in gray values of CBCT.[13] Other factors 
that contribute to differences in density include projection data 
discontinuity-related effect, differences between CBCT devices 
in terms of exposure parameters (kVp, mA, exposure time, and 
voxel size), changes in the volume of the FOV, and changes 
in the relationships of size and position between the FOV and 
the object.[5-7] The accuracy of CBCT to detect variations in 
bone density and its reliability and comparability of grayscale 
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values with HU in the determination of bone density needs to 
be carefully assessed and evaluated.

The systemic status of the patient undergoing implant therapy 
needs further monitoring as they might alter the bone quality. 
Delayed wound healing and increased postoperative infection 
are seen in both types of diabetic patients due to microvascular 
damage, diminished bactericidal capacity, and deficient 
leukocyte chemotaxis.[14] Most of the clinical and laboratory 
studies have reported that bone formation around dental 
implants may be incomplete and delayed, and bone-to-implant 
contact might be impaired. It is found that newly formed bone 
is immature and poorly organized with diminished mechanical 
properties.[9,11] Such complications affect the success of implant 
therapy. Olson et al. suggested in their study that the duration 
of diabetic mellitus is also associated with implant failure.[11]

The present study analyzed bone densities of proposed implant 
sites in both the jaws. To determine bone density in this study, 
a software-based analysis of images obtained from CBCT was 
performed.

In our study, age-wise comparison of bone density in control 
group revealed to be highest in the age group of 51–70 years 

for cortical bone and above 70 years for cancellous bone. The 
findings were not completely in accordance with a study 
conducted by Lee et al. who found that cortical bone thickness 
increases with age and is more in older age group than young 
people; however, cancellous bone thickness was more in 
young people than older age group.[15] The mean cortical 
density was significantly more among males in comparison 
to females (P = 0.047); however, the mean cancellous density 
was significantly more among females in comparison to 
males (P = 0.040). Similar results for cortical density were found 
by Cassetta et al. who found higher values of thickness and 
density in males than females, with a statistically significant 
difference (P ≤ 0.05).[16] On the other hand, dissimilar results 
were found by Lee et al. who found in their study that even 
cancellous bone density is more in males than females.[15] As 
stated by Cassetta et al. and Usui et al., the gender difference 
in cortical and cancellous bone density, recorded, might 
be expected because males have higher bite forces than 
females.[16,17]

The mean cortical and cancellous bone densities in the 
mandible were found to be more than maxilla and the results 
were statistically very highly significant (P < 0.001) and 
significant (P = 0.048). Similar results were found by Cassetta 

Table 4b: Mean cancellous bone density in the study population
Group Independent 

t-test
P

Control Diabetic
Mean SD Mean SD

Cancellous bone density 906.9182 185.40311 559.8681 128.16152 4.806 <0.001 (VHS)
SD – Standard deviation; VHS – Very highly significant; P – Probablility value

Table 4a: Mean cortical bone density in the study population
Group Independent 

t-test
P

Control Diabetic
Mean SD Mean SD

Cortical mineral density 1608.5729 380.361167 1395.3681 296.97964 1.391 0.180 (NS)
SD – Standard deviation; NS – Not significant; P – Probablility value

Table 5a: Teeth-wise mean cortical bone density in different groups
Cortical mineral 
density

Group P
Control Diabetic

Mean SD Mean SD
Incisor 1638.4000 368.50 1595.75 298.47 1.00 (NS)
canine 1701.0481 257.64624 1516.9028 262.35602 0.835 (NS)
Premolar 1748.94 616.10 1527.7644 271.61663 0.046 (S)
Molar 1507.49 524.12 1497.5714 369.75602 1.00 (NS)
S – Significant; NS – Nonsignificant; SD – Standard deviation; P – Probablility value

Table 5b: Teeth-wise mean cancellous bone density in different groups
Cancellous 
bone density

Group P
Control Diabetic

Mean SD Mean SD
Incisor 1003.40 385.56 770.35088 249.730631 0.151 (NS)
Canine 869.96015 358.774948 480.39889 139.428630 0.012 (S)
Premolar 986.89 797.95 570.89231 223.947270 0.012 (S)
Molar 801.78585 418.538700 537.80236 145.856527 0.001 (HS)
HS – Highly significant; S – Significant; NS – Nonsignificant; SD – Standard deviation; P – Probablility value
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et al. who found the mandible to be both thicker and higher 
in density than the maxilla with a statistically significant 
difference (P ≤ 0.05).[16] In another study by Chen et al. in either 
the Taiwanese or the U. S. cohorts, the mean cancellous bone 
density in the mandibular sites (anterior, premolar, and molar) 
was significantly higher than at the corresponding maxillary 
sites (P < 0.001).[18]

The mean cortical density was higher in Group I in comparison 
to Group II; however, the results were nonsignificant, whereas 
the mean cancellous density was higher in Group I as compared 
to Group II and the results were very highly significant 
(P < 0.001). Hence, an inverse relationship was established 
between mean cancellous bone density and HBA1c. Nemtoi 
et al. found a significant inverse relationship between bone 
mineral density and HbA1c.[8] The authors concluded that the 
bone mineral density of cortical and cancellous bone decreased 
with an increase in HbA1c values in diabetics. In another 
study by Nevins et al., it was observed that the bone-implant 
contact was significantly reduced for diabetic compared 
with control animals, but the quantity of bone formation was 
similar.[10] However, dissimilar results were found by a study 
conducted by Jolly et al. who found no significant changes in 
bone density between the controlled diabetic and nondiabetic 
subjects.[9] The authors concluded that diabetes should not be 
regarded as an absolute contradiction for implant-supported 
prosthesis therapy, but rather a relative contradiction related to 
the stability of diabetic blood sugar level. Balshi and Wolfinger 
also reported in their study a success rate of implant placement 
and stability in 94.3% in diabetic patients.[19]

Statistically significant values of mean cortical bone density 
in Group I and Group II was obtained only for premolars 
(P = 0.046). However, for cancellous bone, statistically 
significant differences were obtained for canine and premolar 
(P = 0.012) and highly significant values were obtained for 
molars (P = 0.001). Hence, it can be interpreted that the mean 
cortical bone density in the premolar region was significantly 
less in the diabetic group than the control group. Furthermore, 
the mean cancellous bone density in canine, premolar, and 
molar regions was significantly less in the diabetic group and 
control group. A similar study was conducted in the past 
by Jolly et al. where bone density values were obtained and 
compared for controlled diabetics and nondiabetic subjects for 
anterior and posterior regions in the maxilla and mandible and 
the results obtained were statistically significant.[9]

The clinical significance of this study is to provide a future 
guide to the clinicians for assessing bone density at the surgical 
sites, thereby helping them in radiological preassessment 
of the osteotomy sites before treatment. Therefore, the bone 
density values obtained from CBCT can be analyzed in terms 
of bone quality.

CONCLUSION

Implant therapy continues to provide a consistent treatment 
for partial or complete edentulism. Preassessment of implant 
site using CBCT plays a pivotal role in the determination of 
prognosis of this therapy. The bone density of the implant 
site plays one of the key factors for the stability of implants. 
Although several drawbacks have been reported with CBCT 

in terms of its usefulness in bone density assessment, still, 
many studies have shown linear relationships between HU 
in CT and grayscale values in CBCT useful for bone density 
assessment.[20-22] Therefore, grayscale values obtained from 
CBCT should be taken into consideration as a predictor for 
bone assessment and for the successful survival of implants.
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Original Article

Background

Esthetics and exigent anatomy of maxillary anterior region 
makes it challenging for dentists to plan treatment in this 
area. Position of root and thin friable buccal plate are common 
hindrances.[1] This has raised the need of maxillofacial 
radiology to obtain predictable positive treatment outcomes.[2,3]

However, key to success for any treatment plan depends upon 
the identification of landmarks and determination of alveolar 
height, density, and width of cortical bone by the dentist. 
Selection of a three dimensional imaging modality such as cone 
beam computed tomography (CBCT) furnishes a thorough 
pre-assessment for the same.[3,4]

The present study was undertaken to evaluate various 
parameters using CBCT in maxillary anterior teeth region to 

determine the success of implant placement and orthodontic 
tooth movement. It also determines genderwise and agewise 
differences in cortical bone thickness and alveolar height.

Materials and Methods

In this cross-sectional observational retrospective study 200 
CBCT scans of maxillary anterior region were selected from 
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the database of a diagnostic center in Delhi-NCR, as a part of 
dental implant pre assessment planning and patients who gave 
consent for CBCT scan and their usage for research purpose. 

The study sample was divided into groups based on age 
group I: 11–20 years, group II: 21–30 years, group III: 
31–40 years, group IV: 41–50 years, group V: 51–60 years, 
group VI: 61–70 years. Right and left maxillary anterior teeth 
including central incisor (11,21), lateral incisor (12,22), and 
canine (13,23) were selected for the study.

Linear measurements of alveolar bone were obtained 
for selected teeth, on labial/buccal, palatal, labiopalatal/
bucco-palatal sides, using measurement tools by using 
CBCT software new net technologies (NNT) viewer software 
version 6.1, QR Sri Company, Verona, Italy. The inclusion 
criteria for selection of scans:

•	 Patients of both the sexes with age ranging from 11 to 
70 years.

•	 Patients without any facial deformity.
•	 Only high-quality reconstructed images

All high resolution CBCT images were obtained by 
NewTomGiano unit (QR SRL Company, Verona, Italy) with 
a 8 × 5 cm field of view (FOV) and exposure parameters of 
kVp = 90, mAs = 14.64, exposure time = 3.6 s. The image 
acquisition protocol consisted of 360° rotation with an X-ray 
tube and a flat panel amorphous silicon detector. The CBCT 
volumes obtained were displayed with a 0.250-mm thickness.

The images obtained in DICOM format were transferred to 
a separate workstation and the measurements were done in a 
quiet windowless room with proper lighting. The images were 
viewed on HP Envy Spectre X360 Convertible 13 –ac059tu, 
13.3 inch diagonal HD bright view LED-backlit display, 
Core i7 7500U processor (Hewlett-Packard Company, 71004 
Boeblingen, Germany) at a 1920 × 1080 resolution and 
measurements were done in axial and coronal cross section 
views.

The alveolar height: from midpoint of  cementoenamel 
junction (CEJ) of  the respective tooth to the most inferior 
point of  nasal fossa along the long axis of  the tooth in 
sagittal section [Figure 1], labial, palatal, and labio-palatal 
cortical bone thickness in axial section at 3 mm above CEJ 
were measured for selected teeth [Figure 2], Same was 
repeated at 6 mm and at 9 mm. To increase the success rate 
of implant it is empirical to measure the cortical bone thickness 
at different levels, hence, these measurements were chosen.

Labial cortical bone thickness was measured from the labial/
buccal limit of radicular contour up to the outermost section 
of cortical bone, perpendicular to the contour of the dental 
arch (POINT A). Palatal cortical bone thickness was measured 
from palatal limit of the radicular contour up to the outermost 
section of cortical bone, perpendicular to the contour of the 
dental arch (POINT B). Labio-palatal/bucco-palatal cortical 
bone thickness was measured from POINT A to POINT 

Figure 1: Multiplanar reformation (MPR) image of cone beam computed 
tomography (CBCT) showing alveolar height measurement

Figure 2: MPR image of CBCT showing measurement at 3 mm

B, which is outermost section of cortical bone labially to 
outermost section of cortical bone palatally perpendicular to 
the contour of the dental arch.

All images were evaluated by two experienced maxillofacial 
radiologists and were observers for the study. The observers 
were blinded to the details of age and sex of the subjects. All 
measurements were taken twice by the same observer and the 
mean values of all the measurements were included in the 
statistical analysis. The observers performed the study twice 
with an interval of three weeks to detect intraobserver variability.

Data were entered into SPSS software (version 19.0) and 
were statistically analyzed by Chi-Square test with 5% level 
of significance. Independent “t”‑test, Mann‑Whitney U test, 
ANNOVA test, and Kruskal-Wallis H test have been used 
to find the significance of study parameters on ordinal scale 
between two or more than two groups. Intra- and interexaminer 
validation measures were conducted. To assess intraobserver 
reliability, the Wilcoxon-matched pairs signed rank test was 
used. The inter observer reliability was determined by the 
intraclass correlation coefficient (ICC) and the coefficient of 
variation (CV) [CV = (standard deviation/mean) × 100%]. ICC 
values range from 0 to 1. ICC values greater than 0.75 showed 
good reliability and the low CV demonstrates the precision 
error as an indicator for reproducibility.
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results

A total of 200 scans were analyzed, out of which 111 were of 
males and 89 were of females.

The mean alveolar height at tooth no #21 was 17.512 ± 3.272, 
at tooth no #22 was 18.826 ± 4.152, at tooth no #23 was 
21.538 ± 3.798, tooth no #11 was 17.139 ± 3.222, at tooth no 
#12 was 18.238 ± 3.689, at tooth no #13 was 21.677 ± 3.677.

Genderwise comparison of alveolar height was more in males 
and the differences were statistically significant [Table 1]

Genderwise comparison of Buccal thickness, Palatal thickness 
and Buccopalatal thickness at 3mm,6mm, 9mm between 
different teeth is described in [Table 2].

Agewise comparison of alveolar height was highest in 
age group 51–60 years and lowest in 11–20 years and the 
differences for tooth no #21,22,23,12,13 were statistically 
significant. (P value = 0.025, <0.001, <0.001, 0.001, 0.003, 
respectively) [Table 3].

Agewise comparison for tooth no #11,21

At 3 mm buccal and palatal thickness was maximum in 11–20 
years for both sides and minimum in >60 years and in 41–50 
years on both sides. Buccopalatal thickness was maximum in 
11–20 years and minimum in 41–50 years on right side and 
in >60 years on left side. [Table 4].

At 6 mm buccal thickness was maximum in 11–20 years 
on both sides and minimum in >60 years on left side and in 
31–40 years on right side. Palatal thickness was maximum in 
11–20 years on left side and in 31–40 years on right side and 
minimum in 41–50 years  on both sides. Buccopalatal thickness 
was maximum in 11–20 years and minimum in 41–50 years 
on both sides. [Table 4].

At 9 mm Buccal thickness was maximum in 11–20 years and 
minimum in 41–50 years [Table 4].

Agewise comparison for tooth no #12,22

Agewise comparison of Buccal thickness, Palatal thickness and 
Buccopalatal thickness at 3mm, 6mm, 9mm between different 
teeth is described in [Table 4].

discussion

Implant stability in maxillary anterior region depends 

upon overlying soft tissues which is guaranteed by bone 
availability in all dimensions.[5,6] Compared to the palatal 
bone, the labial plate is thinner and resorption after 
extraction occurs more easily and severely owing to its 
composition of bundle bone.[3]

The stabilization and long-term success of dental implants 
depends largely on the thickness of buccal bone.[6] In the 
treatment of apical pathosis where surgical intervention is 
planned, the prognosis is directly related to bone and soft tissue 
thickness in the operated region.[7,8] Also in cases of orthodontic 
mini implants, the crucial factor for the stabilization is bone 
thickness.

This study describes mean alveolar height to be highest at 
right canine (21.677 ± 3.677) and lowest at right central 
incisor (17.139 ± 3.222). The mean labial or buccal wall, 
palatal wall, and overall bucco-palatal thicknesses were 
observed at 3 mm, 6 mm, and 9 mm for both incisors and 
canines of right and left side.

In our study, the mean buccal thickness at 3 mm was highest 
at Right Central Incisor (0.187 ± 0.485) and lowest at right 
canine (0.070 ± 0.335), at 6 mm was highest at right central 
incisor (0.664 ± 0.701) and lowest at left canine (0.352 ± 0.713), 
at 9 mm was highest at left central incisor (0.818 ± 0.902) and 
lowest at right canine (0.279 ± 0.532). The findings were similar 
to previously described values of buccal thickness by Huynh-Ba 
et al. (2010) who concluded that the mean width of the buccal 
bony wall was 0.8 mm. 87% of the buccal bony walls had a 
width < or = 1 mm and 3% of the walls were 2 mm wide.[8] 
However, Vera et al. (2012) in their study concluded that very 
few maxillary teeth displayed buccal alveolar bone thickness 
greater than 1 mm.[7] Similar findings were reported by Tomasi 
et al. (2010) who determined that the dimension of buccal plate of 
bone was a major factor affecting the degree of resorption and with 
buccal bone more than 1 mm was present in only few patients.[9] 
Januário et al. (2011) in his study found thickness of buccal plate 
varied from 0.5 to 0.7 mm.[10] Ghassemian et al. (2012) values 
were comparable with the values found in this study.[5]

In our study, the mean palatal thickness at 3 mm was 
highest at right central incisor (2.079 ± 1.571) and 
lowest at left canine (0.804 ± 1.205), at 6 mm was 
highest at left central incisor (3.895 ± 2.241) and lowest 
at left canine (2.240 ± 1.360), at 9 mm was highest at 
right central incisor (6.266 ± 2.508) and lowest at left 

Table 1: Genderwise comparison of alveolar height

Parameters Male Female Independent t test p
Alveolar height of left central incisor Mean (S.D) 17.068 (3.2016) 15.836 (2.9345) 2.556 0.012
Alveolar height of left lateral incisor Mean (S.D) 18.154 (3.7251) 16.749 (3.7129) 2.515 0.013
Alveolar height of left canine Mean (S.D) 21.866 (3.9729) 20.546 (3.6435) 2.193 0.030
Alveolar height of right central incisor Mean (S.D) 16.756 (3.2319) 16.001 (2.9114) 1.611 0.109
Alveolar height of right lateral incisor Mean (S.D) 17.718 (3.0997) 16.848 (3.6616) 1.765 0.079
Alveolar height of right canine Mean (S.D) 21.696 (3.7286) 20.485 (3.6997) 2.104 0.037
Significant (P<0.05), highly significant (P<0.01), very highly significant (P<0.001)
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Table 2: Genderwise comparison of bone thickness

Parameters Left Right

Male Female P Male Female P

Mean SD Mean SD Mean SD Mean SD
Buccal Thickness of Central 
Incisor

At 3mm 0.322 0.627 0.271 0.519 0.850 0.478 1.259 0.382 0.605 0.691
At 6mm 0.643 0.8516 0.608 0.6676 0.771 0.953 1.6366 0.671 0.6395 0.528
At 9mm 1.820 0.9731 1.183 1.5162 0.160 1.084 1.6711 0.884 0.7508 0.998

Palatal Thickness of Central 
Incisor

At 3mm 2.463 2.885 1.571 1.188 0.081 2.177 1.640 2.120 1.474 0.636
At 6mm 4.443 2.5985 4.087 1.9568 0.972 4.740 2.3997 4.345 1.7910 0.294
At 9mm 6.568 2.8265 6.446 2.6995 0.543 7.539 2.5285 6.340 2.0245 <0.001

Buccopalatal thickness of Central 
Incisor

At 3mm 8.889 2.605 8.913 2.483 0.083 7.940 2.055 8.573 2.121 0.962
At 6mm 10.365 2.4305 9.349 1.9546 0.022 10.726 2.5651 9.690 1.7995 0.012

At 9mm 11.191 2.8540 10.467 2.5962 0.041 11.918 2.9406 10.590 1.9701 <0.001

Buccal Thickness of Lateral 
Incisor

At 3mm 0.338 0.5815 0.344 0.5948 0.802 0.233 0.4872 0.229 0.4186 0.656
At 6mm 0.567 0.8585 0.671 1.2915 0.513 0.530 0.6988 0.489 0.9585 0.274
At 9mm 0.622 0.8835 1.184 1.8953 0.114 0.532 0.7765 0.733 1.2979 0.486

Palatal Thickness of Lateral 
Incisor

At 3mm 1.865 2.0135 1.548 1.3114 0.903 1.681 1.9314 1.375 1.5947 0.249
At 6mm 3.950 2.3092 3.163 1.5885 0.042 3.736 2.7415 3.258 1.8604 0.347
At 9mm 5.898 2.5267 4.823 2.1368 0.002 5.786 2.8056 4.987 2.1584 0.024

Buccopalatal Thickness of Lateral 
Incisor

At 3mm 8.147 2.4768 8.057 1.8295 0.839 8.241 2.2860 7.440 1.7532 0.027

At 6mm 9.478 2.3245 8.623 2.2345 0.060 9.509 2.3674 8.373 1.6528 <0.001

At 9mm 9.972 2.4175 8.861 2.7132 0.004 9.887 2.6351 8.795 2.1734 0.002

Buccal Thickness of Canine At 3mm 0.160 0.4100 0.151 0.4288 0.750 0.057 0.2713 0.088 0.3734 0.723
At 6mm 0.520 0.7819 0.146 0.4004 <0.001 0.508 0.6608 0.430 0.6424 0.443
At 9mm 0.391 0.6356 0.224 0.4962 0.075 0.351 0.5272 0.270 0.5389 0.194

Palatal thickness of canine At 3mm 0.989 1.3531 0.746 0.8564 0.384 1.059 1.3543 0.853 0.9263 0.759
At 6mm 2.696 1.9152 2.527 1.1628 0.716 2.864 1.8615 2.519 1.3039 0.284
At 9mm 4.682 2.4368 4.008 1.7874 0.046 5.008 1.8931 3.896 1.8684 <0.001

Buccopalatal thickness of Canine At 3mm 8.848 1.4602 8.337 1.9983 0.112 8.844 2.1620 8.364 1.0670 0.032

At 6mm 10.029 1.6524 9.239 2.3019 0.057 10.186 1.9002 9.123 1.3636 <0.001

At 9mm 10.857 1.9273 9.716 1.763 <0.001 10.942 2.0361 9.460 1.7357 <0.001
Significant (P<0.05), highly significant (P<0.01), very highly significant (P<0.001)

Table 3: Agewise comparison of alveolar height

Parameters 11-20yr 21-30yr 31-40yr 41-50yr 51-60yr >60yr Annova P
Alveolar height of left 
central incisor

Mean (S.D) 15.061
(2.6798)

15.767
(2.6798)

16.285
(3.0771)

16.925
(3.2198)

17.879
(3.6253)

16.633
(2.4609)

2.649 0.025

Alveolar height of left 
lateral incisor

Mean (S.D) 15.520
(2.7536)

16.472
(2.8519)

17.773
(3.1325)

17.471
(4.0206)

20.480
(4.8773)

17.275
(2.9344)

6.592 <0.001

Alveolar height of left 
canine

Mean (S.D) 19.050
(1.4285)

20.681
(3.5286)

22.431
(4.0108)

19.592
(5.3206)

24.164
(2.8552)

20.457
(2.3937)

7.676 <0.001

Alveolar height of right 
central incisor

Mean (S.D) 15.244
(1.9220)

15.942
(3.1440)

16.497
(2.5993)

16.476
(4.6413)

17.286
(2.8702)

17.136
(2.4761)

1.649 0.149

Alveolar height of right 
lateral incisor

Mean (S.D) 17.228
(3.1015)

15.947
(3.4384)

17.312
(3.5779)

16.710
(2.8253)

19.700
(2.9802)

17.464
(3.1664)

4.551 0.001

Alveolar height of right 
canine

Mean (S.D) 18.581
(3.7161)

21.629
(3.2607)

21.288
(3.6702)

20.516
(4.3171)

22.812
(2.6567)

21.229
(3.9295)

3.727 0.003

Significant (P<0.05), highly significant (P<0.01), very highly significant (P<0.001)

canine (3.854 ± 1.773). Similarly, the mean bucco-palatal 
thickness at 3 mm was highest at left canine (8.893 ± 1.458) 
and lowest at right lateral incisor (7.496 ± 1.769), at 6 mm 
was highest at right central incisor (9.710 ± 2.186) and 
lowest at right lateral incisor (8.502 ± 1.588), at 9 mm 

was highest at left central incisor (10.651 ± 2.741) and 
lowest at right lateral incisor (8.680 ± 2.115). Individual 
studies determining importance of palatal thickness and 
bucco-palatal thickness could not be established however, 
Younes et al. (2016) found a positive correlation between 
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the bucco-palatal thickness and soft tissue, in determination 
of prognosis of implant.[11]

In our study, genderwise comparison of alveolar height was 
more in males except for left central incisor where it was more 
in females. No reason for this reverse sexual dimorphism could 
be established in our study or from the literature. Agewise 
comparison of alveolar height in our study showed mean 
alveolar height was highest in age group 51–60 years and 
minimum in 11–20 years suggesting phenomenon of bone loss 
after 60 years of age. Similar results were found by Alsaffar 
et al. (2016).[12]

Genderwise comparison of bone thickness in our study revealed 
that thicker buccal and palatal cortical bones were found in 
males at different levels in different teeth. The results were in 
accordance with the findings of Abbas et al. (2017),[13] Ono 
et al. (2008),[14] but contrary to those of Deguchi et al. (2006).[15] 
This may be due to differences in sampling and measurement 
methods taken by Deguchi et al. (2006).[15]

Alsaffar et al. (2016) in their study found out no significant 
difference between both genders regarding the thickness of 
alveolar bone at the alveolar crest, the middle of the root and at 
the apical one third.[12] This could be explained by reports which 
confirm that periodontal diseases are more common in men. 
Similar results were obtained by Shiau and Reynalds (2010),[16] 
Cassetta et al. (2013),[17] and Sawada et al.(2013),[18] Park 
et al.(2013),[19] and Lee et al. (2010)[20] where remarkably thin 
bone (approximately 0.1–0.6 mm) was reported around the 
canine in comparison to the central and lateral incisors.

Agewise comparison of buccal bone thickness at 3 mm, 
6 mm, and 9 mm in our study revealed statistically significant 
differences of right and left central and lateral incisors, 
however for canine statistically significant differences were 
found for right canine at 3 mm and left canine at 9 mm. 
Palatal bone thickness at 3 mm, 6 mm, and 9 mm revealed 
statistically significant differences of right and left both incisors 
and canines at 3 mm and 6 mm. Bucco- palatal thickness at 
3 mm, 6 mm for both right and left incisors and canines had 
statistically significant differences. However, at 9 mm only 
left lateral incisor had statistically significant differences. 
Similar findings were reported by Kim et al. (2016) and Zohu 
et al. (2014) who determined differences in bone thickness at 
different levels in different age groups and concluded thickness 
of bone decreases with advancing age.[21,22]

Therefore to protect the frail labial bone and avoid severe 
marginal recession, the position of implant should be more 
palatally in the alveolar bone as compared to the primary tooth 
root except in case of canine.[23] Thus, in cases with thin buccal 
bone walls, clinicians must consider the use of bone grafts to 
preserve the three-dimensional anatomy of this complex region 
without compromising the aesthetic results.

To summarize, the present study concluded that the alveolar 
cortical bone is thicker in males than females and more on 
palatal side than buccal or labial side. There is a significant 
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linear increase of thickness from crest to base of alveolar crest. 
Adults show a thicker alveolar cortical bone than adolescents.

conclusion

The results of this study may provide insight on the usefulness 
of CBCT in providing a base line data for selecting the 
appropriate site for implant placement in terms of alveolar 
height. CBCT enables accurate measurement of bone quality 
and quantity along with measuring the distance from anatomic 
structures, due to its three-dimensional nature. CBCT proves 
to be a valuable diagnostic aid in pre implant radiological 
assessment.

Scientific recommendations and unique observation
Iatrogenic risk of tooth movement or implant insertion beyond 
alveolar bone limits may adversely affect treatment outcome. 
Buccal and palatal cortical plates are favorable for the success 
of the implant stability and prognosis. Meticulous analysis of 
the anterior maxillary region is essential before placement 
of any implant, orthodontic tooth movement or anchorage 
mechanics as thickness of buccal and palatal bone vary at 
different tooth locations. However, palatal aspect constitutes 
a preferred site due to comparatively thicker bone. Clinicians 
must be aware of implant site and a proper site preparation 
if required must be accomplished prior to the procedure. 
CBCT is an essential pre assessment tool and provides 
three-dimensional images of bone.
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A flare‑up of coronavirus disease 2019 (COVID‑19) caused by the 2019 novel 
coronavirus (severe acute respiratory syndrome coronavirus-2 [SARS-CoV-2]) 
started in the city of Wuhan in China and is viewed as another strain that has not 
been distinguished earlier in people. SARS‑COV‑2 dominatingly causes sickness 
that ranges from the basic virus to progressively SARS. Clinical highlights of 
the disease involve respiratory side effects as fever, hack, brevity of breath, and 
sore throat. Assessment and treatment of patients during COVID-19 pandemic is a 
test for the dental experts because of close face to face contact with the patients, 
thus implicating the requirement of prudent disease control measures. This article 
reviews the dental contemplations during COVID‑19 flare‑up in dental settings and 
prescribed administration conventions to dental experts in influenced territories.

Keywords: Coronavirus, dentists, examination, prevention, respiratory infection
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health‑care workers, government organizations, and the 
public need to co-operate globally to prevent its rapid 
dissemination.[3]

Structure of Coronavirus
SARS-CoV-2 is primarily zoonotic, i.e., transmitted 
from civet cats to humans, MERS-CoV from dromedary 
camels to humans, and SARS CoV-2 from bats to 
humans.[4] CoVs are 60 nm–140 nm in diameter, 
enveloped, positive-stranded RNA viruses, with the 
largest genome among RNA viruses. The genome is 
packed inside a helical capsid formed by the nucleocapsid 
protein and further surrounded by an envelope. The 

Review Article

Introduction

S ince its origin in Wuhan city of Hubei Province of 
China, novel coronavirus (2019-nCoV) had spread 

rapidly to the rest of the world.[1] Recognized as one 
of the major global outbreaks experienced by people 
across 28 countries, on February 11, 2020, the World 
Health Organization (WHO) proposed a new name 
for this outbreak as coronavirus disease (COVID‑19) 
caused by nCoV. The International Committee on 
Taxonomy of Viruses has renamed the provisionally 
named 2019-nCoV as severe acute respiratory syndrome 
coronavirus‑2 (SARS‑CoV‑2), classified under the 
family coronaviridae.[2]

COVID-19 had been declared as the sixth public health 
emergency of international concern on January 30, 2020, 
by the WHO, (following H1N1 [2009], polio [2014], 
Ebola in West Africa [2014], Zika [2016], and Ebola 
in the Democratic Republic of Congo [2019]) and as 
“pandemic” by the WHO on March 11, 2020. Therefore, 
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viral envelope consists of three structural proteins: The 
membrane (M) protein and the envelope (E) protein 
are involved in virus assembly, whereas spike protein 
that mediates virus entry into the host cells. S protein 
form large protrusions from the virus surface, giving 
coronaviruses the appearance of having crowns (corona 
in Latin means crown).[5] Studies have found that 
S-protein of the virus binds to angiotensin-converting 
enzyme (ACE 2) receptors present on the host cell 
membrane (ACE 2 has profound expression in the 
heart, gastrointestinal, and lung tissues). Therefore, 
CoVs cause widespread respiratory, gastrointestinal, and 
central nervous system diseases in humans and other 
animals.[4]

Routes of Transmission
The normal courses of transmission for COVID-19 
are immediate transmission through hack, wheezing or 
bead disease, or contact transmission by means of oral, 
nasal, and eye mucous layers. Scientists have identified 
nearness of ACE 2 receptors in the salivary organ 
tissue and transmission of infection legitimately or in 
approximately way through spit. The virus has been 
detected in stool samples suggestive of feco-oral route 
as the possible mode of transmission. Transmission 
through perinatal or vertical transmission is yet to be 
established, while the other mode of spread is through 
fomites, which are objects or surfaces that may become 
contaminated as virus on these surfaces can retain 
its infective potential for the specific period of time. 
For aerosol splatter, the infective potential is retained 
for 3–8 h, copper – 5 h, stainless steel – 12 h, and 
cardboard/plastic/paper – up to 24 h. A study by Meng 
et al. introduce essential knowledge about COVID‑19 
and nosocomial infection in dental settings and 
provide recommended management protocols for 
dental practitioners and students in potentially affected 
areas.[9]

Sources of Transmission in Dental 
Clinics
The common transmission routes of nCoV in dental clinic 
or hospital include direct transmission (contact with 
mucous membrane and droplet inhalation transmission) 
and contact with contaminated surface.[12,13] Dental care 
settings invariably carry the risk of 2019‑nCoV infection 
as they involve face-to-face communication with 
patients along with frequent exposure to saliva, blood, 
and other body fluids, apart from the handling of sharp 
instruments. The pathogenic viral particles can also be 
transmitted in dental settings through the inhalation of 
aerosols that can remain suspended in the air for long 
periods.[14]

The use of high-speed hand pieces for various dental 
procedures such as ultrasonic scaling, tooth preparation, 
etc., contribute to aerosol or splatter production, and 
if the patient shows the symptoms of cough or fever, 
aerosol-generating procedures become a major source 
of cross‑infection among patients and dentists and risk 
becomes even higher if patients are an asymptomatic 
carrier. High-speed dental hand piece may aspirate and 
expel the debris and fluids during the dental procedures 
if they do not have anti-retraction valves. Infectious 
viral particles or bacteria may further contaminate the 
air and water tubes within the dental unit, and thus 
can potentially cause cross‑infection. A study by Peng 
et al.[15] had shown that the anti-retraction high-speed 
dental hand piece can significantly reduce the backflow 
of oral bacteria and hepatitis B virus into the tubes of 
the hand piece and dental unit as compared with the 
hand piece without anti-retraction function.[15]

Incubation Period and Clinical Features
The incubation period of COVID-19 had been estimated 
to be 5–6 days on an average, but it could be as long 
as 14 days.[5,6] Majority of patients’ experience fever, dry 
cough, shortness of breath, fatigue, while other atypical 
symptoms, such as muscle pain, confusion, headache, 
sore throat, diarrhea, nausea and vomiting, chills, nasal 
congestion, palpitation, and chest tightness had also been 
reported. Interestingly, some patients also report anosmia, 
hyposmia, ageusia, and dysgeusia. Severe disease 
accounts for 14% includes florid pneumonia that may 
progress to acute respiratory distress syndrome along 
with cardiogenic or distributive shock.[7,8] The symptoms 
are usually mild initially (81%) and develop gradually 
depending on the host and viral organism. Few patients 
do not even develop any symptoms (asymptomatic 
cases) and are a huge threat in the spread of this virus.

Oral Manifestations
This deadly virus has been studied to present few oral 
manifestations such as xerostomia/dry mouth, chronic 
sialadenitis, and taste alterations due to infection of 
salivary tissue that eventually leads to the damage of 
salivary glands. Moreover, oral ulcerations have been 
reported in few patients, and these oral findings need 
further assessment.[3,7]

Diagnosis of Coronavirus
Screening of patients before entry into dental clinic 
or hospital is of utmost importance, and it may be 
accomplished by (i) recording history, i.e., travel history 
within the last 14 days to COVID-19 affected area, 
history of a recent exposure to an infected person, 
and history of symptoms suggestive of respiratory 
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infection; (ii) recording of body temperature by 
hand-held infrared thermometer; (iii) pulse oximeter 
to measure oxygen saturation of the patients, 
COVID-19-infected patients have been found to have 
low blood oxygen levels indicated by dark red color 
on pulse oximeter; (iv) assessment of the presence 
of viral RNA by its extraction by means of chemical 
reagents from saliva or blood sample; (v) collection 
of stool sample; (vi) throat and nasopharyngeal swabs 
found in the nasopharynx; and (vii) real-time qualitative 
polymerase chain reaction (RT‑q PCR), which is 
considered to be a gold standard and is performed on 
rectal or respiratory tract specimens that detects viral 
genome and provides accurate results with reduced 
errors.[9]

In dental settings, collection of saliva should be 
encouraged as a diagnostic tool to detect viral particles, 
as it is noninvasive and easy to collect with less patient 
discomfort in comparison to throat and nasopharyngeal 
swabs. Moreover, studies have shown high viral loads 
in saliva due to the presence of ACE-2 receptors in the 
salivary gland tissues.[9] However, in contrary to above 
findings, recent study has reported lower positivity 
rate (63%) for saliva in the detection of coronavirus 
in comparison to bronchoalveolar lavage (93%), this 
elucidates need of further studies to prove salivary fluid 
sample as an complementary diagnostic tool.[10]

Prevention and Infection Control in 
Dental Practice
Rational use of personal protective 
equipment (PPE) (Ministry of Health and Family 
Welfare [MoHFW]):[11]

PPEs are defensive riggings which are intended to 
defend well-being. Health-care professionals should be 
trained in donning and doffing of the PPE in a proper 
manner. The components of PPE and rationale for the 
use of each component of PPE as per the MoHFW[11] are 
detailed in Table 1.

Infection Control in Dental Practice
Aerosol-generating procedures become a major source 
of cross‑infection among patients and dentists, and risk 
becomes even higher if patients are an asymptomatic 
carrier. Besides this, microbes may contaminate the 
air and water tubes within the dental unit, and thus 
can potentially cause cross‑infection. A study by Peng 
et al.[15] showed that the anti-retraction high-speed 
dental hand piece can significantly reduce the backflow 
of oral bacteria and hepatitis-B virus into the tubes of 
the hand piece and dental unit as compared with the 
hand piece without anti-retraction function. However, 

if aerosol-generating procedure needs to be performed, 
it should be scheduled as the last appointment of the 
day.[15]

Various studies have reported that the 
disinfectants (hypochlorite and ethanol) in the hand 
piece and 3-in-1 syringe water supplies reduce the 
viral contaminants in splatter, but its action on human 
coronavirus is still unknown.[16] The high-speed dental 
hand piece without antiretraction valves may aspirate 
and expel the debris and fluids during the dental 
procedures. More importantly, the microbes, including 
bacteria and virus, may further contaminate the air 
and water tubes within the dental unit, and thus can 
potentially cause crossinfection.[17] Subgingival scaling 
for treating periodontally compromised teeth with the 
aid of an ultrasonic scalers produces aerosols-containing 
blood than a handheld curette, regardless of the scaler 
type employed.[17,18] Handheld curette produces less 
aerosols than ultrasonic scalers containing blood. The 
use of dental hand pieces which have anti-retraction 
valves or other designs and rubber dams can 
significantly minimize the production of saliva‑ and 
blood-contaminated aerosol or spatter. It has been 
reported that the use of rubber dam could significantly 
reduce air-borne particles in ~3-foot diameter of the 
operational field by 70%.[18,19] When rubber dam is 
applied, extra high-volume suction should be used 
during the procedures along with regular suction.[19] 
This is an effective way to reduce aerosol contamination 
and if-for some reason rubber dam cannot be used then 
manual scalers, manual cartes excavator, etc., should 
be used to minimize the aerosol contamination.[20] This 
is an effective way to reduce aerosol contamination. 
Dental extraction, minor surgical procedures such as 
biopsy and disimpaction surgeries should be performed 
with an aseptic and atraumatic technique using manual 
instruments rather than motorized ones.[21] Various 
practical strategies which can be implemented to block 
virus transmission during dental diagnosis and treatment 
include practicing hand hygiene for at least 20 s with 
warm water and soap and 60%–80% isopropyl alcohol 
or ethanol, use o1f PPE for the dental professionals, 
mouth rinse before dental procedures, rubber dam 
isolation, anti-retraction hand piece, disinfection of 
the clinic settings, and proper management of medical 
waste.[24] Good hand hygiene is one of the best ways to 
prevent the spread of infectious diseases. A two-before 
and three-after hand hygiene should be followed to 
reinforce the compliance of hand washing. Specifically, 
the dental surgeon and the dental assistant should 
wash their hands before examining a patient, before 
performing any dental procedures, after touching the 
patient, after touching the surroundings and equipment 
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without disinfection, and after touching the oral mucosa, 
blood, damaged skin, or wound.[15] Fumigation is not 
practical for dental operatory; however, measures such 
as mopping the floor with 1% sodium hypochlorite and 
disinfecting waterlines with 0.01% sodium hypochlorite 
can help reduce the risk of cross infection.

Challenges for Oral Medicine 
Specialists
In dental colleges or large dental hospitals, we as oral 
health‑care professionals may be the first health‑care 
professional to examine patients which is challenging 
in the current scenario. Furthermore, we may frequently 
encounter patients with oral potentially malignant 
disorders (OPMDs) in the habitual chewers of tobacco. 
Oral cancer screening, examination and management 
of OPMDs through various procedures such as vital 
staining of suspicious lesions, light amplification by 
stimulated emission of radiation ablation of white 
lesions, intralesional injections, punch biopsies, and 
lymph node fine‑needle aspiration cytology can be 
performed using disposable kits, punch biopsy forceps, 
syringes, etc., under protective gear.[22] Researchers have 
suggested that smokers are more susceptible to develop 
coronavirus infections, but there is no clear cut evidence 
available to justify this assumption and further research 
should be done in this domain.[22]

Challenges for Oral Radiologists
Taking radiographs, especially for urgent or emergency 
dental problem in the current scenario is quite a challenge 
for oral radiologists. Patients should be first telephone 
triaged to confirm if their dental condition requires 
radiograph. They should only be advised radiographs for 

severe dental pain, dental cellulitis, or space infection 
not relieved by prescribed antibiotics and analgesics, 
dental trauma with avulsion/luxation, maxillofacial 
trauma, and uncontrolled bleeding. Before entry into 
radiology section, patients should be screened in the 
hospital waiting area and then at radiology front desk by 
the appointed radiology staff.[15,22] It should be ensured 
that chairs in waiting area are at 6 feet distance to avoid 
intimate contact and patients are wearing protective 
equipment such as cloth mask/face cloth covering/or 
surgical mask, plastic gloves, shoe covers, and head cap 
before commencement of radiographs.[15] Full mouth/
sectional panoramic radiographs, extraoral periapical 
views, or oblique lateral views may be considered 
instead of intraoral radiographs for screening, as they 
induce coughing or gag reflex. Digital radiography is 
difficult to practice, although barrier‑enveloped digital 
sensors provide better infection control, but they are 
difficult to disinfect due to the risk of damage during 
cleaning. Instead of full mouth series, a panoramic 
radiograph should be advised, and cone-beam computed 
tomography could also be advised in dental situations 
where panoramic radiograph has not provided diagnostic 
information.[23]

For radiographic examination of suspected or confirmed 
COVID-19 case with an emergency, radiographs should 
be taken in separate well‑ventilated isolation room and 
proper protection protocols should be followed. Most 
importantly, all the radiological equipment such as 
X‑ray tube head, film holders, dirty zones, etc., should 
be disinfected and cleaned after each patient. Processing 
should be done in the automatic processor or by manual 
no touch method and regular fumigation of radiology 
section should be practiced. PPE kit if disposable 

Table 1: Components of personal protective equipment
Component Description Protection provided
Face shield 
and goggles

The goggles with good seal with the skin of the face, covering the 
eyes and the surrounding areas should be used. They should be 
accommodative for prescription glasses

Protection of the eyes/nose/mouth

Masks A triple layer medical mask is a fluid resistant, disposable mask
N‑95 respirator mask is used to provide the requisite air seal to 
the wearer. and designed to achieve a very close fit

Triple layer medical mask provides protection to the 
wearer from droplets of infectious material emitted 
during coughing/sneezing/talking
N‑95 respirator mask has high filtration efficiency in 
sieving airborne particles

Gloves Nitrile gloves are preferred over latex gloves Latex gloves are reported to cause allergies like 
contact allergic dermatitis among health workers

Gowns Gowns are considerably easier to be donned and doffed. An apron 
may also be worn over the gown for the entire time the health 
worker is in the treatment area. Coveralls/gowns have stringent 
standards that extend from preventing exposure to biologically 
contaminated solid particles to protecting from chemical hazards

Gowns are designed to protect torso of healthcare 
providers from exposure to virus

Shoe covers Shoe cover made up of impermeable fabric It facilitates personal protection and decontamination
Head covers Head covers cover the head Facilitates protection against contamination
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should be changed after each patient and surgical gown 
if worn should be cleaned and disinfected to prevent 
cross-infections.[23]

Prevention and Treatment 
Considerations for Coronavirus 
Disease 2019
The WHO has accelerated research in diagnostics, 
vaccines, and therapeutics for this nCoV. The various 
strategies for the prevention of transmission and 
infection of this respiratory pathogen include.[26]

Nonpharmacological interventions/precautionary 
measures
• Isolation at home
• Voluntary quarantine at home
• Social distancing at least 2 m or 6 feet
• Temporary closure of schools, universities, and 

workplaces.

Pharmacological interventions
Specific protection through chemoprophylaxis or 
immunoprophylaxis through medication is elaborated in 
Table 2. The other pharmacological interventions are as 
follows:[27]

Vaccination
The most promising therapy to treat corona infection 
would be discovery of vaccine that will provoke an 
immune response on injection into a patient. Many 
animal-based clinical trials are going on that aim to 
develop protein-based vaccines using adenoviral vectors. 
A joint collaboration by all countries would possibly lead 
to the development of a vaccine in 2021 that will provide 
long-term protective immunity against the virus.[25]

Hyperbaric oxygen therapy
Hyperbaric oxygen (HBO) therapy allows adequate 
oxygen to reach the blood, inhibits inflammatory process, 
and promotes healing in virus-infected tissues.[25,28,29]

Convalescent plasma therapy
Convalescent plasma therapy is an emerging 
treatment option that use antibodies from recovered 
COVID-19 patients to treat the patients who are severely 
infected by the virus thus boosting their immune system. 
Promising results have been obtained by this therapy, 
with no adverse effects except the complications of 
blood transfusion. Therefore, collection of blood from 
the donor should be done after 14 days followed by 
screening with RT–PCR to declare them negative 
and safe for blood transfusion to an infected corona 
patient.[30] Upon patient’s arrival, the body temperature 
of the patient should be measured using a contact-free 
forehead thermometer. If the patient answers “no” to all 
the questions and if the patient is afebrile, the patient 
can be treated by the dental surgeon following the 
recommended protocols. The ability to test patients who 
need dental care for SARS-CoV-2 is to be considered 
to restart dentistry in a sustainable way. Tests can be 
a strong tool to mitigate risks for patients and oral 
health‑care workers too.[31]

Follow‑up
All patients must be followed up after 7 days for any 
flu‑like symptoms.

Employee care
Daily log for employees’ temperature and symptoms 
must be made and reviewed periodically. An in/out 
daily logbook needs to be maintained as to who all 

Table 2: Recommended drugs in the prophylaxis as well as postexposure regimens
Drug Potential mechanism of action Recommended dose Evidence
Chloroquine Not clearly known, changes the 

pH of endosomes and believed 
to prevent viral entry, transport 
and post entry events

Chloroquine phosphate 500 mg BID 
for 10 days

Expert consensus from Department of 
Science and Technology and Health 
Commission of Guangdong province, China

Hydroxychloroquine Not clearly known, changes the 
pH of endosomes and believed 
to prevents viral entry, transport 
and postentry events

Hydroxychloroquine 400 mg orally 
per day for 7-10 days

Central Clinical Task Force, Korea

Remdesivir Inhibits viral application Remdesivir for 10 days plus 
chloroquine for 5 day

Clinical guidance for patients with suspected 
or confirmed COVID‑19 in Netherland

Oseltamivir Inhibits viral replication Oseltamivir 150 mg BID for 5 days Centre for Disease Control and Prevention, 
Atlanta, MICC Version 1 (March 12, 2020)

Lopinavir/ritonavir Blocks cellular entry of the 
virus

Lopinavir/ritonavir plus chloroquine 
500 mg 2/day or hydroxychloroquine 
200 mg per day for 10 days

Italian Society of Infectious and Tropical 
Diseases (Lombardy Section)

Darunavir/
cobicistat

Blocks cellular entry of the 
virus

Chloroquine phosphate 500 mg BID 
for 5 days plus darunavir 800 mg/
cobicistat 150 mg OD for 2 weeks

Center for the Disease Control and Prevention, 
Atlanta, MICC version 1 (March 12, 2020)
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entered and left the office along with the date and time. 
Postprocedure disinfection and decontamination: All 
sterilizable instruments should be cleaned, disinfected, 
and sterilized expediently, while all disposables, 
whether used or not, should be presumed to be infected 
and discarded appropriately. Appointments should be 
scheduled such that social distancing can be maintained 
in the waiting room. Another alternative is for the 
patient to wait outside or in their vehicle, and they can 
be contacted through telephone when it is their turn 
to be seen. It is recommended that the patients avoid 
bringing companions to their appointment, except for 
instances where the patient requires assistance.[32].
This can be communicated to the patient at the time of 
scheduling an appointment There is a pressing need but 
a narrow window of opportunity to address the gaps in 
global preparedness for a second wave of COVID-19. 
Definitive medical countermeasures are not expected 
to roll in the market for general public utilization for at 
least 1–2 years. Hence, till then, the nonpharmacological 
measures hold the prime importance to prevent further 
waves of COVID-19. Other sections that simultaneously 
might need attention are social harmony, political 
unpredictability, economic slowdown, poverty, other 
viral outbreaks, and food scarcity.[33] It has once again 
proved its relevance with the emergence of CoV 
disease-2019 (COVID-19) as the latest pandemic that is 
affecting human health and economy across the world. 
Hence, it is very necessary to maintain social distancing 
and mental distancing. Tele consultation through 
teledentistry can take place in either of the following 
ways: “Real-Time Consultation” and “Store-and 
Forward Method.” Real-time consultation involves a 
video conference in which dental professionals and 
their patients, at different locations, may see, hear, and 
communicate with one another.[34] Patience, precaution, 
perseverance, and peaceful mind will sail us through this 
bright tunnel toward our future.[35]

Conclusion
As Covid-19 has altered the lifestyle globally, even 
we as dental professionals have to alter our protocols 
for the protection of our patients and ourselves by 
preventing the spread of COVID‑19. “Physical 
Distancing and Hand Hygiene is the KEY.” It 
is essential to strengthen biomedical research, 
improve health-care delivery systems, establish a 
permanent “watch-dog” body and create an improved 
communication and coordination mechanism for the 
diverse agencies responsible for mitigating the broader 
adverse consequences of pandemics. Although elective 
nonessential procedures should be postponed, we as 
oral physicians can still perform our social and moral 

responsibility toward our needy patients in these tough 
times thwarting the newer challenges we face.
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Abstract 
Background: The present study was conducted to assess distribution of odontogenic cysts 
in Indian population. 
Materials & Methods: 280 odontogenic cysts was retrieved from the department. 
Hematoxylin/eosin-stained slides of OCs or nonspecific cyst diagnoses were evaluated and 
selected.  

Results: Common odontogenic cysts were adult gingival cyst (15), COC (9), dentigerous 
cyst (21), paradental cyst (9), OKC (42), lateral periodontal cyst (1), glandular odontogenic 
cyst (1), radicular cyst (168) and residual cyst (14). Maximum cases were seen in age group 
21-30 years (80). The difference was significant (P< 0.05). 

Conclusion: Maximum cases were seen in age group 21-30 years and common 
odontogenic cysts were radicular cyst and OKC. 

Key words: Cyst, radicular cyst, Odontogenic keratocyst 
 

1. INTRODUCTION 
A cyst is defined as a pathologic cavity containing fluid, semi-fluid or gaseous contents that 
are not created by the accumulation of pus; frequently but not always, is lined by 
epithelium.3 Odontogenic cyst (OC) is divided into two groups on the basis of their origin: 
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developmental and inflammatory.1 Developmental odontogenic cysts encompass keratocyst, 
dentigerous cyst, calcifying odontogenic cyst, lateral periodontal cyst, sialo odontogenic cyst, 
and eruption and gingival cysts. The inflammatory type includes radicular, residual and 
paradental cysts.2 

Odontogenic cysts are frequently encountered in dental practice and constitute an important 
aspect of oral and maxillofacial pathology.3 An odontogenic cyst is formed by activation of 
odontogenic cell rests entrapped within the bone tissue or gingival tissue of the jaws, such as 
the epithelial remains of Malassez, the dental lamina (cell rests of Serres), or the enamel 
organ. Inflammatory odontogenic cysts are formed due to activation of these cell rests by an 
inflammatory process.4 Developmental and inflammatory odontogenic cysts are epithelial in 
origin, exhibiting slow growth and a tendency towards expansion.5 However, despite their 
benign biological behavior, these lesions can reach a marked size if they are not diagnosed 
quickly and treated appropriately. Therefore, their correct diagnosis is essential for prompt 
and appropriate surgical treatment and adequate follow-up.6 The present study was conducted 
to assess distribution of odontogenic cysts in Indian population.  

2. MATERIALS & METHODS 
The present retrospective study comprised of 280 odontogenic cysts reported to the 
department of Oral pathology in last 4 years of both genders. The written consent of all 
patients was obtained after explaining the purpose of the study. 

Data pertaining to cases such as name, age, gender etc. was retrieved from the department. 
Hematoxylin/eosin-stained slides of OCs or nonspecific cyst diagnoses were evaluated and 
selected according to the 2005 World Health Organization (WHO) histologic classification. 
Anatomic site such as anterior and posterior for each mandible and maxilla was recorded. 
Results thus obtained were subjected to statistical analysis. P value less than 0.05 was 
considered significant. 

3. RESULTS 

Table I Distribution of patients 

Total- 280 
Gender Males Females 
Number 175 105 

 

Table I, graph I shows that out of 280 patients, males were 175 and females were 105.  
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Graph I Distribution of patients 

 

Table II Distribution of odontogenic cysts according to age 

Cysts 1-10 11-20 21-30 31-40 41-50 >50 P value 
Adult gingival cyst 0 4 5 4 2 0 0.02 

COC 0 3 4 1 0 1 0.02 
Dentigerous cyst 5 8 8 0 0 0 0.01 
Paradental cyst 0 0 4 3 2 0 0.02 

OKC 3 10 13 2 13 1 0.05 
Lateral periodontal cyst 0 0 0 0 0 1 0.98 

Glandular odontogenic cyst 0 0 0 0 0 1 0.92 
Radicular 3 45 42 51 16 11 0.09 
Residual 0 2 4 7 1 0 0.03 

Total 11 72 80 68 34 15  
 

Table II shows that common odontogenic cysts were adult gingival cyst (15), COC (9), 
dentigerous cyst (21), paradental cyst (9), OKC (42), lateral periodontal cyst (1), glandular 
odontogenic cyst (1), radicular cyst (168) and residual cyst (14). Maximum cases were seen 
in age group 21-30 years (80). The difference was significant (P< 0.05). 

Table III Location of cysts 

Cysts Maxilla Mandible P value 
 Anterior Posterior Anterior Posterior  

Adult gingival cyst 10 2 - 3 0.02 

COC - 2 - 7 0.02 
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Dentigerous cyst 2 3 5 11 0.01 

Paradental cyst - 4 - 5 0.02 

OKC 6 13 3 20 0.05 

Lateral periodontal cyst - 1 - - 0.98 

Glandular odontogenic cyst - 1 - 1 0.92 

Radicular 63 25 33 45 0.09 

Residual 3 4 1 6 0.03 

Total 84 55 42 98  

 

Table III shows that maximum cases were seen in posterior mandible (98) followed by 
anterior maxilla (84), posterior maxilla (55) and anterior mandible (42). The difference was 
significant (P< 0.05). 

3. DISCUSSION 
Various conditions such as odontogenic cysts and tumors are originated from tissue remnants 
of the tooth forming apparatus or are the result of inflammation.7,8 An odontogenic cyst is 
formed by activation of odontogenic cell rests entrapped within the bone tissue or gingival 
tissue of the jaws, such as the epithelial remains of Malassez, the dental lamina (cell rests of 
Serres) and enamel organ. Inflammatory odontogenic cysts are formed due to activation of 
these cell rests by an inflammatory process.9 The growth is slow and has a tendency towards 
expansion. Moreover, some of these lesions have shown neoplastic alterations or aggressive 
clinical behaviour and tend to recur.10 Therefore, their correct diagnosis is essential for 
prompt and appropriate surgical treatment and adequate follow-up.11The present study was 
conducted to assess distribution of odontogenic cysts in Indian population. 

In present study, out of 280 patients, males were 175 and females were 105. Common 
odontogenic cysts were adult gingival cyst (15), COC (9), dentigerous cyst (21), paradental 
cyst (9), OKC (42), lateral periodontal cyst (1), glandular odontogenic cyst (1), radicular cyst 
(168) and residual cyst (14). Maximum cases were seen in age group 21-30 years (80).Afreen 
et al12in 7-year study, 106 cases were diagnosed as odontogenic cysts with the overall 
prevalence of 13.9%. The prevalence of radicular cyst was 58.4%, dentigerous cyst (22.6%), 
odontogenic keratocyst (10.3%), calcifying odontogenic cyst (0.009%), lateral periodontal 
cyst (0.04%) and residual cyst (0.02%). Fifty six percentage of odontogenic cyst were 
observed in males and 43.3% were seen in females, with a female: male ratio of 1:1.3. 
Majority of the cases showed prevalence in the third, fourth and fifth decades. Mandible, 
particularly the posterior region (40.5%), followed by the posterior region of the maxilla 
(28.3%) were most common anatomic sites of the odontogenic cyst.  

We found that maximum cases were seen in posterior mandible (98) followed by anterior 
maxilla (84), posterior maxilla (55) and anterior mandible (42). Selvamani et al13 in their 
study of the 2275 biopsy reports analyzed, 194 cases (8.5%) were jaw cysts, including 
odontogenic (6.7%) and nonodontogenic cysts (0.25%). Odontogenic cysts included 69.3% 
radicular, 20.3% dentigerous, 5.2% keratinizing odontogenic, 3.3% residual, and 1.9% other 
cysts, such as lateral periodontal, botryoid odontogenic, and gingival cysts. The most frequent 
clinical manifestation was swelling, followed by a combination of pain and swelling. Age, 
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gender, and location were related to the etiopathologic characteristics of the cyst type. A 
definitive diagnosis can be made on the basis of clinical, radiological, and histological 
findings, which makes a good interdepartmental relationship between the clinicians and 
pathologists essential. Knowledge of the biological and histological behavior of the 
odontogenic cysts is required for their early detection and treatment. 

Kambalimathet al14 found that the diagnosis of odontogenic cyst accounted in 150 cases and 
accounted for 15.31 % of all lesions biopsied throughout the period. Mean age of the patient 
was 32.2 years, and 58 % were males. The overall male to female ratio was 1.38:1. Radicular 
cyst was most prevalent histological type (48.67 %) followed by dentigerous cyst, 
odontogenic keratocyst, lateral periodontal cyst, paradental cyst, residual cyst, adult gingival 
cyst, glandular odontogenic cyst, calcifying odontogenic cyst. The most common locations of 
the odontogenic cysts were the mandibular (49.33 %) and posterior region (33.33 %).  

The shortcoming of the study is small sample size.  

4. CONCLUSION 
Authors found thatmaximum cases were seen in age group 21-30 years and common 
odontogenic cysts were radicular cyst and OKC.  
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INTRODUCTION
Burning mouth syndrome (also sometimes referred as BMS, BMD, 
Stomatopyrosis, Glossopyrosis, Stomatodynia, Glossodynia, Sore 
Mouth, Sore Tongue, Scalded Mouth Syndrome and Oral Dysesthesia) 
is a chronic pain syndrome characterized by burning in the oral soft 
tissues with clinically normal, healthy oral mucosa in which a medical 
or local dental cause has been excluded.”(1-3) The term BMS 
clinically describes a prolonged burning sensation of the oral mucosa, 
commonly on anterior part of the tongue, that often increase in 
intensity at the end of each day, and that seldom interferes with sleep. 
Full blown syndrome is commonly observed inpost menopausal 
women.(3,4) The onset is generally insidious and without any 
recognizable precipitating factors. The mean severity of burning or 
BMS pain has been assessed at about 5-8 cm on a 10 cm Visual 
Analogue Scale (VAS), where 10 cm corresponds to worst possible 
pain. Other symptoms commonly associated with this syndrome are 
dysgeusia, xerostomia, sensory anamolies and psychological 

3,5-7disorders.

This condition is typically observed in middle aged and elderly 
subjects with an age range from 38—78 years with female to male ratio 
of about 7:1.(1,3,7) Based on the makeup of most studies published to 
date, oral burning appears to be most prevalent in post menopausal 
women. They report pain onset ranging from 3 years before to 12 years 
after menopause.The tip of the tongue is the most common location 
(71%) for burning, followed by the lips (50%), lateral border of the 
tongue (46%), dorsum of the tongue (46%) and palate (46%).(3,7,8,9) 
Because of the variability in criteria used to diagnose BMS, the true 
prevalence is uncertain. Approximately 90% of women who attend 
healthcare clinics for their BMS symptoms are peri/postmenopausal 
women. Likewise, 18%-33% of menopausal women exhibit BMS 

3,9,10symptoms.

Thus the rst step in diagnosis is to look for a possible cause to explain 
the burning sensation. When none is found and when the mucosa 
appears absolutely healthy, a tentative diagnosis of BMS is made. The 
search for a possible cause continues even as empirical treatment 
begins.However the treatment is often ineffective in alleviating 
symptoms.Patients are often referred from one health care professional 
to another without effective management. Thus, BMS represents a 

3disorder with a very poor prognosis in terms of quality of life.

By denition the etiopathogenesis of BMS is uncertain. However 
some workers have tried to develop hypothesis and models to explain 
its etiopathogenesis. Some workers have also suggested that BMS is 
probably of multifactorial origin.Its pathogenesis remains largely 

3enigmatic.

Many researchers believe that patients diagnosed with BMS have 
symptoms characteristic of trigeminal nerve disorders (alterations in 
pain perception and neuron transmission, and increased excitability of 
the trigeminal vascular system), in turn suggesting that underlying 
basis of the syndrome is neuropathic.(10,11,12) Studies have shown 
the presence of alterations in the small-diameter nerve bers (C bers) 
in patients with BMS. Some patients show neuropathic signs affecting 
both larger- and smaller-diameter nerve bers. It therefore may be 
postulated that BMS is a consequence of both generalized alterations 
and disorders at different levels of the trigeminal system.(10,11,12)  
Similarly, the existence of an enhanced blink reex in some patients 
with BMS points to a central nervous system alteration correlated to 

13dopaminergic system dysfunction.

Other authors have suggested that BMS behaves as a form of oral 
phantom pain.Some alteration in taste function would allow 
stimulation of the taste nerve endings to generate both excitatory and 
inhibitory signals.(10) Data suggests that individuals who suffer from 
BMS are likely to be “supertasters” and have large number of 
fungiform papillae that are innervated mostly (75%) by trigeminal 
nerve and partly (25%) by chorda tympani nerve. BMS may result 
from hyperactivity of the sensory component of the trigeminal nerve 
following loss of central inhibition as a result of damage to the chorda 

14,15tympani.

Also hormonal causes have been identied as we know that the 
prevalence of BMS is greater among post menopausal females.  Since 
both BMS and vulvodynia occur more frequently in menopausal 
women, estrogen deciency could be considered as a common 
pathological mechanism of these clinical conditions.(16) Estrogen 
receptors are also identied in both the tongue and the vaginal mucosa 
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besides having microscopic similarity.(16) There are also strong views 
expressed against the psychogenic nature of BMS at menopause in 
view of the dramatic drop in sex steroid levels at the menopausal 
transition.(16)Physiological levels of estrogens are neuroprotective in 
the nigrostriatal dopaminergic system so that their decline with 
menopause may also partly explain the age and gender predilection of 
this disorder. Moreover recent ndings suggests that estrogen 
receptors found in trigeminal neurons modulate nociceptive responses 
and may offer a valuable link in explaining the female preponderance 

14observed in BMS patients population.

Interestingly, Recent studies using videocapillaroscopic examination 
with a capillaroscope with a ber-optic probe at a magnication of 
x200 provided important diagnostic results regarding alterations of the 
local microcirculation in subjects with BMS when compared with 
healthy subjects.(17) They found signicant increase in the diameter 
of the capillary ansae, afferent ansae and efferent ansae in subjects with 

17BMS compared with normal individuals.

Also Psychological disorders such as depression and anxiety play an 
important role in the modulation of pain perception, being able to 
increase or decrease nerve transmission from the peripheral pain 
receptors, and modifying individual pain perception - reducing the 
pain threshold and thus causing normal stimuli to be perceived as 
painful.(18-20) The classical description of depression and anxiety 
concomitant to BMS suggested an association between the latter and 
psychological problems. In addition, improvements in BMS have been 
observed as a result of cognitive-behavioral therapy and the use of 
anxiolytic drugs.(14)This indicates that psychological disorders may 
predispose to the development of BMS, though the way in which they 
might inuence its pathophysiology remains unclear. However, there 
is increasing controversy as to whether depression and anxiety are 

19-21primary or secondary events to the oral pain.

ROLE OF ORAL PHYSICIAN IN ESTABLISHING 
DIAGNOSIS
Burning in the mouth may arise from a variety of disorders.(22-24) 
This can be best assessed by an Oral physician , a specialist in Oral 
Medicine which is a specialty of  dentistry concerned with the  care of 
oral diseases .

The rst responsibility is to rule out other causes of chronic burning 
sensation in the oral cavity with an identiable cause . (22-24) The next 
is to ascertain if the patient is mistaking a normal mucosal variation as a 
mucosal pathology and is perceiving a burning sensation due to a 
psychogenic cause.

Drug history is important. Among the drugs reported to induce 
manifestations similar to those of BMS, mention should be made of 
efavirenz, an anti retroviral agent and antihypertensive agents.(25)  
Curiously, the only types of antihypertensive drugs associated with 
BMS-compatible symptoms are those compounds that act upon the 
angiotensin-renin system, i.e., ACEIs (captopril, enalapril and 
lisinopril) and ARAII drugs (eprosartan and candesartan). BMS may 
result from an anomaly of renin angiotensin system that blocks 

25angiotensin II activity.

We have developed an algorithm for the evaluation of BMS by an oral 
physician(FLOWCHART 1). The presence of underlying 
psychological disorders can be revealed by appropriate structured 

3interviews.

MANAGEMENT
Once the diagnosis of BMS is established, we must reassure the patient 
that the tissues are clinically healthy and their condition is not serious. 
We must also understand that the burning sensation is real and that we 
have not been able to unearth a course in the light of current medical 
knowledge. They should be offered regular follow-up from two to four 
times a month during the symptomatic period. Each evaluation should 
include an analysis of pain levels, personality, psychological 
functioning, and quality of life. A personal interpretation of the 
evolving nature of the syndrome should be included in a patient diary. 
The protocol for BMS management is complex. Patientswith 
Secondary BMS can fall into specic sub-categories accordingto the 
identied disorder(s) ("patient stratication"), and,subsequently, they 
undergo appropriate therapy based on identied etiologies.(3) The 
remaining cases (Primary BMS) will undergo proper pain control(3) ( 
FLOWCHART 2).

Although a large variety of drugs, medications, and miscellaneous 
treatments has been proposed in BMS, the treatment management of 
this syndrome is still not satisfactory, and there is no denitive 

9,26,27cure.

Initially, it is important to provide patients with informationon the 
nature of their condition and give reassurance. Precautionary 
measures, such as abstaining from specic food allergens, should also 
be suggested. Drugs able to induce either BMS or xerostomiashould be 
avoided as well. A proper interactive counseling often results in term 
benecialeffects.

P r o p e r  a d m i n i s t r a t i o n  o f  c o n j u g a t e d  e s t r o g e n s  a n d 
medoxyprogesterone acetate may relieve oral symptoms in per/ post 
menopausal females.(28) However, HRTs has not been found useful in 
majority of patients.(28) No RCTs of sufcient quality is present in 
comparing HRT versus placebo in treatment of BMS. Only one study 
showed Tibolone (2.5 mg daily) to be more effective than Oryzanol (30 
mg 3 times a day) plus Vitamin E (100 mg 3 times a day) at improving 
symptoms in post menopausal women with BMS.(28) Thus, well 
designed clinical studies are required for evaluating the usefulness of 
HRT in BMS treatment. 

Many pharmacological agents administered topically or 
systemically,have been proposed to overcome the burning issues in 
BMS.(26,27)Topical therapies that has been tried are  clonazepam (1 
mg tablet to be dissolved and hold in mouth), capsaicin (0.025% 
cream), Benzydamine hydrochloride (0.15% oral rinse) and lidocaine 
(2% gel). On the other hand, systemic agents used are amitriptyline 
(10-75 mg/day), paroxetine (20 mg/day), amisulpride (50 mg/day), 
sertraline (50mg/day), meclobemide (150 mg 2 times daily), 
levosulpiride (100 mg/daily), olanzapine (2.5 mg/day), clonazepam 
(0.25-2mg/day), gabapentin (300-2400 mg/day), alpha lipoic acid 

9,14,26,27(200 mg tid) and  capsaicin (0.025% capsules tid).

At present evidence based management of BMS based on published 
randomized clinical trials suggests use of topical clonazepam, 
systemic SSRIs, amisulpride, alpha lipoic acid. While widespread 
clinical practice would support topical therapies such as lidocaine or 
capsaicin and systemic therapies like tricyclic antidepressants and 

9,14anticonvulsants.

Studies are few as it is difcult to conduct randomized controlled trials 
(RCTs) with or without blinding. Further, subjectivity of pain is 
another confounding factor.

Tammiala-Salonen et al(29) evaluated trazodone (100 mg) in a 
randomized double blind group and placebo controlled trials with a 
duration of 8 weeks but did not observed any signicant difference 
between the two.Maina et al(30) compared the efcacy and tolerability 
of amisulpride (50 mg/day), paroxetine (20mg/day) and sertraline 
(50mg/day) in the treatment of BMS with a duration of 8 weeks and 
found an efcacy of about 70% with effect of amisulpride manifested 
earliest, after a single week of therapy. Pekiner FN in 2008 (31) 
assessed the efcacy of meclobemide (150 mg 2 times daily) for 3 
months on the burning pain and psychologic status in ninety-four 
patients with BMS and 94 matched control subjects. Here, thirty-seven 
patients reported well to very good improvement while 44 reported 
satisfactory improvement without any adverse reactions. 

Demarosi F et al in 2007 (32) evaluated the efcacy of the systemic 
administration of levosulpiride (100 mg/daily) for 8 weeks in 39 
patients where 28 patients reported at least some improvement, and 
these patients had oral symptoms for signicantly less.  Another drug 
Olanzapine was evaluated by Ueda N in 2008 (33) who treated two 
cases of burning mouth syndrome with olanzapine (2.5 mg/day). One 
case was a 54-year-old female with BMS in whom olanzapine brought 
about dramatic improvement in the symptoms while the other case was 
of a 51-year-old male with BMS who failed to respond to paroxetine 
treatment but when Olanzapine (2.5 mg/day) was added to the 
treatment regimen and was increased to 5.0 mg/day the following 
week, the patient noted a reduction in symptoms and continued to live 
normally thereafter without experiencing severe symptoms. 

Dysfunction of the dopaminergic system would justify systemic 
administration of the antiepileptic drugs gabapentin and clonazepam 
in BMS patients, which act upon the gabaergic system - enhancing its 
activity in an attempt to counter dysfunction of the dopaminergic 
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system.(14,26) Heckmann et al, (34) conducted an open study of 15 
patients treated with gabapentin (300 mg every 48 hours to a maximum 
of 2400 mg/day) but did not nd any signicant reduction in their 
burning sensation. Grushkaet al(35) tested clonazepam via the oral 
route (starting dose was 0.25 mg/day, and was increased at a rate of 
0.25 mg/day to a maximum of 3 mg/day) in a group of 30 patients with 
BMS and found that 43% experienced slight improvement.Woda et al 
(41)  evaluated topical clonazepam in an open label study (0.5-1 mg, 2 
to 3 times a day, to retain in saliva for three minutes followed by 
expulsion) with 25 patients and found that 40% reported complete 
symptoms remission.

Capsaicin 0.25% via the oral route was evaluated by Petruzzietal 
(36,37) in a randomized triple blind and placebo controlled study in 25 
patients where 83% improved after the treatment. However 
progressive cases of gastric pain were documented in the treated group 
thus limiting systemic use of capsaicin in prolonged treatments.

Femiano et al (39) evaluated antioxidant Alfa LipoicAcid at a dose of 
600 mg/day, in a parallel group and placebo controlled study. In the 
treated group, 5 patients experienced slight improvement, and 15 
patients should resolution of their BMS.However a recent study failed 

9,38to support the role for ALA in the treatment of BMS.

Benzydamine hydrochloride is a non steroidal drug with analgesic, 
anti-inammatory and antimicrobial properties.(26)Sardella et al (42) 
carried out a randomized, double blind study to assess the efcacy and 
safety of benzydamine hydrochloride (0.15% as a rinse for one minute) 
three times a day during four weeks where only 10% show partial 
improvement and thus this modality was proved ineffective in BMS 
patients.

Similarly, a single open label not blinded RCT indicated topical 
lactoperoxidase in oral solution (Biotene mouthwash) 5-6 times daily 
for 60 days is not effective at improving burning symptoms among 

9patients with BMS.

Sucralfate (20% suspension of sucralfate four times a day) for 3 weeks 
was selected by Campisi et al(43) in management of BMS on grounds 
that it protects the digestive mucosa. It strongly adheres to the ulcer. It 
precipitates surface proteins at ulcer base and act as a physical barrier 
for preventing acid, pepsin and bile from coming in contact with the 
ulcer base.(26) However, no signicant results were obtained even in 
this study.

Therapy resistant BMS has been associated with underlying 
pschycological distress and these patients may particularly benet 

14from Cognitive Behavioral Therapy.

A single RCT study demonstrating benet when compared to placebo 
suggests that cognitive therapy sessions of one hour per week over 12 
to 15 weeks have benecial effects on reducing BMS pain intensity for 
upto 6 months. CBT has also been successfully supplemented with 

9,14, 45alpha lipoic acid.

Ayurveda has shown promise with the use Daruhalad, a type of 
Turmeric, which is used in paste form in combination with honey for 
topical application. Homeopathy also suggests use of Acid Nitricum or 
Merc Sol for BMS, both 200 potency, depending on the patients 
clinical ndings and history. Herbal medicine tends to treat specic 
causes of pain and burning. Sardella A et al in 2008 evaluated the 
effects of systemic Hypericumperforatum extract (300-mg capsules 
containing either H. perforatum extract (hypericin 0.31% and 
hyperforin 3.0%) three times a day for 12 weeks in 43 patients with 
BMS but did not found successful results.(46)

CONCLUSION
Post- menopausal women may suffer from Burning Mouth Syndrome 
which is a poorly understood condition affecting the mouth. BMS is a 
diagnosis of exclusion as establishing its diagnosis requires exclusion 
of all possible causes that may lead to burning sensation in the oral 
cavity.Thus it needs a specialist in oral medicine for an appropriate 
diagnosis. The approaches for evaluation and management of BMS are 
still not standardized and well designed clinical studies are required in 
this eld. 

Topical therapies such as lidocaine ,capsaicin and topical clonazepam, 
systemic therapies like SSRIs, tricyclic antidepressants, 

anticonvulsants, amisulpride, alpha lipoic acid and CBT are currently 
employed though none have been uniformly effective. Doctors 
treating women should be aware of this condition as it has a bearing on 
the quality of life of the patient. It may also be related to other 
symptoms of the patient. An integrated approach in patient care will 
lead to more effective treatment strategies the eld of medicine. 

FLOWCHART 1: BMS DIAGNOSIS

FLOW CHART 2: BMS MANAGEMENT
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ABSTRACT 
 

Drugs are known to cause various adverse drug reactions ranging from a skin rash to severe skin 
reactions like Stevens-Johnson syndrome (SJS). Stevens-Johnson syndrome is a life threatening 
immune complex mediated hypersensitivity mucocutaneous reaction mainly affecting skin and the 
mucous membrane, presenting as severe mucosal erosions with widespread erythematous, 
cutaneous macules or atypical targets. Various drugs are known to cause skin reactions which 
include antiepileptics, analgesics, antibiotics, and proton-pump inhibitors. Carbamazepine and 
Phenytoin are among the leading antiepileptic drugs causing drug induced Stevens-Johnson 
syndrome (SJS). Here we report a case of SJS induced by phenytoin. A 17-year-old male reported 
with extensive ulceration of the oral cavity and haemorrhagic crustations on the lower lip which 
occurred 2 days after the intake of phenytoin. He was treated with corticosteroids and oral topical 
anaesthetics. We all must be careful while prescribing drugs and be aware of the adverse effects 
of the drugs especially the life threatening one. 
 

 

Case Report 



 
 
 
 

Bisla et al.; IJRRD, 4(2): 31-35, 2021; Article no.IJRRD.67640 
 
 

 
32 

 

Keywords: Corticosteroids; phenytoin; stevens-johnson syndrome. 
 
1. INTRODUCTION  
 
One of the major causes of morbidity and 
mortality are the Adverse Drug Reactions (ADRs) 
which accounts for 6% of the total hospital 
admission of the patients with 0.3 to 7 percent of 
deaths [1,2]. SJS is life threatening ADRs and 
one of the leading causes of mortality. Stevens 
Johnson syndrome (SJS) was termed by Steven 
and Johnson in 1922 and described as “A new 
eruptive fever with stomatitis and ophthalmia” [3]. 
SJS is a severe mucocutaneous hypersensitive 
reaction with an incidence rate of 0.05 to 2 
persons per million populations per year [2,4,5]. 
Various drugs have been identified as causative 
agent for SJS like antimicrobials (sulfonamides, 
penicillins and cephalosporins), NSAIDs and 
anti-epileptics (Carbamazepine and phenytoin) 
[1,6]. SJS may present with skin and mucous 
membrane lesions characterized by blisters and 
erosions. Although, adverse reactions are rare, 
but still, they are major threat to the patient’s 
welfare and increases burden on economy and 
healthcare system which results into the 
withdrawal of drugs from market and death of the 
patient. Recently, a significant association of 
PHT induced SJS/TEN with HLA-B*1502 allele 
had been observed in Asian populations [1,7,8]. 
We report here a case of Stevens-Johnson 
syndrome due to phenytoin. 
 
2. CASE REPORT 
 
A 17-year-old male reported to the Oral Medicine 
and Radiology department with a complaint of 
painful ulceration of oral cavity and lip from last 1 
week, leading to difficulty in opening mouth and 
eating food. History of present illness revealed 
that there was burning sensation followed by 
ulcers in oral cavity and lips (Fig. 1). The past 
medical history revealed that the patient met an 
accident and had leg fracture 10 days back. The 
patient was prescribed tablet phenytoin 300 mg 
for 7 days by a local medical practitioner. Within 
2 days the patient had burning sensation 
followed by painful ulceration in the oral cavity 
and lips. There was no history of skin, eye or 
genital involvement.  
 
Intra-oral examination revealed diffuse irregular 
shaped erosions covered with pseudomembrane 
present on both right and left buccal mucosa, 
labial mucosa and floor of the mouth. 
Haemorrhagic crustations were present on the 
upper and lower lip. On palpation lesion was non 

scrapable and tender with a rough texture. 
Haemorrhagic crusts had profuse bleeding on 
cleaning. 
 
Laboratory investigations revealed leucocytosis 
with 14050 per mm3, differential neutrophil count 
48.9%, lymphocytes 38.2%, monocyte 6.2%, 
eosinophil 6.5%, basophil 0.2% and raised 
C-reactive protein (CRP-17 mg/L). 
Hemodynamically patient was stable. Based on 
clinical examination, medical history, and 
physical examination our diagnosis was SJS. 
 
The patient was treated with systemic steroids; 
tablet prednisolone 30 mg once daily for 7 days. 
Further reduced to 20 mg once daily for next 7 
days. Gradually, 10 mg and 5 mg for consecutive 
7 days were administered. Benzydyamine 
hydrochloride 0.15% oral rinse for oral ulcers. 
Topical application of Clotrimazole cream 1% 
and Kenacort (triamcinolone) 0.1% ointment, 3 
times daily for lips and mucosal lesions was 
advocated. The patient was reviewed after a 
week. Lesions had healed significantly in the oral 
cavity. Recall after 2 weeks revealed almost 
resolved lesions on all the surfaces and 
completely recovered approximately in 30 days 
(Figs. 2 and 3). 
 

3. DISCUSSION 
 
Stevens-Johnson syndrome is a rare, severe, 
mucocutaneous immune complex mediated 
hypersensitivity reaction described by Hebra in 
1866 and Albert Mason Stevens and Frank 
Chambliss Johnson in 1992 [4]. SJS 
characterized by rapidly enlarging and spreading 
blisters and target-like lesions involving skin and 
mucosal, with a mortality rate up to 40% [1]. The 
diagnostic criteria of SJS/TEN are based on the 
history given by the patient and clinical 
morphology. Hypersensitive mucocutaneous 
reaction is defined as SJS when skin detachment 
is of less than 10% of body surface area, an 
overlap of SJS/TEN when skin detachment is of 
10- 30% and TEN when detachment of greater 
than 30% [1]. Earlier, SJS was considered as EM 
major, but now it is considered as distinct entity 
due to its severity, presence of constitutional 
signs, atypical target lesions, involvement of 
more than one mucosal site, and residual 
sequelae [3]. In the oral cavity, SJS causes 
widespread ulcerative lesions. Prodromal 
symptoms in SJS initiate within 1–3 weeks of 
starting a new drug, and lasts for 1–2 weeks, 
presenting with flu-like symptoms, sore throat, 
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headache, fever, arthralgias, myalgias and 
rashes along with dry eyes, urethritis and vulval 
ulcers in few cases [7]. Our patient reported 
burning pain in prodromal phase, followed by 
mouth ulcers but the eye and genital ulcerations 
were absent. SJS have been proposed to have 
many risk factors including drugs, viral infections, 
malignant disorders, and graft rejection. Drugs 
are the most common cause of SJS including 
NSAIDs, antipsychotics, antibiotics, and 
antiepileptics [4]. Phenytoin and Carbamazepine 
have been reported to be the most leading cause 
of SJS[1]. In our case patient had 
hypersensitivity reaction to the phenytoin. In 
literature, there has been reported wide range of 
incidences of SJS with phenytoin (13.37% and 
3.33%) [1,9]. Clinically, SJS present as 
widespread erythematous macules forming flat 
atypical target lesions followed by the full 
thickness epithelial necrosis [3]. Our case 
showed widespread ulceration of oral cavity, 
crusting of lips which bleeds on touch. Diagnosis 
of SJS is based on patient history of infection or 

intake of specific drug, clinical presentation such 
as erythematous macules, blisters, haemorrhagic 
erosions and crustations along with histological 
analysis of skin biopsy showing typical full 
thickness epidermal necrolysis due to extensive 
keratinocyte apoptosis [1]. Management 
constitutes the stoppage of the offending drug 
immediately followed by supportive care. 
Supportive care must include the management of 
fluid and electrolyte requirements [10]. Necrotic 
skin should not be debrided in infective stage. 
Antibiotics are indicated in case of the infection. 
Use of corticosteroid, initiated during initial stage 
and tapered off gradually shows tremendous 
improvement in SJS mucocutaneous lesions 
[3,11,12]. In our case, topical analgesic and 
antifungal were given along with corticosteroids. 
We prescribed tablet prednisolone 30 mg once 
daily for 7 days. Further tapered to 20 mg for 
next 7 days. Gradually, 10 mg and 5 mg for 
consecutive 7 days. His condition improved 
gradually with no sequelae during 20- 25 days of 
follow-up.  

 

 
 

Fig. 1. Initial presentation showing encrusted lesion on lips and intra-oral erosions with 
covered pseudomembrane 

 

 
 

Fig. 2. Healing of crustations of the lips and erosions of the buccal mucosa 
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Fig. 3. Healed lesions of the lips and buccal mucosa 
 
Hence, concluded that before prescribing 
phenytoin or any drug patient allergic to, a 
detailed history of past drug allergy, family 
history of drug allergy should be thoroughly 
investigated. Immediate withdrawal of the 
offending drug and supportive care is the 
mainstay of treatment in SJS.  
 
4. CONCLUSION 
 
Patients started with any common drug regimen 
may a potential risk of developing SJS. This case 
report reports the fact that life threatening 
hypersensitivity reactions can occur with very 
commonly used drugs like phenytoin. Increased 
clinical alertness is required to identify 
hypersensitivity reactions like rash, 
vesiculobullous lesions, and clinical symptoms 
such as fever, nausea, and abdominal pain and 
to make early diagnosis to reduce changes of the 
secondary infection and subsequent 
complications. The offending drug should be 
discontinued and supportive care given as a part 
of the therapeutic approach. Corticosteroids are 
a choice of therapy for SJS in most of the cases. 
Therefore, clinicians must be more careful while 
prescribing commonly and widely used drugs.  
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A B S T R A C T

A 47-year old male patient reported with a chief complaint of hard swelling of palate region with associated
difficulty in speech articulation and swallowing. It was diagnosed as osteoma of palate region, following a
trauma with intrusion of tooth. Complete surgical excision was done and postoperative follow up revealed
uneventful healing and restoration of articulation and tongue movements to near normalcy.

© 2020 Published by Innovative Publication. This is an open access article under the CC BY-NC license
(https://creativecommons.org/licenses/by-nc/4.0/)

1. Introduction

Osteomas are benign tumors of osteogenic origin. These
tumors are slow in growth, round to oval in shape and
commonly sessile, constituted of compact or cancellous
bone. Various etiologic factors have been proposed
for osteomas which include developmental, traumatic,
infectious and neoplastic.1,2 They can be solitary or
multiple. Gardner’s syndrome is associated with multiple
osteomas. Based on the origin, solitary osteomas can be
classified as central, peripheral or extra-skeletal comprising
soft tissue arising from the endosteum, periosteum or within
a muscle respectively.3,4 The paranasal sinuses and the
mandible are most commonly affected sites in the head and
neck region.5,6Palatal osteomas are relatively uncommon7,8

and are often asymptomatic. The osteomas in palatal
region can cause functional impairment and minimal facial
disfigurement. Surgical removal remains the gold standard
treatment for osteomas with very low recurrence rate. In this
article we present a case of pedunculated peripheral osteoma

* Corresponding author.
E-mail address: neha.nehasikka@gmail.com (N. Sikka).

of anterior palatal region in a 47 year old male, with its
uniqueness lying on the traumatic intrusion of permanent
tooth as etiologic factor. It was managed by surgical removal
and primary closure.

2. Case Report

A 47 years male patient presented to our OPD with
complaint of swelling in the region of palate since 25 years
which was gradual in progress to attain the current size.
The tumor was noticed by the patient following a trauma.
Associated difficulty in chewing, restriction of tongue
movements and speech articulation. There was no history
of pain in the area of the swelling. Past medical history
was non- contributory. On clinical examination, there was
a large pedunculated swelling overlying the entire anterior
part of hard palate. The swelling was approximately 3.5 * 4
cm, margins well defined and pedunculated with overlying
mucosa appearing smooth and stretched. On palpation, there
was no tenderness. The swelling was hard in consistency,
non-mobile, non-fluctuant and there was clear demarcation
between the swelling and the adjoining normal mucosa

https://doi.org/10.18231/j.jooo.2020.036
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(Figure 1). In addition to that there was missing central
incisor on left side and fractured non vital lateral incisor
and canine on the same side. With a provisional diagnosis
of palatal exostoses and peripheral osteoma, radiographic
investigations were undertaken. Occlusal view radiograph
of upper arch revealed a well-defined radioopaque mass
with a tooth like structure within it. Following which CECT
was done, which showed a heterogenous, pedunculated,
radio-opaque mass of 3* 4 * 3.5 cm, attached to the palate
by a narrower stalk on the midline region. (Figure 2).
Interestingly, a tooth like structure was present with proper
crown and root morphology (Figure 2 B, D). This was
correlating with the history of trauma and the absence of
central incisor and fractured, intruded non-vital adjacent
teeth. Based on clinical and radiological examination a
provisional diagnosis of post-traumatic osteoma arising
from the hard palate was made and excision biopsy was
planned. Intraoperatively, a circumferential incison was
given at the base to expose the mass (Figure 3 A). It was
planned to preserve the firm and thick overlying mucosa
as it will be helpful to cover the denuded region later.
The osteotomy was started at the base using a tapered
fissure bur to make the stalk thinner which was followed by
separation from the hard palate using a curved osteotome
and mallet (Figure 2 B) and the mass was excised in total
(Figure 4). The remnants of stalk and the irregularities were
smoothened in shaving motion using a trimming bur. The
excess mucosa was reduced and primary closure was done
with 3-0 vicryl following confirmation of intact palatal vault
(Figure 3 C). The tumor was removed in toto and specimen
showed a tooth engulfed within the tumor on the deeper
surface. The postoperative period was uneventful and the
wound healed completely (Figure 3 D). Histopathological
examination showed that the lesion was composed of bony
lamella with osteocytes and intervening fibrous tissue, fatty
tissue and calcification. No cellular atypia was seen. Three
years follow up showed no recurrence of the lesion.

Fig. 1: Preoperative photograph showing pedunculated tumor

Fig. 2: Preoperative radiograph: A): Sagittal section of CBCT; B):
Occlusal view: C): 3D view; D): Note the displaced tooth within
the tumor mass

Fig. 3: Intraoperative photograph: A): Exposure; B): Post excision;
C): Closure; D): Follow-up photograph

3. Discussion

Osteomas are uncommon in palatal region and occur in a
wide age distribution and without any gender predilection.3

According to study by Woldenberg et al, osteomos of
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Fig. 4: Specimen. Note the discolouration representing the tooth
engulfed within the tumor

maxillofacial region occurs in mean age group of 40.5
years.4 In this case the patient was a 47 year old male
with history of trauma. Paranasal sinuses followed by
mandible and maxillary region remain as the common site
for peripheral osteomas occurring in the head and neck
region. The hard palate is a rare site with a very few cases
reported in literature. In this case, the trigger factor for onset
of tumor was trauma. The intruded tooth into the anterior
hard palate region following a trauma presented as if the
tooth was buried within the bony mass. Radiographically,
peripheral osteomas present as an oval to round, well
circumscribed radio-opaque mass, and attached to the
adjacent cortical bone with a broad base or pedunculated
with a narrower stalk.8 Jaw bones exostoses as they do
not grow beyond puberty, patients presenting with long
standing and progressively growing bony masses should
be examined for other lesions to rule out any associated
syndromes. Asymptomatic osteomas or jaw bone exostoses
are usually managed conservatively until they impede with
function or esthetics. Complete surgical excision remains as
gold standard treatment modality for symptomatic cases.9
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Original  Article

ABSTRACT
Background: Deep dentin tubular penetration of the sealer provides a three dimensional sealing of root canal space 

Aim: To evaluate the effect of final irrigant on depth of tubular penetration of resin based root canal sealer and bioactive sealers using Confocal 
Laser Scanning Microscope (CLSM) 

Materials and Method: Ninety- six freshly extracted human mandibular first premolar teeth were decoronated at 15 mm from the apex. 
Cleaning and shaping procedure was accomplished  using Hyflex CM rotary files till F3. The sample were divided into three groups(n=32) 
according to final irrgant used : Group A (17 % EDTA), Group B (QMix 2 in 1), Group C  (Distilled water). The final irrigation in each respective 
group was performed with EndoVac system. The samples were further subdivided into 4 subgroups (n=8) according to the type of  sealer 
used for obturation with 6% guttapercha cones - Subgroup I (AH Plus), Subgroup II (Gutta Flow Bioseal), Subgroup III ( Endosequence 
BC ), Subgroup IV (EndoSeal MTA).  Two mm horizontal sections were obtained at 2 mm (apical sections), 5 mm (middle sections)  and 
7 mm (coronal sections) from the root apex using CLSM to evaluate the maximum depth  and percentage  of sealer penetration  into 
the dentinal tubules by using Kruskal-Wallis test  for overall analysis and a series of Mann-Whitney U tests for pairwise comparison.   
Result: Endosequence BC showed maximum depth of penetration and penetrated percentage perimeter, while Gutta Flow Bioseal showed 
least values. Q Mix 2 in 1 showed better penetration values than EDTA and distilled water.  Conclusion: Irrigants, nature of sealer and level of 
root canal affected sealer penetratio.

Keywords: Confocal laser scanning microscope, endoseal MTA, endosequence BC, endovac, gutta flow bioseal, 
Q mix 2 in 1

INTRODUCTION

Sealers are the integral part of obturation process due to 

their ability to adhere to dentin and gutta-percha. Deeper 

tubular penetration depth of sealers provides superior sealing 

by entombing residual micro-organism deeply seated inside 

dentinal tubules.[1]

The effective sealer depth of penetration inside the dentinal 
tubules depends upon many factors such as presence/
absence of dentinal permeability, root canal dimension, 
presence of water, and sealer’s physical and chemical 
properties.[2,3] Furthermore, the depth of penetration of 
a sealer and irrigant is a compound effect of physical 
properties, namely, flow, surface tension, solubility, viscosity, 
chemical composition, and working and setting time.[4,5]
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Different types of sealers and obturation systems have been 
introduced in the field of Endodontics. Gutta-percha core 
material in conjunction with AH plus sealer has been thought 
of as the “gold standard” filling material.

Newer generation Bioactive sealers such as Endosequence 
BC, GuttaFlow Bioseal, Endoseal MTA are being engineered 
to enhance their ability to penetrate into dentinal tubules 
and bond to, rather than simply adhering to, both the dentin 
and core material surfaces.[3]

Confocal laser scanning microscope (CLSM) is a proven 
reliable tool to evaluate the tubular penetration depth of 
sealer and has several advantages over other microscopic 
studies as CLSM produces fewer artifacts, which aids in 
visualizing up to 10 µm below the surface of the specimen.[6] 
Furthermore, it works with high contrast points to identify 
the sealers within the dentinal tubules.[7]

To the best of our knowledge, no study has been done till 
date to compare the effect of final irrigant, i.e., Q Mix 2 in 
1 on depth of tubular penetration of resin based root canal 
sealer (AH Plus) and bioactive sealer (Endosequence BC, 
GuttaFlow Bioseal, and Endoseal MTA). Therefore, the aim of 
the present study was to comparatively evaluate the effect of 
final irrigant on depth of tubular penetration and penetrated 
percentage perimeter of resin based root canal sealer (AH 
Plus) and bioactive sealers (Endosequence BC, GuttaFlow 
Bioseal, Endoseal MTA) using CLSM. The null hypothesis 
tested were first that there was no difference in the effect 
of 17% ethylenediaminetetraacetic acid (EDTA) and Q Mix 2 
in 1, when used as a final irrigant on the tubular penetration 
of resin based and bioactive sealers second there was no 
difference in the depth of tubular penetration of resin based 
sealer and bioactive sealer and third there was no difference 
in the depth of tubular penetration at all levels after the use 
of different irrigants.

MATERIALS AND METHODS

Specimen selection
Clearance for this study was attained from institutional ethical 
committee. Ninety-six human mandibular first premolars 
with relatively straight roots and fully formed apices, freshly 
extracted for orthodontic reasons, exhibiting only one canal, 
free of any cracks, caries, and restoration were chosen. The 
sample size was decided on the basis of pilot study done with 
eight sample used per subgroup using Open Epi, Version 3. 
The samples used in the pilot study were discarded.

Sample preparation
The crowns were sectioned at 15 mm from the apex 

using diamond disk in slow speed hand piece. The teeth 
having canals patent to size <10 K or more than 20 K 
were discarded. Working length was established with the 
help of radiograph. The apex was sealed using sticky wax 
to prevent the extrusion of irrigation solution from the 
apex. Biomechanical preparation of the canals was done 
using rotary Hyflex CM till no. 30 (0.06% taper). Canals 
were irrigated between the files with 2 ml of 5% NaOCl and 
recapitulation with no. 10 K-file was done between each 
instrument.

Grouping of samples
The specimens were randomly divided into three 
experimental groups according to the type of final irrigation 
regimen used to remove smear layer. The groups were as 
follows:

•  Group  I  (n = 32) Initial rinse with 5 ml of 5% 
NaOCl (Qualigens Fine Chemicals, Mumbai, India) for 
2 min followed by saline flush and finally 2 min rinse with 
freshly prepared 5 ml 17% EDTA (Central Drug House Pvt. 
Ltd., New Delhi)

•  Group II (n = 32): Initial rinse with 5 ml of 5% NaOCl for 
2 min, followed by saline flush and final rinse of 5 ml of 
Q Mix 2 in 1(Dentsply Tulsa Dental, USA) for 2 min

•  Group III (n = 32): Initial rinse with 5 ml of 5% NaOCl 
for 2 min, followed by final rinse of 5 ml of distilled 
water (Cero Distilled water, Mumbai).

The final irrigation in all the groups was done with Endovac 
irrigation device (Dental Kerr Sybron Endo, USA) as per 
manufacturer’s instruction.

Subgrouping of samples
Samples of all the groups were further subdivided randomly 
into four Subgroups based on the type of sealer and 
obturation material used.
•  Subgroup A  (n = 8): Obturated with AH Plus sealear 

(DentsplyMalliefer, Ballaigues, Switzerland)
•  Subgroup  B  (n = 8):  Obturated with ROEKO 

GuttaFlowBioseal (Coltene- Whaledent, Switzerland
•  Subgroup C (n = 8): Obturated with Endosequence BC 

sealer (Brasseler, USA)
•  Subgroup D (n = 8): Obturated with Endoseal MTA sealer 

(Maruchi, wonju, Korea).

Sealer was mixed with (0.1%) of rhodamine dye in all the 
subgroups and was applied with the help of lentulospiral and 
obturated with single cone technique using 0.06/30 GP cones.

All the specimens were stored in 100% relative humidity at 
37°C for 24 h to simulate the oral conditions, to provide a 
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uniform environment during setting and to provide enough 
time for complete polymerization of sealers.

Confocal laser scanning microscope examination
Two millimeter horizontal sections were obtained at 
2 mm (apical sections), 5 mm (middle sections), and 7 mm 
(coronal sections) from the root apex using diamond disc. 
They were then embedded in 70%, 80%, 96%, and 100% ethyl 
alcohol bath each for 30 s for preserving the dimensions 
and morphology.

The horizontal dentin segments were examined and analyzed 
under ×10 lens of confocal microscope (Olympus Fluoview 
FV 1000) (Pennsylvania, USA). The respective absorption and 
emission wave lengths for the Rhodamine B were 540 nm and 
590 nm. Ruler tool LAS-AF software was used to quantize the 
depth of sealer penetration and recorded at 4 standardized 
points. The canal wall served as the starting point, and 
sealer penetration into dentinal tubules was measured to a 
maximum depth of 1000 µm. All the data points were averaged 
to obtain a single measure for each section. To calculate the 
percentage of sealer penetration around the root canal, first 
each image was imported into software and the circumference 
of root canal measured using its ruler tool. Next, areas in the 
canal walls in which the sealer penetration took place inside 
the dentinal tubules were outlined and measured using the 
similar methodology. Finally, the percentage of root canal 
sealer penetration in that section was established. Depth and 
percentage of sealer penetration were analyzed, by doing 
nonparametric Kruskal–Wallis test for overall analysis, and 
a series of Mann–Whitney U-tests for pair wise comparison 
using statistical package of social sciences (SPSS) statistics 
version 21.0 (Illinos, Chicago, USA) and Epi-info version 3.0. 
P < 0.05 was considered statistically significant.[8]

RESULTS

Mean sealer penetration and penetrated percentage 
perimeter was maximum in Endosequence BC, followed by 
AH Plus, Endoseal MTA and least in GuttaFlow Bioseal at 
all the root levels. Q MIX 2 in 1 when used as final irrigant 
showed maximum mean sealer penetration and penetrated 
percentage perimeter followed by EDTA irrespective of type 
of sealer and root level. Coronal third showed maximum mean 
sealer penetration and penetrated percentage perimeter and 
minimum with apical third irrespective of type of sealer and 
final irrigant.

The difference between all the groups and subgroups was 
statistically significant at all the level.

DISCUSSION

Depth of dentinal tubular penetration of a sealer is one 
of the important factors to achieve a three dimensional 
impermeable seal of root canal space. The results of this study 
showed that depth of penetration of sealers is influenced 
by various characteristics of sealer, type of final irrigant 
used and level of root. Therefore, all the null hypothesis 
were rejected. In the present study, EndoSequence BC 
Sealer showed significantly highest mean dentinal tubular 
penetration and maximum mean penetrated percentage 
perimeter area.[9] (Table-1,2) This might be due to its good 
flow rate (23.1 mm and 26.96 mm), particle size (<2 µ), 
hydrophilic nature and low contact angle that allows the 
sealer to spread easily over the canal providing adaptation 
and good hermetic seal through mechanical interlocking.[10] 
It has setting time of 2.7 hrs which gives it sufficient time to 
penetrate the tubules.[9] Moreover, it shows 0.2% expansion 
as it utilizes moisture from the dentinal tubules to complete 
the setting reaction.[9] Alkaline nature of by-products of 
bioceramic sealers have been reported to denature the 
dentinal collagen fibers, which also facilitates the penetration 
of sealers into the dentinal tubules.[11] The findings of our 
study are in accordance with the study of Akcay et al. who 
evaluated penetration of various sealers and found that iRoot 
SP exhibited a significantly higher penetration area than AH 
plus and bioactive sealers.[9] However, contradictory study by 
Bharath et al. reported that AH plus has better penetration in 
comparison to Endosequence BC sealer. The reason for this 
difference might be due to the difference in method of the 
assessment of penetration.[12]

AH Plus showed significantly better dentin tubular 
penetration than Endoseal MTA and GuttaflowBioseal.[13]

(Table 1,2) This might be attributed to its creep capacity 
with good flow rate (21.2 mm),[14] reduced film thickness (26 
µm),[15] small particle size of 20–25 µm. In addition, expansion 
of 0.1% makes it adhere to dentin.[16] Its long setting time of 
11.5 ± 1.5 h increases the mechanical interlocking between 
sealer and root dentin.[16] The wettability of AH Plus sealer 
on the root surface dentin was found to be better than the 
other two sealers due its lower contact angle which aided 
in better tubular penetration.[15] Also, superior adaptation 
of AH Plus to root dentine is attributed to its ability to bond 
to root dentine chemically by reacting with exposed amino 
group in collagen and form covalent bond between epoxy 
resin and collagen.[17]

EndoSeal MTA showed inferior penetrability as compared 
to AH Plus because of presence of more voids in Endoseal 
MTA sealer.[17] (Table 1,2) The superior penetrability of 
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Endoseal MTA as compared to GuttaFlow Bioseal might be 
due to reduced film thickness of Endoseal MTA (15 µm)[18] as 
compared to GuttaFlow Bioseal (35.4 mm)[9] and flow rate(21 
mm).[9] Also, GuttaFlow Bioseal has large particle size (28–30 
µm) and poor wetting ability.[19] Moreover, because of the 
presence of silicone in GuttaFlow Bioseal, production of 
high surface tension makes the sealer more difficult to 
spread resulting in lower penetration.[19] Less setting time of 
17.4 min makes the penetration of sealer inside the dentinal 
tubules difficult.[9,20]

Q Mix 2 in 1 showed better depth of penetration and mean 
percentage perimeter than the other two groups for all 
the type of sealers. (Table1,2). Although the smear layer 
removal capability of both 17% EDTA and Q Mix 2 in 1 has 
been found to be similar,[21] Q Mix 2 in 1 is composed of 17% 
EDTA, CHX and a surfactant which consequently enhances 
the demineralization of radicular dentin due to the chelating 
effect of 17% EDTA, while disinfecting at the same time. The 

presence of surfactant lowers the surface tension of the 
solution and increases the wettability and thus enhances 
penetrability.[22] Moreover, CHX present in the constitution 
of Q Mix 2 in 1 has also been shown to increase surface 
energy of dentine and decrease the contact angle of root 
canal sealer thereby improving its wettability.[22,23] Inferior 
penetration with EDTA might be due to the fact that EDTA 
decreases surface energy.[23]

Minimal dentinal penetration was seen in distilled water 
group in comparison with the other two irrigant groups. This 
might be due to lack of any cleaning and chemical effect on 
smear layer.[24]

Apical third least penetration and penetrated percentage 
area perimeter of all the resin sealers as compared to middle 
third and coronal third as apical dentin displays less tubule 
density,[3] sclerotic dentin with some areas completely devoid 
of tubules[3] and ineffective smear layer removal techniques, 

Table 1: Intragroup comparison of depth of penetration of sealers at various levels

Depth of 
penetration of 
sealers

Mean±SD
Sub Group I

AH plus
Sub Group II

GuttaFlow bioseal
Sub Group III

Endosequence BC
Sub Group IV
Endoseal MTA

Group A 17% EDTA

C 448.2±47.14 275.58±63.52 574.95±36.43 373.98±24.91

M 237.24±27.28 183.52±41.07 288.8±54.43 206.94±61.41

A 70.54±33.95 40.61±35.64 90.16±60.47 53.44±15.21

Group B QMIX 2 in 1

C 500.77±91.37 309.96±121.99 650.39±32.27 454.48±17.46

M 273.78±14.17 215.87±33.12 351.55±32.35 246.57±28.87

A 87.59±16.23 40.71±30.16 110.85±15.49 62.67±21.15

Group C distilled water

C 223.53±68.28 146.64±31.41 305.45±100.23 192.44±39

M 123.53±73.96 62.89±26.28 159.03±67.44 73.62±57.61

A 28.35±8.88 17.06±7.92 36.51±11.72 21.51±5.89

P<0.05 was considered statistically significant. SD: Standard deviation; EDTA: Ethylenediaminetetraacetic acid

Table 2: Intra subgroup comparison of various levels with respect to penetrated percentage perimeter of sealers in different groups

Penetration 
percentage perimeter

Mean±SD
Sub group I

AH plus
Sub group II

Guttaflow bioseal
Sub group III

Endosequence BC
Sub Group IV
Endoseal MTA

Group A 17% EDTA

C 66.80±6.43 55.39±3.00 71.89±12.55 60.56±7.30

M 61.51±3.80 50.96±5.69 66.98±8.18 55.66±5.43

A 55.66±4.19 44.64±2.94 59.06±2.56 49.42±2.61

Group B QMIX 2 IN 1

C 73.30±5.81 62.87±7.42 81.20±4.63 66.83±6.58

M 68.05±4.14 57.84±6.93 75.13±3.82 61.72±7.08

A 60.69±5.55 51.59±10.98 68.49±5.21 55.59±4.61

Group C distilled water

C 58.17±4.16 46.61±2.35 63.55±7.60 52.38±4.85

M 53.92±3.10 41.53±3.12 58.87±4.88 48.29±3.50

A 47.17±4.16 35.99±2.41 51.51±4.09 43.14±2.93

P<0.05 was considered statistically significant. SD: Standard deviation; EDTA: Ethylenediaminetetraacetic acid
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all of which can hinder the penetration of irrigating solutions 
and root canal sealers. Also, greater compressive forces 
during obturation at coronal and middle third might be 
another contributing factor.[25] Truncer reported contradictory 
results to this study with no significant difference of sealer 
penetration and penetrated percentage perimeter between 
coronal and middle third.[26] This might be due to efficient 
cleaning of the root canal by Endovac (negative pressure 
irrigation) as the system used for final irrigation in our study 
as compared to their study where final irrigation was done by 
conventional needle (positive pressure irrigation). Endovac 
provides effective irrigation as it holds irrigant into the canal 
and removes it by negative pressure at working length.[4]

CONCLUSION

Within the limitations of the present study, it can be 
concluded that type of irrigant, nature of sealer and level of 
root canal affected sealer penetration. Therefore, the sealers 
should be strictly manipulated and placed according to the 
manufacturer’s instruction along with following appropriate 
and effective irrigation regime and technique. Endosequence 
BC showed the maximum depth of dentin tubular penetration 
among all the sealers used in the study. Q Mix 2 in 1 was the 
most effective final irrigating solution compared to EDTA 
and Distilled water.
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Evaluation of the effect of natural versus synthetic 
matrix metalloproteinase silencers in preservation of 
dentin collagen and long-term bond strength of total 
etch adhesive
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A b s t r a c t

Aim: This study investigated the effect of various synthetic (galardin [Gal] and benzalkonium chloride [BAC]) and natural 
agents (hesperidin [HES] and epigallocatechin gallate) on the stability of dentin collagen matrix to resist collagenase degradation 
and improve long-term microtensile bond strength.

Materials and Methods: Ten sound-impacted third molars were collected and manual removal of pulp, periodontal ligament, 
cementum, and enamel was done. Remaining dentin fragments were pulverized under liquid nitrogen to obtain dentin powder. 
2 mg aliquot of dentin powder was allocated to each of the test solutions and subjected to hydroxyproline assay. Another 
60 sound human third molars were collected and occlusal enamel was ground flat to reach dentinoenamel junction. Class 
I cavities were prepared in dentin, followed by etching using 37% phosphoric acid for 15 s. Samples were then subjected to 
surface treatment with different agents for 60 s, followed by application of Optibond S and restoration with P 60 composite 
resin. Samples of all groups except control were subject to thermocycling. Samples were sectioned to 1 mm thick slabs which 
were subject to universal testing machine to determine ultimate tensile strength. One-way analysis of variance and Bonferroni 
post hoc test with a significance level of P < 0.05 were used to analyze data.

Results: HES resulted in maximum resistance to collagen degradation, followed by epigallocatechin gallate (EGCG), Gal, and 
BAC with a significant difference among the groups. Samples of Gal group showed the highest microtensile bond strength 
values, followed by HES, EGCG, BAC with a significant difference between the groups except HES and EGCG where the 
difference was nonsignificant.

Conclusion: The use of matrix metalloproteinase silencers could improve the mechanical properties of collagen and resist 
enzymatic degradation, leading to an improved long-term intimate restoration.

Keywords: Benzalkonium chloride; collagen degradation; epigallocatechin gallate; galardin; hesperidin; matrix 
metalloproteinase; matrix metalloproteinases silencer; microtensile bond strength

INTRODUCTION

The aim of inserting an adhesive restoration is ideally 
to sustain a tight and sealed adaptation between the 
restorative material and tooth.[1] This perfectly ideal 
intimate attachment is difficult to achieve, as dentin 
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contains a significant amount of water and organic 
material. This led to the development of different bonding 
strategies, i.e., self-etch and total etch.

Total etch bonding systems involve the removal of the 
smear layer using phosphoric acid, followed by the 
application of a primer and an adhesive in two different 
steps or in the same step.[2] Acid etching facilitates the 
penetration of adhesive systems into inter- and intratubular 
dentin resulting in the formation of hybrid layer and resin 
tags.[3] The creation of a hybrid layer has been considered 
the most efficient adhesion mechanism of recent dentin 
bonding agents.[4] The drawback of total etch systems 
includes over drying and over etching due to which some 
part of the demineralized collagen layer is left uninfiltrated 
by adhesive, thus compromising bonding.

The previous researches have stated that decreased 
resin monomer penetration in acid-etched dentin and 
subsequent resin leaching from hydrolytically unstable 
polymeric hydrogels in the hybrid layers makes the 
collagen fibrils unprotected and vulnerable to degradation 
by endogenous matrix metalloproteinases (MMPs)[5] and 
cathepsins. Therefore, in an attempt to stabilize the 
organic matrix, two strategies can be incorporated. First, to 
inhibit the proteolytic activity and enzymatic degradation 
of the organic matrix by the MMPs by introducing the 
exogenous MMP silencers/inhibitors. Second, to improvise 
the strength of the collagen fibrils interaction using cross 
linkers that help in preserving the collagen by masking 
their active sites of cleavage and making it resistant to 
enzymatic degradation.[6] Hence, utilization of exogenous 
MMP inhibitors, such as chlorhexidine (CHX), galardin (Gal), 
and flavonols may be an effective strategy to improvise 
the longevity of adhesive restorations.[7,8] The longevity 
of bonded restorations can be tested by evaluating the 
extent to resist collagen degradation and by estimating 
mechanical preservation of aged hybrid layer simply by 
evaluating long-term microtensile bond strength.

Although various studies have been done to evaluate 
the effects of cross linkers and MMP inhibitors on 
dentin collagen, literature shows very little evidence 
regarding the use of total etch adhesive and comparative 
evaluation between synthetic and natural MMP silencers 
in the preservation of dentin collagen and their effects on 
microtensile bond strength.

Therefore, the purpose of this study was to comparatively 
evaluate natural MMP silencers (hesperidin [HES] and 
epigallocatechin gallate [EGCG]) and synthetic MMP 
silencers (Gal and benzalkonium chloride [BAC]) in the 
preservation of dentin collagen and to comparatively 
evaluate the performance of total etch adhesives after 
surface treatment with these natural and synthetic MMP 
silencers. The null hypothesis tested was that there is 

no effect of MMP silencers on collagen degradation 
and long-term microtensile bond strength of total etch 
adhesive.

MATERIALS AND METHODS

Part A Evaluation of collagen degradation
Specimen preparation
Ten sound-impacted human third molars, freshly extracted 
and free of caries or any hypoplastic defects were selected 
for this study. Teeth were carefully examined under 
magnification (×30) using operating microscope (St Louis, 
United States) to rule out any preexisting cracks, fractures, 
and craze lines. After the collection of teeth specimens, 
manual removal of pulp, periodontal ligament, cementum, 
and enamel was done. The remaining dentinal fragments 
were pulverized under liquid N

2
 in a cryogenic mill, 

and dentin powder was obtained. Dentin powder was 
demineralized with 0.5% ethylenediaminetetraacetic 
acid (pH – 7.4) for 10 days at 4°C and then extensively 
washed with distilled water and lyophilized.

Grouping of samples was done depending on the test 
solutions used with six samples per group:
•	 Group	1:	Negative	control	‑	No	test	solution	was	used,	

samples were untreated with collagenase
•	 Group	2:	Positive	control	‑	No	test	solution	was	used,	

samples were treated with collagenase
•	 Group	3:	0.5%	Gal	test	solution	used	(Water	solution,	

Sigma Aldrich, USA)
•	 Group	4:	0.5%	BAC	test	solution	used	(Ava	chemicals,	

Thane, India)
•	 Group	5:	0.5%	HES	test	solution	used	(Swanson,	New	

Jersey, United States)
•	 Group	 6:	 0.5%	 ECGC	 test	 solution	 used	 (Vistas,	

Bangalore, India).

Each test solution was prepared by mixing 500 mg of MMP 
silencer in 100 mL of distilled water.

2 mg aliquot of demineralized dentin powder was allocated 
to each of six samples of all groups. All groups except 1 and 
2 were incubated in 2 ml of their respective test solutions 
for 12 h at 37°C with stirring. After incubation, the groups 
were centrifuged and extensively washed with distilled 
water three times. The residues of all groups except 1 were 
digested with 2 ml of bacterial collagenase derived from 
clostridium histolyticum (7.5 U/1 ml) for 24 h in artificial 
saliva with stirring at 37°C.

Determination of degraded collagen
The amount of collagen degradation was determined by 
estimating the amount of hydroxyproline in the supernatants 
obtained from centrifugation (it was assumed that 12.5% 
of collagen is hydroxyproline). The solution aliquot was 



Nagpal, et al.: Effect of MMP silencers on mechanical properties of dentin

223Journal of Conservative Dentistry  |  Volume 23  |  Issue 3  |  May-June 2020

hydrolyzed with 2 N sodium hydroxide by autoclaving at 
120°C for 20 min. 0.056M Chloramine-T (450 µl) was added 
to the hydrolyzate to allow oxidation for 25 min at room 
temperature. This was followed by the addition of Ehrlich’s 
aldehyde reagent (500 µl) for hydroxyproline assay. When 
chromophore was developed, the absorbance of each 
specimen was read at 550 nm using a spectrophotometer 
and converted to concentration of hydroxyproline.

Part B Evaluation of long‑term microtensile 
bond strength of total etch adhesive
Sixty sound human third molars, freshly extracted and 
free of caries or any hypoplastic defects were chosen 
for the study. The occlusal enamel was ground flat using 
a model trimmer under running water so as to reach the 
dentinoenamel junction. Class 1 cavities (4 mm long, 4 mm 
wide, and 2 mm deep) were prepared in dentin using a 
straight fissure bur (837 L.12) and air rotor handpiece under 
the copious air-water spray. At this time, the specimens that 
showed visible pulp exposure were excluded from this study.

Samples were divided into six main groups of ten teeth 
each according to the type of agent used for surface 
treatment and with or without thermocycling. Samples 
that were subjected to thermocycling were submitted to 
10,000 cycles of thermocycling, with temperature changing 
from 5°C to 55°C, with a dwell time of 15 s and an interval 
time 10 s each.
•	 Group	1:	No	surface	treatment	was	done,	not	subjected	

to thermocycling
•	 Group	2:	No	surface	treatment	was	done,	subjected	to	

thermocycling
•	 Group	3:	 Surface	 treatment	was	 done	with	 0.5%	Gal,	

subjected to thermocycling
•	 Group	4:	Surface	treatment	was	done	with	0.5%	BAC,	

subjected to thermocycling
•	 Group	5:	Surface	treatment	was	done	with	0.5%	HES,	

subjected to thermocycling
•	 Group	6:	Surface	treatment	was	done	with	0.5%	EGCG,	

subjected to thermocycling.

Samples of all groups were etched with 37% phosphoric 
acid for 15 s, rinsed with water for 30 s. Samples were then 
subjected to surface treatment with different agents for 
60 s depending on their group, followed by the application of 
OptiBond S (Kerr, Orange CA, USA). The cavities were restored 
with P-60 resin composite (3M ESPE, St Paul, USA) using 
the incremental method. Additional 2 mm thick buildup of 
composite was done over the restored cavity in increments. 
The samples of all groups were stored in moist conditions for 
24 h at 37°C and then samples of all groups except Group 1 
were subjected to thermocycling (Hitachi, Japan).

The restored samples of all groups were serially sectioned 
with the help of diamond disks in a straight handpiece, 

creating approximately 1 mm thick slabs, under copious 
water irrigation. The specimens were hand trimmed with 
the help of diamond points to obtain 0.9 mm thick resin 
dentin sticks which were checked with a digital caliper. Two 
sticks were obtained from each sample. A custom-made 
metallic jig (Millard Metallic Jig, India) was used for holding 
the samples to determine the ultimate bond strength with 
Universal Testing Machine (Instron, USA). The samples 
were held in such a manner that the junction of composite 
and tooth interface will face toward the chisel load 
applicator. The microtensile bond strength was evaluated 
at a crosshead speed of 0.5 mm/min until debonding at the 
dentin adhesive interface occurred.

Statistical analysis
The data obtained were subjected to statistical analysis 
using SPSS Version 15.0 Software (IL, Chicago, USA). One-way 
ANOVA test was applied to check the significant difference 
between the groups and repeated measures ANOVA test 
to check the significance within the group. The Bonferroni 
post hoc test was used for analysis for comparison of means. 
P = 0.05 was considered as statistically significant level.

RESULTS

The mean hydroxyproline values obtained in Part 
A (estimation of collagen degradation) are shown in 
Table 1. Maximum hydroxyproline values were seen in 
Group 2 (positive control) followed by Group 4 (BAC) 
and Group 3 (Gal) with statistically significant differences 
between the groups. This was followed by Group 6 (EGCG), 
Group 5 (HES), and Group 1 (negative control) with a 
statistically insignificant difference between Group 5 and 
Group 1.

Microtensile bond strength values obtained in Part B of 
the study are shown in Table 2. Maximum microtensile 
bond strength was seen in Group 1 (negative control), 
followed by Group 3 (Gal), Group 5 (HES), Group 6 (EGCG), 
Group 4 (BAC), and least was seen in Group 2 (positive 
control). However, differences between Group 1 with 
Group 3 and that of Group 5 with Group 6 were not 
statistically significant.

Table 1: Mean collagen degradation values of different 
groups with intergroup comparison

Collagen degradation

Groups Mean±SD

Positive control (n=6) 32.93±2.53
Negative control (n=6) 2.22±0.66a
GAL (n=6) 4.53±1.05
BAC (n=6) 10.57±1.77
HES (n=6) 3.58±1.76a
ECGC (n=6) 4.20±1.76
P<0.05 was considered statistically significant. Same superscript along the column 
denotes statistically insignificant difference. ECGC: Epigallocatechin gallate, 
HES: Hesperidin, BAC: Benzalkonium chloride, Gal: Galardin, SD: Standard deviation
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DISCUSSION

The decrease in bond strength is mainly due to two factors 
which are related to the collagen network of dentin and 
its constituent MMPs. First, the collagen fibers exposed 
by the etching process may not be completely infiltrated 
by subsequently applied adhesive bonding agents and in 
consequence, a thin layer of exposed, but noninfiltrated 
collagen remains. Second, this noninfiltrated collagen 
contains active MMPs that may degrade collagen by 
hydrolysis. Sulkala et al.[9] confirmed the localization of 
MMP 2, 8, 9, 20 in mineralized human dentin in an inactive 
state. The detrimental role of MMPs in dentin bonding 
has been documented.[10] Hence, adjunctive collagen 
pretreatment strategies have been proposed to improve 
dentin adhesion, via the use of agents that maintain 
the stability of fibrillar collagen toward enzymatic 
degradation. These agents include the use of substances 
that are considered to be inhibitors of MMPs and collagen 
cross linkers. The use of MMP inhibitors either before 
the application of the adhesive or as a component of 
the adhesive is a promising approach.[5,11] CHX, a potent 
nonspecific MMP inhibitor, has been reported to arrest 
degradation of the hybrid layer.[12] Cross-linkers such as 
tannic acid have been found not only to lower the rate of 
enzymatic degradation of collagen but also to increase the 
mechanical properties of dentin.[13]

In this study, we evaluated the effect of different MMP 
silencers (HES and epigallocatechin gallate [natural] and 
BAC and Gal [synthetic]) in the preservation of dentin 
collagen and on the long-term bond strength.

Degradation of collagen was determined by estimating 
hydroxyproline, an amino acid characteristic of collagen. 
Hydroxyproline, a major component of collagen, comprises 
around 12.5% of its amino acid composition. Due to its highly 
restricted distribution in collagen, the hydroxyproline 
content accurately reflects the amount of collagen in the 
sample. In the present study, microtensile bond strength 
of the samples was analyzed. Microtensile bond testing is 
based on the idea that better understanding of the interface 
bond strength can be obtained from multiple specimens 
obtained from a tooth.[14]

The samples tested were artificially aged by thermocycling 
to assess the longevity and comparatively evaluate the 
change in long-term bond strength of the pretreated 
samples and the control. The previous studies have shown 
that clinical application of MMP inhibitors for 1 min to 
the etched dentin after rinsing off the acid and before 
applying the dentin bonding primer and resin is able to 
stop significant in vivo degradation of bond strength from 
MMPs for atleast 14 months.[15]

The present study describes the concentration used for the 
application of the MMP silencers to be 0.5% for 60 s as high 
concentration of MMP silencer may cause oversaturation 
of the substrate with rapid release of the silencer in 
excess.[5,6,16] Total etch adhesives were selected as higher 
levels of MMP2 and MMP 9 activity has been demonstrated 
for etch and rinse compared to self-etching adhesives 
and therefore, decrease in bond strength can be better 
analyzed.[17]

The restored specimens were serially sectioned to create 
approximately 1 mm thick slabs. Sano et al. have reported 
that there is an inverse relationship between bond strength 
and bond area: the smaller the area, the greater is the bond 
strength.[18]

The negative control (Group 1) resulted in significantly 
least hydroxyproline release in collagen degradation when 
compared to other groups as it had no test solution and 
no collagenase to degrade the collagen fibers. Hence, it 
resisted maximum collagen digestion.

This group also exhibited the maximum tensile bond 
strength when compared with all other groups as the 
samples of this group had not been subjected to any kind 
of artificial aging, and the immediate bond strength was 
evaluated. This is in accordance with many previous studies, 
where the negative control group resisted maximum 
collagen degradation as compared to other groups[6] and 
reported the highest tensile bond strength.[17,19,20]

The positive control (Group 2) in collagen degradation 
resulted in significantly maximum hydroxyproline release 
when compared with other groups as this group had 
no test solution (MMP silencer) but was treated with 
collagenase. The collagenase in this untreated solution 
digested and hydrolyzed the collagen fibers and released 
the hydroxyproline content. Our results confirm those from 
previous studies, which have shown that untreated dentin 
collagen was almost completely digested by bacterial 
collagenase, but the treated groups showed significantly 
less collagen digestion.[6,16,21,22]

The positive control group resulted in a significant 
reduction in bond strength as compared to all other 
groups. This was because the samples of this group had 

Table 2: Mean microtensile bond strength values of 
different groups
Group Mean±SD

Negative control (n=10) 41.27±3.15a

Positive control (n=10) 24.80±2.73
GAL (n=10) 39.87±3.09a

BAC (n=10) 29.34±3.06
HES (n=10) 35.74±3.41b

ECGC (n=10) 34.02±3.51b

P<0.05 was considered statistically significant. Same superscript along the column 
denotes statistically insignificant difference. ECGC: Epigallocatechin gallate, 
HES: Hesperidin, BAC: Benzalkonium chloride, Gal: Galardin, SD: Standard deviation
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undergone thermocycling. Thermal stresses generate 
mechanical stresses by virtue of differences in coefficient 
of thermal expansion which might have resulted in bond 
failure at tooth restoration interface and thus reduction in 
bond strength. The results of our study are in accordance 
with a previous study that showed a significant reduction 
in microtensile bond strength of a total etch adhesive after 
10,000 thermocycles.[19]

HES (Group 5) treated samples resulted in the highest 
resistance to collagen degradation exhibiting the minimum 
release of hydroxyproline, which was nonsignificant to 
the negative control group but significantly less than all 
other groups, and also resulted in second highest bond 
strength after Gal (Group 3). The least collagen degradation 
shown by HES as compared to other treated groups and 
also significantly improved the bond strength after 
thermocycling can be attributed by the presence of phenyl 
hydroxyl groups that can form bridge-type hydrogen bonds 
with the side chains of hydroxyl, carboxyl, amino, or amide 
groups of the collagen molecules. The formation of these 
hydrogen bonds is the reason for the stability of HES 
collagen interaction.

This is in accordance with another study that reported 
treatment with HPN may resist collagenase degradation 
and arrest demineralization.[6]

ECGC (Group 6) treated samples resulted in the 
second lowest collagen digestion and also significantly 
improved the bond strength when compared to positive 
control (Group 2), Gal (Group 3), and BAC (Group 4). The 
resistance to collagen degradation was because of the 
existing hydrogen bonding and hydrophobic interactions 
with the collagenases which changes its structure and 
consequently reducing its enzymatic activity.[23] The 
improved mechanical integrity was due to the MMP 
inhibitory effects of ECGC. [24]

ECGG and HES inhibited the expression and activity of 
MMPs by altering or masking the catalytic sites of MMP 
molecules.[24] In addition to this, they exhibit cross linking 
ability by hydrogen bonding and hydrophobic interactions 
with collagenases. This combined cross-linking and 
anticollagenolytic effects of HES and ECGC resulted in 
maximum resistance against collagen degradation and 
in turn better mechanical integrity of these protected 
collagen fibers which significantly improved the long-term 
bond strength when compared to other groups. This is in 
accordance with previous study that reported 0.5% ECGC 
increased bond strength of etch and rinse adhesive after 
aging.[25]

HES resulted in significantly more resistance against 
collagen degradation than ECGC because the amphiphilic 
property of HPN may be different from that of ECGC. This 

predominant hydrophobic feature of HES may enhance its 
association to collagen, resulting in increased resistance to 
biodegradation of the collagen matrix. This is in accordance 
with study by Hiraishi et al. who investigated the effect 
of various plant-derived agents (HES, proanthocyanidin, 
EGCG, and genipin) on the stability of dentin collagen 
matrix to resist collagen degradation and concluded that 
HES resisted maximum collagen degradation compared to 
all other groups.[16] Similarly, Jain et al. reported highest 
pushout bond strength of fiber postulated to radicular 
dentin with 10% HES.[26]

Gal (Group 3) treated samples resulted in significant 
less collagen digestion than positive control (Group 2) 
and BAC (Group 4). Gal resulted in significantly highest 
bond strength when compared to all other groups and 
nonsignificant to the negative control group. The reason 
for the less digestion to collagen may be the hydroxamate 
structure of GAL which chelates the zinc ion located in 
the catalytic domain of MMPs and causing inhibition of 
active MMPs. The collagen-like backbone of GAL facilitates 
its binding to the active site of MMPs which makes the 
antiproteolytic activity effective against endogenous MMPs. 
This is in accordance with Breschi et al.[27] who evaluated 
the contribution of Gal against the proteolytic activity of 
dentinal MMPs and resulted in improved resistance against 
collagen degradation.

Host-derived MMPs 2, 3, 8, 9, 13, and 20 have been 
found within the mineralized dentin matrix which are 
responsible for the degradation of extracellular matrix 
components. [2,9,10] And Gal selectively and specifically 
inhibits active MMP-2, -3, -8, and 9 which accounts for its 
highest bond strength as compared to all aged and treated 
groups and almost restored the original bond strength 
present before aging. This is in accordance with another 
study where pretreatment with Gal when compared to 
CHX, ECGC, and ferrous sulfate resulted in increased bond 
strength over time.[17] There is no study done till date 
comparing Gal to BAC or HES. Hence, the results of this 
study cannot be contradicted or corroborated.

BAC (Group 4) pretreated samples resulted in significantly 
improved resistance to collagen degradation and improved 
bond strength, when compared to the positive control. The 
possible explanation is that quaternary ammonium compounds 
such as BAC are cationic with one positive charge. Following 
its application to acid-etched dentin, BAC binds strongly to 
demineralized dentin, via cationic-anionic reaction involving 
electrostatic attraction between the protonated amine group 
of BAC with carboxylic and hydroxyl groups of collagen. 
This interaction is likely to change the 3-D configuration of 
collagen fibrils and stabilize the collagen structure.

This is in accordance with another study where BAC 
concentrations >0.5% produced 100% inhibition of soluble 
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endogenous MMPs and inhibited matrix-bound MMPs.[21] 
Hence, BAC may, therefore, be useful in enhancing the 
stability of bonded restorations because of its anti-MMP 
property.

In the present study, the bond strength and collagen 
resistance of BAC treated samples was inferior when 
compared to other groups; this might be because of the 
fact that BAC is a broad spectrum and nonspecific inhibitor 
of MMP and also, because of its water-soluble nature, it 
leaches out of the hybrid layer leaving a limited viable 
amount present which further limits its proteolytic effects.

This is in accordance with previous study that evaluated 
the resin–dentin bond stability of experimental adhesive 
blends containing BAC.[28] Inferior results were seen with 
0.5% BAC when applied separately.

One of the limitations of this study was that the combined 
effect of thermocycling and mechanical loading on resin 
dentin bond strength was not tested in this study. Further 
evaluation regarding the performance of these MMP 
silencers in the clinical scenario is required to substantiate 
the findings of our study. The biocompatibility of tested 
natural agents should be also confirmed before considering 
their clinical application.

CONCLUSION

Within the limitations of the study, it can be concluded that 
the use of natural and synthetic MMP silencers inhibited 
collagen degradation of demineralized dentin samples and 
increased long-term microtensile bond strength.

Further studies are still needed to evaluate their 
biocompatibility and long-term clinical performance.
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A bstr act :  Oral cysticercosis is a rare event. 
A l t hough ora l  cys t i c erc osis  i nd i c a t es  
d i s s e m i n a t e d  i n f e s t a t i o n ,  s y s t e m i c  
complications are not commonly detected in 
patients with oral lesions. W ith insisdious 
presentation and a vague conventional 
radiographic picture, it can be missed out 
conviiently from the diagnosis. USG is best 
suited for the lesion otherwise. The overall 
prognosis in maxillofacial region is fair with 
little to no recurrence but however the gravity 
of the situation may change if it is found to be 
any other region. Unlike popular opinion of 
etiology being consumption of improperly 
cooked pork, T. solium find its way into the 
human host via oro-faecal route. Treatment 
involves excision of the lesion from the 
desired l o c a t i on  wh i c h  may c hange  
depending on the access to the lesion.
K eyw or ds : cysticercosis, excision, parasitic 
disease.
In t r oduct ion :  Cysticercosis is potentially 
fatal parasitic disease that rarely involves the 
oral region and is common in developing 

1countries . Better understood as infection of 
cysticercus cellulosae, the larval stage of 
Taenia solium comprises of 2 hosts in its life 
cycle, Intermediate host pig, and definitive 
host, human. Pig harbors the larval stage 
while adult warm resides in the small intestine 
of human. Human beings can also serve as 
in termed ia te hosts through ac c iden ta l  
ingestion of T. solium eggs. A cquisition of 
cysticercosis is therefore mainly by the faecal-

oral route and not necessarily by eating pork. 
O f t e n  t h i s  h a p p e n s  i n  hum a n  v i a  
consumption of food, water or hands 
c o n t a m i n a t e d  w i t h  e g g s .  H u m a n  
Cysticercosis results from localization of 

2 ,3T. solium larvae in any site . The larva 
penetrates the mucosa, enters blood vessel 
and lymphatics and, is distributed all over the 
body but preferentially brain, muscles, lungs, 
heart, oral and perioral tissues. In tissues 
other than intestinal mucosa, the larvae 
eventually die as it is treated as foreign body 
causing calcification approximately 3 months 
later which are then called cysticerci. 
A l t hough ora l  cys t i c erc osis  i nd i c a t es  
d i s s e m i n a t e d  i n f e s t a t i o n ,  s y s t e m i c  
complications are not detected and presence 
of the cysticerci may be the only evidence. 
Lack of systemic manifestation is believed to 
be because of deep location of the entity 
inside the tissues. Even so, patients with oral 
cysticercosis should be referred for medical 

4evaluation .
C ase Re p or t  
18 year old male reported to the department 
with chief complaint of swelling in lower left 
side of the face which has been there since 6 
y e a r s .  P a t i e n t  b e l o n g e d  t o  l o w e r  
socioeconomic strata and gave history of 
trauma at around the same time of swelling. 
O n examination the swelling was diffuse, 
almost imperceptible with no change of the 
overlying skin. O n palpation it was solitary 
ovoid, firm, freely mobile over the underlying 
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tissue, and non-tender. Intraoral examination 
was uneventful and swelling was only 
discerned after the lower left vestibule was 
obliterated by extraoral pressure (F igure 1 a). 
No eventful changes were noted intraorally 
otherwise. 
Vestibular incision was placed on the lower 
left side right w.r.t premolar extending upto 
the second molar, over the maximum 
protuberance of the swelling followed by soft 
tissue dissection. Careful dissection along the 
sides of the lesion was done in order to avoid 
mental nerves and vessels which turned out to 
be closely related on the lateral aspect of the 
lesion and could have been a cause of heavy 
bleeding. The entity turned out be pale, 
d ist inc t  and loose ly invested in the 
surrounding tissue with a distinct plane of 
dissection (F igure 1 b,c,d). A fter achieving 
hemostasis the incision was sutured primarily 
and gauze pack was placed. The specimen 
was sent for histopathological examination 
which revealed a lumen surrounded by 
i n f l a m e d  c o n n e c t i v e  t i s s u e ,  c l o s e r  
magnification revealed what seems to be 
head of the larva (F igure 1 e). F inal diagnosis 
post histopathology and confirming a mixed 
diet from the patient turned out to be 
Cysticercosis.
Patient was recalled after a week of the 
procedure, and then further referred to 
physician for systemic examination and 
prescription of anti-helminthic therapy if 
necessary. Patient has been followed up till 
date with uneventful progress in context to 
the disease.

D iscussion :  Cysticercosis has predilection 
for striated muscles of neck, tongue and 
trunk. Apart from these it is also found in orbit 
and meninges. Oral Cysticercosis is a rare 
event and in our entire search of literature 
manifest only as an asymptomatic cystic 
nodule which may be present in tongue, 
buccal mucosa or labial mucosa. They are 
firm on palpation because of increased 
intraluminal pressure, which is in turn helpful 
in ruling out lipoma or hemangioma5 . In the 
case mentioned the swelling was present in 
buccal vestibule with similar presentations
Preoperative diagnosis can be done by doing 
FN A C . In the present case no diagnostic was 
carried out as it was believed to be depicting a 
different diagnosis that is of fibroma. The 
conventional radiograph did not reveal any 
findings nor did hematological tests bring out 
any discrepancies indicating otherwise. MRI 
is  c onsidered bes t  f or de t e c t i on o f  

6degenerating or viable cysticerci .  
Swellings in oral cavity are common findings 
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F ig.  1  (a) P r esent ing co m pla in t  of 
sw ell ing (b)incision a nd ex p osur e  of the  

lesion (c) d issect ion a longside  the  bor ders 
to  m obil ize  the  sw ell ing fo r  ex t r act ion  (d) 

sp ecim en excised (e) h isp o p a thologica l p ictu r e



and are reported as comp laints most 
commonly by patients. Location, shape and 
size of the lesion in question can ascertain the 
diagnosis when supplemented with proper 
history taking. Insidious presentations of 
cysticerci make them vulnerable to be missed 
out as a part of diagnosis and sometimes even 
clinical examination . Though a benign 
condition the best course of treatment is to 
localize the swelling and remove with minimal 
damage to the host tissue.
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ABSTRACT 
 
The present outbreak of the Corona Virus Disease 2019 (COVID-19) has become a global health 
emergency. The major reason of concern amongst the health authorities is the early detection and 
effective isolation of the patients as the present disease is quite similar in initial clinical presentation to 
the old common flu. Presently, Real Time reverse transcription Polymerase Chain Reaction (rRT-
PCR) is considered to be the gold standard to detect the causative virus, SARS-Cov-2, but its time 
consuming and poses the risk of further spread meanwhile, to the exposed people especially 
healthcare workers. Therefore globally, social distancing is the only mode identified to prevent the 
spread of the disease and keep isolating people who present with clinical symptoms, screen them and 
act accordingly. However asymptomatic carriers are the next point of worry and demands mass 
screening which is not possible with rRT-PCR per se. Researchers are trying to establish a way out 
for detecting the SARS-Cov-2 virus in the asymptomatic carriers or in patients who are under 
incubation period, thereby eradicating the spread of disease and flatten the curve of virus 
multiplication. 
 
As reported in the literature salivary analysis was found promising in early detection of a similar virus 
during SARS outbreak. This article is an attempt to emphasise on the fact that oral cavity can be a 
potential reservoir of SARS-CoV-2 both in the incubation phase and or convalescence period due to 
its anatomical relation with the salivary glands, naso-oro-pharynx, and the mucosa which are 
ultimately flooded with saliva. Saliva samples are simple to collect and probably makes it an ideal tool 
for mass screening, thereby facilitating early detection and prevention of further spread of the deadly 
pandemic. 
 
Keywords: Oral Cavity; Naso-Oro-Pharynx; Saliva; Oral Mucosa; SARS-CoV-2. 
 
1. INTRODUCTION 
 
The present outbreak of the 2019 coronavirus or SARS-CoV-2, commonly known as novel COVID-19 
constitutes a public health emergency of global concern [1]. Although coronavirus family is not new for 
the mankind as the world has already encountered a similar sought of pandemic way back in 2003 
which was called ‘Severe Acute Respiratory Syndrome’ (SARS) where the causative virus was named 
SARS-CoV-1. But this time a novel SARS-CoV-2 virus have been identified with much aggressive 
potential of infectivity and spread. Answers to many questions related to when and how all this started 
needs to be explored yet. But yes, it was on 31st December 2019 when health officials from China 
submitted a report to World Health Organization (WHO) stating about 41 patients suffering from a 
mysterious pneumonia in the city of Wuhan and Chinese province of Hubei [2]. One week later a new 
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coronavirus, SARS-CoV-2, was identified as the etiologic agent for the same.[3] Since then, the 
infection has rapidly spread worldwide due the highly increased contagiousness of SARS-CoV-2 as 
compared to the virus with 80% similar sequence homology which was responsible for SARS 
epidemic in 2003.[4,5] On 11th March 2020, World Health Organisation (WHO) declared Corona Virus 
Disease 2019 (COVID-19), a global pandemic [6]. 
 
It was established that the mode of transmission is either through droplets or close contact with the 
infected individual but the possibility of airborne transmission was not ruled out. Identical clinical 
presentation of COVID-19 to common flu or swine flu (HINI) complicated the clinical diagnosis further. 
This drove, the entire world to look for an appropriate diagnostic tool quickly, which can be accurate 
enough and also effective for mass screening. Soon Real Time reverse transcription Polymerase 
Chain Reaction (rRT-PCR) on respiratory specimens (nasopharyngeal) was considered as the gold 
standard test for detection of SARS-CoV-2 infection [7]. However, it is not thought as an ideal 
diagnostic modality for mass screening as it usually takes long time to produce results and thus 
implies the patient’s stay in hospital until diagnosis is made which further leads to close contact 
between healthcare workers and the patients and poses high risk of transmission of infection to 
nurses and physicians [8]. To overcome this problem, recently, rapid serologic tests have been a point 
of discussion amongst the scientific community, where all patients found positive for rapid test will 
have to eventually undergo rRT-PCR for proven results, this again led to a state of confusion whether 
to adopt rapid test or not or either it can be used in a mass screening program to detect the 
asymptomatic carriers [9].  
 
This chapter is an attempt to attract the attention of the researchers towards oral cavity which could 
be a potential reservoir for SARS-CoV2 as was proven during SARS pandemic in 2003 through 
salivary analysis and the same can be utilised to detect asymptomatic COVID 19 carriers. Oral cavity 
and is intimate anatomical relations with the naso-pharynx makes it an ideal harbour for the virus 
which can be detected through salivary analysis. Moreover, possibility of self-sampling for salivary 
analysis makes it an ideal tool for mass screening as well as it minimises the possibility of cross 
infection to the healthcare workers deployed to collect oral and nasal swabs for rRT-PCR. 
 
2. MODE(S) OF TRANSMISSION & INFECTIVITY 
 
The expected mode of transmission of SARS-CoV-2 or novel COVID-19 disease is when a person 
comes in close contact with the droplets produced by a previously infected person while talking, 
coughing, sneezing, as it would be for other respiratory infections or else through contact transmission 
from hand shaking, touching of contaminated surfaces and thereafter touching the face, nose or eyes. 
Most recently many researchers claims COVID-19 to be an airborne infection but the controversary is 
still persisting amongst the health agencies across the world. Most of the respiratory infections are 
transmitted through droplets of variable sizes droplet particles of  more than 5-10 μm diameter are 
referred as respiratory droplets, and droplet particles of less than 5μm in diameter are referred as 
droplet nuclei.[10] The origin of respiratory droplets can be nasopharyngeal or oropharyngeal and 
normally associated with saliva.[11] Larger droplets could contribute to viral transmission to subjects 
nearby, and, on the other side, the long-distance transmission is possible with smaller droplets 
infected with air-suspended viral particles / aerosols (Fig. 1), produced during aerosol generating 
dental procedures (AGDPs) and or during aerosol generating medical procedures (AGMPs)[12]. 
 
Whatever may be the mode of transmission, it is important to note that for initiating a disease 
minimum dose of the viral particles (minimal infectious dose) should be sustained. Furthermore, host’s 
immune response and susceptibility contributes to the severity of disease and probability of getting 
infected[13-17]. Therefore, one should shield the portals of entry with appropriate personal protective 
equipment (PPE) in case of SARS-CoV-2 the most susceptible point of entry in humans is the mucus 
membrane of the nose, mouth and eyes[18-21]. 
 
3. AEROSOLS AND ITS ROLE IN DISEASE TRANSMISSION 
 
Generally, "aerosols" are solid or liquid particles that are suspended in the air and are usually 
invisible[15,22,23]. Droplets can be either large or small in size. Large droplets either falls ballistically 
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on the recipient and tend to infect, this is termed as "droplet transmission"[14]. Else these large 
droplets can contaminate the objects or surfaces and get transmitted through touch which  is called as 
“contact transmission”[24]. On the contrary small droplets suspends into the air for a long time and 
thereafter may evaporate and settle down in the form of solid particulate to float freely causing what is 
known as "airborne transmission"[22,23,25].  
 

 
 

Fig. 1. [12] Infectious fluids from respiratory system and large droplets of saliva may lead to 
short-distance transmission but hardly form long distance aerosol transmission outdoors due 

to  physical and biological decay. Prevention of droplets formation, implementation of air 
disinfection, and blockage of droplets acquisition could possibly slowdown SARS-CoV-2 

dissemination 
 
An aerosol generating procedure (AGP) creates aerosols in addition to those naturally produced 
during coughing, sneezing, talking and breathing thereby creating a variable pattern and composition 
of aerosols. Thus, one should not presume that all such procedures poses the same amount of risk or 
require the same level of protection and any conclusion to categorize an aerosol generating 
procedure as a high or low risk procedure should be evidence based[22]. Furthermore, it is also 
inaccurate to compare aerosol generating medical procedures (AGMPs) and dental procedures 
(AGDPs) over there infectivity. The composition of aerosols may differ considerably amongst AGMPs 
and AGDPs. For example coughing may emit up to 1000 times more number of droplets compared to 
normal breathing[26].  
 
Generally, AGMPs that agitate the airway (e.g. endotracheal intubation) may induce coughing forcibly, 
thereby releasing aerosols with a high viral load. These procedures may also dispense aerosols 
through maneuverer such as nebulisation, ventilation or suctioning, and were already proven to have 
high chance of SARS-CoV-1 cross infection to the health-care workers[14,22].  
 
High volume evacuation (HVE) suction units are proven to reduce aerosols by at least 90%[27,28,29] 
unlike the commonly used centralised hospital suction units which are not rated as high volume. It 
was noticed that majority of aerosols that escape HVE, lands innocuously on the patient's face or 
other body surfaces [30] and only a smaller percentage of these remains suspended in the air for 
about 10-30 minutes, depending on the airflow of the operatory room[31,32].  
 
To our best knowledge, with judicious use of routine PPE and HVE there is no evidence that general 
aerosol exposure especially in dental settings, has resulted in cross infection to health-care workers 
or other patients. Thus we may conclude that the huge amount of general dental aerosols may appear 
to be unpleasant but they have not been shown to transmit diseases. On the other hand we usually 
miss out on the real danger that lies in the non-clinical areas where high viral doses are suspended 
while talking, coughing or sneezing. 
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4. SALIVA – THE CARRIER 
 
As majority of the infected droplets are somehow related to saliva it should be first understood how 
the virus reaches the oral cavity and eventually saliva. Possibly, it may appear in the mouth after 
migrating from the naso-oro-pharynx or secondarily the expression of ACE2, which is an important 
receptor for COVID-19[33] explains the presence of SARS-CoV-2 in the oral cavity. The expression of 
ACE2 was found higher in minor salivary glands than that in lungs in a recent study[34], which 
suggests salivary glands could be potential target for COVID-19 also due to its expression which was 
reported higher on the epithelial cells of the oral mucosa[35].  
 
It is important to note that new positive cases being reported continuously amongst the rescuing team 
and healthcare workers who were under strict professional protection, which indicates that there could 
be affection of COVID-19 caused by non-occupational exposure through direct or indirect contact with 
the oral, nasal and the eye mucous membranes of the affected individuals[36]. 
 
This may explain the presence of asymptomatic infections [37] and silent transmission before the 
disease symptoms are found clinically. It is analysed that positive rate of COVID-19 in patients’ saliva 
can reach 91.7%, and saliva samples can also cultivate the live virus [38]. Therefore, it is fundamental 
that the salivary load in asymptomatic carriers be analysed to establish a sensitivity threshold for a 
future test.  
 
The use of saliva as a diagnostic sample has several advantages: since saliva can be easily provided 
by the patient [39], it does not require specialized personnel for its collection. In addition, the comfort 
of the procedure is significantly higher if compared with the nasopharyngeal swab or sputum 
procedure. Lorenzo Azzi et al also suggested that saliva represents a promising tool in COVID-19 
diagnosis [40].   
 
5. ROLE OF HEALTHCARE PROFESSIONALS IN PREVENT THE SPREAD 
 
Considering this, the COVID-19 outbreak is a reminder for the health care professionals  especially 
Dentists, ENT Surgeons, Gastroenterologist, Anaesthetist etc who in their day to day practice 
commonly perform procedures either inside or through the oral cavity and naso-oro-pharynx 
producing significant amount of aerosol or droplets posing high risk of cross infection amongst 
healthcare workers as well patients. They must always be diligent in preventing the spread of such 
infectious diseases. As in bronchoscopy [41], inhalation of airborne particles and huge amount of 
aerosols produced during dental procedures on patients with COVID-19 can be a high-risk procedure 
in which dentists are directly and closely exposed to this virus. Therefore, it is crucial for dentists to 
refine preventive strategies to avoid the COVID-19 infection by focusing on patient placement, hand 
hygiene, all personal protective equipment (PPE), and caution in performing aerosol-generating 
procedures [42]. 
 
Some virus strains have been detected in saliva as long as 29 days after infection, indicating that a 
non-invasive platform to rapidly differentiate the biomarkers using saliva could enhance disease 
detection [43,44]. But on the other hand it we should not forget that even if diagnosis by saliva is non-
invasive and less hazardous compared with throat swabs, comprehensive diagnosis should be 
supported by complete information of symptoms, epidemiological history, and analysis of multiple 
clinical examinations [36]. 
 
6. SUMMARY 
 
The need of this COVID era is, quick identification and isolation of both symptomatic patients as well 
as asymptomatic patients / carriers suffering from COVID-19 which is possible only by rapid mass 
screening. Unfortunately, there is no such technique available presently. Considering the affinity of the 
SARS-CoV-2 with the mucous membrane, salivary glands, naso-oro-pharynx, respiratory apparatus 
and the proven role of saliva in the spread of the disease, it is wise to investigate the potential of the 
oral cavity as a reservoir of COVID-19 and its impact on transmission of this virus. Saliva, the major 
secretion in the oral cavity may provide a convenient, cost effective and rapid way of mass screening 
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for asymptomatic COVID-19 carriers both in the incubation phase as well as convalescence period. 
This can help the experts in framing effective strategies for prevention and eradicate future spread of 
the deadly pandemic. 
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Abstract 

Early identification of asymptomatic COVID 19 carriers either 
in incubation phase or else convalescence period can be the key 
to prevent further spread of the deadly pandemic. Although rRT 
PCR (Real Time reverse transcription Polymerase Chain 
Reaction) is the gold standard of diagnosis but not mass 
screening friendly. Evaluation of salivary load of the SARS-
CoV-2 virus which has a high affinity for ACE2 receptors of 
pulmonary and salivary gland tissues can be promising in 
detecting asymptomatic carriers well in time. 
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  It has been already established that COVID-19 is a highly contagious disease and a droplet infection 
majorly originating from oro-nasal secretions. This is because of the high affinity of the causative virus 
SARS-CoV-2 to ACE2 receptors present in the pulmonary tissues and the salivary glands (1,2). It is also 
proven that the virus can be present in the oro-nasal secretions from the beginning of the incubation phase 
upto 11 days as well as post recovery or convalescence phase upto 29 days as was seen way back in 2003 
during SARS pandemic (3). 

  We need to understand that to stop the spread of this deadly disease, identification of asymptomatic 
carriers should be our point of big concern over those who are already known symptomatic and isolated 
or quarantined. Researchers are suggesting that this pandemic may last for many months, in such a 
scenario we can’t just depend on rRT PCR (Real Time reverse transcription Polymerase Chain Reaction) 
as the only way of diagnosis (4). Although it remains the gold standard but it does have demerits being 
time consuming, expensive and tedious at sample collection.  

  In such a scenario salivary analysis could be considered as one promising tool, with which presence of 
virus can be detected much before the actual impact of the disease and much later till the virus is lying 
dormant in the body even after the patient has recovered, but can transmit the disease at the same time. It 
is analysed that positive rate of COVID-19 in patients’ saliva can reach 91.7%, and saliva samples can 
also cultivate the live virus (5). For salivary analysis, easy sample collection without exposing health 
professionals and ability of mass screening should be taken into consideration at the earliest. 
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Abstract
Tinnitus is the perception of sound for which there is no acoustic source. Although a lot has been published in the literature 
concerning tinnitus but there is lack of conformity with respect to its clinical management. Furthermore, understanding of 
pathophysiology of tinnitus remains in the stage of hypothesis and speculations.

It is believed that we all have a unique pathway of hearing mediated by various nerves like vestibulo-cochlear nerve, vagus 
nerve and the trigeminal nerve, which all together intercept all sought of sound in the form of vibrations and carry them to 
the brain where they are processed to make it meaningful. Any disruption in this pathway may lead to ringing or buzzing 
sensations in the ear which sometimes are quite debilitating especially during the night and result in sleep disturbances.

The present communication emphasizes on the fact that individuals sustaining mandibular condylar fractures may develop 
post traumatic tinnitus which need to be diagnosed well in time for early and effective management.

Keywords: Tinnitus; Ringing Ear; Trauma; Condylar Fracture

Origin and Genesis of the Article
One many experience ‘Tinnitus’ or simply known as ringing 
ear due to aging, trauma, disease and or side effects of some 
medication. Individual suffering from tinnitus can only explain 
what a day to day stressor it can be. These ringing and buzzing 
sensations may seem to lessen during the activities usually in 
the day time but at night it can be quite bothering. The physi-
ology of hearing is unique, all signals traveling into the ear, 
both good and bad, are in the form of vibrational sound waves 
which stimulate nerves, beginning at the level of the eardrum 
and end in the brain nuclei where sound is processed and in-
terpreted.

The primary nerves innervating the ear are the vestibulo-co-
chlear nerve, some crossover of the vagal nerve and the tri-
geminal nerve. Each nerve plays a role in receiving signals and 
relaying the signal along the chain. Any interruption in this 
pathway either due to trauma, arthritic changes or drugs can 
alter how and what type of signal gets to your brain which may 
lead to regular or constant 'ringing or buzzing' sensations.

Tinnitus, however can be classified in two basic categories with 
respect to its location: 1. Otic tinnitus that originates from the 
inner ear or acoustic nerve pathologies; and 2. Somatic tinnitus 

that originates from the head-neck pathologies other than the 
ear [1]. Somatic tinnitus commonly relates to Temporoman-
dibular Joint Disorders, either traumatic or pathological that 
can induce a ringing or buzzing in the ears through the trigemi-
nal nerve. If the joint doesn’t function properly, neurological 
processes are impaired and symptoms occur.

A lot has been studied and reported to clarify the relationship 
of temporo-mandibular joint disorders and tinnitus. But when 
it comes to the incidence of tinnitus associated specifically 
with mandibular condylar fractures, literature is found sparse. 
‘Tinnitus’, an auditory sensitivity which occurs without any 
external stimulus, is not considered as a disease, but rather 
as a symptom that may occur due to plethora of causes [2-4]. 
Despite several attempts to describe its mechanism(s) through 
various theories, the pathophysiology of tinnitus has yet to be 
elucidated [5,6].

The author had come across three cases of mandibular condyle 
fractures which were treated conservatively and all of them 
started complaining of tinnitus couple of weeks later leading to 
disturbed sleep and day to day activities causing psychological 
trauma to the patient.

https://dx.doi.org/10.46998/IJCMCR.2020.08.000177
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[7] Costen for the first time described the relationship between 
TMJ and tinnitus and suggested that posterior disposition of 
the mandibular condyle can cause compression of the auricu-
lotemporal branch of the trigeminal nerve and chorda tympani 
branch of the facial nerve leading to dysfunction of the eusta-
chian tube and changes in tympanic pressure, which in turn 
may result tinnitus, otalgia, auditory insufficiency and aural 
fullness. His theory very well explains the correlation of tin-
nitus and mandibular condyle fractures.

Many other studies tried to explain different mechanism but 
none succeeded to establish it. Although the management pro-
tocols remains the same as described by Dobie’s (1999) [8] 
which includes drug as well as nondrug treatments that in-
cluded psychotherapy, electrical stimulation, magnetic stimu-
lation, ultrasound, biofeedback, acupuncture, hypnosis etc. but 
definitely bigger studies needs to be performed to establish the 
exact etiopathogenesis, prevention protocols and management 
of this debilitating symptom especially in patients with man-
dibular condylar fractures.
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Original Article - Comparative Study

IntRoductIon

The strenuous pace of modern life with high speed travel 

and increasingly violent society has made facial trauma, a 

form of social disease from which no one is immune.[1] The 

prevalence of maxillofacial injuries varies from 17% to 69%, 

and this large difference might be due to various environmental 

factors, socioeconomic conditions, cultural reasons, and traffic 
rules.[2,3] About 1.25 million people die each year as a result 

of road traffic accidents (RTAs)[4-6] out of which the frequency 

of all-terrain vehicle collisions and motor cycle accidents 

constitute about 32% with 8% of maxillofacial injuries, mean 

age being 31 years with more male victims over female.[7,8]

Maxillomandibular fixation is still the primary mode of 
immobilization while open and closed reduction depends 

on the site of the fracture.[9] Nonrigid fixation allows 

interfragmentary movement across the fracture line and 

includes techniques such as intraosseous wiring, interdental 

bridal wiring and interdental bridal wiring for stabilization 

though it can also result in malunion or nonunion on 

occasion.[10] Rigid fixation helps to overcome these flaws 
by preventing interfragmentary distancing under active 

load. This includes reconstruction plates, bone plates, lag 

screws, compression plate, and arch bar across a fracture.[11] 

The goal of compression plating systems described by AO, 

was establishing absolute stability across a fracture, where 

traction perpendicular to the fracture was applied by the 

plate itself.[12] Then, Champy et al. developed the technique 

of Michelet et al. to describe a method of monocortical, 

small-plate osteosynthesis utilizing malleable plates inserted 
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Introduction: Increased facial trauma has led to advances in techniques of internal fixation, improvements in plating system, refinements 
in exposure of facial skeleton fueling the rapid use of internal fixation for the management of facial fractures. Evaluating 40 patients with 
confirmed midfacial (Le Fort I and II) and mandibular fractures, this study presents the efficacy of microplate in comparison with miniplate in 
terms of load bearing capacity, stability at the fracture site and postoperative palpability. Objectives: To evaluate the efficacy of microplates 
in comparison with miniplates in maxillofacial trauma. Materials and Methods: Study sample consists 40 subjects, 20 each in two groups 

clinically and radiographically diagnosed with Group 1 (maxillary) and Group 2 (mandibular fractures) which were subdivided into 10 each 
treated with miniplate and microplate respectively. Postoperatively, stability of fracture, bite force, need for postop MMF, pain, infection, 
wound dehiscence, mouth opening, occlusion and palpability was noted. All cases have been evaluated clinically for various parameters for 

minimum of 3 months to assess any postoperative complications. Results: We found microplates are stable enough and have adequate load 

bearing capacity. Due to close adaptability and less hardware, postoperative palpability is less but larger sample study with long term follow 

up is necessary to conclude its efficacy in load bearing fracture sites.
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intraorally.[13,14] Luhr developed the microfixation system 
revolutionizing the operative management of maxillofacial 

fractures (MFFs).[15] It was designed with an intention to 

reduce the bone plate ratio and minimize the hardware to 

facilitate close adaptation at the fracture site.[14,16] The use 

of microplates is considered meaningful shift in the practice 

as it is less traumatic to soft-tissue causing minimum 

tissue interference, resistance to corrosion, special design 

of connecting bars between the plate holes serves proper 

contouring that provides 3-dimensional geometric stability, 

patient comfort on the basis of palpation and thermal 

conduction due to the thin cutaneous cover.[17-21] Microplates 

are used for internal fixation of MFFs as they require less 
manipulation and are associated with lower likelihood of 

iatrogenic damage than miniplates that justifies the ability to 
maintain anatomic apposition of the bone segments, which 

translates into functional and aesthetic results jeopardizing 

the fracture stability and the cost of system.[22-24]

Hence, we decided to conduct a clinical prospective study 

to evaluate the efficacy of microplates over miniplate 

osteosynthesis in terms of occlusal stability, stability of the 

fracture involved along with the postoperative biting efficiency 
using bite force device.

Aim and objectives
This study aims to evaluate the efficacy of microplates over 
miniplates in the management of maxillofacial trauma in terms 

of stability the fracture site and load bearing capacity with the 

help of bite force device.

MateRIals and Methods

Study sample collection
The study sample consists of 40 patients above the age of 

16 years [Tables 1 and 2] reporting to the Department of Oral 

and Maxillofacial Surgery, at a teaching dental hospital with 

confirmed clinically and radiographically diagnosed midfacial 
or mandibular fractures. Written informed consent was taken 

from all patients. Ethical clearance was taken from institutional 
ethical board.

Inclusive criteria
• Patients of above 16 years to 60 years
• Patients of both sexes
• Patients with confirmed clinical and radiographic diagnosis 

of Maxillary‑Le Fort I, II fractures/mandibular – any one 
fracture

• Dentate patient.

Exclusion criteria
• Patients who refused to sign consent form
• Comminuted fracture
• ASA III and IV
• Any maxillary or mandibular fracture undisplaced/fracture 

not involving occlusion

• Combination of any maxilla and mandibular fracture.

Patient we evaluated on following parameters
1. Pain-Visual Analog Scale

2. Occlusion-intercuspation of molars and canine

3. Bite force efficacy – Gnatho dynamometer (Axpert‑An ISO 9001)
4. Facial symmetry
5. Infection

6. Plate exposure

7. Mouth opening

8. Hardware palpability

9. Swelling

10. Need for postoperative maxillomandibular fixation (MMF)
11. Radiographic assessment.

All patients have been evaluated at 1st and 3rd postoperative 

month.

• Radiographic assessment ‑ Reduction of fracture fragment 
assessed using score between 1 and 3

• 1‑precise anatomic reduction
• 2‑slightly displaced but satisfactory occlusion
• 3‑poorly reduced that requires second surgery
• Bite force device [Figure 1] - The bite force will be 

recorded using bite fork at anterior and posterior teeth.

Table 1: Site of maxillary fracture

Males Females
Group 1A

Lefort 1 5 2

Lefort 2 2 1

Total 10

Group 1B

Lefort 1 6 1

Lefort 2 3 0

Total 10

Table 2: Site of mandibular fracture

Males Females
Group 2A

Coronoid 0 0

Condylar 1 0

Ramus 1 0

Angle 2 0

Body 2 1

Alveolar process 0 0

Symphysis 2 1

Total 10

Group 2B

Coronoid 0 0

Condylar 1 0

Ramus 1 0

Angle 2 1

Body 2 1

Alveolar process 0 0

Symphysis 1 1

Total 10
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Surgical procedure
Under general anesthesia with oral or nasal intubation, 

after standard painting and draping, local anesthesia was 

infused at the fracture site. Incision was placed accordingly 

and full thickness flap was raised retracting the tissues 
and neurovasculature. At times, cautery was used during 

dissection to achieve a bloodless field. The fracture was 
exposed and reduction was done in the maxilla and/or 

mandible. Adequate exposure of the fracture segments was 

obtained. Anatomical reduction was done. Fixation was done 
with stainless steel miniplates and microplates according 

to the location with varying screw diameters and lengths. 

The area was irrigated with betadine and saline. Wound was 

closed using 3-0 silk or vicryl or in layers where 5-0 prolene 

was used.

Statistical analysis (subsection)
“Data were expressed as percentage, mean and standard 

deviation. Statistical significance level was defined at 
P = 0.05.”

Results

A total of 40 patients were evaluated. Distribution was 

on the basis of the type of maxillary and mandibular 

fracture [Tables 1 and 2], treated with mini/microplate. 

Group 1A‑Maxilla (Miniplate), Group 1B‑Maxilla (Microplate), 
Group 2A‑Mandible‑(Miniplate), Group 2B‑(Microplate). 
Statistically significant values in terms of palpability 

[Figures 2 and 3] were found in Group 1B‑Maxilla (Microplate) 
and Group 2B‑Mandible (microplate). When load bearing 
capacity [Figures 4 and 5] was measured with bite force device 
[Figure 1] three months postoperatively in all groups, it was 
insignificant in the first month for microplate groups, which 
was less compared to the miniplate groups due to occlusal 

selfadjustability.

dIscussIon

Maxillofacial trauma has remained a menace in the health-care 

industry, contributing significant workloads in many 

maxillofacial units and stretching meager human and material 

resources.[25-28] Collected data by the World Health Organization 

from different countries such as India, Japan, the United Arab 

Emirates, Pakistan, Turkey, and Brazil show that 36%–75% 
of MFFs were related to RTA.[29-31] AO‑ASIF guidelines of 
rigid fixation follow four basic principles ensuring adequate 
treatment of fractures: bony segment reduction, stable fixation 
and immobilization of fragments, maintaining blood supply, 

and early function.[32-35] First presented in Atlanta in November 
1987, Hans Luhr defined clinical indications for the use of 
microplating systems, including nasoethmoidal fractures, 

infraorbital fractures, frontal sinus fractures, and calvarium 

reconstruction.[14,36]

We performed a study in 40 patients dividing them into 

two main groups treated with miniplate and microplate in 

maxillary and mandible emphasizing on the load bearing 

capacity with biting force device and other parameters such 

as pain, facial asymmetry, occlusion, wound dehiscence, need 

for postoperative MMF, and mouth opening. Follow‑up was 
carried out till 3 months. In our study, pain persisted for both 

groups, maxilla and mandible, treated with miniplate and 

microplate which was same till the 1st week and gradually 

decreased till the end of the 3rd month postoperatively. No 

statistically significant difference was found among these 
groups. Similarly, Schortinghuis et al.[37] and Lee et al.[38] found 

no significant difference in pain in their studies treated with 
mini and microplate.

On comparing facial asymmetry, no significant difference was 
found except for one patient treated with miniplate in maxilla 

that presented swelling till first week which gradually subsided. 
Al Sayed,[39] Ozkan and Cil[40] found no instances of facial 

asymmetry, malar asymmetry or diplopia.

Figure 1: Bite Force Device (Axpert-An ISO 9001)
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Figure 2: Comparison of presence or absence of palpability among 
patients treated with mandible microplates/mini-plates
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We found no significant values for infection except for two 
patients treated with miniplate in maxilla which was managed 

by antibiotic coverage and periodic irrigation.

Occlusal discrepancy among the groups presented no significant 
values except for two patients treated with microplate which 

was managed by IMF for 3–4 weeks’ postoperatively. Sadove 
and Eppley,[41] Gupta et al.,[42] Xie et al.,[43] Huston and 

Stassen (2016)[44] Anand et al., Abdullah (2009), Ozkan and 
Cil, Anand et al.[45] found no significant difference among 
their study groups for fractures treated with microplates in 

terms of infection and plate exposure. Burm et al. (2002),[46] 

Jack (2005),[47] Abdullah WA (2009),[48] Ahmed et al.,[49] Joon 

and Burm[50] reported no significant difference for occlusal 
discrepancy between both the groups treated with miniplate 

and microplate. They concluded that the use of microplates is 

acceptable due to their property of selfadjustability of occlusion.

Plate extrusion was seen in two patients, one in infraorbital and 

other in mandibular angle, both treated with miniplate which 

was managed by plate removal, antibiotic coverage, planning 

of second surgery using microplate and MMF, respectively. 
No statistically significant results were found for wound 
dehiscence, need for postoperative MMF and mouth opening 
among the groups, except for 1 patient with mandibular 

fracture treated with miniplate where wound dehiscence was 

noticed which was managed by irrigation and resuturing. 

Haug and Morgan,[51] Lee et al., Abdullah (2009), Ahmed 
et al. also concluded that wound dehiscence for microplates 

Figure 6: Open reduction and internal fixation maxilla (microplate)

0

20

40

60

80

100

120

m
an

di
bl

e 
M

in
ip

la
te

m
an

di
bl

e 
M

ic
rp

ol
at

e

m
an

di
bl

e 
M

in
ip

la
te

m
an

di
bl

e 
M

ic
rp

ol
at

e

m
an

di
bl

e 
M

in
ip

la
te

m
an

di
bl

eM
ic

rp
ol

at
e

Pre-operatively One month Three
months

Figure 4: Comparison of biting force among patients treated with different 
treated by mandible microplate/miniplate
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Figure 5: Comparison of biting force among patients treated with different 
treated by maxilla microplate/miniplate
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Figure 3: Comparison of presence or absence of palpability among 
patients treated with maxilla microplates/mini-plates
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is less than miniplates. Haug and Morgan[52] found no occlusal 

discrepancies during follow-ups using microplates for 

mandibular angle fracture which was also treated for 6 weeks 

of IMF for microadaptation. Cawood 1985 and Xie et al. 
noted more mouth opening in condylar fractures and other 

mandibular fractures respectively treated with microplate than 

those treated with miniplates.

In our study, we found significant values for palpability in 
fractures of maxilla and mandible treated with microplate than 

miniplate. Sadove and Eppley Lee et al., Schortinghuis et al. 
also concluded that microplates provide less palpability due 

to close adaptability at the fracture site.

Mccleod (1992), Xie et al. advocated that microplates 

facilitate small incisions, resulting in reduced risk of nerve 

damage. Load bearing capacity of miniplates in mandibular 
fractures are comparatively more than that of microplates 

but maxillary fractures treated with microplates shows 

relatively adequate biting efficiency which was measured by 
jaw biting force device postoperatively during follow-up till 

3rd month. Few weeks postoperatively, load bearing capacity 
of microplates was found to be less than that of miniplates but 

after 3 months, positive correlation was found between the 

values that presented statistically insignificant values in terms 
of load bearing among the groups. Tate et al.[52] found similar 

values of load bearing among fractures treated with mini and 

microplate 3 months’ postoperatively which is because of the 
mechanism of muscle splinting at the time of fracture where 

selective components of the neuromuscular system activates 

and deactivates to take forces of the damaged bone. Bite force 

is related to different factors such as tactile impulses, pain and 

pressure reception in periodontal ligament, number of residual 

teeth, and visible decrease in bite force with age owing to age 

dependent deterioration of dentition. Feller et al.[53] concluded 

that masticatory load exceeding 200N on the plates occurs only 

3 months after osteosynthesis. Cawood[54] found normal weight 

was restored by the test group in 4 weeks and was more than 

that to the control group where direct fixation with miniaturized 
plates was not done.

We found the use of microplates [Figures 6 and 7] can be 

considered in the management of facial fractures indicating 

minimum use of hardware, less bone plate ratio, fracture 

stability, less wound dehiscence, and adequate strength at the 

fracture site.

conclusIon

Various plating systems are long drawn in the management of 

facial trauma complementing the goals of reconstruction and 

functional stability. Designs of these systems depended on 

the material and adaptability as handling properties, strength 

and force distribution as functional outcomes. We found 

microplates cannot withstand load in unfavorable mandibular 

fractures thus limiting its use in load bearing areas. However, 

our study forms a basis for using microplates in facial fractures 

though we recommend for a larger sample sized study with 

long-term follow-up that determines the use of microplate for 

fixation in MFFs.
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Case Report - Cyst & Tumors

IntRoductIon

Chondroma is a benign tumor composed of mature hyaline 
cartilage[1] which can involve almost any bone of the body. 
Depending to its location, it can be classified as enchondroma 
or central chondroma, for the one located in the medullary 
cavity of the bone; periosteal or juxtacortical chondromas 
that originate adjacent to the periosteum below the cortical 
surface; and extraskeletal or soft tissue chondromas.[2] It is an 
extremely rare entity in the craniofacial region accounting for 
only 0.32%[3] where mandibular condyle and coronoid process 
are predominantly involved due to their cartilaginous nature.[4] 
We report a case of an enchondroma in the body of mandible 
which is an occult entity in the literature to date.

case RepoRt

A  32‑year‑old  female patient reported with a painless swelling 
in her lower left back teeth region for the past 5–6 months 
which was increasing gradually in size. Clinical examination 
revealed a well‑defined, firm, and nontender swelling toward 
the buccal cortical plate measuring approximately 3 cm × 2 cm, 
extending from 34 to 36 region anteroposteriorly. There were 
no signs of discharge, and aspiration was found negative. 
Orthopantomogram revealed a well‑defined radiolucency 
involving distal surface of 34 to distal surface of 36 [Figure 1]. 
Differentially, the lesion was diagnosed as giant cell granuloma 
or myxoma or ameloblastoma. Based on the clinical and 

radiological findings, we arrived at a provisional diagnosis of 
a benign odontogenic tumor.

Considering the small size of lesion, it was elected to perform 
excision intraorally under local anesthesia. Dissection was done 
[Figure 2] with utmost care to preserve the inferior alveolar 
neurovascular bundle which was closely associated to the lesion 
and the mass was excised in toto [Figure 3]. Histopathological 
analysis of the specimen revealed sheets of cartilage separated 
by fibrovascular tissue with a few tiny spicules of normal bone. 
Chondrocytes were seen within the lacunar spaces having small 
round nuclei with condensed chromatin, and eosinophillic 
cytoplasm which was suggestive of chondroma [Figure 4]. 
Nothing remarkable was noticed during the periodic follow‑up 
clinically or radiographically [Figure 5].

After correlating the clinical, radiological and histopathological 
findings, we came to a conclusion that this was a case of 
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enchondroma of the body of mandible which is not yet reported 
in the literature.

dIscussIon

Enchondromas are slow‑growing, benign, cartilaginous tumors 
located in the medullary cavity of the bone and clinically 
asymptomatic. Commonly seen in the third or fourth decades 
of life with equal sex predilection,[1,5] and most commonly 
involving short tubular bones of hand and long bones. 
Although rarely found in the jaw bones, condylar, and coronoid 
processes of the mandible are predominantly involved. In the 

present case, the patient presented with a gradually growing 
asymptomatic swelling in the mandibular left body which 
clinically appeared more to be a benign odontogenic tumor 
rather than anything else and was taken up for the management 
accordingly. It was only after the histopathological review that 
the chondromatous nature of the lesion was realized, leading it 
to be named as a chondroma. All this had driven the attention 
of authors’ to review the literature on cartilaginous tumors of 
the jaw and establish a definitive diagnosis.

Occurrence of these tumors in noncartilaginous sites of the 
jaws had tempted some authors to refer them as hamartomatous 
growth.[4] However, some workers have proven that in such 
cases, aberrant embryonic cell rests and multidirectional 
differentiation of mesenchymal cells are implicated in the origin 
of these tumors.[6] Radiographically, these tumors demonstrate 
as a small radiolucent lesion without cortical involvement or 
soft‑tissue extension.[7] While histopathologically, they reveal 
discrete islands of hyaline cartilage surrounded by lamellar 
bone which was in conjunction to the present case.

Figure 1: Preoperative orthopantomogram

Figure 2: Intraoperative dissection

Figure 3: Excised tissue mass

Figure 4: Histopathological analysis

Figure 5: Postoperative orthopantomogram

[Downloaded free from http://www.amsjournal.com on Sunday, July 12, 2020, IP: 223.235.102.97]



Shukla, et al.: Enchondroma of mandibular body

Annals of Maxillofacial Surgery ¦ Volume 10 ¦ Issue 1 ¦ January-June 2020274

As per the little literature available, it is recommended that 
such lesions do not require any surgical intervention rather 
than observation. Occasionally, they have been found to be 
symptomatic and are treated by excision in toto. However, 
in the present case, the patient had reported with swelling of 
the body of mandible which was increasing in size gradually 
and was excised under the impression of benign odontogenic 
tumor. The reported incidence of recurrence for enchondromas 
is extremely low,[8] and the same was found in the present case 
after a follow‑up of more than a year.

conclusIon

Although literature is extremely sparse in such cases, and no 
concrete protocol is framed for their management, extreme 
caution should be taken, as an enchondroma could be the initial 
manifestation of osteosarcoma or chondrosarcoma; hence, 
long‑term periodic follow‑up must be considered mandatory. 
It is very much required that any modifications in the line 
of treatment of such rare cases that can be worked upon and 
implemented for future prospective.
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ABSTRACT 
 

Mandibular angle fractures accounts for about 23 – 42% of all mandibular fractures, most of which require 
open reduction and internal fixation under general anesthesia especially cases with bilateral fractures. Such 
fractures can pose serious challenges to both, the surgeon and the anesthetist as they present with restricted 
mouth opening and intraoral edema leading to restricted access and can be catastrophe due to excessive 
intraoral bleeding during laryngoscopy and intubation causing absolute failure to ventilate the patients. This 
communication presents various factors apart from elucidating what can go wrong during those critical mo-
ments of securing the airway in mandibular angle fractures. 
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INTRODUCTION 

Fractures of the angle of mandible accounts for about 
23 – 42%[1] of all mandibular fractures and can pose 
serious challenges to both, maxillofacial surgeon as 
well as the anesthetist. For the surgeon, it is a tedious 
job, especially when working intra-orally in the view 
of narrow space and restricted access due to re-
stricted mouth opening and the existing intraoral 
edema. For the anesthesiologist, it can indeed be a ca-
tastrophe due to torrential intraoral bleeding from 
inferior alveolar artery during laryngoscopy and in-
tubation. This communication presents various fac-
tors apart from elucidating, what can go wrong dur-
ing those critical moments of securing the airway in 
mandibular angle fractures. 

 

Origin and Genesis for this Article  

The authors had come across two cases of mandibu-
lar angle fractures that were taken up for open reduc-
tion and internal fixation under general anesthesia, 
who succumbed during laryngoscopy and intubation. 
In both the cases, anesthetist attempted laryngos-
copy and nasotracheal intubation but could not ac-
complish that due to heavy, torrential intra oral 
bleeding from inferior alveolar artery and poor visi-
bility of larynx compounding the problem and abso-
lute inability to ventilate by face mask. It was a classi-
cal scenario where visualization and ventilation just 
could not be done. In both cases airway could not be 
accessed with an absolute failure to ventilate creating 
a situation where patients drowned in their own 
blood. 

DISCUSSION 

Fractures of angle of mandible are like a ‘Pandora’s 
Box’. After the injury, the patients present with a fa-
cial edema and oral hygiene takes a back seat. These 
fractures also produce intra oral mucosal tears be-
hind third molars extending up to the mandibular fo-
ramen which unfortunately are not visible to eye pre-
operatively. Visual evaluation of oral cavity becomes 
extremely difficult in view of the lack of cooperation 
from patients in opening their mouth and thus the 
anesthetist is forced to directly attempt laryngoscopy 
for nasotracheal intubation after induction and ad-
ministration of central muscle relaxant, during which 
an effort is made to lift the tongue upwards and to the 
left. This maneuver stretches glosso-epiglottic fold 
which further distorts and stretches the hidden and 
partially healed mucosal tear behind third molar 
there by opening up the injury to the inferior alveolar 
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artery. In short the occult, concealed mucosal tear 
manifests into an open tear with resultant inferior al-
veolar arterial bleed. Laryngoscopy and nasotracheal 
intubation usually induce hypertensive response[2] 
and especially in such situations it further increases 
the amount of intraoral bleeding which is a hopeless 
and helpless situation for the entire operating team. 

The following remedial measures are suggested to 
overcome this problem and secure a hassle free air-
way: 

1. Fiber optic intubation under regional/topical an-
esthesia can be the first choice in such case which 
avoids laryngoscopy[3] and thereby prevents 
stretching of healing intraoral mucosal tears in-
volving mandibular foramina and also minimize 
the risk of inflicting any further trauma to teeth 
and gums. 

2. Blind nasal intubation can be the second remedy 
but definitely requires expertise. 

3. Nasal intubation should preferably be done 
through the nostril, opposite to the side of frac-
ture[4], in cases of unilateral angle fractures. Wider 
and more patient nostril to be chosen in bilateral 
angle fractures. 

CONCLUSION 

Fiber optic or blind nasal intubation is ideal for anes-
thetizing patients with mandibular angle fractures 
because such fractures present with restricted access 
and sometimes excessive intraoral bleeding during 
laryngoscopy causing absolute failure to ventilate the 
patients. In author’s experience, blind nasal even 
scores over fiber optic intubation because with exces-
sive intraoral bleeding and tenacious blood tinged se-
cretions, visibility is very poor and suctioning also 
does not help and improve scope of visibility. Blind 
nasal intubation does not depend on visibility ala fi-
ber optic bronchoscope. It needs only ears and clini-
cal feel of structures as it is being accomplished. 

REFERENCES 

1. Schierle, H. P., Schmelzeisen, R., Rahn, B., & 
Pytlik, C. (1997). One-or two-plate fixation of 
mandibular angle fractures?. Journal of Cranio-
Maxillofacial Surgery, 25(3), 162-168. DOI: 
10.1016/S1010-5182(97)80009-1 

2. Piepho, T., Thierbach, A., & Werner, C. (2005). 
Nasotracheal intubation: look before you leap. 
British journal of anaesthesia, 94(6), 859-860. 
DOI: 10.1093/bja/aei146 

3. Raval, C. B., & Rashiduddin, M. (2011). Airway 
management in patients with maxillofacial 
trauma–A retrospective study of 177 cases. 
Saudi journal of anaesthesia, 5(1), 9. DOI: 
10.4103%2F1658-354X.76476 PMID: 
21655009 

4. Coe, T. R., & Human, M. (2001). The peri-opera-
tive complications of nasal intubation: a com-
parison of nostril side: A survey of current prac-
tice in the UK. Anaesthesia, 56(5), 447-484. DOI: 
10.1046/j.1365-2044.2001.01524.x 

View publication statsView publication stats

https://doi.org/10.1016/S1010-5182(97)80009-1
https://doi.org/10.1093/bja/aei146
https://dx.doi.org/10.4103%2F1658-354X.76476
https://www.ncbi.nlm.nih.gov/pubmed/21655009
https://doi.org/10.1046/j.1365-2044.2001.01524.x
https://www.researchgate.net/publication/352281904


                     
International Journal of Medical Science and Innovative Research (IJMSIR) 

IJMSIR : A Medical Publication Hub   
Available Online at: www.ijmsir.com 
Volume – 5, Issue – 1,   January - 2020, Page No. :  332 - 337 

 
Corresponding Author: Dr. Abhishek Rathi, ijmsir, Volume – 5 Issue - 1, Page No. 332 - 337 

   
  P

ag
e 

33
2 

ISSN- O: 2458 - 868X, ISSN–P: 2458 – 8687 
Index Copernicus Value: 68 . 16 
PubMed - National Library of Medicine - ID: 101731606 
 

Incidence of impacted third molar: A radiographic retrospective study in Modinagar Semirural Population 
1Dr. Vijay Mishra, Assistant Professor, Department of Dentistry, Uttar Pradesh University of Medical Sciences, Saifai, 

Etawah, UP 
2Dr. Abhishek Rathi, Senior Lecturer, Department of Oral and Maxillofacial Surgery, Institute of Dental Studies and 

Technologies, NH 58, Kadrabad, Modinagar, UP 
3Dr. Chanchal Sareen, Reader, Department of Oral and Maxillofacial Pathology, ITSCDSR, Knowledge Park IV, Greater 

Noida, Uttar Pradesh  
4Dr. Suman Yadav, Consultant Oral and Maxillofacial Surgeon, Lifeline hospital and Research Center, Azamgargh, UP 
5Dr. Shweta Parna Deb, Consultant oral and maxillofacial surgeon, Guwahti, Assam 
6Dr. Ritesh Garg , Reader, Department of Oral and Maxillofacial Surgery, Institute of Dental Studies and Technologies, 

NH 58, Kadrabad, Modinagar, UP 

Corresponding Author: Dr. Abhishek Rathi, Senior Lecturer, Department of Oral and Maxillofacial Surgery, Institute of 

Dental Studies and Technologies, NH 58, Kadrabad, Modinagar, UP 

Citation this Article: Dr. Vijay Mishra, Dr. Abhishek Rathi, Dr. Chanchal Sareen, Dr. Suman Yadav, Dr. Shweta Parna 

Deb, Dr. Ritesh Garg,  “Incidence of impacted third molar: A radiographic retrospective study in Modinagar Semirural 

Population”, ijmsir- January - 2020, Vol – 5, Issue -1, P. No. 332 – 337. 

Type of Publication: Original Research Paper 

Conflicts of Interest: Nil 

Abstract 

Introduction: Tooth impaction is a pathological 

situation in which a tooth is failed to attain its normal 

functional position. Incidence of impacted third molars 

is more common in the mandible (90%) than the 

maxilla followed by maxillary canines and mandibular 

second premolars. 

Aim: The aim of this study was to assess the incidence 

of mandibular impaction as compared to maxillary 

impaction based on age group and gender predilection 

in Ghaziabad Semi-Rural population. The incidence of 

distal caries in second molar was also evaluated based 

on the angulation of impacted third molar. 

 

Material & method: A sample of 1500 radiographs 

(OPGs and IOPA) were retrieved from a digital archive 

were taken. The age group, gender and angulation of 

the impacted third molars were tabulated for statistical 

evaluation. Based on the age, sample was divided into 

three category, Category 1- 18-25 years, Category 2- 

26-35 years and Category 3- 36-50 years. And the 

angulation was assessed on the basis of Winter’s 

Classification of impacted third molars. 

Result: In our study, 29% were maxillary impactions 

and 71% were mandibular impactions. Based on the 

age group, the impactions were maximum in category-

1. On the basis of gender, males had preponderance in 

case of mandibular impactions. According to Winter’s 

classification, both in maxillary and mandibular 

http://ijmsir.com/
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impactions the incidence of vertical impactions were 

more. There was an incidence of distal caries in second 

molar due to the presence of mesioangular third molars. 

Conclusion: The patients of Modinagar semi-rural 

population had an incidence of mandibular impactions 

in males with predominance of vertical impactions. 

Second molar distal caries justifies the prophylactic 

extraction of mandibular third molars. The incidence of 

mesioangular impacted third molar is more for distal 

caries in second molar. 

Keywords: Mandibular, Maxillary, Impaction, Age, 

Gender, Distal caries, Second molar 

Introduction 

The term impaction is defined by Peterson in 1998 as a 

tooth that fails to erupt into dental arch within expected 

time1. Tooth impaction is a pathological situation in 

which tooth is failed to attain its normal functional 

position2. Incidence of impacted third molar is more 

common in mandible (90%) than maxilla followed by 

maxillary canines and mandibular second premolars3. 

These impacted teeth may stay asymptomatic for a long 

time without creating disturbance for patient or may 

present with various pathologies like caries, 

pericoronitis, cysts, neoplasms and also causes root 

resorption of adjacent tooth4. Earlier studies have 

shown that the incidence of impacted third molar is 

more in females than as compared to males5. 

Caries may also be develop in clinical situations where 

no obvious communication exists between the oral 

cavity and impacted tooth while in partially impacted 

teeth occlusal and proximal sides are most commonly 

affected6. The tooth position and inclination play main 

role in caries development process. In ]]]]][[ooase of 

partially exposed mesioangular and horizontal 

mandibular third molars, occlusal surface forms plaque 

accumulative crevices against the distal surfaces of the 

second molars leading to development of distal caries 

in the second molars7.  

The aim of this study was to assess the incidence of 

mandibular impaction as compared to maxillary 

impaction based on age group and gender predilection 

in Modinagar semirural population. The incidence of 

distal caries in second molar was also evaluated based 

on angulation of the impacted third molar. 

Material and method 

Patient sample 

Samples of 1500 radiographs (OPGs and IOPARs) 

were retrieved from digital archives which were not 

specifically advised for third molar symptoms. 

Radiographs were evaluated retrospectively for the 

impacted third molar based on Winters classification. 

The age group, gender and angulation of the impacted 

third molars of Modinagar, semirural population was 

tabulated for statistical evaluation.  

The population was divided into male and female and 

into 3categories on the basis of age group which were 

18-25 years, 26-35 years,36-50 years.  

Based on Winter’s classification, the impacted teeth 

were classified as All good quality radiographs from 

patients aging between 18 -50 years of age, either 

IOPAR depicting complete picture of the third molar or 

OPG were assessed in study and classified according to 

Winters classification as mesioangular, horizontal, 

distoangular, and vertical impactions. Patients not 

belonging to concerned demographics were excluded. 

Results 

Based on Sex Distribution  

Males comprised of 822(54.8%) and females were 

678(45.2%) in this sample size 

Based on maxillary and mandibular impaction 
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In the study 435 (29%) were maxillary impaction and 

1065( 71%) were mandibular impactions in this sample 

size  

Based on age groups 

Category 1 - 957 impactions - 273 maxillary and 684 

mandibular impactions 

Category 2 - 621 impactions - 189 maxillary and 432 

mandibular impaction 

Category 3 – 267 impactions - 72 maxillary and 195 

mandibular impaction 

The side of impaction based on age group was also 

assessed.  

Incidence of mandibular impactions was more as 

compared to mandibular impactions in all 3 age groups. 

Maximum incidence was seen in case of category 1. 

Incidence of mandibular right impactions was more 

than left mandibular impaction in category 1. Incidence 

of maxillary left impaction was more than the right side 

in category 1. In maxillary third molars, in all age 

groups, vertical impactions were the highest. In 

mandibular third molars, in all age groups, vertical 

impaction had highest incidence. 

Based on gender 

Maxillary impactions in males were less as compared to 

females (48% and 52% respectively). Mandibular 

impactions in males were more than females (54% and 

46% respectively). In males, impacted maxillary third 

molars on the right side were 51% and left side was 

49%. In females, impacted maxillary third molars on 

right side were 46% and left side was 54%. In males, 

impacted mandibular third molars on the right side 

were 48% and left side were 52%. In females, impacted 

mandibular third molars on right side were 45% and 

left side were 55%. In males according to winter’s 

classification, incidence of vertical impactions was 

more both in cases of maxillary and mandibular 

impacted third molars. In females, the incidence of 

vertical impactions was more both in cases of maxillary 

and mandibular third molars. 

Based on bilateral/unilateral impaction   

The numbers of unilateral and bilateral impactions in 

maxilla were 249 and 285 respectively. The numbers of 

unilateral and bilateral impactions in mandible were 

867 and 438 respectively. 

Based on incidence of carious 2nd molar 

Incidence of caries in second molars in the total sample 

as evaluated in figure 6 showed 62% carious second 

molar in association with impacted third molars. On the 

basis of age, the incidence of distal caries in second 

molars were evaluated which showed maximum 

incidence in category 1. Based on winters 

classification, incidence of distal caries in second molar 

were highest in mesioangular impactions (46%) (Figure 

1). 

Discussion 

Impacted teeth are the teeth that fail to erupt in the 

dental arch. The tooth may become impacted because 

of adjacent teeth, dense overlying bone or soft tissue, 

lack of space in jaw, aberrant path of eruption, 

abnormal positioning of tooth bud or pathological 

lesions. The age of impacted tooth ranges from 17-25 

years. In our study age ranges from 18-50 years where 

incidence of maximum impacted teeth was seen 

between 18-25 years. 

A study by Quek et al5, Wahid et al9, stated that there 

was a prevalence of females in impactions over males. 

Nazir et al showed male preponderance of 54%. 

Literature has shown no gender predisposition in 

Caucasian, Chinese, Negro, and Arabian community. 

Previous studies reported the occurrence of third molar 

impaction in Caucasian females5. Our study is in 
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agreement with this study which showed a male 

preponderance of 55% 

A study done in Pakistan showed arch wise distribution 

of impacted third molar showed greater disposition in 

mandible than maxilla11. Venugopal conducted a 

comparative study on impacted third molar in south 

India which showed greater predilection towards the 

mandible, which also supports our findings 12. 

Hashemipour studied the Iranian population and 

concluded that impactions in mandible are 1.9 times 

more likely to occur as compared to mandible. Our 

study is in agreement with the literature which states 

that mandibular third molar impactions were more than 

their maxillary counterparts. 

On basis of angulation of impaction, our study showed 

that maximum vertical impactions were seen in the 

maxillary impacted third molars. This was in 

accordance with the literature5,9. However Kata et al 

suggested that maxillary incidence is more as compared 

to mandible11. 

In case of mandible vertical impactions were common. 

This is not in agreement with the referenced literature9, 

14.  Both Wahid et al and Valmaseda-Castellon et al 

showed that there was mesioangular predominance as 

compared to vertical. Hasheimpour showed that the 

most leading impaction in mandible was mesioangular 

followed by horizontal, vertical and distoangular 

impaction. Literature does not show any wide variation 

in angulation of impaction of third molar in relation to 

race. In this context Kanneppady conducted 

comparative study on Malaysian different ethnic group, 

which showed mesioangular impaction was more 

frequent (49.8%) followed by distoangular (22.9%) 15. 

Several complications associated with extraction of 

mandibular third molar including alveolitis, infection 

and paraesthesia of inferior alveolar nerve. Francois 

and Nach showed higher complication rate in 

mesioangular and distoangular impaction than the rest 

of the other positions 16.  

Third molars are the most common impacted teeth and 

pericoronitis associated with bad oral hygiene and 

lesser self-cleansing area lead to food accumulation 

resultantly leading to increase in microbial load. 

According to Adeyemo et al, the major reason for third 

molar extraction was caries and its sequelae (63.2%), 

followed by recurrent pericoronitis (26.3%) and 

periodontitis (9.2%) 17.   Allen et al reported incidence 

of 42% of the distal second molar caries associated 

with partially or completely impacted mandibular third 

molars 18. The results of Bataineh et al showed 0.5% in 

the second molars associated with third molars19. In a 

study by Ustad F et al 20% incidence of caries was 

reported in the distal surface of the second molar, and 

85% of this incidence was due to mesioangular 

impacted third molar20. In our study 38% of distal 

caries was seen in the second molars and 46% was due 

to mesioangular impacted third molars. 

Conclusion 

The patients of Muradnagar semirural population had 

an incidence of mandibular impaction in male with 

predominance of vertical impactions. Second molar 

distal caries justifies the prophylactic extraction of 

mandibular third molars. The incidence of 

mesioangular impacted third molar is more for distal 

caries in second molar. 
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Original Article
Height and dental caries among 13-year-old adolescents in India: 
A sociobehavioral life course approach
Shilpi Singh1, N. Vijayakumar2
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Dentistry, Dr. Syamala Reddy Dental College and Hospital, Bengaluru, Karnataka, India

ABSTRACT

Background: The aim of the study was to assess the relationship between height and dental caries 
among 13‑year‑old adolescents in schools of Bangalore, India.
Materials and Methods: A cross‑sectional study was undertaken on 1900 schoolchildren aged 
13 years from both government and private schools of Bangalore using stratified random sampling. 
Demographic data; family‑related factors; and general and oral health‑related factors such as 
frequency of sugar consumption, dietary habits, oral hygiene practices, and dental attendance were 
interviewed using both open‑ended and close‑ended questions. Anthropometric measurements for 
height and weight were performed. Clinical examination was done and caries was recorded using 
the decayed, missing, and filled teeth (DMFT) index (WHO criteria, 1997). Data were analyzed 
using SPSS version 21.0, and descriptive statistics including percentages, mean, and frequencies were 
performed. Student’s t‑test and ANOVA were applied to find the significant differences between 
mean DMFT among groups. Categorical data were analyzed by Chi‑square test for differences 
between groups. Pearson correlation coefficient was used to find the correlation among dental 
caries and height and body mass index (BMI). P value was set at a statistical significance level of 0.05.
Results: The prevalence of dental caries among the study population was 36.3% which was higher 
among girls as compared to boys. Dental caries was found to be significantly associated with 
socioeconomic status, family structure, birth order, use of oral hygiene aids, mouthrinsing, last dental 
visit, weight, and BMI. Height and BMI showed a strong negative correlation with  dental caries.
Conclusion: The present study showed a significant negative correlation between height and dental 
caries. However, since both caries and height are a dynamic phenomenon, hence a longitudinal study 
exploring the possible relationship should be considered.

Key Words: Dental caries, height, schoolchildren, weight

INTRODUCTION

An individual’s biological resources are influenced 
by their genetic endowment, their prenatal and 
postnatal development, and their social and physical 
environment in early life. Adversity in childhood 
becomes “embodied” at an early age and its full 

impact manifests later in life. Factors affecting 
the health status may accumulate gradually during 
lifetime, although there may be developmental periods 
when these factors have a greater impact on health 
than factors operating at other times.[1]
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Over the last few years, there has been an increasing 
interest in conceptualizing disease etiology within 
a life course framework. A life course is the study 
of long-term effects on chronic disease and risk 
of physical and social exposures during gestation, 
childhood, adolescence, young adulthood, and later 
adult life. It includes the study of the biological, 
behavioral, and psychosocial pathways that operate 
across an individual’s life course, as well as across 
generations, to influence the development of chronic 
diseases.[2] This dynamic framework brings together 
the effects of intrinsic factors (individual resources) 
with extrinsic factors (environmental factors).

Height is an important surrogate marker of early 
development and of social and physical environment 
exposures in early life. Height is affected by 
socioeconomic changes from birth to early adulthood. 
Babies from high socioeconomic families were found 
to be taller than those from lower socioeconomic 
families. Socioeconomic circumstances influence 
fetal development and growth during childhood 
suggesting an important role for diet in early life on 
adult health.[1] Thus, taller adult stature is an indicator 
of better development and health associated with 
beneficial exposures in early life. Disturbed patterns 
of physical growth parameters, namely weight, 
height, and head circumference, may therefore be 
considered as an indicator of underlying nutritional 
and psychological disorders. Height for age, as a 
measure of stunting growth, is an indicator of past or 
chronic malnutrition and is also influenced by genetic 
factors.[3] Height is a potential indicator of individual 
biological resources gained in childhood as it has 
been used to explain variations on coronary heart 
disease and mortality.[1]

Race is a very important factor when it comes 
to height since it influences the genetic build of 
a community. The Aryan race is different from 
the Afro-Americans. Likewise, the white native 
Americans are different from the Afro Americans. 
Each race has a set of particular genes which affect 
the height. Some races grow to be over 7 feet 
tall (e.g., African Watusis), whereas others are <5 feet 
tall (e.g., African Pygmies).[1] India has a mixed racial 
pattern comprising Indo-Aryans, Nordics, Dravidians, 
Mongoloids, and a predominance of Caucasoid races.

Poor growth and socioeconomic circumstances 
in early childhood may affect health-related 
behaviors and oral health in later life. Dental 
caries shares similar risk factors with other chronic 

diseases (Sheiham and Watt, 2000) and a similar 
approach can be hypothesized to oral diseases as 
used for other chronic diseases.[4,5] Dental caries is 
an etiologically complex disease process. It is likely 
that numerous microbial, genetic, immunological, 
behavioral, and environmental contributors are at play 
in determining the occurrence and severity of clinical 
disease; however, it can be prevented.[4,6] Dental caries 
also appears to be affected by nutritional deficiency; 
children with lower growth parameters had a higher 
caries experience in deciduous teeth.[3,7] Studies in 
populations with high levels of nutritional deficiency 
have found that children with low height for their age 
had a significantly greater caries experience in their 
primary dentition.[8,9]

Bangalore being a metropolitan city has children from 
different socioeconomic and cultural backgrounds. 
Because research on other aspects of health suggests 
that height is related to health, more dental research is 
needed on the subject, using adolescent’s height as a 
surrogate measure for early influences on development 
and early childhood circumstances.[10,11] Hence, 
the aim of the study was to assess the relationship 
between height and dental caries among 13-year-old 
adolescents in schools of Bangalore, India.

MATERIALS AND METHODS

The present cross-sectional study was conducted among 
13-year-old schoolchildren attending government and 
private schools of Bangalore, India. Prior to the start of 
the study, an official permission was obtained from the 
Director, Deputy Director of Public Instructions (DDPI) 
Office, Bangalore, forwarded through the Head of the 
Institution. Ethical clearance was obtained from the 
institutional review board. Prior written permissions 
were also obtained from the heads of the respective 
schools. A pilot study was carried out on 100 students 
aged 13 years randomly selected from two government 
and private schools in Bangalore to check the feasibility 
of the study, dental examination, interview procedures, 
and relevance of the pro forma. The results of the pilot 
study showed a caries prevalence of 45%. Hence, based 
on the results of a pilot study, modifications were done 
in the questionnaire, and the sample size for the main 
study was calculated using 80% power of the study at 
95% confidence interval, thus obtaining a total sample 
size of 1900.

A stratified random sampling technique was employed 
to obtain the required sample size. The first stage 
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included selection of schools. A complete list of 
schools along with the number of 13-year-old children 
enrolled was obtained from the Office of the DDPI, 
Bangalore. In Bangalore, schools are divided as North 
and South Zones. The Bangalore South is further 
divided into five blocks (Anekal, South 1, South 2, 
South 3, South 4) comprising 919 government and 
private high schools. An equal number of government 
and private schools were included from each of the 
five blocks. Two government and two private schools 
were selected from each block using stratified random 
sampling by lottery method making a total of 20 
schools. The second stage involved selection of 
study participants. The study participants were taken 
in equal proportion using simple random sampling 
from both government and private schools for equal 
representation in the study sample. Of 1900 children, 
950 children were obtained from government 
schools and 950 children from private schools of 
Bangalore. Due consideration was given to maintain 
the equal number of boys and girls among the study 
participants. Since the total study population of 1900 
was obtained from 20 schools in Bangalore South, 
hence 95 schoolchildren were taken from each school.

The inclusion criteria included children with 
permanent dentition who were willing to participate 
and had completed the chronological age of 13 years 
and should not have completed 14 years of age. The 
study participants’ age was verified from the school 
register. Children who were medically compromised, 
handicapped, limb deformities/disability and those 
with congenital defects or acute infections of the oral 
cavity which interfered with the oral examination 
were excluded from the study. A detailed weekly and 
monthly schedule was prepared well in advance by 
informing and obtaining consent from authorities of 
respective schools. Even though a detailed schedule 
plan was prepared well in advance, few adjustments 
and changes had to be made while working it out 
practically. Prior written voluntary consent to examine 
study participants was obtained from the heads of 
respective schools who, in turn, had informed the 
parents of children and had obtained consent from 
them. Before conducting the survey, the training and 
calibration of the examiner was done. Training for the 
use of structured pro forma, intraoral examination for 
dental caries, and anthropometric measurements was 
done on 10 children aged 13 years. Subsequently, 
a total of 20 participants were examined on two 
occasions over 2 successive days. Intra-examiner 
reliability was assessed using kappa statistic, which 

was in the range of 0.90 for dental caries, showing a 
high degree of conformity in the observations.

A structured questionnaire was used to collect 
information regarding sociodemographic factors such 
as name, age, gender, address, and family income. 
Family-related factors such as father’s and mother’s 
occupation, birth order, and family structure were also 
assessed. General and oral health-related factors such 
as frequency of sugar consumption, dietary habits, 
oral hygiene practices, and dental attendance were 
also interviewed. Both open-ended and close-ended 
questions were used to derive the required information 
from the students.

Socioeconomic status was recorded according to 
the revised Kuppuswamy’s scale. A structured 
questionnaire was filled before the clinical 
examination by interviewing the study participants 
by the investigator herself. The information gathered 
was rechecked from school records to eliminate any 
error on children’s part. A maximum of 40 study 
participants were examined per day. Children were 
made to sit on the chair, and the oral examination 
of study participants was conducted in respective 
schools using a plane mouth mirror, explorer, and 
CPI probe under natural light (Type 3). Caries status 
was recorded as per the decayed, missing, and filled 
teeth (DMFT) index (WHO criteria 1997). Height 
was measured by the examiner herself with the child 
standing erect against a wall-mounted measuring 
tape in centimeters. Weight was also assessed by 
the examiner herself using a weighing balance in 
kilograms. Body mass index (BMI) was calculated 
using the formula BMI = Weight in kg/(height in 
meters).[2]

BMI classification given by the WHO/IASO/IOTF, 
2000, was used to identify obese individuals.

Height and weight were then divided into three 
categories separately for boys and girls based on the 
normal reference values for 13-year-old children by 
the Indian Council of Medical Research guidelines, 
2009.

Data analysis was carried out using the Statistical 
Package for Social Sciences version 21.0 (IBM Corp. 
Released 2012. IBM SPSS Statistics for Windows, 
Version 21.0. Armonk, NY: IBM Corp). Descriptive 
statistics that included mean, standard deviation, and 
percentages were calculated for each of the categories. 
t-test was used to find the differences between means 
of different quantitative groups. Categorical data 
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were analyzed by Chi-square test for differences 
between groups, and ANOVA statistical tests were 
applied. Following descriptive statistics (frequency 
and distribution and cross-tabulation), correlation was 
found between dental caries and height and weight 
and BMI using Pearson’s correlation coefficient. 
Generalized linear regression analysis was carried 
out to build models showing factors significantly 
associated with the DMFT. Significance for all 
statistical tests was predetermined at a probability 
value of 0.05 or less.

RESULTS

A total of 1900 schoolchildren participated in the study, 
wherein 268 (14.1%) study participants belonged to 
lower socioeconomic status, 1300 (68.4%) to middle 
socioeconomic status, and 332 (17.5%) to upper 
socioeconomic status. A total of 1410 (74.2%) study 
participants belonged to nuclear family type, followed 
by 478 (25.2%) belonging to joint family. The first 
birth order comprised 856 (45.1%) study participants, 
920 (48.4%) of the study participants were second 
child, and only 124 (6.5%) of the study participants 
belonged to the third order or more [Table 1].

Association between several sociodemographic 
and personal characteristics showed that gender, 
socioeconomic status, family structure, birth order, use 
of oral hygiene aids, pattern of sugar consumption, 

and last dental visit were significantly associated with 
dental caries among the schoolchildren [Table 2].

Distribution of the study population according 
to height showed that among boys, 38 (2.0%) 
were <134.4 cm in height and majority of them, 
i.e., 568 (29.9%), were in the range of 134.5–151.0 
cm, whereas 344 (18.1%) of the study participants 
were >151.0 cm in height. Among girls, only 
46 (2.4%) were <135.5 cm in height, whereas a great 
majority (592, 31.2%) were in the range of 135.5–
150 cm and only 312 (16.4%) were more than 150 
cm in height. Majority of the boys, i.e., 516 (27.2%), 
were within the reference range for 13 years olds 
of 26.6–38.6 kg, whereas 3664 (19.2%) were more 
than 38.6 kg. Only 70 (3.7%) boys among the study 
population were <26.6 kg of weight. Among girls 
also, majority of them, i.e., 456 (24%) were within 
the range of 27.8–39.4 kg, whereas 404 (21.3%) 
of them were more than 39.4 kg in weight. Only a 
small percentage (90, 4.6%) of the study population 
was <27.8 kg of weight [Table 3].

The study participants had an overall caries prevalence 
of 36.3%, with a mean DMFT score of 0.85 ± 1.36. 
The prevalence of dental caries was 32.8% among 
boys and 39.9% among girls, which showed a 
statistically significant difference (P < 0.001). Among 
boys, 36.8% of those who were <134.4 cm in height 
had dental caries, with a mean DMFT of 0.37 ± 0.49; 
36.9% of those between 134.4 and 151 cm had a 
mean DMFT score of 0.37 ± 0.48; and 25.6% of 
those more than 151 cm in height had dental caries, 
with a mean DMFT of 0.26 ± 0.44. Among girls, 
34.8% of those <135.4 cm suffered from dental 
caries, with a mean DMFT of 0.35 ± 0.48; 38.2% of 
those between 135.4 and 150 cm had a mean DMFT 
of 0.38 ± 0.48; and 43.6% of those more than 150 
cm in height had dental caries, with a mean DMFT of 
0.44 ± 0.50 (P = 0.023) [Table 4].

A negative correlation was found between height and 
dental caries (r2 = −0.040), which was statistically 
significant (P < 0.023) [Table 5]. Furthermore, 
there was a strong negative correlation between 
weight and dental caries (r2 = −0.067) and BMI and 
dental caries (r2 = −0.072), which was statistically 
significant (P < 0.003 and P < 0.002, respectively).

DISCUSSION

Dental caries is a multifactorial disease, and the stock 
of biological resources that one acquires in childhood 

Table 1: Descriptive statistics of the study 
population
Variables n (%)
Socioeconomic status

Lower 268 (14.1)
Middle 1300 (68.4)
Upper 332 (17.5)

Family structure
Joint 478 (25.2)
Nuclear 1410 (74.2)
Others 12 (0.6)

Birth order
First 856 (45.1)
Second 920 (48.4)
Third or more 124 (6.5)

Sugar consumption
Not at all 150 (7.9)
Once 826 (43.5)
Twice 510 (26.8)
More than twice 414 (21.8)

Mode of cleaning teeth
Toothbrush and toothpaste 1886 (99.3)
Toothbrush and toothpowder 14 (0.7)
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may affect dental caries experience in adolescence. 
Dental caries also appears to be affected by nutritional 
deficiency; children with lower growth parameters 
were found to have higher caries experience. Factors 
that result in reduced birth weight, such as poor 
maternal nutrition and smoking during pregnancy, 
may therefore influence individual health resources 
as they are reflected in height and caries experience. 
Height is an important surrogate marker of early 
development and of social and physical environment 

exposures in early life and is related to health and 
longevity.[1,2] Studies in populations with high levels 
of nutritional deficiency have found that children with 
low height for their age had a significantly greater 
caries experience in their primary dentition.[9] There 
are very few contemporary studies linking height and 
caries in the permanent dentition. Height at 13 years 
of age was used as a marker of general health 
resources to test whether early childhood experiences 
affected adolescents’ oral health as measured by dental 
caries status.[1] To eliminate confounding factors such 
as age and gender, an equal number of males and 
females aged 13 years were included in the study. 
Furthermore, an equal number of study participants 
were taken both from government and private schools 
to eliminate bias due to socioeconomic status.

As per the Indian Council of Medical Research 
guidelines for reference height at different age groups 
of the Indian population, height at 13 years of age 
was divided into three categories, which was different 
for males and females.

A negative correlation was found between height and 
dental caries (r2 = −0.040), which was statistically 
significant (P < 0.023). However, two earlier attempts 
to investigate the relation between anthropometric 
measurements and dental caries in the permanent 
dentition in North American adolescents did not find 
a marked relationship. Cunningham in 1934 reported 
that among female adolescents aged 15–19 years, taller 
females had a higher caries experience (Cunningham, 
1934).[10] On the other hand, case histories of 54 
adolescents showed that shorter individuals had less 
caries (Hurme, 1935). More recently, shorter Saudi 
Arabian schoolboys aged 6–13 years had less caries in 
their permanent teeth after adjusting for age and social 
class (Abolfotouh et al., 2000).[11] Conversely, among 
Brazilian adolescents aged 13, taller individuals had 
a lower caries severity in the permanent dentition 
after adjusting for other demographic and social 
variables (Nicolau et al., 2005). No relationship 
was found between height and caries in a group of 
Scottish children aged 3–11 years with severe caries 
experience (Freire MC, 2008).[2] The possible reason 
could be that since both height and dental caries are 
a continuous dynamic process, hence a variety of 
factors over a period of time from birth to adulthood 
influence height and caries. First, untreated caries and 
associated infection can cause pain and discomfort 
and reduce intake of foods because eating is 
painful.[7,12] Second, severe caries can affect children’s 

Table 2: Association of various sociodemographic 
and personal characteristics with dental caries
Parameter Caries (%) Caries 

free (%)
P

Gender
Boys 32.8 67.2 0.001*
Girls 39.9 60.1

School type
Government 36.6 63.4 0.639
Private 34.9 65.1

Socioeconomic status
Lower 38.8 61.2 0.004*
Middle 34 66
Upper 43.4 56.6

Family structure
Joint 41.0 59 0.004*
Nuclear 34.6 65.4

Birth order
First 24.8 75.2 0.001*
Second 46.5 53.5
Third or more 40.3 59.7

Diet pattern
Vegetarian 39.4 60.6 0.168
Mixed 35.9 64.1

Oral hygiene aids
None 69.2 58.5 0.001*
Used 29.7 70.3

Mode of cleaning teeth
Toothbrush and toothpaste 36.5 63.5 0.118
Toothbrush and toothpowder 14.3 85.7

Last dental visit
Never visited 36.9 63.1 0.046*
1‑3 months before 44.4 55.6
4‑6 months before 30.6 69.4
>6 months back 33.1 66.9

Pattern of dental attendance
Never visited 36.6 63.4 0.096
Checkup mainly 34.3 65.7
When in trouble/pain 36.1 63.9

Sugar consumption
Not at all 36.9 63.1 0.002*
Once 44.4 55.6
Twice 30.6 69.4
More than twice 33.1 66.9

*P significant at P<0.05
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quality of life and thereby growth. Impacts include 
pain, irritability, and disturbed sleeping habits.[13,14] 
Family circumstances, nutritional status, parents’ level 
of education, and in addition, socioeconomic changes 
from birth to early adulthood affect height.[15,16] Hence, 
a longitudinal study would better provide an insight 
into this relationship.

Body height and weight are commonly used indicators 
of health capital. Body height was used as a potential 
indicator of the long-term, cumulative effects of 
inadequacies of health; weight was an indicator 
of malnutrition, revealing short- or long-term 
accumulation of weight.[17-19] Furthermore, India being 
a developing country with the majority of population, 
still struggling for basic needs, malnutrition, and 
underweight is a common finding as in the present 
study.

Furthermore, there was a strong negative correlation 
between weight and dental caries (r2 = −0.067) and 
BMI and dental caries (r2 = −0.072). This correlation 
was statistically significant. This significant 

correlation between caries and weight (P < 0.003) 
and BMI (P < 0.002) can be attributed to the 
socioeconomic status of our study population 
since majority of the population belonged to lower 
and middle social class. Hence, socioeconomic 
circumstances such as inadequate healthy food 
coupled with poor oral hygiene care due to economic 
constraints and lack of oral health awareness could 
be the contributory factors for increased caries 
prevalence in children who were underweight.[16,20-22]

The present study revealed that height was 
significantly correlated with dental caries experience 
among 13-year-old schoolchildren. However, 
statistical significance could not be reached for a 
number of oral health parameters studied. Structured 
questionnaires might have had limitations, whereby 
students may tend to report socially desirable answers 
such as frequent toothbrushing. However, objective 
measures, such as clinical examination, were used to 
overcome this limitation. It should be also noted that 
the present study was cross-sectional. Consequently, 
the results from this sample of the study population 
may not be interpreted for any causal association, and 
further, longitudinal studies may be undertaken.

CONCLUSION

The prevalence of dental caries was 36.3% among 
the study population which was significantly higher 

Table 4: Caries prevalence of study population according to height
Height (cm) Affected (%) Caries free (%) Total (%) Mean DMFT P
Boys

<134.4 14 (36.8) 24 (63.2) 38 (100) 0.37±0.49 0.023*
134.4‑151.0 210 (36.9) 358 (63.1) 568 (100) 0.37±0.48
>151.0 88 (25.6) 256 (74.4) 344 (100) 0.26±0.44

Girls
<135.4 16 (34.8) 30 (65.2) 46 (100) 0.35±0.48
135.4‑150.0 226 (38.2) 366 (61.8) 592 (100) 0.38±0.48
>150.0 136 (43.6) 176 (56.4) 312 (100) 0.44±0.50

DMFT: Decayed, missing, and filled teeth. *P significant at P<0.05

Table 5: Correlation between caries prevalence 
and height and weight and body mass index
Variables Correlation coefficient P
Height −0.040 0.023*
Weight −0.067 0.003*
BMI −0.072 0.002*

*Denotes statistically significant at P<0.05. BMI: Body mass index

Table 3: Distribution of the study population according to height and weight
Height (cm) Study population, n (%) Weight (kg) Study population, n (%)
Boys

<134.4 38 (2.0) <26.6 70 (3.7)
134.4‑151.0 568 (29.9) 26.6‑38.6 516 (27.2)
>151.0 344 (18.1) >38.6 364 (19.2)

Girls
<135.4 46 (2.4) <27.8 90 (4.6)
135.4‑150.0 592 (31.2) 27.8‑39.4 456 (24.0)
>150.0 312 (16.4) >39.4 404 (21.3)
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among girls as compared to boys. The mean DMFT 
of the study population was 0.85 ± 1.36, and 
most of the teeth were in decayed category (mean 
DT = 0.84 ± 1.34). A significant negative correlation 
was found between caries prevalence and height.

Notwithstanding the fact that the results of this study 
support the relationship between dental caries and 
height, future longitudinal research should integrate 
validated dietary assessments, socioeconomic status, 
oral hygiene compliance, and other factors that may 
act as confounders or effect modifiers.
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Abstract
Background: There is a need to validate OHRQoL measures in Hindi to assess the 
OHRQoL of Indian children.
Aim: To develop a Hindi version of the CPQ11–14 and to appraise its validity and 
reliability for use among North Indian children aged 11-14!years.
Design: The cross-culturally adapted Hindi version of CPQ11-14 was achieved by 
forward translation, backward translation, committee review, and pretesting. A total 
of 1000 children were recruited from schools, chosen by two-stage cluster random 
sampling technique. After completing the self-administered questionnaire CPQ11-

14 by the child, oral examination was conducted using decayed/missing/filled teeth 
(DMFT) index, malocclusion index, and Dean's fluorosis index. Test-retest reliabil-
ity was checked on 100 participants after one week.
Results: The floor effect was present in 3.6% individuals, and there was no ceiling 
effect. Cronbach's alpha for the overall CPQ11-14 scale was 0.963. Intra-class cor-
relation (ICC) coefficient was 0.952 for the entire scale. Cronbach's alpha value for 
test-retest was 0.918. There was a non-significant change in domain-level and overall 
median CPQ11-14 scores with an increase in DMFT scores. For malocclusion and 
fluorosis, there was a statistically significant increase in overall and domain-level 
scores with increased severity scores. CPQ11-14 and individual domains significantly 
correlated with both the global questions.
Conclusion: Hindi version of CPQ11-14 is a reliable scale to assess OHRQoL in Hindi 
speaking 11- to 14-year-old children.
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1 |  INTRODUCTION

Traditionally, oral diseases were measured in epidemiologi-
cal studies using clinical variables. Though these vital objec-
tive parameters reflect the endpoint of the disease, they do 
not signify about the impact of the disease upon the function 
or psychosocial well-being of the person. Oral health-related 
quality of life (OHRQoL) is an integral part of the overall 
health and well-being of an individual which should be con-
sidered as a subjective component while assessing the oral 
health status.

Presently, there are measures available to assess 
the OHRQoL of the children. The Child Perceptions 
Questionnaire (CPQ) is one constituent of the COHQOL© 
and was developed with the aim to gather data on OHRQoL 
from the children themselves.1,2 The CPQ improves the inter-
pretation of child's oral health and also measures its psycho-
logical impact on child's dental health.

The CPQ is present in two forms: the CPQ8–10
1 for 

children aged 8-10! years and the CPQ11–14
2 for those aged 

11-14!years. The CPQ11-14 developed in 2002 is the oldest 
commonly used instrument in children, and its psychomet-
ric properties have been established in English-speaking 
adolescents in various countries such as Canada, the United 
Kingdom, Australia, and New Zealand.3-5 The CPQ11-14 
questionnaire has also been translated and validated in many 
languages like Arabic, Brazilian Portuguese, Malay, Italian, 
German, Spanish, Korean, and Telugu.4-13

Though CPQ11-14 has its global presence, the scale has 
not been cross-culturally adapted and validated in the Hindi 
language with regard to all the three major oral diseases to-
gether, that is, dental caries, malocclusion, and fluorosis, for 
use in Indian children. According to the Official Languages 
Act, 1963, Hindi is the official language of India and spoken 
by 430 million people around the world. It is also the largest 
spoken and understood language by citizens of India, particu-
larly by North Indians. Also, the Hindi language is spoken in 
Nepal, Guyana, Trinidad and Tobago, Suriname, Mauritius, 
and Fiji. Therefore, this study was performed to develop a 
cross-culturally adapted Hindi version of the CPQ11–14 and 
to assess its validity for use among Hindi-speaking Indian 
children.

2 |  METHODS

This cross-sectional study was conducted among 11- 
to 14-year-old school children studying in Modinagar, 
Ghaziabad, Uttar Pradesh, one of the most populous states 
of India. The ethical clearance was obtained from the 
Institutional ethical committee. The data collection was 
carried out from December 10, 2017, to November 30, 
2018.

Cross-cultural adaptation of CPQ11-14 in Hindi was 
achieved by forward translation, backward translation, and 
committee review followed by pretesting. Forward transla-
tion of the English CPQ11-14

2 into the Hindi version was done 
by two secondary school bilingual language teachers working 
independently. The preliminary versions were then reviewed 
by one of the authors (VJ) and proposed alternative transla-
tions if he found the original translated question or response 
choices unacceptable. The forward-translated version was 
then finalized by a panel discussion among the researchers 
and translators, resulting in the production of a single Hindi 
version of the questionnaire. This Hindi version was then 
translated back to English language by two different bilin-
gual translators. Both these translators were not aware of the 
study rationale. All the investigators and translators reviewed 
the forward- and the backward-translated English translations 
for comprehensive, conceptual, experiential, and semantic 
equivalence. For the items or response choices where both 
the versions did not agree, the choice of words was discussed 
until a final version was reconciled.

A convenience sample of 30 children was selected to com-
plete the adapted questionnaire to check whether the children 
understood the meaning of each item correctly. After every 
participant had completed the questionnaire, he/she was 
asked to mention their observations on the questionnaire as 
a whole. The observations from pretesting were integrated to 
form the final Hindi version.

The final questionnaire consisted of 39 items: 2 global rat-
ing items about oral health and oral health-related well-being 
and 37 questions of the Hindi version CPQ11-14. The global 
ratings of oral health were scored from 0 to 4 with corre-
sponding responses ranging from excellent, very good, good, 
acceptable, and bad, respectively. For overall well-being, the 
scores were from 0 to 4 with responses ‘not at all, very little, 
some, a lot and very much’, respectively. And for the remain-
ing 37 questions, the scoring criteria ranged from 0 to 4 with 
responses ‘never, once or twice, sometimes, often, and every 
day or almost every day’.

Why is this paper important to pediatric 
dentists?
• This study translated and validated the Hindi ver-

sion of the CPQ11-14, a widely used tool to assess 
OHRQoL of children in the dental setting.

• Pediatric dentists who have Hindi-speaking 
adolescents in their clinical practice can utilize 
this Hindi version of CPQ11-14 to assess their 
OHRQoL.

• This instrument can be used in both clinical and 
pediatric epidemiological studies.
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The 37-item questionnaire consisted of four conceptual 
domains: (a) oral symptoms (OS, 6 items), (b) functional 
limitations (FL, 9 items), (c) emotional well-being (EWB, 9 
items), and (d) social well-being (SWB, 13 items). The chil-
dren were told to specify the frequency of a particular experi-
ence in the last 3!months.

Along with the questionnaire, the date of birth and gen-
der were also recorded. All the clinical data were collected 
using WHO guidelines.14 Caries experience was assessed 
using the decayed/missing/filled teeth (DMFT) index.14 
Fluorosis was assessed by means of the Dean's fluorosis 
index.14 Malocclusion was identified according to the maloc-
clusion index based on abnormalities in mandibular closure 
at the canine and first permanent molar.15 It was classified 
as: 0!=!‘No Anomalies’; 1!=!‘Slight Anomalies (one or more 
rotated or slanted teeth, crowding or diastema!"!4!mm)’; and 
2! =! ‘Severe Anomalies (maxillary overjet! #! 9! mm, man-
dibular overjet or anterior crossbite, open bite, crowding or 
diastema!>!4!mm)’.

Before the data collection for the main study, the cali-
bration and standardization of the examiner and recorder 
was done. Twenty-five children were examined for all the 
variables, and the intra-examiner reliability (kappa !) was 
0.83.

A pilot study was done on 50 participants to calculate the 
sample size and to check the practical problems in carrying 
out the study. The caries experience was 58.33%. The preva-
lence of malocclusion and fluorosis was 58.33% and 41.66%, 
respectively. Based on the results of the pilot study, the larg-
est sample size assessed was:

Since one of the secondary objectives was to observe dif-
ferences in the prevalence of dental caries, malocclusion, and 
dental fluorosis according to sex; the sample size was dou-
bled to 936. The minimum sample size was rounded off to at 
least 950 subjects.

The schools were selected using a two-stage cluster 
random sampling technique and included both public and 
private schools of Modinagar. In the first stage, Modinagar 
city was divided into 4 geographical areas arbitrarily. Each 
zone had 2 government schools and 3 private schools ex-
cept one where 4 private schools were included. In order to 
have equal representation of both types of schools, random 
sampling by chit method was done. One school of each type 
was selected making that a total of 8 schools to be included 
in the study. In the second stage, a representative sample of 
first 150 eligible school children was included from each 
school. Permission to examine the school children was 
acquired from the school officials, and informed consent 
was taken from each child's parent for the interview and 
oral examination. Both the information sheet and consent 
form were bilingual (Hindi and English). Out of 1196 con-
sent forms distributed, 1056 parents signed the consent 
forms. Thirty-seven children were absent on the day of data 

collection, and 16 children did not give the assent for an 
oral examination or had some form of medical disability. 
There were three incompletely filled questionnaires. The 
final study had 1000 participants with an overall response 
rate of 83.6%.

The CPQ11-14, being a self-administered questionnaire, 
was given to the children before the clinical examination. 
The oral examination was done by an examiner under natural 
light using a mouth mirror, explorer and WHO-CPI probe. 
Confidentiality of the participant was strictly maintained by 
using a unique identification number, and all data analyses 
used that number only. Clinical data were manually recorded 
on the proforma and later entered into a Microsoft Excel 
spreadsheet on the same day (usually data from 12 to 15 chil-
dren) after returning back by one of the authors (VJ) with 
the help of a trained recorder. The questionnaire data were 
entered after the questionnaires had been checked for com-
pleteness. The random checks of data entry regarding com-
pleteness and correctness were done by the supervisor (NA) 
during the study.

One hundred randomly selected participants completed a 
second copy of the questionnaire after a gap of 1! week to 
enable assessment of the test-retest reliability.

The dataset was analyzed using the statistical package 
SPSS for Windows, version 22.0 (SPSS Inc). The children 
were categorized into three groups based on DMFT score: 
having 0, 1-3, and 4 or more, DMFT. The data for fluorosis 
were dichotomized into ‘no to mild’ and ‘moderate-to-se-
vere’ fluorosis.

All the response code scores of the 37 questions were 
summed up to achieve the overall CPQ11-14 score which could 
range between 0 and 148. The higher sum scores indicated 
poorer OHRQoL. The score of each CPQ11-14 domain was 
calculated by adding the response score for their items.

Internal consistency of the scale was assessed by calculat-
ing Cronbach's alpha. The test-retest reliability was evaluated 
by ICC two-way mixed consistency method. The distributions 
of each item and the sum scores were examined using the 
Kolmogorov-Smirnov Test. The sum scores of the scale and 
its domains were not distributed normally; thus, median and 
the interquartile range (IQR) were calculated. Discriminant 
and construct validity were calculated by comparing the 
summary scales between the clinical diagnosis categories 
and global ratings, respectively. To assess the statistical dif-
ferences in summary scores between the categories of caries 
severity, malocclusion, and global ratings, the Kruskal-Wallis 
H test was used whereas the Mann-Whitney U test was used 
for fluorosis. Summary scales and global ratings were cor-
related using the Spearman correlation. This correlation of 
the global ratings and summary scales could be confounded 
by gender and clinical diagnosis; therefore, partial ‘r’ was 
calculated after adjusting for them. The level of statistical 
significance was considered at P!"!.05.
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3 |  RESULTS

The final study sample consisted of 1000 school children, 
aged 11-14!years (12.7!±!0.8), of which 562 (56.2%) were 
boys and 438 (43.8%) were girls. The dental caries experi-
ence was 30.6% in the study population. The prevalence of 
malocclusion was 30% and fluorosis was 5.8% when only 
moderate and severely affected subjects were included. 
Fluorosis and malocclusion were more prevalent in males as 
compared to females, and the difference was statistically sig-
nificant (Table!1).

The overall mean CPQ11-14 score for the present popula-
tion was observed to be 17!±!16.7 with an interquartile range 
of 18 and a median value of 12.5. The average score for the 
SWB domain was 3!±!5.5, for EWB domain was 4.5!±!6, 
whereas it was 4.8!±!4.6 for FL and 4.7!±!3.6 for OS domain. 
The median and interquartile range for OS, FL, EWB, and 
SWB domains was 4 and 5, 4 and 6, 2 and 7, and 13 and 4, 
respectively (Table!2).

Scores ranged from 0 to 98 for the Hindi version of CPQ11-
14, and these and the domain scores were positively skewed. 
The floor effect (score of zero) was present in 3.6% (n!=!36) 
individuals, and there was no ceiling effect (score of 148). 
Cronbach's alpha value was 0.963 and 0.918 for the overall 
scale and test-retest, respectively. The test-retest ICC value 
for the entire scale was 0.952 (Table!2).

Test-retest reliability was significant. The inter-item cor-
relation matrix between test and retest scores at the domain 
level is presented in Table!3. There was a positive and good 
correlation between the domains.

There was a non-significant change in domain-level and 
overall median CPQ11-14 scores with an increase in DMFT 
scores. For malocclusion and fluorosis, there was a sta-
tistically significant increase in overall and domain-level 
scores with increased severity of malocclusion and fluoro-
sis. Domain-level scores for dental caries initially showed 
consistent scores or decrease from DMFT score 0 to DMFT 
score 1-3, but then showed a consistent increase from DMFT 
scores 1-3 to DMFT scores of 4 or more. The results were, 
however, not statistically significant (Table!4).

Table! 5 shows that CPQ11-14 and individual domains 
showed statistically significant construct validity with 
self-rating for oral health and self-rating for the impact of 

oral health on overall well-being. An increase in median 
overall, as well as domain-level scores, was observed with 
a corresponding decrease in self-rated oral health and an 
increase in the impact of oral health on overall well-being 
(Table!5).

Self-evaluated oral health showed significant difference 
between all categories except excellent versus very good cat-
egories for all the domains and very good versus good for 
FL domain, SWB domain and overall CPQ. Self-evaluated 
impact of oral health on overall well-being demonstrated 
significant differences among all categories of all domains 
except very good versus fair categories in OS and very good 
v/s good in FL domain.

Correlation between both global questions and domains 
was statistically significant at the P value of <.001 level. 
Partial r values for self-rated oral health showed a significant 
correlation with the oral symptom, emotional well-being, and 
overall questionnaire, whereas there was a statistically signif-
icant correlation between all the subscales and the complete 
scale. However, even at low r values statistical significance 
was obtained possibly due to large sample size in the present 
study. Applying the thumb rule for correlation, relationship 
could be established only when partial r! >! 0.250. Hence, 
only oral symptoms and overall CPQ demonstrate signifi-
cant although weak linear correlation with self-rated impact 
of oral health on well-being (Table!6). Hence, the construct 
validity for the Hindi version of CPQ11-14 could be positively 
established.

4 |  DISCUSSION

The CPQ11–14 is a valid tool in OHRQoL research world-
wide,8-13 was translated, back-translated, and cross-culturally 
adapted to the Hindi language in the present study to ensure 
its conceptual and functional equivalence. The overall ICC 
value of 0.952 observed in this study was in agreement with 
those reported by the authors of the CPQ11-14 in their valida-
tion study5 and Brazilian study that validated CPQ8-10 and 
CPQ11-14.12 Though the ICC values observed in present study 
were higher than those reported in the previous validation 
studies8-13 in various languages. This could be due to the dif-
ferent time gaps given for test-retest in earlier studies, such 

T A B L E  1  Prevalence of oral disease in the study sample according to sex

Dental caries Malocclusion Fluorosis

DMFT!=!0 DMFT!"!1 P value Absent Present P value No to mild
Moderate 
to severe

P 
value

Male N (%) 408 (72.6) 154 (27.4) .49 354 (63) 208 (37) <.001 514 (91.5) 48 (8.5) .02
Female N (%) 286 (65.3) 152 (34.7) 346 (79) 92 (21) 428 (97.7) 10 (2.3)
Total N (%) 694 (69.4) 306 (30.6) 700 (70) 300 (30) 942 (94.2) 58 (5.8)
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as a month in Arabic6; 2!weeks in Telugu13; and 3!weeks in 
Brazilian Portuguese7 and German.16

In our study, Cronbach's alpha value for all the subscales 
was >0.8, which is considered excellent. Kumar S et al in 
their validation of Telugu version of CPQ11-14 study reported 
that two subscales (EWB and SWB) had Cronbach's alpha 
value of >0.8 whereas the remaining two subscales had value 
of <0.8.13 A validation study conducted in Canada reported 
a similar pattern.3

A study by Kumar et al in 2018 endeavored to validate the 
modified CPQ11-14 questionnaire (62 questions instead of 37) 
in the Hindi language with a smaller sample of 33 children, 
taken from the outpatient of the department. Also, steps of 
cross-cultural adaptation as done in the present study were 
not considered by Kumar et al Further, to evaluate discrimi-
nant validity, the investigators did not assess dental fluorosis 
which is a very consistent finding in Hindi-speaking popu-
lation and significantly affects the social well-being of the 
children.17 Another study by Shyam et al18 examined only 
dental caries for supporting the discriminant validity of the 
Hindi version of their CPQ11-14 scale. The above limitations 
in these studies restrict the generalizability of their findings 
to the whole of the Hindi-speaking population and calls for an 
epidemiological study with a larger sample. All three major 
clinical dental diseases, that is, dental caries, malocclusion, 
and fluorosis that were used separately or in combination 
by various studies for assessing the discriminant validity of 
CPQ11-14 were considered together in this study with a larger 
sample of 1000 children.

The present study found that malocclusion has a sig-
nificant impact on OHRQoL of children. The finding was 

similar to study conducted by Kumar et al,13 and Bekes 
et al.16 The current study could not relate dental caries expe-
rience to OHRQoL which was similar to studies conducted 
in UK,8 Thailand,12 India,13 Germany,16 Brazil,19 Italy,20 and 
Lebanon.21 The reason for this finding could be that dental 
caries may not lead to functional limitations or psychosocial 
dysfunction if not accompanied by pain.13 Correspondingly, 
there have also been contradictory findings from other val-
idation studies, as some studies reporting a relationship be-
tween dental caries and OHRQoL.6,7,9,11,18

The Hindi version of CPQ11-14 presented excellent dis-
criminant validity by discriminating the study subjects' group 
that had fluorosis with visible changes from the group that 
had no distinct changes (mild, questionable, or no fluorosis) 
in their teeth. The study conducted by Kumar et al had a sim-
ilar findings13 and advocates that moderate-to-severe fluoro-
sis can have a major effect on the QoL of an individual.

The Hindi version of CPQ11-14 demonstrated good con-
struct validity with the overall score as well as with its 
subscales. Moreover, all the CPQ11-14 subscales and over-
all CPQ11-14 scores had a significant positive correlation 
with scores from global ratings of perceived oral health and 
well-being. This advocates that the Hindi version of CPQ11-14 
succeeded in assessing what it intended to assess, that is, con-
struct validity. Though correlation value was low/moderate, 
the values are almost similar to those reported by many val-
idation studies of CPQ11-14.8,9,11 These findings were similar 
to Brazilian19 and English3 version of CPQ11-14 whereas the 
Arabic version of CPQ11-14 could not show any correlation 
between global ratings of overall well-being and the SWB 
domain score.6

The prevalence of dental caries was 30.6% in the present 
study which was similar to another Indian study.13 The caries 
prevalence in a trend review study was found to be 52.1% for 
children aged 11-15! years in India.22 The difference in the 
prevalence of dental caries could be due to varied age groups.

The caries experience was higher in females compared 
to males, but the difference was not statistically significant. 
There are conflicting results from literature for variations in 
caries experience according to gender. Studies conducted 
in India by Reddy et al23 at Telangana; and Moses et al24 at 
Chidambaram observed a trend of greater caries experience 

T A B L E  2  Descriptive statistics, internal consistency, and test-retest reliability of the CPQ11-14 and its domains

Items Mean!±!SD
Median 
(IQR)

Observed 
range Skewness ICC 95% CI

Cronbach's 
alpha

Cronbach's alpha 
if item deleted

OS 6 4.7!±!3.6 4 (5) 0-18 9.3 0.882 0.833-0.921 0.897 0.817
FL 9 4.8!±!4.6 4 (6) 0-24 1.3 0.870 0.817-0.913 0.901 0.794
EWB 9 4.5!±!6 2 (7) 0-29 1.8 0.892 0.847-928 0.958 0.761
SWB 13 3!±!5.5 1 (4) 0-40 3.2 0.779 0.670-0.852 0.947 0.766
Overall CPQ11-14 37 17!±!16.7 12.5 

(18)
0-98 1.8 0.952 0.933-0.968 0.963 0.857

T A B L E  3  Inter-item correlation matrix (test-retest)

OS2 FL2 EWB2 SWB2 CPQ2
OS1 0.992 0.577 0.495 0.640 0.779
FL1 0.566 0.993 0.434 0.473 0.718
EWB1 0.487 0.412 0.999 0.706 0.857
SWB1 0.641 0.469 0.716 0.997 0.882
CPQ1 0.774 0.707 0.867 0.881 0.999
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in boys than in girls, whereas studies done in China25 and 
USA26 reported higher caries prevalence in girls than boys. 
This difference witnessed in various studies may be at-
tributed to the difference in culture and geographical loca-
tions studied.

In the present study, malocclusion showed male prepon-
derance and its prevalence was 30%, whereas the prevalence 
of malocclusion was 16.6% in the validation study of CPQ11-
14 conducted in Telangana13 and 89.9% in a study conducted 
in Kerala.27 Extensive deviations reported in various studies 
could be due to different indices being used to assess mal-
occlusion. Both studies showed a higher presence of mal-
occlusion in males.13,27 These differences could be due to 
behavioral differences between genders for thumb-sucking, 

deciduous teeth exfoliation, and skeletal differences in addi-
tion to puberty.

Fluorosis prevalence was 5.8% in the present study which 
was similar to a study conducted in Telangana, India.13 
Studies by Arvind et al28 and Verma et al29 reported 42.1% 
and 64.3% of children had dental fluorosis, respectively. The 
present study showed the males having a higher severity of 
fluorosis. A study by Mane et al30 2011 in Karnataka, India, 
reported results similar to the present study. However, gen-
der predilection is not a consistent feature in fluorosis de-
mographics. Studies by Arvind et al28 found the prevalence 
of dental fluorosis higher in girls compared to boys. Equal 
occurrence among both sexes was found in a study conducted 
in Southern India by Verma et al, 2017.29

N (%)

OS FL EWB SWB CPQ11-14

Median 
(IQR)

Median 
(IQR)

Median 
(IQR)

Median 
(IQR)

Median 
(IQR)

Self-evaluated oral health
Excellent 139 (13.9) 2 (3) 3 (4) 0 (2) 0 (1) 6 (9)
Very good 141 (14.1) 3 (6) 3 (5) 1 (4) 1 (2) 8 (13)
Good 308 (30.8) 3 (4) 3 (5) 1 (4) 0 (3) 10 (15)
Fair 338 (33.8) 5 (5) 5 (6) 4 (8) 2 (4) 17 (19)
Poor 74 (74) 8 (7.5) 10 (10) 13 (13) 10(13.5) 37 (35)

Self-evaluated impact of oral health on overall well-being
Not at all 406 (40.6) 2 (3) 2 (3) 0 (2) 0 (1) 6 (10)
Very little 305 (30.5) 5 (5) 5 (6) 3 (6.8) 1 (3) 15 (16)
Somewhat 205 (20.5) 5.5 (5.8) 5 (6.5) 6 (9.8) 2 (6) 21 (25)
A lot 41 (4.1) 4 (9) 7 (10) 8 (17.3) 9 (18.3) 29 (39.5)
Very much 43 (4.3) 9 (7.5) 7 (10.5) 8 (13.5) 5 (14.5) 33 (45)

Note: All the CPQ11-14 subscales and overall CPQ11-14 score had significant positive correlation with global 
ratings of oral health and well-being with P!=!.000.
aKruskal-Wallis H test, P!<!.001. 

T A B L E  5  Construct validity: overall 
CPQ11-14 and its subscale scores in relation 
to global self-rating of oral health and 
impact of oral health on overall well-being

T A B L E  6  Construct validity: correlation of overall CPQ11-14 and its subscale scores with global self-rating of oral health and the impact of 
oral health on overall well-being

Self-rating of oral health
Self-rating of impact of oral health on overall 
well-being

ra P value Partial r P value ra P value Partial r
P 
value

OS 0.334 .000b 0.133 .003b 0.436 .000b 0.278 <.001b 
FL 0.260 .000b 0.052 .248 0.371 .000b 0.163 <.001b 
EWB 0.428 .000b 0.136 .002b 0.416 .000b 0.126 .005b 
SWB 0.326 .000b 0.068 .128 0.384 .000b 0.173 <.001b 
Overall CPQ11-14 0.398 .000b 0.127 .005b 0.476 .000b 0.262 <.001b 

Note: Partial correlation coefficient adjusted for gender, dental caries, malocclusion, and fluorosis.
aSpearman's correlation coefficient. 
bCorrelation is significant at the 0.01 level (2-tailed). 
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The sample size of the present study is higher than most 
of the earlier conducted validation studies of CPQ11-14 in the 
scientific literature. A further added advantage is that the data 
were collected in a cross-sectional population survey using a 
2-stage cluster random sampling technique in a school setting 
and not within a sample of patients attending dental treat-
ment. This further made the sample homogeneous improving 
the generalization of study results to the general population. 
An added strength of the present study is the almost equal 
distribution of age in the study's sample. The distribution of 
age in the study sample was similar to the studies conducted 
in Brazil19 and the UK.8

The present study has some limitations. Firstly, socio-
economic status was not taken into account considering that 
children will not be able to provide information on it. To 
counteract this limitation, an equal number of government 
and private schools were randomly selected for data collec-
tion. Secondly, all demographic and behavioral data collected 
are based on a self-administered questionnaire which brings 
social desirability and recall bias along with it. These two bi-
ases are a source of response bias. Although all of the children 
responded to all CPQ11-14 questions, given that these were 
young adolescents, they may have given ‘socially desirable’ 
answers or could have misinterpreted a particular question 
altogether. To reduce misinformation due to these reasons, all 
the participants were informed that the information collected 
from them will be kept confidential.

This study was the first cross-sectional study assessing 
the psychometric properties of the Hindi version of CPQ11-
14 in a large sample of Hindi-speaking general population. 
The Hindi version of CPQ11-14 shows statistically demon-
strable and acceptable validity and reliability for assessing 
OHRQoL in Hindi-speaking children aged 11-14! years. 
The measure is concise, easily understandable and uses 
simple language. As per gender variation, the caries ex-
perience was higher in males compared to females but 
the difference was not statistically significant whereas 
malocclusion and fluorosis scores showed a statistically 
significant score with males' predominance. The Hindi 
version of CPQ11-14 will help improve the treatment and 
disease-related QoL outcomes among the concerned age 
group through a more accurate assessment of OHRQoL of 
Hindi-speaking population.
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Abstract

Dentists and dental office personnel are exposed to a wide range of potential pathogens and have high 
chances of infection transmission not only in the clinic, but also in the laboratory. A proper sterilization 
and disinfection protocol must be followed. This shall prevent cross-contamination of disease among the 
dental health care providers. Prosthodontics is a branch in dentistry which includes manipulation of various 
materials, equipment, their use and instrumentation for rehabilitation of patients. Patients in the geriatric 
group are of special importance in this branch. A strict protocol for infection control is mandatory to combat 
any kind of transmission and cross-contamination between the dental office personnel and patient and vice-
versa. This article shall discuss the various modalities of sterilization and disinfection followed from a 
prosthodontist’s point of view, in the clinic and the laboratory also.

Keywords: Dental Clinic; Dental Laboratory; Disinfection; Infection Control; Sterilization.

Introduction

According to the Centre of Disease Control 
guidelines, sterilization is a process that destroys or 
eliminates all forms of microbial life and is carried out 
in health-care facilities by physical or chemical method. 
In disinfection refers to the elimination of many or all 
pathogenic microorganisms, except bacterial spores, 
or inanimate objects. Cleaning means the removal 
of any visible organic or inorganic soil from objects 
or equipment or surfaces, mechanically or manually 
with water and some detergent or enzymatic agents. 
Decontamination means removal of pathogenic 
organisms that would make an object safe to use, handle 
and discard.1

Dental health care providers are exposed to infectious 
material and potentially infectious materials within 
the dental office, dental lab and also while handling 
equipments, materials, etc.2 Patients in the prosthodontic 
clinic usually belong to the vulnerable group due to 
increased age, decreased immunity, compromised health 
status. Prosthodontists, their staff and also their patients 
are at a higher risk for possible transmission of micro-
organisms and cross-infection due to the use of added 
equipment and material in the clinic and the laboratory. 
Thus, infection control is of utmost importance. Even 

though advances in this field are commendable, the 
principles of infection control have always been basic. 
This has to be equally prioritized just as any other 
procedure to ensure safety, both ways. For a good 
practice, a sufficient number of materials, instruments 
and equipment should be available and hence the 
sterilization has to be managed and routinely done.3,4,5 
Therefore, awareness among clinicians and auxiliaries 
are a must for overall safety.6 Dental casts, Impressions, 
Impression trays, occlusal rims, etc. are commonly used 
in prosthodontic practice. This article shall review the 
procedures that should be employed for sterilization and 
disinfection of these objects in a prosthodontic clinical 
and laboratory set-up.

General Protocol for Infection Control: Infection 
control is a comprehensive procedure and there are 
five steps towards achieving it. They are: Evaluation of 
patient; Personal Protection; Cleaning and Sterilization 
of Instrument; Disinfection; Asepsis in the Laboratory.7 
Microorganisms may be transmitted through direct 
contact with blood; oral fluids; conjunctival, nasal 
and oral micro-droplets; patient materials, etc. These 
can be transmitted through indirect contact with 
contaminated objects and inhalation of long-standing 
aerosol containing the micro-organisms suspended in 
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the air.2 DCNA has classified the level of risks as per 
the prevention. Diseases like Mumps, Measles, Rubella, 
Fungal infection, etc. come under Class 1, because their 
vaccine is available, the risk is minimal. Candidiasis, 
Staphylococcus aureus, and Streptococcus Group 
A, etc. are classified under Class 2. Herpes simplex, 
Cytomegalovirus, EBV and Varicella virus are classified 
under Class 3. HIV, HBV, HCV, HDV are classified 
under Class 4 because there are no vaccines except for 
HBV and all the universal precautions should be taken as 
the diseases are fatal. Due to the highest risk of airborne 
transmission, TB is categorized under Class 5. There are 
no vaccines also for TB. Inpatient evaluation, the above 
risks have to be identified and proper precautions should 
be taken.8,9

Personal protection employs the barrier mechanism. 
Not only in the dental office, this is highly recommended 
in dental laboratory procedures. Use of Personal 
Protective Equipment like disposable gloves, over-
gloves,mask, eye-wear, face-shield, protective coat, and 
overcoats are essential to prevent contamination through 
potentially harmful splashes, spray, spatter and aerosols 
during clinical procedures using rotary instruments 
and inlaboratory procedures using model trimmers and 
lathe.10,11,12,13 Instruments have been classified into 3 
types based on their exposure to risks of transmitting 
infection as described in the Table I.14,15

Table I. Classification of instruments based on their exposure to risks of transmitting infection

Type of 

instrument
Type of exposure Example of instruments Sterilization method

Critical

Used in invasive procedures 
which penetrate soft-tissue, 
bone, enter or contact blood 
or other sterile tissue

Scalpels, surgical burs, 
forceps, scalers,bone-chisel

Should be sterilized after every use by pressure, heat, 
chemical vapor

Semicritical
Do not penetrate soft tissue 
or bone. Contact mucosa 
Contact non-intact skin

Mirrors, reusable impression 
trays, amalgam condensers 

Should be sterilized after each use if sterilization 
is not applicable,disinfection with high-level 
disinfectant should be done. (high-level disinfectant 
is labeled as “sterilant/disinfectant” as registered by 
the US Environment Protection Agency)

Non-critical Come in contact with intact 
skin

External components 
of X-Ray heads, 
Sphygmomanometer cuffs, 
Pulse-oximeter

Requires intermittent or low-level disinfection after 
each use (such a disinfectant is called “hospital 
disinfectant” as registered by the US Environment 
Protection Agency. These are not labeled for 
tuberculocidal activity.)

Most prosthodontic equipment and instruments 

are semi-critical: Mechanical cleaning of the instruments 
using disinfectors, washers, ultrasonic cleaners, rust 
inhibitors should precede the sterilization process. 
Presoaking instruments should be done with enzymatic 
solutions and non-enzymatic solutions for removal of 
blood, proteins anddebris, respectively. Instruments 
can then packed and sterilized using pressure, dry heat 
and unsaturated chemical vapor.16 There are chlorine-
based compound and phenolic compounds which are 
used for surface disinfection and asepsis. These clean 
and disinfect contaminated surface; prevents surface 
contamination by use of surface covers or may do both.17

Infection Control: Prosthodontics perspective: 

Disinfection of Laboratory: The general protocol 

for disinfection should also be followed in the 
laboratory. But, the risk status of an object is not always 
known. In that case, the object should be treated as high-
risk. Isolation of the objects should be done and any 
instrument or device that comes in contact with them 
should be sterilized. Disinfectant should be carefully 
chosen such that metallic surfaces are intact and there are 
no dimensional changes of impressions/prostheses.18,19 
Instruments, attachments, rag wheels,etc. should be 
disinfected after every case.20

The instruments used frequently in the prosthodontic 
practice have been enlisted in Table II; metal framework 
and denture in Table III; Impression materials in 
Table IV; other materials in Table Valong with their 
recommended method of sterilization and disinfection.21
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Table II: Some commonly used instruments, and their sterilization and disinfection procedure

Instrument Sterilization and disinfection procedure

Mouth mirror and face mirror Dry heat; Ethylene oxide

Handpieces Manufacturer’s recommendation should be followed; Ethylene 
oxide; Moist heat

Carbon steel hand instruments Dry heat; Ethylene dioxide

Stainless steel instruments, Tissue retraction pluggers Dry and Moist heat;Chemical vapor; Ethylene oxide

Dampen dish Moist heat;Ethylene oxide

3-way syringe Dry and Moist heat;Chemical vapor; Ethylene oxide

Saliva ejectors and evacuators Ethylene oxide

Impression trays, Aluminium trays, Metal trays, Resin trays Moist heat, Chemical vapor, Ethylene oxide

Ethylene oxide is usually used at a concentration of 450-800mg/l. Moist heat sterilization is achieved by 
Autoclaving at 121°C for 15 to 20 minutes at 15 lb pressure/square inch.21,22

Table III: Sterilization and Disinfection of Metal framework and Denture21,22

Vitallium metal framework Immersed in Sodium hypochlorite and rinsed with water

Denture

After rinsing the denture with running water and kept in an ultrasonic cleaner, the denture 
is immersed glutaraldehyde solution for 12 hours. Then again it is cleaned with running water, 
scrubbed in chlorhexidine followed by contact with chlorine dioxide for 3 minutes.
Then sterilization is done with ethylene oxide.

Table IV: Sterilization and Disinfection of Impression Materials6,21,22

Impressions compound Immersed in 2% Iodophor solution for 20 minutes

Zinc oxide eugenol Immersed in 2% glutaraldehyde for 10 minutes 

Alginate Sodium hypochlorite spray-rinse-spray; then kept under damp gauze or in a sealed packet for 10 minutes 
Immersed 2% glutaraldehyde for 10 minutes

Agar Spray with sodium hypochlorite, rinse, spray again and stand under damp gauze for 10 minutes

Polyether Immersed in 2% glutaraldehyde at room temperature for 1 hour, then rinsed with sterile water for 45 
seconds; Drying for 10 minutes

Polysulfide
Rinsed in normal water for 45 seconds, Immersed in 2% Glutaraldehyde solution for 30 minutes. Or 
Immersed in 5.25% sodium hypochlorite solution for 15 minutes
Rinsed in normal water.

Addition silicon Immersed in 2% glutaraldehyde for 1 hour, rinsed in sterile water

Condensation silicon Immersed in 2% glutaraldehyde for 10 minutes, washed with sterile water

Table V: Sterilizationand Disinfection of some other materials

Wax bites, Occlusal rims, Bite 
registrations Immersed in a 5.25%sodium hypochlorite solution and kept in a plasticbag for 10 minutes.17

Casts Immersed in a 5.25% sodium hypochlorite solution and kept in a plastic bag for 10 minutes.17

Pumice Antiseptic with Octenidine or Benzoic acid to conventional pumice is added; Pumice once used 
should be discarded after each use.22
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Conclusion

For a good clinical practice, good quality instruments, 
efficient trained auxiliary personnel, skillful clinicians 
are a must. Infection control within the operatory and 
laboratory are the only way for a safe practice not only 
from dental health care personnel’s point of view, 
but also patient’s. There are no other substitutes for 
maintaining the disinfection and sterilization protocol in 
the dental office before, during and after any procedure 
and every assistant, technician, the attendant should be 
trained by the clinician for abiding by the protocol.
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Abstract: Implant dentistry serves as an excellent treatment option to restore the 
edentulous areas. People with existing natural dentition often have a hard time 
psychologically accepting the idea of a removable appliance. Patients' preference for 
choosing which partial edentulous space has never been explored. We present one 
unique case that had two Kennedy’s partial edentulous situations (one tooth missing) 
with one in the esthetic zone (maxillary premolar) and the other in a non-esthetic zone 
(maxillary molar). The patient opted for restoring the mandibular tooth, first as part of 
his self reliance test for using implant supported restoration. A two stage surgery saw 
an endosseous (5.3 × 10 mm) implant fixture placed over which porcelain fused to 
metal restoration was screwed to the abutment. While the patient was happy with the 
outcome of the mandibular prosthesis, he never turned to restore the maxillary partial 
edentulous space. 
Keywords: Osseointegration, Implant Surgery, Abutment, Screw Retained Implant, 
Single Tooth Implant. 
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INTRODUCTION 
Since the Branemarks introduction of 

osseointegration between a viable bone and titanium 
implant in 1965 (Mattoo, K. et al 2014), the concepts 
and techniques in implant dentistry have gone through 
many evolutionary phases over the years. Its influence 
is evident from the research conducted on implant 
dentistry during last three decades of restorative 
sciences (Minocha, T. et al., 2020). The goal of implant 
dentistry is not only the tooth replacement, but a 
functional oral rehabilitation. Considering dental 
implants as treatment option gives the patient a positive 
and long term functional prosthesis.  Implants have also 
developed into a sustainable alternative to removable 
and fixed dental prosthesis (Minocha, T. et al., 2020). 

 
Restoration of molar tooth is of paramount 

importance as it plays a key role in mastication. Besides 
its role in maintaining an occlusal plane by preventing 
supraeruption it also prevents changes in overall 
occlusion. Studies have also shown that the option of 
single-implant crown is more cost effective than a 3-
unit conventional fixed partial dental prosthesis 
(Brägger, U. et al., 2005). For a single implant 
restoration replacing a molar, it is imperative that the 
occlusion should be planned to curtail the occlusal 
forces and to capitalize on force distribution to adjacent 

natural teeth (De Boever, A. L. et al., 2006; & Kim, S. 
S. et al., 2013). Ignoring such occlusal changes can 
even compromise retentive capability of implant 
supported restorations (Mattoo, K. et al., 2014). This is 
especially important when the missing molar is to be 
restored. Single tooth reconstruction with dental implant 
also provides convenient access for oral hygiene 
maintenance with relative ease. This case report 
demonstrates the rehabilitation of missing mandibular 
molar tooth with a dental implant using a two stage 
surgical procedure. The feature of the case being the 
patients preference of choosing a less esthetic area as 
test for treatment satisfaction before deciding the same 
treatment option for an esthetic zone.   

 

CASE REPORT 
A 43 years old male patient reported to the 

post graduate wing of the department of prosthodontics. 
The patient presented with a chief complaint of the 
missing tooth on left lower back tooth region. He got 
his tooth extracted due to a failed root canal treatment, 
1 year ago.  He was wearing a temporary partial denture 
in the same region since 8 months. His preference of 
treatment was a fixed prosthesis. Different treatment 
modalities of fixed prosthesis were explained in detail 
to the patient. These included a conventional fixed 
partial denture (3 unit) or an implant supported single 
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restoration in relation to missing molar. The patient 
consented for implant supported prosthesis in relation to 
left mandibular first molar. 

 
Patients medical, social and drug history did 

not signify to have an impact on dental treatment and/or 
procedures. Dental history included previous root canal 
treatment in mandibular left and right second premolars. 
Extraction of left upper first premolar due to decay 3 
years ago, rotation of left upper second premolar and 
extraction of left lower mandibular first molar  1 year 

ago due to failed root canal treatment. The patient was 
wearing removable partial denture in relation to left 
lower first molar for 8 months while there was no 
prosthesis for missing maxillary tooth. No significant 
adverse habits of the patient came to light. Extra oral 
findings were within normal variations. Intra oral 
examination showed a class 2 carious lesion on the 
maxillary left second premolar while there was attrition 
on the posterior right side maxillary and mandibular 
teeth, suggesting a unilateral chewing pattern developed 
as a loss of other side mandibular molar tooth. 

   

 
Figure 1: (A) Orthopantomograph shows status of natural dentition (B) Surgical splint (C) and (D) Placement of implant 

fixture at stage one surgery  
 

The bone type was assessed on a preoperative 
IOPA, OPG and cone-beam computed tomography 
(CT) scans. There was adequate width and height of 
bone to accept a wider dental implant  (Fig 1 A). Mouth 
preparation planned for the patient, including an oral 
hygiene maintainence program for a period of 3 months 
and restoration of carious tooth. The maxillary premolar 
was found to have pulpal involvement with 
symptomatic apical periodontitis thus delaying the 
maxillary rehabilitation procedure. Following a 
thorough clinical examination and radiographic 
imaging, patient was provided with detailed information 
regarding the planned treatment, alternative treatment 
options and possible risks. Although the patient was 
advised to go for implant supported restoration of both 
missing tooth, the patient wanted to test the outcome in 

mandibular arch first before going for the same 
treatment in the maxillary arch. Prosthetic treatment 
was initiated by making  diagnostic impressions using 
irreversible hydrocolloid impression material (CA 37; 
Cavex, Haarlem, Holland), following which diagnostic 
casts were mounted on a semi adjustable articulator 
(Whip Mix series 3000; Elite Dental Services, Inc, 
Orlando, Fla). A two stage implant surgery with an 
endo osseous implant (Alpha Bio ICE 5.3 × 10 mm 
implant, Alpha Bio Tec.) was planned.  Written 
informed consent was obtained from the patient. A 
diagnostic, surgical splint was fabricated of clear acrylic 
auto polymerizing resin (Fortex; Lucite Intl, Durham) 
(Fig 1 B) and checked for proper fit intraorally. The 
patient was given preoperative antibiotic therapy. 
Surgery was performed under local anesthetic with 
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implant fixture placement facilitated by a surgical splint 
(Fig 1C). A series of drills were used to prepare the 
osteotomy site precisely and in increments, 
collaborating the drilling direction with a paralleling 
pin. The dental implant (Alpha Bio ICE 5.3 × 10 mm 
implant, Alpha Bio Tec.) was inserted with a surgical 
motor at a torque value of 25 Ncm and then continued 

manually to complete the implant placement (Fig 1C, 
D). Adequate primary stability was obtained with the 
surrounding the cortical bone present occlusally.  After 
debriding the surrounding area, a cover screw was 
placed onto the implant and the surgical site was 
sutured. Post-operative instructions were given and 
medications (antibiotic and analgesic) were prescribed. 

 

 
Figure 2: (A) Post surgery orthopantomograph showing osseointegration of implant fixture  (B) Intra oral periapical 
view of integrated implant (C) Placement of healing abutment (D) Screw retained abutment in place (E) Final restoration 
of porcelain fused to metal screwed to the implant fixture with occlusal opening closed by composite. 

 
After 4 months of healing, second stage 

surgery was initiated after confirming osseointegration 
through a series of radiographs including a 
pantomograph and periapical view (Fig 2 A, B). An 
incision was given to allow  exposing the cover screw. 
A healing abutment was placed on the implant and the 
area was closed (Fig 2C). The patient was recalled after 
2 weeks for evaluating the gingival architecture. A well 
formed gingival emergence profile was appreciated on 
removal of healing abutment. An impression was made 
with polyether impression material (Impregum Penta; 
3M ESPE) using the closed tray impression technique 
with the help of impression coping and implant analog. 
Final abutment (Alpha Bio, Alpha Bio Tec.) was then 

selected according to the height of the soft tissue (Fig 
2D) and temporization was done. Porcelain fused to 
metal screw retained complete crown was fabricated in 
which an implant protected occlusion was incorporated. 
The crown was screwed on the abutment and the hole of 
the crown was filled with flowable composite for 
esthetic purposes (Fig 2 E). The patient was instructed 
about the oral hygiene maintenance. Bone levels around 
implant were stable at 6 months and 12 month follow-
up.  
 

DISCUSSION  
A case of implant supported single crown 

restoration in the region of left mandibular missing 
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molar using a screw retained abutment has been 
described in this case report. The main feature that the 
authors want to highlight is the patients choice for using 
a non esthetic zone (in this case mandibular molar) as a 
test for patient satisfaction before getting the same 
treatment done in a more esthetically zone (in this case 
a maxillary premolar). While studies have shown that 
doctors tend to have a poor understanding of their 
patients' preferences (Lenert, L. A. et al., 1998), 
especially in decision making, it is a matter of studying 
such preferences in dentistry.  

 
Branemark's accidental finds of 

osseointegration is a boon and has completely changed 
dental rehabilitation. The use of endoosseous dental 
implants is a probable treatment modality with proven 
safety and survival rates (Rangert, B. R et al., 1997). To 
attain expectable osseointegration for dental implants, 
Branemark advocated an unloaded healing time of 3-6 
months (Taylor, R. C. et al., 2004).  Till date, this 
transpires to be the most satisfactory and the most 
commonly followed treatment protocols (Misch, C. 
1999). The aim of bringing occlusal forces on the 
implant prosthesis gradually allows a better bone 
remodelling and organize in accordance with Wolff's 
law (Corso, M. et al., 1999; & Branemark, P. I. 1977). 
On allowing healing for a period of 3-8 months, 
depending on bone densities, a clinical study 
determined the overall implant survival rate to be 98% 
that is, 100% of D 1 bone, 98.9% for D 2 bones, 99% for 
D 3 and 100% for D 4 (Cavallaro Jr, J. S. 2011; & 
Misch, C. E. et al., 1998). 

 

A clinician's skill in manipulating the soft 
tissues around the healing abutment of the implant and 
judicious use of temporary restoration results in 
enhanced aesthetics. The same principle has been used 
in this case to create soft tissue contour around the 
surface of the abutment that would aid in maintaining 
oral hygiene (Rathi, N. et al., 2019).  In most of the 
cases rehabilitated by implants, especially in the 
anterior maxillary zone, the overall skill of the 
multidisciplinary team who plan the prosthesis are 
tested (Rathi, J. N. et al., 2019).  
 

CONCLUSION 
With the improvements in implant materials, 

design, surgical approach, and prosthetic guidelines, the 
use of implants to replace a single tooth is often the 
treatment of choice. Unique surgical and prosthetic 
concepts are implemented for proper results. This case 
report demonstrates that it is possible to achieve greater 
efficiency in our efforts to give patient sound, timely 
and economical treatment. Continued innovations in the 
prosthetic capabilities of implant system will enhance 
the service and treatment offered to the patients in 
regard to comfort, cost and esthetics. 
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ABSTRACT: 
Background: Conventional options in prosthodontics for substituting a missing single tooth include the removable partial 
denture, partial and full coverage bridgework, and resin-bonded bridgework. The present study was conducted to assess 
prosthetic complications of dental implants. Materials & Methods: This study was conducted on 86 patients who received 
dental implants in last 10 years of both genders. Complications arising from prosthetic portion of dental implants were recorded. 
Results: Out of 86 patients, males were 46 and females were 40. Males comprised of 58 and females 42 dental implants. 
Prosthetic complications were abutment fractured in 2, loose abutment in 4, fracture of veneering porcelain in 5, prosthesis 
framework fracture  in 1 and screw fracture in 3 patients. The difference was significant (P< 0.05). Conclusion: Authors found 
that prosthetic complications were abutment fractured, loose abutment, fracture of veneering porcelain, prosthesis framework 
fracture and screw fracture.  
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INTRODUCTION 
Clinical prosthodontics during the past decade has 
significantly improved and developed according to the 
advancements in the science and patient's demands and 
needs.1 Conventional options in prosthodontics for 
substituting a missing single tooth include the 
removable partial denture, partial and full coverage 
bridgework, and resin-bonded bridgework. 
Advancements in the field of odontology can be 
highlighted in terms of osseointegrated dental 
implants.2  
In addition to aesthetic and phonetic improvements, 
prostheses are required for chewing ability; otherwise, 
nutrient intake is severely restricted and can result in 
many health complications. Implant-supported dentures 

improve the biomechanical integration of the dentures 
by providing them with a better retention and also 
increase the biting force by partially relieving the 
gingivo-mucosal support of occlusal loads.3  
Despite its high success rate, failure and complications 
are often associated with dental implant treatment due 
to a number of factors. American Association of Oral 
and Maxillofacial Surgeons show that 69% of adults 
ages 35 to 44 have lost at least one permanent tooth to 
an accident, gum disease, a failed root canal or tooth 
decay. Furthermore, by age 74, 26% of adults have lost 
all of their permanent teeth.4 Although osseointegrated 
implants are routinely used for the rehabilitation of 
partially or totally edentulous patients, presenting high 
long-term survival rates; biological and technical 
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complications may result in implant failure and loss. 
Implant failures have been reported in frequencies 
varying from 1% up to 22%.  Factors affecting implant 
failure are diverse and are related to patient systemic 
status, age and social habits, implant macro-/micro-
design and surface chemical composition, implant 
position, bone quality, and surgical technique.5 The 
present study was conducted to assess prosthetic 
complications of dental implants. 
 
 
 
 

MATERIALS & METHODS 
This study was conducted in the department of 
prosthodontics. It comprised of 86 patients who 
received dental implants in last 10 years of both 
genders. Ethical clearance from ethical committee was 
taken prior to the study. They were informed regarding 
the study and written consent was obtained.  
Data such as name, age, gender etc. was recorded. 
Complications arising from prosthetic portion of dental 
implants were recorded. Results thus obtained were 
subjected to statistical analysis. P value less than 0.05 
was considered significant. 
 

RESULTS 
 
Table I Distribution of patients 

Gender Number Dental implant 
Males 46 58 

Females 40 42 
 
Table I shows that out of 86 patients, males were 46 and females were 40. Males comprised of 58 and females 42 
dental implants. 
 
Table II Distribution of patients 

 
 
Table II Prosthetic complications 

Prosthetic complications Number P value 
Abutment fractured 2 0.01 

Loose abutment  4 
Fracture of veneering porcelain 5 
Prosthesis framework fracture 1 

Screw fracture 3 
 
Table II, graph II shows that prosthetic complications were abutment fractured in 2, loose abutment in 4, fracture 
of veneering porcelain in 5, prosthesis framework fracture  in 1 and screw fracture in 3 patients. The difference was 
significant (P< 0.05). 
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Graph II Prosthetic complications 

 
 
 
DISCUSSION 
Implantology belongs to the fast growing area in dental 
medicine due to its innovations and advancement with 
regards to medical and technical developments. Out of 
the various treatment modalities available for replacing 
missing/unrestorable teeth, treatment with tissue-
integrated supported prosthesis have now become an 
integral and essential part, and today many patients 
have been successfully treated with benefit of tissue-
integrated supported prosthesis.6 In various clinical 
trials, the long-term prognosis and predictability of 
implant-supported prostheses is well documented.7 
However, researchers do not yet fully understand the 
etiology of implant complications. During the past 2 
decades, one of the major interests in implant research 
has been the success and/or failure of implants from a 
biological point of view. More recently, implant 
research has focused on factors affecting prosthetic 
outcomes and patient satisfaction with treatment. 
Failures in implants can be divided into early failure 
and late failure according to failure time.8 First, early 
failure is one that failed osseointegration within several 
weeks or several months. It was due to bone necrosis, 
surgical trauma, bacterial infection, inadequate initial 
stability and early occlusal loading. Late failure is 
failure that turns up after functional loading of several 
period of time. It takes place because of infection and 
excessive loading. There are many difficulties to figure 
out the cause of implant success and failure because it is 
affected by many various factors.9 The present study 
was conducted to assess prosthetic complications of 
dental implants. 
In present study, out of 86 patients, males were 46 and 
females were 40. Males comprised of 58 and females 42 
dental implants. Ulku et al10 included 40 patients who 

received oral rehabilitation with an implant-supported 
prosthesis. A total of 162 implants were placed: 99 in 
the maxilla and 63 in the mandible. In total, 159 
implants (98.14%) survived, 3 implants (1.86%) failed, 
and 100% of the protheses were successful. There were 
62 dental implants used as abutments for removable 
dentures and 97 for fixed dentures. The most frequent 
prosthetic complications after placement of an implant-
supported prosthesis were loss of retention, mucositis, 
abutment screw loosening, and fracture. Patient 
satisfaction after prosthesis use was also evaluated, 
showing that satisfaction was systematically increased. 
We found that prosthetic complications were abutment 
fractured in 2, loose abutment in 4, fracture of 
veneering porcelain in 5, prosthesis framework fracture 
in 1 and screw fracture  in 3 patients. Goodacre et 
al11 found abutment screw loosening (both screw and 
cement-retained crowns): 262 of 7,648 crowns (3%), 
implant fracture: 13 of 438 implants (3%), porcelain 
veneer fracture/chipping: 177 of 7,245 crowns (2%), 
loss of retention (decementation of cemented crowns): 
161 of 7,683 crowns (2%), open proximal contacts: 94 
of 4,846 crowns (2%), crown remakes: 38 of 5,471 
crowns (0.7%). 
Priyanka et al12 in their study a total of 200 patients 
scheduled to undergo dental implants for missing 
mandibular first molar were included. Dental implants 
were placed in all these patients by skilled oral 
implantologist. Follow-up was done in all the patients’ 
upto 2 years for assessing the incidence of occurrence 
of complications. Prosthetic complications were present 
in 3 percent of the total patients included in the present 
study. Among these complications, most commonly 
encountered were fracture of veneering porcelain 
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followed by abutment fracture, loosening of abutment, 
prosthetics framework fracture and screw fracture. 
The shortcoming of the study is small sample size. 
 
CONCLUSION 
Authors found that prosthetic complications were 
abutment fractured, loose abutment, fracture of 
veneering porcelain, prosthesis framework fracture and 
screw fracture.  
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ABSTRACT  
Maxillary lateral incisor is naturally placed in an 
occlusal position that allows it to avoid protrusive 
contacts when anterior guidance functions to direct 
mandibular movements in protrusion and lateral 
excursion. This makes a missing lateral incisor an 
ideal candidate to receive a cantilever bridge. The 
choice of retainer in such case depends on the 
functional contacts between other anterior teeth 
during horizontal mandibular movements.We present 
a case of a young male patient whose impaired facial 
aesthetics due to missing lateral incisor motivated 
him to seek its replacement. The partial edentulous 
space being larger in mesiodistal dimensions 
demanded use of an implant supported single crown 
or a modified fixed partial denture that could 
incorporate diastema. A unique design of spring 
cantilever was devised to fulfill the treatment 
objectives. The patient was satisfied with the outcome 
of the treatment.  
 
 Keywords — dental bridge, metal, ceramic, 
connector, pontic, diastema  

INTRODUCTION 
A single missing tooth in the maxillary anterior 
region can be an embarrassment to an individual, 
especially if his routine involves social contacting 
with frequently new persons. Facial expressions 
during human communication can also be affected 
due to such tooth loss. At times, one's own actions 
during speech may look insulting to others while this 
may not be the case. The natural teeth are usually lost 
due to dental decay or periodontal problems. 
Accidental loss of a natural anterior tooth has a 
definite psychological impact on one's self image. 
Immediate replacement of teeth is advised when an 
individual faces such situation. Trauma to an anterior 
tooth can result in tooth loss either directly or 
indirectly. Trauma that results in fracture of the tooth 
is an ideal indication for an implant supported 
prosthesis.1 In such cases, either immediate implant 
can be placed within the extraction socket or an 
implant can be placed after healing of extraction 
wound.2 In either case, a patient has to wear a partial 
denture temporarily for restoring function.3 Many 
practitioners, however, do not practice implant 
dentistry and at the same time they also do not like to 

refer the patients for such treatment to other 
practitioners. Such situations which patients are 
unaware of can unnecessary lead them to undergo the 
state of partial edentulousness and in turn suffering 
psychosocially. 4  At times the dental practitioner may 
prefer a treatment option that is immediately needed 
by the patient at that time which at most of the times 
is true. The replacement of a missing maxillary 
lateral incisor in a natural dentition may sound to be 
the least difficult case in terms of rehabilitation.5 
However, it is actually one of the most difficult tooth 
in terms of designing treatment options, since it 
allows a wide range of treatment options provided 
those options are carefully evaluated.6 One such 
unconventional treatment option that a missing lateral 
incisor can be successfully rehabilitated with is the 
use of a cantilever fixed partial denture (FPD). 
This article in the form of case report presents a case 
of a maxillary anterior tooth loss (vertical fracture) 
which was successfully restored with a spring 
cantilever FPD using a loop connector.  

CASE REPORT  
A young male patient in his early thirties reported to 
the post graduate section of the department of 
prosthodontics with a chief complaint of impaired 
facial looks due to missing front tooth. Patients 
medical and social history did not reveal any negative 
clinical findings that would impact dental treatment. 
Dental history revealed patient had lost his maxillary 
left lateral incisor after receiving trauma to the tooth. 
The doctor had advised to extract the tooth since the 
fractured segment was within the bone. Extra oral 
features were within the normal range. Intra oral 
picture was that of a kennedy class 3 partial 
edentulous situation with maxillary left central 
incisor and left canine serving as the primary 
abutment (Fig 1 a). Diagnostic cast analysis revealed 
a wider inter abutment space (8mm), mutually 
protected occlusion with canines protecting both 
anterior and posterior during lateral movements. 
After thorough radiographic and mounted cast 
investigations, various treatment options presented to 
the patient were an implant supported single crown as 
first choice, a conservative conventional cantilever 
FPD, a three unit FPD or an interim partial denture. 
The patient consented to a conservative option of a 
cantilever retained FPD. The prosthesis fabrication 
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was done using routine clinical and laboratory 
procedures like tooth preparation of maxillary left 
canine, followed by gingival retraction 
(GingiTrac,USA) (Fig 1 b), temporization (Unifast 
III, GC Europe) (Fig 1 c). During the provisional 
fabrication, the lateral incisor width was verified to 
not fulfilling the esthetic norms in terms of golden 

proportion (Fig 1 d) thus resulting in early 
modification of the FPD design. Diastema was 
incorporated in the wax up design using a loop 
connector rather than a conventional connector (Fig 1 
d)  following which it was cast into the base metal 
alloy (Wiron 99; Bego, Bremen, Germany). 

 
 

 
 

Figure 1: (a) Missing maxillary left lateral incisor (b) Gingival retraction using Gingifoam (c) Verifying 
the need of a loop connector to incorporate diastema during provisional trials (d) Wax pattern of the final 

prosthesis 
 

 
Figure 1: (a) and (b) Metal trial occlusal and labial view   (c) Porcelain trial  (d) cemented definitive 

prosthesis (e) Extra oral view  
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 A metal trial was done on a clinical appointment 
during which some metal on either side was removed 
(Fig 2 a, b). Porcelain shade was selected using 3D 
Master (Vita Zahnfabrik, Badsackingen, Germany) 
shade guide and fused to the metal framework 
followed by a porcelain trial (Fig 2 c). At this stage, 
occlusal analysis was done in order to provide a 
clearance of at least 0.5 to 1 mm between the lateral 
incisor and opposing teeth in centric and eccentric 
movements. After required glazing of the porcelain 
the two units cantilever utilizing a loop connector was 
cemented on canine (Fig 2 d) with glass ionomer 
cement (Ketac-Cem; 3M ESPE, St. Paul, Minn). 
Lateral incisor was freed from any centric and 
protrusive contacts. The patient was put on a follow 
up and during his subsequent visits he exclaimed to be 
satisfied with the esthetic outcome of the treatment 
(Fig 2 e). 
 

DISCUSSION 
A clinical case of a young adult male patient who 

had lost his maxillary lateral incisor due to trauma was 
successfully restored with a spring cantilever two units 
FPD. The unique feature of this case is that despite the 
indication, the adjacent central incisor was not 
involved in the design of the FPD. The main reason 
being that lateral incisors has minimum participation 
in bearing occlusal forces either in centric or in 
eccentric movements. Involvement of maxillary 
central incisor would have been a non conservative 
approach and involving one central incisor and leaving 
other without involving could have resulted in 
problems of shade matching. As the patient in this 
case is young, the porcelain restorations do not 
discolor with time, however, the same is not the case 
with natural teeth. They undergo surface discoloration 
and change color with time. Therefore maxillary 
central incisor was spared from such anticipated 
aesthetic failure in the future. Three different 
principles of bridge designing happen to be involved 
in the presented case which is another unique feature 
of the report. The three principles are that of a 
cantilever, spring bridge and a loop connector. The 
final prosthesis is essentially an outcome of all these 
three which makes it different to other designs 
mentioned in the literature.7,8  

In a similar partial edentulous clinical situation 
there are other valid treatment options also like a  
resin bonded FPD or Maryland bridge. 9 Being a 
conservative procedure, the resin bonded FPD  are 
also an ideal choice when single missing teeth are to 
be replaced especially those whose participation in 
occlusion is minimized. However, the age of the 
patient and the effect of the resin bonded retainer on 
the esthetics of natural central incisor need to be 
looked with certainty before opting for such 
procedures. The spring cantilever FPD using a loop 
connector can be fabricated by casting it from a sprue 
wax that is circular in cross section. 10,11  

CONCLUSION 

Designing a fixed partial denture involves 
innumerable designs and planning of such cases 
should be done after exhausting all treatment options. 
Occlusion is the single most important factor that 
determines the choice of such treatment options.  
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ABSTRACT:  
Successful implant surgeon has to follow high standards that start from patient selection to postoperative care. Similarly, an 
implant prosthodontist needs to do same irrespective of the prosthetic option that has been chosen for a particular patient. The 
prosthetic option of implant support overdentures provides both clinicians a platform where standards can be learned, maintained 
and practiced easily. We present a case of an elderly female patient who was rendered recently completely edentulous with a two 
staged two implant supported overdenture. The patient was principally motivated when educated about the importance of bone 
preservation for future, since her age of becoming edentulous was lower. Complete denture was retained by ball and socket 
attachments. A two stage procedure was used for implant osseointegration. complete dentures were then adjusted once the 
abutments were placed on the implant fixtures. The patient was highly satisfied with the outcome of the implant supported 
overdenture.  
Keywords:   edentulism, complete denture, precision attachment, osseointegration, implants. 
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INTRODUCTION 
The mandible is central to effective mastication since 
it is responsible for generating forces of mastication 
that have to break food into pieces inside the oral 
cavity. The natural teeth add to its efficiency since 
sharp pointed cusps direct all forces at one point to 
effect breakage. Preserving natural teeth for 
supporting various forms of complete dentures 
(overdenture, immediate overdenture, overdenture 
with coping/ attachments) is a preventive 
prosthodontic practice that has hardly seen any 
modifications.1  The same is not the case with the 
mandibular efficiency, if and when natural teeth are 
lost. The mandible is just a moving member of the 
oral cavity which still has the capability to generate 
most of its force, but due to lack of teeth it cannot 
achieve even an average masticatory efficiency.2 
However the difference between the two is not the 
presence of the teeth, but it is the manner in which the 

teeth are attached to the jaws. A similar difference 
exists between a conventional removable complete 
denture and an implant supported denture. Although 
it is feasible to have at least four implants to retain a 
mandibular overdenture, studies have shown that 
even the use of 2 implants improves prognosis of a 
complete denture.3,4  The 2 implant retained has 
rightly been declared as a standard of care for 
mandibular edentulism.5 Factors to be considered 
mainly during treatment planning of such cases is the 
patient's understanding of its limitations, the existing 
restorative space for prosthetic components of 
implant system and the type of attachment chosen by 
the clinician.6 

From the patients' point of view, his 
apprehensions always increase with wearing of a  
removable prosthesis even if it supported by natural 
teeth and/or implants.7  Controversies in the 
rehabilitation of a patient with implants have been 
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Abstract- Background and Aim: Crestal bone is a routine phenomenon around newly 
installed implant in the jaw bone. It shows different pattern as per patients habits and oral 
hygiene. Many clinical approaches have been discussed over the years to deal with this 
issue. Severe bone loss can eventually lead to implant mobility and exfoliation. The sole 
endeavour of present study was to assess peri-implant bone loss in implant supported over 
dentures patients. It was completed utilizing cone beam computed tomography. Materials 
& Methods: Firstly, twenty new completely edentulous patients were selected from the 
regular opd of the department. Complete dentures were fabricated by usual manner. Two 
implants were decided to be placed in the bilateral canine regions in the mandibular arch. 
Standard osteotomy procedures were utilized for it. Authors planned to evaluate crestal 
bone losses around these implants. All four surfaces (mesial, distal, buccal, lingual) of 
implants were analyzed for bone loss at different time intervals. Bone losses were estimated 
after two months, four months and six months. Group one, group two and group three 
implants included in which crestal bone loss around all surfaces evaluated after two 
months, four months and six months respectively. Cone beam computed tomography was 
used to calculate bone levels around each implant at the time period of two months, four 
months and six months. Informed consent was taken from the patients. Statistical Analysis 
and Results: Statistical analysis was done by statistical software Statistical Package for the 



European Journal of Molecular & Clinical Medicine  
ISSN 2515-8260   Volume 07, Issue 11, 2020 

 

5149 
 

Social Sciences (SPSS). The resultant data was sent to suitable statistical tests to achieve p 
values, mean, standard deviation, standard error an 95% CI. P ≤ 0.05 was considered as 
statistically significant. All patients were further separated into five age groups. 2 patients 
were selected in the age range of 45-52 years. P value was not significant here. 4 patients 
were noticed in the age range of 52-58 years. P value was not significant for this age 
group. Total nine patients were identified in the age range of 59-65 years. Level of 
significance evaluation by pearson chi-square test [for group I and group III] shown 
significant values of p for all four studied surfaces [mesial, distal, buccal, lingual]. 
Conclusion: Within the limitations of the study, authors concluded that there was obvious 
crestal bone loss around the implant surfaces. These losses were identified in all three time 
intervals of study. Relative crestal bone loss was minimum in the first two months on 
implant placement and maximum in the first six months on the implant placement. 
Authors also noticed significant differences in bone losses in first two and first six month 
of implant placement. However, CBCT assessment also verified that this relative increase 
of bone loss in six months was very minute. 
   
Key words: Cone Beam Computed Tomography, Complete Denture, Crestal Bone Loss, 
Dental Implants 
 

1. INTRODUCTION 
 

In the completely edentulous patients, retention is a very common problem since decades. 

Several techniques and methods have been employed by various researchers for successful 

management of these issues. With the introduction of dental implant, these dilemmas have 

been resolved to a certain extent.1,2 Such types of implant retained complete dentures are 

called implant supported dentures or implant over-denture. These overdenture therapies have 

led to increased treatment options for patients who are either partially or completely 

edentulous.3,4 Nonetheless, it has become obvious that while this therapy is successful in 

several patients, implant supported complete dentures are not devoid of post treatment 

complications. Peri implant bone loss is one of the major post operative complications which 

ultimately lead to implant failure. Accordingly, complete dentures are also a failure.5,6 

Therefore peri implant bone losses are needed to be managed genuinely. The most common 

aetiology of this crestal bone losses are Peri-implantitis. Peri-implantitis is defined as an 

inflammatory process distressing the supporting hard and soft tissue around an implant in 

function, resulting in to loss of surrounding alveolar bone.7,8 The marginal bone loss 

surrounding dental implants is a vital indicator that helps to estimate the course and the final 

outcome of implant-prosthetic treatment. Hence, it is very crucial to recognize the factors that 

may affect this. Biologic complications related with dental implants are mainly correlated to 

infection in the soft and hard tissue around implants. These processes are commonly known 

as peri implantitis.9,10 Most of the pioneer workers in the literature highlighted poor oral 

hygiene, history of periodontitis, and smoking as being the strongest risk indicators for peri 

implantitis. The durability of dental implants is extremely dependent on incorporation 

between implant and oral tissues, including hard and soft tissues.11,12 Literature have well 

evidenced that osseointegrated titanium implants had 0.5 to 1.4 mm marginal bone loss from 

the first thread by the end of the first year in function, whereas only 0.05 to 0.13 mm bone 

loss happened after the first year.13,14 This study was attempted to assess peri-implant bone 
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loss in implant supported over dentures patients. It was completed utilizing cone beam 

computed tomography.  
 

2. MATERIALS & METHODS  
 
This study was planned, outlined and executed in the department of Prosthodontics of the 

institute. Initially, twenty new completely edentulous patients were selected from the regular 

opd of the department. Pure randomized sampling procedure was employed in the selection 

procedure. Inclusion criterion included moderately available ridges, absence of any soft tissue 

deformity, absence of any deviation in the mandibular opening and closing, no gross 

pathology associated with temporo-mandibular joint, accepted salivary flow. Exclusion 

criterion included any gross anomaly associate with maxillofacial structures, severely 

resorbed alveolar ridges, xerostomia, mentally retarded patients and smokers. After recording 

comprehensive case history, primary impressions were made and followed by border 

moulding with final impressions. Jaw relations were recorded by usual manner followed by 

try in of waxed denture. Dentures were processed by compression moulding technique using 

heat cure acrylic resin. Finished and polished complete dentures were inserted in the patients 

mouth. Soon after delivery of the dentures, mandibular dentures were planned to make more 

retentive by osseointegrated dental implants. So, all fabricated conventional complete 

dentures were planned to be converted into implant supported over-dentures. Two implants 

were decided to be placed in the bilateral canine regions in the mandibular arch. Standard 

osteotomy procedures were utilized for it. Authors planned to evaluate crestal bone losses 

around these implants. All four surfaces (mesial, distal, buccal, lingual) of implants were 

analyzed for bone loss at different time intervals. Bone losses were estimated after two 

months, four months and six months. Hence, efficiently authors proposed to study bone 

losses around forty implants at all four surfaces. For the ease of study and statistical analysis, 

implants were studied and divided into three groups as per their timing of evaluations. Group 

one implants included wherein crestal bone loss around all surfaces evaluated after two 

months. Group two implants included wherein crestal bone loss around all surfaces evaluated 

after four months. Group three implants included wherein crestal bone loss around all 

surfaces evaluated after six months. Cone beam computed tomography was used to calculate 

bone levels around each implant at the time period of two months, four months and six 

months. Implant placement pre-planning was also taken into considerations (virtual 

placement of suitable sized implants and with correct angulations as suggested by cbct, figure 

1). All four surfaces i.e; mesial, distal, buccal and lingual were analyzed by three dimensional 

radiography cone beam computed tomography. Actual bone losses were estimated by the 

radiographic images made immediately after implant placements. Therefore these initial 

radiographs were acting as control group. By comparing the data with control group, real 

time bone losses were assessed and recorded. Informed consent was taken from the patients 

those were voluntarily ready for involvement. Immediately before the implementation of the 

study, authors had explained the literal importance of this study to all selected patients. The 

privacy and other incorporated rights of the patients along with their freedom of expression 

were not disclosed. Results thus received was compiled in table and subjected to basic 

statistical analysis. P value less than 0.05 was considered significant (p< 0.05). 
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3. STATISTICAL ANALYSIS AND RESULTS 
 
In the current study, all obvious findings and data were gathered in logical manner. Compiled 

data was sent for statistical analysis using statistical software Statistical Package for the 

Social Sciences version 21 (IBM Inc., Armonk, New York, USA). The processed data was 

subjected to suitable statistical tests to obtain p values, mean, standard deviation, chi- square 

test, standard error and 95% CI. Table 1 and Graph 1 showed that out of 20 patients, males 

were 13 and females were 7. All patients were further separated into five age groups. 2 

patients were selected in the age range of 45-52 years. P value was not significant here. 4 

patients were noticed in the age range of 52-58 years. P value was not significant for this age 

group. Total nine patients were identified in the age range of 59-65 years. P value was 

significant for this age group (0.02). Consequently, it can be presumed that approximately 

half of the studied patients were in third age groups. Table 2-7 illustrated fundamental 

statistical description with level of significance evaluation using Pearson chi-square test [for 

Group I, II and III]. Authors noticed that relative crestal bone loss was minimum in the first 

two months (group I) on implant placement and maximum in the first six months on the 

implant placement (group III). Level of significance evaluation by pearson chi-square test 

[for group I and group III] shown significant values of p for all four studied surfaces [mesial, 

distal, buccal, lingual]. Table 8 showed comparison of mean bone losses among the 3 study 

groups using one-way ANOVA [for group I, II, III]. The measured p value was very 

significant (0.001). Table 9 showed Two sample T- Test for comparison of variables between 

Group I, Group II and Group III. P value was highly significant (.001) for only mesial 

surface. 
 
 

Table 1: Age & gender wise allocation of patients 
 
Age Group (Yrs) Male Female Total  P value 

45-51 1 1 2 0.80 
52-58 3 1 4 0.50 
59-65 6 3 9 0.02* 
66-72 2 1 3 0.06 
>72 1 1 2 0.10 

Total 13 7 20 *Significant 

 
Table 2: Fundamental statistical depiction [for group I: evaluated after two months by 
cbct] 
 

Table 3: Level of significance evaluation by pearson chi-square test [for group I: evaluated 
after two months] 
 

Surfaces  
[for all 40 
implants] 

Mean Bone 
Loss 

Std. Deviation Std. Error 95% CI 

Mesial 0.41 0.834 0.726 1.19 
Distal  0.47 0.342 0.384 1.96 
Buccal 0.52 0.849 0.928 1.72 
Lingual 0.59 0.938 0.283 1.92 
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Surfaces  
[for all 40 implants] 

Pearson Chi-
Square 
Value 

df 
Level of Significance 

(p value) 

Mesial 1.728 2.0 0.01* 
Distal  1.267 2.0 0.04* 
Buccal 2.728 1.0 0.02* 
Lingual 1.425 1.0 0.01* 

*p<0.05 significant 

 
Table 4: Fundamental statistical representation [for group II: evaluated after four months 
by cbct] 
 

Surfaces  
[for all 40 implants] 

Mean Bone 
Loss 

Std. Deviation Std. Error 95% CI 

Mesial  0.70 0.738 0.324 1.96 
Distal  0.63 0.829 0.029 1.82 
Buccal  0.61 0.524 0.052 1.96 
Lingual  0.67 0.993 0.425 1.61 

 
Table 5: Level of significance evaluation by pearson chi-square test [for group II: 
evaluated after four months] 
 

Surfaces  
[for all 40 implants] 

Pearson Chi-
Square 
Value 

df 
Level of Significance 

(p value) 

Mesial  1.728 1.0 0.50 
Distal  1.820 2.0 0.90 
Buccal  1.821 1.0 0.50 
Lingual  1.837 1.0 0.08 

*p<0.05 significant  

Table 6: Fundamental statistical representation [for group III: evaluated after six months 
by cbct] 
 

Surfaces  
[for all 40 implants] 

Mean Bone 
Loss 

Std. Deviation Std. Error 95% CI 

Mesial  0.76 0.425 0.102 1.96 
Distal  0.79 0.938 0.029 1.92 
Buccal  0.86 0.039 0.837 1.16 
Lingual  0.88 0.063 0.029 1.64 

Table 7: Level of significance evaluation by pearson chi-square test [for group III: 
evaluated after six months] 
 

Surfaces  
[for all 40 implants] 

Pearson Chi-
Square 
Value 

df 
Level of Significance 

(p value) 

Mesial  1.839 1.0 0.02* 
Distal  1.029 2.0 0.01* 
Buccal  1.837 1.0 0.04* 
Lingual  1.635 1.0 0.01* 
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*p<0.05 significant 
 

Table 8: Comparison of mean bone losses among the 3 study groups using one-way 

ANOVA [for group I, II, III] 
 

Parameters 
Degree of 
Freedom 

Sum of 
Squares ∑ 

Mean Sum 
of Squares 

m∑ 
F 

Level of 
Significance 

(p value) 

Between Groups 3 6.890 1.984 5.960 0.001* 

Within Groups 49 19.946 0.356 - 

Cumulative 521.87 22.908 - 

*p<0.05 significant 
 

Table 9: Two sample T- Test for comparison of variables between Group I, Group II and 
Group III 
 

S.No. Variables 
Group I Group II Group III 

p  Value 
Mean S.D. Mean S.D. Mean S.D. 

1. Mesial 0.41 0.834 0.70 0.738 0.76 0.425 0.001* 
2. Distal 0.47 0.342 0.63 0.829 0.79 0.938 0.647 
3. Buccal 0.52 0.849 0.61 0.524 0.86 0.039 0.069 

4. Lingual 0.59 0.938 0.67 0.993 0.88 0.063 0.435 

*p<0.05 significant 

Figure 1: Implant placement pre-planning as depicted by CBCT (virtual placement of 
suitable sized implants and with correct angulations)  
 

 

 

Graph 1: Age & gender wise allocation of patients 
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4. DISCUSSION 
 

As we all are aware that the introduction of dental implants has formed a paradigm shift in 

the oral rehabilitation of patients. Literature is overwhelmed with the studies on the success 

and failure rates of dental implants. Also, there is a clear shifting trend in the choice of 

treatment.15,16 It has been shifted to fix from removable as far as the prosthodontic work is 

concerned. Implant related prosthesis is often proven and well-established therapy which 

helps to restore esthetics. Implant related prosthesis also manages oral function resulted from 

tooth loss.17,18 Many of the researchers over the decades have showed the secure use of dental 

implants. However, researchers have also stated that in spite of the high success and survival 

rates of dental implants, failures also happen.19,20 It is therefore very important for implant-

supported prosthesis to be maintained time to time. This maintenance is mostly related to the 

oral hygiene. Smoking is one of the most deleterious factors affecting the long term implant 

success and survival.21,22 According to American Academy of Periodontology, peri-

implantitis is defined as an inflammatory process around an implant, including both soft 

tissue inflammation and progressive loss of supporting bone beyond biological bone 

remodeling. The sole criteria of clinical success in dental implant treatment of missing teeth 

include implant immobility, absence of pain and peri-implant bone loss below 1.5 mm (as 

seen on radiograph), as well as healthy soft tissues surrounding dental implants.23,24 Durable 

implant-supported mandibular over denture usually provide imperative information about its 

clinical success. Ideally, all implant retained over dentures must survive as long as possible. 

Nevertheless, no apparent clinical sign of failure or bone loss should be seen especially 

within the first five years of service.25,26 Many of the researchers believe this as one of the 

major criteria of long term success of implant retained over dentures.  Previous studies 

illustrate that peri implantitis induced crestal bone loss increases with patients age. However, 

few of the studies conducted on effects of smoking on implant showed that crestal bone loss 

is not directly linked with gender and smoking tendency.27 Therefore, it is still a matter of 

debate as different schools of thoughts are there in the literature. It is therefore very clear that 

comprehensive success of implant retained complete denture or overdenture is only assured 

by healthy bony and soft tissue milieu. Any noticeable microbiological encroachment can 

lead to development of peri implant diseases. This dilemma has also been managed clinically 

by certain design modifications in the implant and abutment. Most common and popular 

technological consideration is platform switching. Generally, any crestal bone loss at the 
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coronal part of the implant is one of the early signs of peri implant disease. Literature has also 

evidenced that the chief reason of peri implant bone loss may be multi-factorial in origin.28,29  

 

5. CONCLUSION  
 

Authors have drawn few very significant conclusions from this study. There was evident 

crestal bone loss around the implant surfaces. These losses were noticed in all three time 

intervals of study. Relative crestal bone loss was minimum in the first two months on implant 

placement and maximum in the first six months on the implant placement. Authors also 

noticed significant differences in bone losses in first two and first six month of implant 

placement. However, CBCT assessment also verified that this relative increase of bone loss 

in six months was very minute. Hence, it is confirmed that such a fine bony details can only 

be revealed by advanced three dimensional radiographic methods like cone beam computed 

tomography. Therefore, it is suggested to use cone beam computed tomography for such 

critical circumstances. Cone beam computed tomography can also be judiciously used for 

accurate dimensional analysis and virtual placement of dental implants. Nevertheless, authors 

expect few other genuine studies to be conducted with larger sample size and wider 

parameters.    
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Abstract 
Depression in young female subjects is mostly associated with marital issues. Treatment in such cases is a mild 
antipsychotic drug which it has its adverse effects on the human body. An anterior maxillary tooth that has 
undergone gross decay reflects negligence whose underlying cause can be either pathological or physiological. 
We present a case of a young female patient known to be suffering from chronic depression and presently taking 
medication (carbamazepine) with a chief complaint of missing maxillary lateral incisors. A custom made cast 
post core was given in relation to maxillary left central incisor as part of a foundation restoration for the 
overlying fixed partial denture. Two individual fixed partial dentures were fabricated to restore the kennedy 
class 3 modification 1 partial edentulous spaces. A consistent, persistent, patient education and motivation 
program were used to ensure overcoming the ill effects of chronic depression and the side effects of xerostomia.  
Keywords:  xerostomia, carbamazepine, fixed partial denture, porcelain, endodontic. 
 

 
Introduction 
Grossly decayed (carious) anterior tooth signifies 
negligence in personal care by an individual unless 
the individual is suffering from some underlying 
medical condition. Patients suffering from 
depression have been shown to have a significantly 
negative effect on their self care ability.1 Dental 
treatment in such cases is usually complex2 that may 
range in the form of a single or multiple post core 
crown,3,4  and/or a single unit or multiple units cast 
post cores.5  the choice of the type of cast post core 
depends on a number of clinical factors most of 
which are directly dependant on the amount of 
natural tooth structure that will be present after 

caries removal and tooth  preparation.6,7 The use of 
cast post cores in grossly decayed teeth has never 
been a subject of contradictions since it is widely 
accepted that cast post core crowns provide 
excellent opportunities of saving the roots of the 
natural tooth. They also provide an opportunity to 
allow morphological changes to a restoration that is 
not dependant on the axial inclination of the root or 
the natural tooth.8 Careless patients either naturally 
or pathologically require modifications in fixed 
partial denture designs as well as amount of patient 
education and motivation.  
This article presents a case of a young adult female 
patient suffering from active depression who 
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received a cast post core foundation restoration as 
part of her pre prosthetic mouth preparation, which 
enabled her to enjoy the advantages of a fixed 
prosthesis rather than a removable prosthesis.  
 
Case Report 
A young female patient aged 33 years, reported to 
the department of prosthodontics for correction of 
her facial esthetics which was grossly impaired by 
loss of maxillary front teeth. The patient also 
complained about her inability to identify shapes of 
food stuff during eating. Patients social history 
revealed that she has worked as a teacher since last 
8 years in a government school and was unmarried. 
Medical history disclosed that the patient had 
developed a bout of depression 14 months back for 
which she was currently under treatment. The 
patient used to take a daily medication in the form 
of carbamazepine (50mg) and multivitamin B 
complex as advised by her physician. Dental history 
revealed extraction of maxillary front teeth 10 
months back. Extra oral examination revealed a 
high lip line, thin maxillary lip, increased lip 
mobility, decreased maxillary lip length relative to 
mandibular lip and the presence of hair growth 
around the maxillary lip (Fig 1A).   

 
Figure 1: (a) Extra oral view (b) Intra oral view 
showing grossly decayed prospective abutment 
(c) and (d) indirect technique of cast post core 
fabrication (e) cast post core cementation (f) two 
individual porcelain fused to metal fixed partial 
denture  

Intra oral examination revealed a kennedy class 3 
modification 1 partial edentulous space (both 
maxillary lateral incisors missing) in the maxillary 
anterior arch with grossly decayed maxillary left 
central incisor (Fig 1B). Other intra oral clinical 
picture was of a dominant generalized presence of 
dental plaque and generalized gingivitis with 
localized periodontitits. 
Various treatment options that were presented to the 
patient included a pre prosthetic mouth preparation 
(oral hygiene maintenance program, removal of 
caries, endodontic treatment of 21 and cast post core 
foundation restoration of 21). This was followed by 
a second phase of the restorative treatment that 
ranged from single implant supported prosthesis for 
missing maxillary lateral incisor (subject to 
physician's consent), a three unit fixed partial 
denture on either side to replace missing maxillary 
lateral incisors or an interim partial denture. The 
patient consented to pre prosthetic mouth 
preparation treatment followed by a fixed partial 
denture fabrication for missing lateral incisors. The 
fabrication of a cast post core was considered to be 
essential for a grossly decayed maxillary left lateral 
incisor. The cast post core was fabricated using an 
indirect technique (Fig 1 C, D) where the custom 
cast post core was fabricated on a working cast 
made of high strength die stone (Ultrarock, 
Kalabhai Dental, India). The cast post core was 
cemented in place using zinc phosphate cement 
(Harvard, Germany) (Fig 1 E). 9   
Routine clinical and laboratory procedures were 
employed to fabricate two three unit porcelain fused 
to metal fixed fixed partial dentures in relation to 
missing maxillary lateral incisors. Both fixed partial 
dentures were cemented in place and the patient was 
educated about the importance of maintaining oral 
hygiene as part of long term care of the prosthesis. 
The patient was put on more than frequent follow 
up visits and at each visit patient education about 
prosthetic care was reiterated to her. On one of the 
early follow up visits the patient exclaimed her 
satisfaction with the treatment outcome (Fig 1 F) 
and improvement in her smile.  
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Discussion  
Occlusal rehabilitation of a  case of a female patient 
suffering from chronic depression and presently on 
the drug carbamazepine has been described in this 
case report. The unique feature of the case being 
patients complains of problem in oral sterognosis 
and systematic occlusal rehabilitation of the patient 
with emphasis on continuous patient education 
during follow up visits. Presence of natural teeth 
play a major role in oral stereognosis and studies in 
completely edentulous patients has shown to 
decrease with removal of teeth.10 The use of cast 
post core as a foundation restoration has been done 
since the last two centuries. There is no doubt that 
post core is an essential option for saving a tooth. 
However, there are different opinions regarding the 
use of a prefabricated or a custom made post core 
crowns.11 The fabrication of a cast post core is not 
only complex, but instances of iatrogenic have also 
been reported during such clinical procedures. 12 
The case presented in this article had three major 
complexities, which in the order were active chronic 
depression, existing antipsychotic medication intake 
and multiple cast restorations (post core and fixed 
partial denture). One cannot expect the same patient 
compliance from a patient who is actively depressed 
as compared to a normal patient. Therefore, in such 
cases, it is imperative to enforce patient education 
materials repeatedly and efficiently. Post follow up 
visits are increased and at each appointment patient 
education material is revisited by both patient and 
dentist to ensure proper maintenance. Another 
important dental finding in patients using 
carbamazepine is the side effects associated with 
it.13 Xerostomia is a significant risk factor for 
development of secondary caries around a fixed 
restoration. This demands careful patient education 
who has received multiple fixed partial dentures.  
 
Conclusion 
Cast post core provides flexibility in designs and 
also helps save a grossly decayed tooth. The 
presence of chronic depression and consumption of 
carbamazepine does not contraindicate fixed 

restorations rather it indicates more stress on patient 
education and motivation.  
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ABSTRACT  
Complete denture prosthesis functions in an 
environment where muscles are predominantly strong 
in nature. Tongue with its spring like action can 
displace mandibular complete denture, even if it's 
highly retentive otherwise. Placing an occlusal table 
in an area of the mouth where the forces from either 
side of the denture are harmonious with the function 
of the denture improves patient compliance to the 
dentures. We present a case of an elderly male 
patient who reported with a complaint of the loose 
mandibular denture. While extra oral examination 
presented normal features, intra oral picture of the 
mandibular residual alveolar ridge (RAR) was that of 
severe resorption. Both maxillary and mandibular 
dentures were fabricated using the concept of the 
neutral zone to locate the occlusal surface. The 
material used in this case was a heat cure soft liner, 
that holds ideal properties in term of dimensional 
stability over a period of time.  
 
Keywords – neutral zone, complete denture, vertical 
dimensions, jaw relations, soft liner  

INTRODUCTION 
Most of the focus in complete denture prosthesis 

has always been its retention. Different methods, both 
old and new have been described in the literature to 
enhance retention. Simple methods like hollowing 
out the denture from the inside has been shown to 
enhance retention.1 One of the other important 
objectives of impression making in complete 
dentures is to achieve stability of the final denture 
base which extends vertically from their respective 
basal seat area so as to hold artificial teeth. The 
position of the artificial teeth has to be in an area 
where the muscles on the buccal and lingual sides do 
not impair the denture base stability. This zone where 
the influence of muscular forces is either nonexistent 
or minimal has been referred to as a neutral zone. 2 
The space occupied by the artificial teeth within the 
denture have also been called as a dead space where 
there is no conflict between the muscles and the 
dentures. 3 Creating a polished denture surface that 
conforms to the anatomical contours of the muscles 
has been one of the oldest methods to place artificial 
teeth in the neutral zone. With new materials like self 
cure soft liner, the technique can become simple with 
less incorporation of material errors. This article in 
the form of a case report presents a simple technique 

of recording the neutral zone on a trial denture base 
and then arranging the teeth within the confines of 
the recorded contours.   

CASE REPORT  
An elderly male patient in his early sixties reported to 
the post graduate section of the department of 
prosthodontics with a chief complaint of loose 
mandibular dentures. Medical history was non-
contributory while social history revealed he was a 
school teacher by profession. Dental history disclosed 
that the patient has been completely edentulous since 
last 6 years and the current denture was his third 
denture. The present dentures were fabricated three 
months back at a local dentist, who had convinced 
the patient that his mandibular dentures will be 
always loose in the future due to his poor foundation. 
Extra oral examination did not disclose any negative 
findings (Fig 1A) while intra oral examination 
revealed a well formed maxillary residual alveolar 
ridge (RAR) (Fig 1B) and a poorly built mandibular 
RAR (Fig 1C). All other intra oral features were 
within normal limits. Treatment options that would 
eliminate his problem of loose dentures included 
implant supported fixed complete denture for both 
maxillary and mandibular arches, implant supported 
overdenture with three or more implants. 
Economically viable treatment option presented to 
him was the construction of a conventional complete 
denture with location of neutral zone. Due to his 
financial restrictions, the option of implant supported 
prosthesis was outrightly rejected. Complete denture 
treatment started by making preliminary impressions 
and following routine clinical and laboratory 
procedures of denture fabrication until jaw relations.  
After jaw relations were recorded, the master casts 
are mounted on a mean value articulator (Nirmala, 
India) and the mandibular occlusal rim was stripped 
of its wax except in the posterior molar region to 
maintain vertical dimensions. A 19 gauge stainless 
steel orthodontic wire (Pigeon Dental stainless steel, 
India) was then bent into a zig zag fashion to create a 
scaffold for the retention of soft liner (Fig 1D). The 
trial denture base with the mesh was then tried to fit 
in the patient's mouth and vertical dimensions were  
verified at the same time (Fig 2A). Fresh mix of soft 
liner (GC Supersoft, Japan) was mixed and applied 
onto the mesh and the occlusal rim was inserted in 
the patient (Fig 2B). The patient was instructed in 
advance about various functional movements of the 
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lips, cheek and the tongue that needed to be 
performed when the material was still soft. After 
performing the necessary movements the trial denture 
base with the recorded  neutral zone area was 
removed and allowed to polymerize (Fig 2C). The 
external surface form was then recorded in a putty 
consistency of elastomeric impression material 
(Reprosil, Dentsply/Caulk; Milford, DE, USA) to 

form a putty index, which would mold the trial 
denture for future neutral zone transfer. Final clinical 
steps were performed and the denture was inserted at 
a later date. The patient was put on a frequent follow 
up, during which he claimed to be highly satisfied 
with the outcome of the present denture (Fig 
2D).Instructions regarding the use of the denture 
were reiterated at each follow up during visits.                      

 

 
Figure 1: (a) Extra oral view (b) Maxillary completely edentulous arch  (c) Mandibular completely 
edentulous arch showing resorption (d) Incorporating a zig zag stainless steel orthodontic wire on the 
mandibular trial denture base opposing maxillary occlusal rims at a recorded functional vertical 
dimension.  

 

 
Figure 1: (a) Trial denture base in patients mouth (b) Molded soft liner  (c) Neutral zone recorded trial 

denture base showing impression of the musculature on both sides  (d) Final complete denture in patients 
mouth.  
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DISCUSSION  

A complete denture fabrication with a neutral zone 
recording incorporated in the flanges of the 
mandibular denture has been presented. The unique 
feature of this article is the material used to record the 
neutral zone. Compared to other materials used (wax, 
self cure denture base resin) the soft liner allows 
multiple recording of the neutral zone during clinical 
procedures. It also allows variable molding that can be 
done in increments. The material is dimensionally 
stable and is not affected by temperature variations 
usually associated with use of modelling wax. A 
similar technique in context has been presented in the 
recent literature. 4,5 However, in that technique the 
posterior support was provided by self cure acrylic 
resin which is difficult to remove while our technique 
uses modelling wax and soft liner in alternate fashion. 
For any technique to be effective, it has to locate the 
area which may vary according to the individual's 
anatomy and his way of functioning.6 While the 
pressure applied to the basal seat by the dentist has 
been shown to vary in spite of the tray design selected, 
7  a similar situation exists for recording of neutral 
zone also. The clinician has no control over the 
efficacy of tongue and lip or cheek movements that a 
patient performs during neutral zone recording. The 
tongue is a very strong muscular organ that is flexible 
and besides strength it is also fixed at one end while 
free at the other. This enhances the ability of the 
tongue to dislodge the denture, especially during 
mastication of food. The forces are more severe when 
the tongue tries to identify the shape of the food 
particles against the flanges of the complete denture. 8 
After recording of neutral zone the flanges are no 
longer straight. Most of the flanges are convex thus 
providing the external surface of the tongue to adapt 
better to the lingual flange. This feature has been 
shown to improve masticatory efficiency in 
maxillofacial rehabilitation cases including those of 
maxillectomy.9 In such cases, the buccal and labial 
musculature shows better adaptation against a 
polished surface that allows fitting of the buccinator 
muscle within its surface. The polished surfaces of the 
denture for both maxillary and mandibular dentures 
should allow the surrounding oral musculature to 
readily adapt according to their individual 
contours.10,11 

 
CONCLUSION 

Incorporating a neutral zone within the complete 
denture allows patients to overcome the problem of 
retention that is due to abnormal forces from 
surrounding musculature. The technique described in 
this article is recommended for those who are less 
experts since the use of soft liner allows the addition 
of increments till the surface has not been molded 
properly.   
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ABSTRACT:  
Patients existing compromised medical condition can be complicated by psychosocial states.In this case, a female patient suffering from 
systemic diabetes had a bout of depression that was related towards her neglect shown by her children. Such complex states of the human 
mind may not even allow a normal person to think of self care. Diabetes, depression and antidepressants all contribute to xerostomia, 
which compromises treatment objectives of a complete denture prosthesis. A low volume sliding type of reservoir was designed in the 
maxillary denture which could release artificial saliva/ water from micro holes upon suction. The treatment was synergised by referral to a 
psychiatrist who educated the offsprings of the patient, which improved the overall effective response of the patient to the denture 
treatment.  
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Introduction 
Across times, a complete denture prosthesis has been 
innovated to adjust or accommodate certain patient related 
features. Patients with altered medical status undergo 
physiological and pathological changes in tissue and 
organs. One of the commonest clinical conditions that 
many patients tend to have is xerostomia or dryness of the 
mouth. Fortunately, complete denture prosthesis allows 
modifications and innovations in design, 2 techniques 3,4 
and procedures to accommodate some form of mechanism 
to minimize its effects.5  Alterations in conventional 
procedures and designs, lays more emphasis on patients' 
self-ability to maintain such prosthesis which are different 
from conventional prosthesis. Conventional self-
maintenance of the complete denture prosthesis is not easy 
and requires a patient to have at least normal cognitive 
abilities if the prosthesis is expected to work efficiently. 
Depression is a mental state which is also a symptom of 
many underlying psychological problems which may be 
either pathological or psychological in nature. 6  

One of the less recognized/reported social condition 
associated with depression is the existence of patient 
neglect of their children. Among various types of 
maltreatment in elders, 7 the commonest form being 
neglect has been identified in patients who seek complete 
denture service. 8 The chances of an elderly suffering from 
elder neglect in a dental office are moderately high in low 
economic countries like India.  

Existence of depression in a patient with 
metabolic disorder like diabetes can be termed as a 
complex condition. Diabetes mellitus affects millions 
worldwide 11 while india has been considered to have a 
large population suffering from diabetes in the near 
future.12 Xerostomia is a common complication and may 
occur in severe form since the condition itself can lead to 
dryness of the mouth and the medications taken for 
treatment also resulting in xerostomia. 13 This article in the 
form of a case report has unique three different 
dimensions in the form of human neglect, diabetes 
mellitus and xerostomia and the combination of the three 
has been rarely reported.  
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Case report 
An elderly female patient aged 62 years reported to the 
department of prosthodontics with chief complaint of 
difficulty in performing masticatory function with her old 
dentures. Personal and social history revealed that the 
patient was a housewife and had two sons both of whom 
were married. Patients spouse had expired five years back 
due to chronic illness. Investigation into the social 
relations with her daughter in laws revealed that the 
patient was considerably neglected by her children at 
home and had suffered bouts of depression in the recent 
past. Medical history revealed the patient was suffering 
from diabetes (type 2) since last three years and was 
continuously taking oral medications to keep the blood 
sugar level under control. The patient reported that her last 
time blood sugar level was checked seven months back. 
The patient also reported a history of psychiatric 
consultation regarding treatment of depression after the 
death of her spouse. Dental history showed that patient 
had been completely edentulous for last 2 years and was 
currently having a denture but was not able to use it 
except during eating. Patients main complain with existing 
complete dentures included denture halitosis, trauma and 
irritation while using which were mainly related to 
dryness of mouth. Difficulty in speech was also reported 
which was minimized if the patient drank water during 
speech. Extra oral examination revealed a long maxillary 
lip in relation to the mandibular lip (Fig 1a). Intra oral 
examination showed a moderately build maxillary and 
mandibular residual alveolar ridges (RAR) (Fig 1b, c). 

 
Figure 1: (a) Long maxillary lip (b) Mandibular and (c) 
Maxillary residual alveolar ridges 
 
Areas of epithelial superficial lacerations were present in 
the maxillary posterior arch while a non scrapable white 
lesion was present on the left side of the hard palate (Fig 
1c). A referral to the department of oral medicine 
disclosed that the lesion was a normal variant and 
prosthetic treatment could be initiated with minor 
restrictions in its use. Prosthetic options presented to the 
patient included mainly variants of  complete denture 
prosthesis since implant supported prosthesis was 
relatively contraindicated. Among various variants of 
complete denture prosthesis were precision retained 
salivary reservoir or a custom designed salivary reservoir. 
Treatment plan also included a compulsory opinion from a 
psychiatrist to minimize the effects of neglect. Financial 
restrictions, paved the way for a custom designed salivary 
reservoir within the maxillary denture. Occlusal scheme 

planned for the complete denture was bilateral balanced 
occlusion. Routine clinical and laboratory procedures 
were used for the fabrication of complete dentures till the 
stage of denture trial. After the clinical denture trial was 
done, a low volume salivary reservoir was carved into the 
wax up of the maxillary trial denture. The area of wax 
removal was highlighted by using an old radiographic film 
(Fig 2 a) following which the maxillary denture was 
processed. On the processed maxillary denture a lid was 
fabricated using self cure denture base resin using lost 
wax technique. The lid was locked into the denture using a 
sliding mechanism (Fig 2 b). The capacity of the reservoir 
was 25 ml of water which was verified using a 5 ml 
syringe. Holes of 1 mm diameter were made within the lid 
of the denture reservoir. The patient was demonstrated as 
to how the lid was to be removed and placed during 
cleaning. Excessive removal and insertion of the lid was 
prohibited since it would wear off the sliding mechanism 
and render denture useless. The patient was instructed 
about the extra care required in maintaining such dentures 
and both dentures were inserted after a clinical remount 
procedure (Fig 2 c). The patient was put on a follow up 
and at a subsequent follow up, she exclaimed her 
satisfaction with the prosthesis (Fig 2 d).  
 

 
Figure 2: (a) Maxillary trial denture with a radiographic 
film placed to outline the extension of the reservoir (b) 
Processed denture with self cure acrylic lid (c) Maxillary 
and mandibular complete denture in place (d) Extra oral 
view of the patient with complete denture prosthesis. 
 

Discussion  
A completely edentulous patient who was not able to 
masticate with her existing dentures, with a history of 
diabetes, depression (existing elder neglect by her 
daughter in laws) has been presented in this case report. 
The feature of the report is the complex occurrences of all 
events in a single case. Xerostomia presented as a 
symptom which could be due to underlying disease and/or 
the result of antidepressant and antidiabetic drugs. 14 
Denture wearing in such local conditions is not only 
difficult, but compromises the overall local health of the 
tissues as well as the basic and general principles of the 
denture functioning. The objectives of impression making 
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like retention and preservation of remaining alveolar 
tissues are both jeopardized by the absence of saliva. Oral 
functions with dentures are compromised and may impair 
eating, speaking as well as swallowing. 15 Improving the 
compliance of patients suffering from xerostomia to the 
complete dentures has been traditionally achieved by 
incorporating a salivary reservoir within a denture that 
releases artificial salivary substitute slowly over a period 
of time. While the maxillary dentures have been used as a 
low volume reservoir, the mandibular dentures have the 
capability of being a high volume reservoir.16 We 
preferred the maxillary denture as a trial since we 
anticipated that incorporation of a salivary reservoir 
within the mandibular denture will increase the weight of 
the denture and since mandibular RAR were resorbed, the 
patient would have not been able to cope up with the 
change in the weight of the denture.  The technique we 
used for fabricating the reservoir is similar to that 
mentioned in recent literature. 17,18 
Neglect of an individual has many dimensions and is 
discussed in details in the field of human psychology. For 
a dentist, it is important that he differentiates elder neglect 
from self neglect. Self neglect has been associated with 
the development of local oral conditions that are either 
benign or malignant natured. 19,20 Dentists can easily 
overcome or reduce the impact of neglect on his treatment. 
The basis of referring the patient for psychiatric 
consultation was done to solve this purpose. The 
psychiatrist had a two stage counselling with the sons of 
our patient. Their education led to a vast improvement in 
the patient's attitude and was visible in subsequent 
appointments of complete denture prosthesis.  
 
Conclusion 
Patients presenting to prosthodontic clinic may be having 
psychological influences that should be identified since 
they affect the outcome of the prosthetic rehabilitation. 
Prosthesis maintainence in such cases have different 
dimensions which render a patient ineffective in taking 
self care. The low volume salivary reservoir is a 
temporary solution and is aimed to only comfort the 
patient for a short period of time.  
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ABSTRACT  
Frequent breakage of maxillary complete denture 
prosthesis is a source of dissatisfaction to the patient 
and thus identifying the underlying cause of such 
mechanical failures is mandatory to solve the 
problem. We present a case of an elderly female 
patient who reported with a history of two maxillary 
dentures both breaking in the midline. Maxillo 
mandibular ridge relations were the primary cause of 
fracture. The maxillary and mandibular residual 
alveolar ridges were aligned parallel to each other 
posteriorly due to which the direction of the forces 
generated by the mandibular closure were focussing 
on the midline of the maxillary complete denture. A 
metal denture base was fabricated for the maxillary 
complete denture to which denture base resin was 
added. The patients lower third facial height was 
restored to normal, which removed her pseudo 
prognathism that was related to decreased lower 
third facial height.  
 
Keywords — midline denture fracture, denture 
repair, base metal alloy, vertical dimensions of face, 
free way space  

INTRODUCTION 
Polymethyl methacrylate resin was introduced to 

the dentistry in year 1937,1 and till now continues to 
be used in various applications for fabrication of 
dental appliances and prostheses. Their acceptance is 
mainly based on their biocompatible physical, 
biologic, chemical and aesthetic properties which are 
at a moderate cost. They have been reported to fail in 
cases where there is a poor adaptation2 (presence of 
bony exostoses), 3,4  high degree of processing 
changes are expected while fabricating a denture, 5 
and where additional strength is needed. While there 
have been many reports regarding the above 
mentioned indications, there are very less reports that 
suggest its use in conditions of abnormal masticatory 
directions of forces. One such clinical condition 
exists when the relation between the maxillary and 
the mandibular residual alveolar ridges (RAR) is such, 
that the forces from the mandibular closure are 
directed bidirectionally opposite from the center of 
the denture. This occurs when posterior RAR in the 
mandible does not diverge posteriorly towards the 
respective ramus of the mandible which in turn 
places the mandibular teeth far lingually against the 

maxillary counterpart. When the mandible is closed 
in such situations, the mandibular teeth strike against 
the maxillary teeth with forces being directed more 
bucally than towards the center of the ridge. Repeated 
loading ultimately gives rise to a midline stress 
concentration where it may become clinically evident 
as midline fracture of the maxillary complete denture.  

This article in the form of a clinical case report 
presents one such clinical situation where respective 
positions of maxillary and mandibular RAR resulted 
in a midline fracture of two previous dentures.   

CASE REPORT  
An elderly female patient aged 65 years reported 

to the post graduate section of the department of  
prosthodontics with a chief complaint of poor facial 
aesthetics. She claimed to have developed the current 
problem as a result of her two previous dentures worn 
over a period of 8 years. The patient had stopped 
wearing the dentures about 6 months back after the 
maxillary denture had broken a second time. Patients 
social history revealed that she was married to a 
school teacher and had three children, all of them 
were settled in both personal and private lives. 
Currently the patient was living with her eldest son 
and their respective children. Patients medical history 
revealed that she had hypertension since last 3 years 
and that she was allergic to certain contents of dust 
which sometimes resulted in difficulty to breathe. 
Patients dental history revealed that she had started 
wearing her first denture 8 years back and continued 
to wear it for the next 6 years which was then 
replaced by a new set of dentures. Both dentures 
were fabricated by a local dentist in her village and 
both maxillary dentures had fractured in the middle 
without ever falling down. The patient did not 
possess her old dentures, which she claimed to have 
disposed  6 months back, after a midline fracture of 
the maxillary denture. Extra oral examination showed 
a prognathic appearance of the mandible with 
decreased lower third facial height (Fig 1a). Lateral 
view also demonstrated an evident prognathic 
mandible (Fig 1b) with lips  appearing everted. 
Temperomandibular joint presented click on the right 
side with a deviation of the mandible upon opening, 
but no pain or discomfort was reported by the patient. 
Intra oral examination revealed a well formed 
maxillary and mandibular completely residual 
alveolar ridge (RAR) with a class 1 ridge relation 
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(Fig 1c). The normal ridge relations suggesting that the prognathic mandible was pseudo in nature which 
could be corrected by establishing proper vertical 
dimensions.  Other prominent intra oral features 
included bilateral labial undercuts in the maxillary 
arch, decreased inter ridge space, especially 
anteriorly, mucositis that was not related to denture 
wearing and high labial frenum in the maxillary arch. 
Treatment plan suggested to the patient included an 
implant supported fixed complete denture, implant 
supported overdenture, conventional complete 
denture with a cast metal base or a conventional 
complete denture with mesh. The first two options 
were subjected to approval after medical consultation. 
The patient consented for a complete denture with a 
cast metal base. All clinical and laboratory 
procedures were done using routine techniques and 
procedures. The only exception was in making the 
final impressions of maxillary arch where bilateral 
undercuts were present. The maxillary final 
impressions were made using a sectioned tray. 6  The 
fabrication of a cast metal base started after 
fabrication of the master cast, which was duplicated 
using laboratory agar agar (Bego, Bremen, Germany) 
following which a refractory cast was obtained. On 
the wax dipped refractory cast, pattern wax  of 0.6 
mm thickness (Bego, size 15/7.5 cm) was adapted 

(Fig 2a),  palatine rugae were also duplicated in the 
wax pattern at this stage. This was followed by 
spruing of the wax pattern  using 3 mm wax sprue 
(Bego;40089) (Fig 2b). Retention for denture base 
acrylic was obtained by adding wax on the borders of 
the wax pattern. Routine casting procedure was then 
carried out to prepare the metal framework. Casting 
was obtained and finished and polished. After jaw 
relations were recorded, the metal denture base was 
incorporated within the heat cure denture base during 
processing. Various denture characterization features 
like melanin pigmentation on gingiva, stippling of 
gingiva and dehiscence of a molar tooth were 
incorporated within the fabricated denture. The 
processed denture was finished and polished for 
acrylic (Fig 2c) before delivering the denture to the 
patient. On the day of insertion a clinical remount 
was done to correct the occlusal errors following 
which patient was given instructions regarding the 
maintainence and care of the prosthesis. The patient 
was put on a regular follow up (24 hours, 7 days, one 
month, three month and 1 year). During subsequent 
patient visits, the patient was highly satisfied with the 
esthetic outcome of the prosthesis and no fractures 
had resulted in a case of the maxillary denture  (Fig 3) 

 
 
 
 

 
 
 

 
 
Figure 1: (a) Collapsed lower third of the face (b) Lateral view showing pseudo prognathism as a result of 

decreased vertical dimensions and overclosure  (c) Maxillary and mandibular completely edentulous 
residual alveolar ridges  
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Figure 1: (a) Pattern wax of 0.6 mm thickness adapted on the outlined refractory cast  (b) Spruing of the 
wax pattern before casting procedure  (c) Finished maxillary complete denture with a permanent denture 

base and mandibular complete denture with heat cure denture base resin  
 

 
Figure 3: Patient at a subsequent follow up visit with the restored lower third of the face and improved 

aesthetics of the face 

 
DISCUSSION 

A clinical case report of an elderly female patient 
has been presented. The main feature of the 
completed case being unusual reason of patients 
cessation of using dentures due to frequent breaking, 
inability of previous dentist to identify ridge relations 
that generated excessive masticatory forces in the 
center of the denture,  duplication of palatine rugae 

within metal denture base7 and various 
characterization features (stippling, melanin 
pigmentation and dehiscence) 8,9 that were 
incorporated within the complete denture prosthesis. 
However, the most important being a clinical 
situation where RAR generate abnormal masticatory 
forces. The metal denture base is cast from base 
metal alloys (nickel chrome or cobalt chrome) and 
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they display excellent strength to volume ratio, which 
allows them to be cast in thin sections with the least 
compromise in strength. 10  They maintain their 
rigidity and fracture resistance even when they are 
half mm thick.11  Decreased thickness of the denture 
base provides least interference with phonetics, 
excellent adaptation (castability) and thermal 
conductivity (inherent ability of all metals). 12,13 

Fabrication of a metal denture base on an  edentulous 
cast has been a little tricky since the proper space 
between the metal denture base and the cast is 
required for proper and uniform flow of acrylic 
denture base resin at the borders (the flange area). 
However, this can be easily achieved by providing 
some additional relief as is done while fabricating a 
cast partial denture. 14  

The midline fracture of the maxillary denture 
occurs when the mid area is put under tensile forces 
which happens when on either side, the mandibular 
teeth are being forced to direct the forces on the 
maxillary occlusal surface in a buccal direction rather 
than towards the crest of the residual ridge. Although, 
studies have found that pressure generated in the 
midline are minimum during impression making, but 
the same does not apply for occlusal forces. 15  Metal 
denture base has also been widely used in female 
patients who have the problem of menopausal 
gingivstomatitis. 16 

 
CONCLUSION 

Intra oral evaluation of ridge relationship should 
not be limited to space determination, but should be 
analyzed for possible biomechnical forces that are 
generated as a result of such relation. Diagnostic 
mounted casts  which are not conventionally and 
routinely used in complete denture service provide 
clues to such problems. It is advised that posterior 
ridge relation should be therefore recommended 
while making an intra oral examination in complete 
denture patients.  
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Abstract 
Overdentures have a significant reputation in allowing even hopeless teeth to be retained and used for 
supporting complete dentures. The combination of a tooth supported as well as a precision attachment 
retained overdenture has been rarely reported in literature. We present a case of an elderly female patient 
with an intact maxillary natural dentition and a kennedy class 1 modification 1 partial edentulous 
situation in the mandible with mandibular anterior present except left canine. Treatment plan included 
extraction of the mandibular central incisors, intentional endodontic treatment of remaining three 
mandibular anteriors and mandibular left first premolar. This was followed by the restorative phase of 
placing a CEKA intra radicular attachment with nylon ring that was incorporated in the metal housing 
held by the denture. The patient was extremely satisfied with the outcome of the treatment.  
Keywords:  endodontic, tooth preparation, overdenture, immediate overdenture, precision attachment. 

 
 
Introduction 
While the transition from complete dentulism to 
complete edentulism takes decades, the effort of 
preserving natural teeth among various prosthetic 
treatment options still goes to the concept of 
overdentures. Even in the present era of implants, 
the concept of overdenture is the basis for implant 
supported overdentures. Overdentures supported on 
natural teeth are of different types, but irrespective 
of their type they provide significant biological 
advantages.1 The most significant advantage being 
that it is an established preventive prosthodontic 
measure that diminishes bone resportion.2,3 With the 
support of natural teeth, it aids in improved 
masticatory efficiency, psychological well being, 

directional sensitivity and improved oral 
sterognosis.4,5 Every prosthodontist should 
incorporate this treatment option in his armory to 
contribute to the gradual transition from natural 
dentition to complete denture. A tooth supported 
overdentures do pose some difficulties, the chief 
one being they are both tooth and tissue supported 
prosthesis. In such cases the distribution of stresses 
between retained abutments and the soft tissues 
should be free from being concentrated on a 
particular surface.6 Within different types of tooth 
supported overdentures, the conventional tooth 
supported overdenture (with or without coping) is 
more preferred than precision retained overdentures. 
Attachment retained overdentures although have 
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added advantages of facilitating the retention and 
stability,7,8 they are, however technically sensitive 
due to which even minor errors that are not under 
the control of the clinician or technician can result 
in poor or non fitting of the attachments.  
This article in the form of a case report presents a 
case of an elderly female patient whose occlusal 
rehabilitation posed a challenge since opposing 
dentition was natural. Clinical procedure associated 
with the fabrication of precision retained 
overdenture has been briefly presented.  
 
Case Report 
An elderly female patient in her early fifties 
reported to the post graduate wing of the department 
of prosthodontics for replacement of missing 
posterior mandibular teeth. Patients medical, social, 
drug and dental history did not signify to have an 
impact on future dental treatment. With all systemic 
and local factors within normal limits, the extra oral 
examination revealed a short upper lip which 
subsequently resulted in a high lip line, a short and 
thin maxillary lip compounding to increase visibility 
of maxillary anterior teeth and a very pronounced 
mesial attrition of maxillary central incisors that 
presented a hallmark of her facial feature. Intra oral 
examination revealed a kennedy class 1 
modification 1 partial edentulous arch in the 
mandible extending from canine on right side and 
beyond first premolar on left side respectively (Fig 
1a). Negative intra oral features included 
generalized plaque, localized stains, grade III 
mobile (tooth no 31 and 41), grade I mobile (tooth 
no 32 and 42), intact maxillary natural dentition, 
bilaterally attrited mesial surfaces of maxillary 
central incisors, bucally placed maxillary molars 
with slight supraeruption of palatal cusps. Positive 
occlusal features included a functional anterior 
guidance and left premolars maintenance of vertical 
dimensions of occlusion (Fig 1b). After a thorough 
clinical and radiographic examination, the patient 
was presented with various treatment options that 
included restoration of distal extension with implant 
supported crowns, immediate overdenture (tooth 
supported), a conventional overdenture (tooth 

 
Figure 1: (a) Intra oral view showing freeway 
space at physiological rest position of the 
mandible (b) Occlusal vertical dimensions 
maintained on the left premolar area. 
  
supported or precision attachment retained). After a 
thorough explanation of each treatment option in 
terms of procedures, cost efficiency and time taken, 
the patient consented for the fabrication of precision 
attachment retained overdenture in the mandibular 
arch. Preliminary diagnostic impressions were made 
at two different times using irreversible 
hydrocolloid (CA 37; Cavex, Haarlem, Holland). 
The first one was before extraction and the second 
one after extraction, endodontic treatment and tooth 
preparations. The treatment had to be divided into 
phases which included a preparatory phase 
involving extraction of the mandibular central 
incisors followed by intentional endodontic 
treatment of all remaining mandibular anterior teeth 
including the left first premolar.  Restorative phase 
started with the preparation of all mandibular teeth 
upto a level of 1 to 2 mm above the free marginal 
gingiva (Fig 2a). Final impressions were made using 
a custom tray, for which a full wax spacer was 
adapted. The mandibular border molding was done 
using low fusing impression compound (DPI 
Pinnacle tracing sticks) and final impression was 
made in light body addition silicone (Aquasil LV, 
Dentsply, Caulk, Germany). Master cast was poured 
in type IV dental stone (Kalrock, Kalabhai). After 
recording maxillomandibular relation, try in was 
done and mandibular overdenture was fabricated. 
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Preparation of post spaces (tooth no 34 and 43) (Fig 
2b) were done that would conform to receive the 
post of an intra radicular prefabricated attachment 
(CEKA Preciline, Waregem, Belgium) (Fig 2c). 
 

 
Figure 2: (a) Tooth preparations to provide way 
for precision attachment (b) Post space prepared 
for planned teeth (c) CEKA precision attachment 
kit used for the case.   
 

 
Figure 3: (a) Fitting of precision attachment (b) 
Blocking undercuts after cementation (c) Fitting 
of the metal housing (d) Pickup of the metal 
housing by the denture 
 
After preparation of the post space the respective 
attachment to selected teeth (34,43) were luted with 
the dual cure resin cement (Maxcem EliteTM, Kerr, 
California, US) (Fig 3a) followed by blocking of the 
undercut with a nylon ring provided with the kit 
(Fig 3b).   Once the nylon ring was in place, a metal 
housing was attached to the overlying ball end (Fig 
3c). A pick up space was created within the 
permanent mandibular denture which would allow 

the metal housing to pick up the nylon ring along 
with it (Fig 3d). In this way the precision 
attachments were fitted within the natural teeth and 
the denture. On the day of insertion a clinical 
remount procedure was undertaken to correct 
occlusal discrepancies. The mandibular overdenture 
was delivered to the patient along with a written list 
of instructions regarding post insertion maintenance. 
The patient was put on a follow up protocol and 
during one of her subsequent visits, she expressed 
her satisfaction with the outcome of the denture (Fig 
4). 
 

 
Figure 4: Extra oral view at post insertion follow 
up 
 
Discussion  
Occlusal rehabilitation of an elderly female patient 
with maxillary intact natural dentition has been 
presented in this case. The feature of this case report 
is that both tooth supported and precision supported 
overdenture have been done in a single case. While 
the two lateral incisors on either side of the 
mandible were used as tooth supports, the left 
mandibular first premolar and right mandibular 
canine housed the precision attachments for 
retention. While the primary purpose of precision 
attachment is to retain the dentures, certain designs 
of metal housing allows them to provide support 
also.8,9 The main problems arising from such 
combination is the probability of even contacting 
after the dentures have been placed. To overcome 
such discrepancy, we relined the region of the 



 

Humaira Tanvir et al JMSCR Volume 08 Issue 05 May 2020 Page 278 
 

JMSCR Vol||08||Issue||05||Page 275-279||May 2020 
overdenture that was in contact with the natural 
teeth using a self cure denture base resin.  Failure in 
placing even and simultaneous contacts between the 
denture and the underlying teeth results in decreased 
biting force, decreased chewing efficiency, 
discomfort, trauma to adjacent tissue, stress 
concentration over one particular tooth and could 
even lead to fracture of the denture if uneven 
contacts are present.4  
The occlusal side is also based on the same 
principles of even and simultaneous contacts. 
Establishing a balanced occlusion in centric and 
eccentric is essential in such specialized cases. 10 
since in this case the opposing teeth were natural 
dentition, therefore it was important to fit the 
occlusal surface of the artificial teeth into the worn 
out occlusal surface of natural teeth. Occlusion 
should be considered at all levels, including 
preserving the existing periodontal condition of the 
abutment teeth.11 The periodontal condition of 
abutments during follow up visits should be good 
and comparable to earlier status.12 Such 
comparative tooth conditions will indicate the 
efficiency of overdenture. The ideal procedure for 
increasing the fit of natural teeth into the artificial 
teeth is using a functionally generated path. 13 The 
concept of gnathodynamic teeth arrangement 
involves arranging the teeth in occlusion that are 
essentially biocompatible to the stomatognathic 
system.14 Most of the clinical errors are evident at 
the time of denture insertion, 15 therefore a clinical 
remount procedure is essential to correct occlusal 
discrepancies that result due to materials or that 
occur due to not carrying certain procedures.16 One 
problem associated with acrylic teeth is the long 
term maintenance of balanced contacts which can 
be overcome by fabricating occlusal surfaces in 
metal alloy.17 

 
Conclusion 
Precision attachment retained overdenture provide a 
better treatment modality if the patient is properly 
motivated regarding the maintenance of oral 
hygiene. The choice of attachment should be based 
on the pattern of stress distribution from these 

attachments through the abutments and other 
structures. An overdenture improves retention, 
stability, maintains proprioception, prevents residual 
ridge resorption and improves patient satisfaction. 
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ABSTRACT  
Flabby tissue over the residual alveolar ridge is a 
common occurrence, especially in older healthy 
individuals who are wearing complete denture 
prosthesis since long time. Recording such tissue 
without displacement has been considered as a  
prosthetic challenge which is why many techniques 
have been mentioned in the literature. We present a 
simple technique using putty and light body 
consistency of addition silicone elastomeric 
impression material. The technique involves 
identifying the area, transferring the same on the 
tray, relieving the marked area followed by recording 
the area with no pressure. The technique is simple 
and inexpensive and is independent of ones skills and 
ability.  
 
Keywords — combination syndrome, Kellys 
syndrome, window technique, addition silicone, 
realeff 

INTRODUCTION 
Flabby tissue has been defined as excessive 

movable tissue in its simplest form. 1 In completely 
edentulous patients it accounts increased presence in 
the maxillary arch (24%) than the mandibular arch 
(5%) .2  Its location in the maxillary arch is usually in 
the anterior region of the palate which coincidentally 
also is a secondary stress bearing area according to 
the selective pressure impression theory. 3 Since the 
movable tissues can compromise denture functions, 
various methods have been advised that range from 
simple physiotherapy (when extent is less and tissue 
is resolvable), surgical excision or a method of 
compensating their effect within the new denture. 
While denture stability has been largely discussed in 
the literature to placement of teeth within the neutral 
zone, 4  the mere presence of flabby tissue can 
compromise entire denture stability irrespective of 
whether the artificial teeth have been placed in the 
neutral zone area.  A number of techniques have been 
described in the literature to manage flabby tissue 
with most of them having a common objective of 
recording most of the flabby tissue at rest position 
without any vertical or horizontal displacement.5-7 A 
number of impression materials have been used with 
best results being obtained when impression plaster 
or dental plaster has been used, since it is the only 
impression material that has close resembelence to 

the consistency of the tissue.8  The use of elastomeric 
impression materials have not been in dentistry since 
last four decades and have virtually replaced most of 
the materials in most dental specialities. Therefore 
we present a simplified technique for recording 
flabby tissue using two most commonly used 
consistencies of addition silicone elastomeric 
impression material  
 
Technique  
This technique is intended for use, when the entire 
maxillary impression is based on selective pressure 
theory of impression making that utilizes a custom 
designed special tray.  
Step 1: After making the primary impression 
highlight the flabby area in the patient's mouth with 
an indelible tissue marking pencil (Faber-Castell 
Polychromos) that provides contrast on the pink 
mucosa (Fig 1a).  Retrieve the diagnostic cast with 
the markings transferred from the primary impression 
to the cast. Mark the cast for other relief areas, spacer 
extension and tray extension  
Step 2: Prepare a custom tray in a conventional 
manner, except that the marked area has to be 
provided additional relief using two or three 
thickness base plate wax. Thickness of the wax 
spacer should correspond to the amount of flabby 
tissue present.   
Step 3: During the stage of the final impression 
making, prepare an impression of the denture bearing 
area first without removal of wax spacers (Fig 1b). 
This is accomplished by using medium body of 
addition silicone. There should be no variation of 
manufacturers or in other words medium body and 
light body should be of the same manufacturer.  
Step 4: Remove the wax spacer, provide multiple 
large holes (2 mm diameter) in the relieved area and 
trim the medium body that is falling within the 
relieved area. Mix light body (auto mix) and place 
partly directly  on the flabby tissue and partly within 
the confines of the marked special tray.  
Step 5: Wait till the light body sets and remove the 
impression from the mouth. A very thin layer of light 
body may extend upto the recorded area which is 
acceptable provided it does not form a step at any 
place.Alternatively, one can also reline the entire 
impression with the same light body but is usually 
required if one uses heavy or putty consistency for a 
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first impression. Medium body does not require 
relining by a light body. 
Step 6: Observe the impression under light and 
magnifying glass and look out for any discrepancy in 
the form of a step between two different 

consistencies. The impression is repeated if a step is 
visible.  

 
 

 
 
Figure 1: (a) Flabby area highlighted with tissue marking pencil (b) Impression made with medium body 

elastomer sparing the flabby area (c) Light body placed in the flabby region and allowed to spread on 
anterior part of the hard palate without creating a step  

 
CONCLUSION 

The impression technique described in this article is 
meant to be only for addition silicone impression 
material and where flabby tissue is minimal. Clinical 
judgement of individual clinicians is mandatory before 
applying such clinical procedures for a particular 
patient.   
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ABSTRACT: 
Background: Areas around metal brackets are difficult to clean and are prone to the adhesion of bacteria and debris, whereas in 
the case of orthodontic bands, biofilm formation occurs mostly at the gingival margin, leading to periodontal inflammation. 
Decreased pH and higher lactobacillus and Streptococcus mutans count increase the susceptibility to caries. Hence; the present 
study was undertaken for assessing the effect of fixed orthodontic treatment on salivary pH. Materials & methods: A total of 20 
patients scheduled to undergo orthodontic treatment were enrolled. Complete demographic details of all the patients were 
obtained. Clinical and radiographic details were also recorded separately. The pH values were measured with portable pH meter 
strips at the same four time points. Measurement of pH was done at baseline, 6 weeks post initiation of fixed orthodontic 
treatment, 12 weeks post initiation of fixed orthodontic treatment, and 18 weeks post initiation of fixed orthodontic treatment.  
Results: Mean pH at baseline, 6 weeks post initiation of fixed orthodontic treatment, 12 weeks post initiation of fixed 
orthodontic treatment, and 18 weeks post initiation of fixed orthodontic treatment was found to be 7.22, 6.79, 6.71 and 6.68 
respectively. While analyzing statistically, significant results were obtained. Conclusion: There is a decrease in salivary pH 
during the course of fixed orthodontic treatment predisposing for the development of dental caries. 
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INTRODUCTION: 
Orthodontic treatment has gained increasing popularity 
owing to increased self-awareness of oral health-related 
quality of life and facial esthetics. However, treatments 
using fixed appliances may induce the formation of 
bacterial biofilms in healthy oral cavities, and these can 
compromise oral hygiene and lead to enamel 
demineralization and gingival inflammation.1 
Areas around metal brackets are difficult to clean and 
are prone to the adhesion of bacteria and debris, whereas 
in the case of orthodontic bands, biofilm formation 
occurs mostly at the gingival margin, leading to 
periodontal inflammation. Several studies have 

demonstrated the development of white spot lesions on 
the tooth surface following orthodontic treatment.2- 4 
The effects of acidic foods, acidic and alcoholic 
beverages, herbal teas and different chemical solvents 
on the bond strength of orthodontic brackets have been 
investigated by researchers. Aside from increasing the 
risk of bond failure, these substances may increase the 
incidence of caries and periodontal problems and can 
lead to patient dissatisfaction. Decreased pH and higher 
lactobacillus and Streptococcus mutans count increase 
the susceptibility to caries.5- 7 Hence; the present study 
was undertaken for assessing the effect of fixed 
orthodontic treatment on salivary pH. 
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MATERIALS & METHODS 
The present study was conducted with the aim of 
assessing effect of fixed orthodontic treatment on 
salivary pH. A total of 20 patients scheduled to undergo 
orthodontic treatment were enrolled. Complete 
demographic details of all the patients were obtained. 
Clinical and radiographic details were also recorded 
separately. The pH values were measured with portable 
pH meter strips at the same four time points. 
Measurement of pH was done at baseline, 6 weeks post 
initiation of fixed orthodontic treatment, 12 weeks post 
initiation of fixed orthodontic treatment, and 18 weeks 
post initiation of fixed orthodontic treatment. All the 
results were recorded in Microsoft excel sheet and were 
analyzed by SPSS software. Student t test and one way 
ANOVA were used for evaluation of level of 
significance.  
 
RESULTS 
In the present study, a total of 20 patients scheduled to 
undergo fixed orthodontic treatment were analyzed. 
Mean age of the patients was found to be 14.2 years. 
There were 14 males and 6 females. Mean pH at 
baseline, 6 weeks post initiation of fixed orthodontic 
treatment, 12 weeks post initiation of fixed orthodontic 
treatment, and 18 weeks post initiation of fixed 
orthodontic treatment was found to be 7.22, 6.79, 6.71 
and 6.68 respectively. While analyzing statistically, 
significant results were obtained.   
 
Table 1: Demographic data 

Parameter  n % 
Age group (years) Less than 15 12 60 

More than 15 8 40 
Gender  Males 14 70 

Females  6 30 
 
Table 2: Change in pH with time 

Time (weeks) pH p- value 
Zero 7.22 0.00 (Significant) 
Six  6.79 
Twelve  6.71 
Eighteen  6.68 

 
DISCUSSION  
Malocclusion is one of the most common dental 
disorders and is capable of increasing the risk of 
periodontal disease and dental caries. Orthodontic 
treatment of malocclusions can often resolve them, or at 
least prevent their progression. However, complex 
design of fixed orthodontic appliances can affect the oral 
hygiene by influencing several parameters including the 
saliva properties and microbial count. Saliva is involved 
in myriad functions, such as mechanical cleansing, 
demineralization and remineralization of the enamel, 
protection against oral microbial flora, and buffering of 

acids in the oral cavity. Maintenance of oral hygiene is 
difficult in individuals with fixed orthodontic 
appliances, and this leads to plaque accumulation, 
gingival inflammation, dental caries, and other 
periodontal conditions. White spot lesions usually 
develop within a month of starting fixed orthodontic 
treatment.6- 9 Hence; the present study was undertaken 
for assessing the effect of fixed orthodontic treatment on 
salivary pH. 
In the present study, a total of 20 patients scheduled to 
undergo fixed orthodontic treatment were analyzed. 
Mean age of the patients was found to be 14.2 years. 
There were 14 males and 6 females. Arab S et al 
evaluated the changes in saliva properties and oral 
microbial flora in patients undergoing fixed orthodontic 
treatment. Two important saliva properties namely the 
salivary flow rate and pH as well as oral microbial flora 
were assessed in 30 orthodontic patients before starting 
fixed orthodontic treatment and after six, 12 and 18 
weeks of treatment. Selective media, Sabouraud 
dextrose agar, Mitis salivarius agar and Rogosa agar 
were used for isolation of Candida albicans, 
Streptococcus mutans and Lactobacillus acidophilus, 
respectively.  After six, 12 and 18 weeks of commencing 
fixed orthodontic treatment, the total colony counts of 
Candida albicans, Streptococcus mutans and 
Lactobacillus acidophilus showed a significant increase. 
The saliva pH decreased during the orthodontic 
treatment (P< 0.05) while the salivary flow did not 
change significantly. Fixed orthodontic treatment causes 
major changes in the saliva properties.10 
In the present study, mean pH at baseline, 6 weeks post 
initiation of fixed orthodontic treatment, 12 weeks post 
initiation of fixed orthodontic treatment, and 18 weeks 
post initiation of fixed orthodontic treatment was found 
to be 7.22, 6.79, 6.71 and 6.68 respectively. While 
analyzing statistically, significant results were obtained. 
Toodehzaeim MH et al evaluated the effect of salivary 
pH on the shear bond strength (SBS) of orthodontic 
brackets to tooth surface. Eighty intact premolars were 
randomly divided into four groups of 20. After bonding 
a bracket on each tooth, the groups one to four were 
stored in artificial saliva at a pH of 3.8, 4.8, 5.8, and 6.8, 
respectively for two months. The artificial saliva 
solutions were refreshed weekly. Each tooth was then 
embedded in an acrylic block so that the crown was 
exposed and its buccal surface was parallel to the 
direction of the force during SBS testing. The mean SBS 
value in group one (pH 3.8) was significantly lower than 
that in other groups (P<0.05). The differences between 
other groups were not significant (P>0.05). Decreased 
salivary pH due to poor oral hygiene and/or frequent 
consumption of acidic beverages may be responsible for 
orthodontic bracket bond failure.11 Alshahrani I et al 
evaluated the changes in essential salivary parameters in 
patients undergoing fixed orthodontic treatment. Their 
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findings indicated that the biochemical properties of 
saliva are altered after introducing fixed orthodontic 
appliances into the oral cavity, thereby promoting 
plaque retention and increasing the susceptibility to 
tooth demineralization and gingival inflammation.12 Asli 
Topaloglu-Ak et al investigated the effect of fixed and 
removable orthodontic appliances among children on 
salivary Streptococcus mutans, Lactobacillus sp. and 
Candida albicans. The study was conducted on 69 
patients aged between 6-17 years who used fixed or 
removable orthodontic appliances. Five ml samples of 
unstimulated saliva from each patient were collected at 
baseline and at the 1, 3 and 6 month periodic controls. 
Samples were diluted and plated on Mitis Salivarus 
Agar (MSA), Man Rogosa Sharp Agar (MRS) and 
Saboroud Dextrose Agar (SDA). The growths on the 
plates were examined under a stereomicroscope. 
Numbers of colony forming units (CFU) per plate were 
counted. For statistical analysis, the paired t test and 
Chi-Square were used. S mutans and Lactobacillus sp 
counts increased significantly 6 months after the 
insertion of fixed/removable orthodontic appliances in 
the oral cavity. A significant increase for C albicans 
presence was noted after 3 months compared with 
baseline for fixed appliances. Long-term utilization of 
orthodontic appliances may have a negative effect on 
microbial flora and increase the risk of new carious 
lesions and periodontal problems.13 
 
CONCLUSION 
From the above results, the authors concluded that there 
is a decrease in salivary pH during the course of fixed 
orthodontic treatment predisposing for the development 
of dental caries. However; further studies are 
recommended. 
 
REFERENCES 
1. Glans R, Larsson E, Øgaard B. Longitudinal changes in 

gingival condition in crowded and non-crowded dentitions 
subjected to fixed orthodontic treatment. Am J Orthod 
Dentofacial Orthop. 2003. December; 124 ( 6): 679– 82.  

2. Larmour CJ, McCabe JF, Gordon PH. An ex vivo 
investigation into the effects of chemical solvents on the 

debond behaviour of ceramic orthodontic brackets. Br J 
Orthod. 1998. February; 25 ( 1): 35– 9.  

3. Diedrich P, Rudzki-Janson I, Wehrbein H, Fritz U. Effects 
of orthodontic bands on marginal periodontal tissues: A 
histologic study on two human specimens. J Orofac 
Orthop. 2001. March; 62 ( 2): 146– 56.  

4. Bollen AM, Cunha-Cruz J, Bakko DW, Huang GJ, Hujoel 
PP. The effects of orthodontic therapy on periodontal 
health: a systematic review of controlled evidence. J Am 
Dent Assoc. 2008. April; 139 ( 4): 413– 22.  

5. Smiech-Slomkowska G, Jablonska-Zrobek J. The effect of 
oral health education on dental plaque development and 
the level of caries-related Streptococcus mutans and 
Lactobacillus spp. Eur J Orthod. 2007. April; 29 ( 2): 157– 
60.  

6. Hobson RS, McCabe JF, Hogg SD. The effect of food 
simulants on enamel-composite bond strength. J Orthod. 
2000. March; 27 ( 1): 55– 9.  

7. Vizitiu TC, Ionescu E. Microbiological changes in 
orthodontically treated patients. Therapeutics, 
Pharmacology and Clinical Toxicology. 2010. 
December; 14 ( 4): 283– 6. 

8. Kumar Goje S, Bhavsar A, Patel J. Comparative evaluation 
of salivary parameters before and during orthodontic 
treatment. Int J Recent Sci Res 2017;8:18630-4.   

9. Prabhakar A, Dodawad R, Os R. Evaluation of flow rate, 
pH, buffering capacity, calcium, total protein and total 
antioxidant levels of saliva in caries free and caries active 
children-an In Vivo study. Int J Clin Pediatr Dent 
2009;2:9-12.  

10. Arab S, Nouhzadeh Malekshah S, Abouei Mehrizi E, 
Ebrahimi Khanghah A, Naseh R, Imani MM. Effect of 
Fixed Orthodontic Treatment on Salivary Flow, pH and 
Microbial Count. J Dent (Tehran). 2016;13(1):18-22. 

11. Toodehzaeim MH, Khanpayeh E. Effect of Saliva pH on 
Shear Bond Strength of Orthodontic Brackets. J Dent 
(Tehran). 2015;12(4):257-262. 

12. Alshahrani I, Hameed M S, Syed S, Amanullah M, Togoo 
R A, Kaleem S. Changes in essential salivary parameters 
in patients undergoing fixed orthodontic treatment: A 
longitudinal study. Niger J Clin Pract 2019;22:707-12 

13. Asli Topaloglu-Ak 1, Fahinur Ertugrul, Ece Eden, Mustafa 
Ates, Hakan Bulut Effect of Orthodontic Appliances on 
Oral microbiota--6 Month Follow-Up. J Clin Pediatr Dent. 
Summer 2011;35(4):433-6. doi: 
10.17796/jcpd.35.4.61114412637mt661. 

 
 
 
 



 
 

 
 

MANAGEMENT OF DENTAL OPERATORY DURING 
PREVALING COVID 19 CONDITIONS: A GLIMPSE 

ABSTRACT: The COVID-19/ 2019-nCoV/ SARS-CoV-2 (Severe Acute Respiratory 

syndrome, Coronavirus) was first detected in Wuhan, China in November 2nd week 2019. 

Pandemic has now become a major concern that has significantly impacted the safe practice 

of medical profession globally. In order to treat patients in current COVID 19  we should be 

well aware & equipped for the use of hand hygiene, personal protective equipment’s (PPEs), 

Sterilization/ disinfection to prevent ourselves, our colleagues, our support staff, patients 

from getting infected. The information is based on personal communication and guidelines 

put forward by various national and international societies-IDA, WHO, CDC, Ministry of 

Health and Family Welfare, Govt of India, AIIMS (New Delhi). 

INTRODUCTION TO COVID 19: 

Coronaviruses belong to the Coronaviridae family in the Nidovirales order. Corona represents 

crown-like spikes on the outer surface of the virus; thus, it was named as a coronavirus. It 

leads to pulmonary failure and result in fatality. These viruses were thought to infect only 

animals until the world witnessed a severe acute respiratory syndrome (SARS) outbreak 

caused by SARS-CoV, 2002 in Guangdong, China1. The novel virus was named as Wuhan 

coronavirus or 2019 novel coronavirus (2019-nCov) by the Chinese researchers. The 

International Committee on Taxonomy of Viruses (ICTV) named the virus as SARS-CoV-2 

and the disease as COVID-192,3,4. In 2003, the Chinese population was infected with a virus 

causing Severe Acute Respiratory Syndrome (SARS) in Guangdong province. The virus was 

confirmed as a member of the Beta-coronavirus subgroup and was named SARS-CoV5,6.  

The human to the human spreading of the virus occurs due to close contact with an infected 

person, exposed to coughing, sneezing, respiratory droplets or aerosols. These aerosols can 

penetrate the human body (lungs) via inhalation through the nose or mouth 7,8,9,10,. The 

infected patients exhibited pneumonia symptoms with a diffused alveolar injury which lead to 

acute respiratory distress syndrome (ARDS).  

Possible route of transmission in dental clinics: The virus can be passed directly from 

person to person by respiratory droplets. Emerging evidence suggested that it may also be 

transmitted through contact and fomites (objects or materials which are likely to carry 

infection, such as clothes, shoes hands, hairs).  Patients and professionals can be exposed to 

virus and bacteria that are present in oral cavity and respiratory tract. Dental Clinics 



 
 

 
 

invariably carry the risk of infection due to the specificity of the procedures, which involves 

face-to-face communication/direct transmission (cough, sneeze, and droplet inhalation 

transmission) and contact transmission (contact with oral, nasal, and eye mucous 

membranes)11. Some of the studies shows that infection is air bone can be transmitted 

through conjunctival secretions and remains in air for approx. 3-4  hrs. It was suggested that 

it can tranmit through droplets present on metal surfaces such as door handles, taps, 

washrooms, table tops12. Since the chances of getting infected are highest among the dentists, 

so dentist should practice hand hygiene before and after patient, wear PPE and disinfection of 

the dental operatory should be done after every patient. 

 

Patients that should be avoided for treatment  

a) All symptomatic individuals who have undertaken international travel recently.   

b) All hospitalized cases in the last 28 days.  

c) All individuals who come from a hotspot areas must be tested first.  

d) All healthcare workers in hospitals who are symptomatic.  

e) Patients with active fever, cough, cold, malaise, diarrhoea etc . 

f) History of direct contact with COVID +VE cases13. 

 

CLINICAL MANAGEMENT  

 

 a) BEFORE DENTAL PROCEDURE  

● Office set up– Remove all the clutter and things from the practice that cannot be 

cleansed easily, like magazines, reading materials and other objects which cannot be 

disinfected, consultation room, operating room.  

● Ensure that there is sufficient quantity of PPE or things which are necessary for 

hygiene care.  

● Print and place signage in dental office for instructing patients on standard 

recommendations for hand hygiene, wearing face mask, cough etiquette and social 

distancing.  

● Schedule appointments with at least 30 mins between patients to minimise possible 

contact with other patients in the waiting room. 

●  Request patients to come alone and only accompanied if patient is a child/ 

compromised/ elderly patients who cannot come alone. 



 
 

 
 

● History of travel or any exposure or symptoms related to COVID-19 must be 

discussed on phone or text before the patients comes into the clinic 

 

b)  OPD  

● Tele consultation for non urgent treatment 

● Call only those who are screened with thermometer(non contact) and spoken on 

phone. For walk in patients, ask them to call first on  phone from outside the clinic 

and asses as in telephonic assessment (history and urgency of treatment) before letting 

them in. For an emergency visitor a trained staff(reception desk) to triage them at the 

gate with some physical barrier like glass or plastic if possible.  

● The staff should wear PPE a N95, gloves.  

● Ensure all walking inside the clinic are wearing shoe covers head cap, surgical mask 

or provide them with one from the clinic.  

● At reception desk- bi lingual form should be available (history of symptoms, consent 

to treatment in COVID-19 pandemic).  

● Prepare your waiting area in such a way where social distancing for different patients 

and reception desk can be maintained easily. 

●  Keep clinic open and well ventilated.  

● Ensure more frequent surface cleaning of waiting areas with sodium hypochlorite 

solution especially surfaces which are more often touched such as reception table top, 

door handles, etc.13 

 

c) DURING THE DENTAL PROCEDURE: 

i. HAND HYGIENE  

 

● Hand hygiene should be explained with diagrammatic layout and should be 

displayed in reception area. 

● Hand hygiene should be performed: by the patient before entry to the 

operatory and after leaving (preferably non-contact) before and after each 

treatment session by the doctor and assistant, before and after the removal 

of PPE, following the washing of dental instruments.  

● Mild liquid soap should be used when washing hands for 20 seconds. If 

hand washing is not available then use 75% alcohol based hand rub. 



 
 

 
 

● Staff should remove rings, bracelets and wristwatches prior to carrying out 

hand hygiene13. 
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ii. THE PATIENT TREATMENT AREA  

● It Should be cleansed after every session using clean microfiber cloth 

material even if the area appears uncontaminated.  

● Areas and items of equipment local to the dental chair should be cleansed 

between each patient with 10% sodium hypochloride by dilution or 75% 

alcohol which include: local work surfaces; dental chairs; curing lamps; 

inspection lights and handles; hand controls including replacement of 

covers; trolleys/delivery units; spittoons; aspirators; X-ray units. Other 

exposed surfaces (such as dental inspection light fittings) and floor surfaces, 

and bathrooms (after use).  

● Items of furniture should be cleansed daily. 

● Intra-oral RVG sensors are potential sources of cross-infection. Disposable 

plastic sleeves should be used. Intra-oral holders for RVG, require use of 

steam sterilization following washing and disinfection.  



 
 

 
 

● For blood spillages, care should be taken to observe a protocol that ensures 

protection against infection. The use of hypochlorite 10% at 1000 ppm 

available chlorine is recommended. It has to be prepared by placing 1 litre 

of hypochlorite in 4 litres of water. Hypochlorite should be made up either 

freshly using water.  

● Use of air purifiers with HEPA filters is recommended.  

● If the dental chairs are not six feet apart(with proper partition/ separate 

room), then 2 patients should not be treated at the same time. 

 

 

iii. TREATMENT PROTOCOL:   

● Avoid all aerosol producing procedures instead use hand instruments for 

treatment11,12,13.  

● Avoid use of three way syringes and use of intraoral radiographs.  

● Prior to meeting a patient dentists should wear PPE.  

● Patient should be asked to do a pre procedural mouth rinse with 1% 

hydrogen peroxide or 0.2% povidone iodine in order to reduce the salivary 

load of oral microbes14,15,16,17,18,19,20,21. The use of a 0.12 percent 

chlorhexidine or essential oil–containing mouthwash for one minute before 

a dental procedure has been shown to significantly reduce the bacterial 

count in the air of the operatory. While pre procedural rinses will reduce the 

extent of contamination within dental aerosols as routinely measured on 

agar plates, they do not eliminate the infectious potential of dental 

aerosols.16,17  

● Reduce aerosol production by using rubber dam for all procedures. 

Occupational Safety and Health Administration regulations state that all 

procedures involving blood or other potentially infectious materials shall be 

performed in such a manner as to minimize splashing, spraying, spattering, 

and generation of droplets of the these substances.26In the guidelines for 

infection control in dental health-care settings that was published recently 

by the CDC, all of these recommendations were retained. The use of rubber 

dams and HVEs are considered to be “appropriate work practices” 

precautions that always should be followed during dental procedures.26 



 
 

 
 

● Four handed dentistry with high vacuum suction should be used.  

● Autoclave hand piece for every patient (recommended to keep 5-6 spare 

hand pieces autoclaved)13 

 

iv. PERSONAL PROTECTIVE EQUIPMENTS (PPES) 

Personal Protective Equipment’s (PPEs) are protective wears designed to 

safeguard health of workers by minimizing the exposure to the virus.  

COMPONENTS OF PPE: Components of PPE are goggles, face-shield, 

mask, gloves 2 pairs, disposable surgeon gowns (with or without aprons), 

head cover and shoe cover ( long ) and a disposable bag. Each component 

and rationale for its use is given below: 

Face Shields/ Goggles: During aerosol generating procedures carried out in 

a dental operatory, contamination of mucous membranes of eyes, nose and 

mouth  is likely because of droplets generated by the use of sonic and ultra 

sonic instruments from infected person. Hence protection of the mucous 

membranes is an integral part of standard and contact precautions. The 

Goggles should have a good seal with the skin of the face, covering the eyes 

and the surrounding areas and even accommodating for prescription 

glasses. 

Face Shields: It prevents direct droplet infection or aerosols from direct 

contact.  

Masks: Contamination of mucous membranes of the mouth and nose by 

infective droplets or through a contaminated hand also allows the virus to 

enter the host. Hence using masks are crucial while dealing with a suspect 

or confirmed case of 2019-nCoV performing aerosol generating procedures. 

The masks are of 3 types: Cloth face mask, Surgical mask, N95 respirator 

Surgical masks/triple layer medical mask: It comes with 2 layers, 3 

layers, 4 layers They’re typically used to protect the wearer from sprays, 

splashes, and large-particle droplets. 



 
 

 
 

N95 respirators: A particulate respirator has filter efficiency of 95% or 

more against particulate aerosols >0.3 micronmeter. An N95 respirator is a 

more tight-fitting face mask. In addition to splashes, sprays, and large 

droplets, this respirator can also filter of very small particles, this includes 

viruses and bacteria. The respirator itself is generally circular or oval in 

shape and is designed to form a tight seal to your face.  
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Gloves: There are chances of infection when a person touches any object/surface of 2019-

nCoV infected patients. There are two types of gloves Latex and Nitrile. Nitrile gloves are 

preferred over latex gloves because they resist chemicals, including certain disinfectants such 

as chlorine.  

Gowns: They are of two types one can be re used after autoclaving or disinfection with 70-

90% alcohol based solution while the other has to be discarded. The material is of different 

thickness ranging from 40-90 gsm. They are designed to cover whole body including back 

and lower legs, sometimes head and feet as well.  

Shoe covers: It should be made up of impermeable fabric to be used over shoes to facilitate 

personal protection and decontamination.   

Head covers:. head cover that covers the head and neck should be used while providing 

clinical care for patients. Hair and hair extensions should fit inside the head cover.   

 KEY POINTS ABOUT PPE: 

● Put it on before entering the room and before any contact with the patient. 

● Use it carefully to prevent contamination. 

● After completing the task remove the PPE, discard it carefully. 

● Then perform hand hygiene after switching on to the next patient. 

Before wearing PPE dentist should wear his/her autoclavable scrub for double protection and 

follow proper hand hygiene measures and then wear a PPE kit.  

 



 
 

 
 

       

 

Steps in donning and doffing of PPE          

d) Practices for environmental cleaning in healthcare facilities:  

● Environmental cleaning is part of standard precautions, which should be applied to 

all patients in all healthcare facilities. Ensure that cleaning and disinfection 

procedures are followed consistently and correctly. 

 

● The most frequently mentioned methods of removing airborne contamination from 

the air of the treatment room are the use of a high efficiency particulate air, or HEPA, 

filter and the use of ultraviolet, or UV, chambers in the ventilation system.  

 

● The use of a high-volume evacuator/suction, or HVE, has been shown to reduce the 

contamination arising from the operative site by more than 90 percent.23,24It should 

be emphasized that for a suction system to be classified as an HVE, it must remove a 

large volume of air within a short period The usual HVE used in dentistry has a large 

opening (usually 8 millimeters or greater) and is attached to an evacuation system 

that will remove a large volume of air (up to 100 cubic feet of air per minute). The 

small opening of a saliva ejector does not remove a large enough volume of air to be 

classified as an HVE. During restorative dentistry, the HVE often will be used by an 

Centres for Disease Control and Prevention 

National Institute for Occupational Safety and Health 



 
 

 
 

assistant who is able to guide and aim the vacuum in a manner that eliminates or 

greatly reduces the visible water spray produced during dental procedures. 

 

CONCLUSION 

The aerosols and splatter generated during dental procedures have the potential to spread 

infection to dental personnel and other people in the dental office. While, as with all infection 

control procedures, it is impossible to completely eliminate the risk posed by dental aerosols, 

it is possible to minimize the risk with relatively simple and inexpensive precautions.  
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COVID-19 PREVENTIVE MEASURES FOR DENTAL PRACTICE 
    Dr. Mohd. Rehan , Dr. Manish Khatri, Dr. Mansi Bansal, Dr. komal Puri 

ABSTRACT 

The World Health Organization declared the pandemic diffusion of COVID-19, and 

restrictive measures to limit transmission have been taken in several countries. The virus has 

a predominantly respiratory transmission through aerosol and droplets. The importance of 

infection control is therefore crucial in limiting the effects of virus diffusion. Human history 

is observing a very strange time fighting an invisible enemy; the novel COVID-19 

coronavirus. Initially observed in the Wuhan province of China, now fastly spreading around 

the world. Various journals are offering to freely publish the articles about Coronavirus. As 

this pandemic is very new and very less scientific material is available on the topic, various 

paid journals and companies are offering free materials published about the Coronavirus. 

INTRODUCTION 

The definition of coronavirus includes a range of respiratory viruses, which can present with 

mild to severe manifestations and lead to respiratory failure. The name recalls the 

microscopic appearance of the virus, characterized by the presence of pointed structures on 

the surface, resembling a crown. The novel coronavirus was identified in Wuhan, China, in 

December 2019 in patients presenting with pneumonia of unknown origin. After a rapid 

escalation, on January 9, 2020, the World Health Organization declared the discovery a new 

coronavirus, first called 2019-nCoV and then officially named SARS-CoV-2, which had 

never been identified in humans before. On February 11, the respiratory disease deriving 

from SARS-CoV-2 infection was named COVID-19. A critical challenge is to determine how 

dental emergency institution should respond to utilization changes in the general population 

created by the COVID- 19 epidemic. preventive measures need to be established as mainstay 

protocol to control the spread of the virus.1,2 A novel coronavirus, designated as 2019-nCoV, 

emerged in Wuhan, China, at the end of 2019. As of January 24, 2020, at least 830 cases had 

been diagnosed in nine countries: China, Thailand, Japan, South Korea, Singapore, Vietnam, 

Taiwan, Nepal, and the United States. Twenty-six fatalities occurred, mainly in patients who 

had serious underlying illness. Although many details of the emergence of this virus — such 

as its origin and its ability to spread among humans — remain unknown, an increasing 

number of cases appear to have resulted from human-to-human transmission. Given the 

severe acute respiratory syndrome coronavirus (SARSCoV) outbreak in 2002 and the Middle 



East respiratory syndrome coronavirus (MERS-CoV) outbreak in 2012, 2019-nCoV is the 

third coronavirus to emerge in the human population in the past two decades — an 

emergence that has put global public health institutions on high alert. China responded 

quickly by informing the World Health Organization (WHO) of the outbreak and sharing 

sequence information with the international community after discovery of the causative 

agent. The WHO responded rapidly by coordinating diagnostics development; issuing 

guidance on patient monitoring, specimen collection, and treatment; and providing up-todate 

information on the outbreak. Several countries in the region as well as the United States are 

screening travelers from Wuhan for fever, aiming to detect 2019-nCoV cases before the virus 

spreads further. Updates from China, Thailand, Korea, and Japan indicate that the disease 

associated with 2019-nCoV appears to be relatively mild as compared with SARS and 

MERS. Coronaviruses make up a large family of viruses that can infect birds and mammals, 

including humans, according to world health organisation (WHO). These viruses have been 

responsible for several outbreaks around the world, including the severe acute respiratory 

syndrome (SARS) pandemic of 2002-2003 and the Middle East respiratory syndrome 

(MERS) outbreak in South Korea in 2015. Most recently, a novel coronavirus (SARS-CoV-2, 

also known as COVID-19) triggered an outbreak in China in December 2019, sparking 

international concern. While some coronaviruses have caused devastating epidemics, others 

cause mild to moderate respiratory infections, like the common cold. 

MODES OF TRANSMISSION 

The transmission routes, treatments and outcomes of Covid-19 continually receiving much 

research attention recently. What is clear for now is that the mode of transmission is through 

contact and in the form of droplets, although airborne transmission has not been ruled out. 

The risk of COVID-19 inhalation transmission is extremely high when performing dental 

procedures due to the use of handpieces under irrigation, which favors the diffusion of 

aerosol particles of saliva, blood, and secretions.3This production of aerosol facilitates the 

contamination of the environment and instruments, dental apparatuses, and surfaces. Given 

the direct contact transmission, the mucosa of the oral cavity has been recognized as a 

potentially high-risk route of SARS-CoV-2 infection (Xu et al. 2020), as well as 

contaminated hands, which could facilitate virus transmission to patients.4,5,6 

CLINICAL FEATURES   It is well established that most patients with COVID-19 have 

fever along with respiratory signs and symptoms, such as cough and dyspnea. To date, there 



is some uncertainty about the prevalence of extrapulmonary symptoms. Lymphopenia is a 

common feature in the patients with COVID-19 and might be a critical factor associated with 

disease severity and mortality.7,8 

PROPHYLACTIC MEASURES TO LIMIT TRANSMISSION 

1.Patient Triage. 

 According to the various research, triage was performed when patients entered the clinics 

and no telephonic pretriage was conducted. Performing triage to investigate current health 

status and/or the presence of risk factors for COVID-19 development is recommended when 

receiving patients.9 

In particular, patients should be asked whether any contact with infected people occurred or 

whether they traveled in highly epidemic areas. 

 i) Positive History 

If a patient had a positive history of contact and/or symptoms, no treatment should be 

performed, and the patient should be reported to the sanitary authorities, to quickly impose 

quarantine and/or hospitalization depending on the severity of the situation.Postpone dental 

treatments to up to 14 d after the exposure event in asymptomatic patients who had contact 

with infected subjects and/or traveled to an at-risk area, thus suggesting a self-quarantine at 

home. 

ii) NEGATIVE HISTORY 

 In cases of the absence of contacts and/or symptoms, dental procedures can be performed, 

provided that the prevention precautions were implemented. 

2. When the patient enters the dental office, data collection on the patient’s history should be 

repeated and, if possible, body temperature registered through a contactless thermometer. If 

body temperature is >37.5 °C, treatment should be postponed. 

3. Hand disinfection is suggested for patients. Regular disinfection of the ventilation system 

and a frequent opening of windows should be ensured. It is recommended to prevent patients 

from staying long in the waiting room and to remove all potentially contaminated objects 

(i.e., tables, magazines, toys), which could facilitate cross-infection. 



4. It is also important to limit the number of patients in the waiting room and to keep the 

recommended distance of at least 1 m between chairs. 

5. All surfaces that may be touched by the patients should be disinfected with sodium 

hypochlorite 0.1% or 70% isopropyl alcohol 

6.The patient should perform a 1-min mouth rinse with 0.2% to 1% povidone, 0.05% to 0.1% 

cetylpyridinium chloride, or 1% hydrogen peroxide prior to the dental procedure. 

7. The dental practitioner should perform careful hand washing for at least 60 s, employing a 

60% to 85% hydroalcoholic solution, prior to wearing gloves. 

8. During the initial phase of a pandemic, when a vaccine is not available, personal protective 

equipment (PPE) is mandatory that plays a major part in disease control. Personal protection 

of eye, oral mucosa, and nasal mucosa should be provided for health care workers. The use of 

face masks (filtering face piece level 2 or 3) is recommended, especially in epidemic areas. 

Face masks should be changed after the performance of the dental procedure and should be 

worn by the whole team, including nonclinical staff members. Eye protection should be 

guaranteed with the use of protective safety glasses and shields, which should undergo 

thorough disinfection with 70% isopropyl after each procedure. 

9.During the dental treatment, all the necessary dental instruments should have been prepared 

in advance, to limit contamination and make the procedure faster. Disposable protections 

should be placed on working surfaces, the dental chair, and devices to avoid direct 

contamination. 

10. Dental practitioners should perform only emergency treatments and reduce as much as 

possible the production of aerosol/droplets during the procedure. The use of a rubber dam and 

surgical aspiration may limit aerosol diffusion. Handpiece use should be limited, and if 

possible, dental procedures should be performed with manual instruments. 

11. After the procedure, all the disposable protections should be removed and high-level 

disinfection performed. After each patient, at least a 5-min air change is advised. Since the 

virus tends to remain in airborne particles, it is recommended not to remove personal 

protective equipment prior to exiting the contaminated area. 

TREATMENT 



Risks of transmission of SARS-COV2 infection from asymptomatic indivisuals who are not 

necessarily undergoing invasive procedures???????????? 2,12,13. Chemoprophylaxis for HCW’s 

could potentially have add on advantages to cover this additional risks. 

Hydroxychloroquinine (HCQ) came into discussion against this background??????????16 . ability 

of this compound to inhibit the infection by SARS-COV-2, as well as viral replication in cell 

cultures in a time and dose dependent manner made it a prime choice?????????? 17. HCQ elevates 

the pHof endosomes and inhibits SARS-COV-2RNA mediated inflammatory response.??????18 

The Joint Monitoring Group and NTF have now recommended the prophylactic use of HCQ 

in following categories: 

1. All asymptomatic healthcare workers involved in containment and treatment of 

COVID19 and asymptomatic healthcare workers working in non-COVID hospitals/ 

non-COVID areas of COVID hospitals/blocks. 

2. Asymptomatic frontline workers, such as survelliance workers deployed in 

containment zones and paramilitary/ police personnel involved in COVID19 related 

activities. 

3. Asymptomatic household contacts of laboratory confirmed cases. 

EXCLUSION/CONTRAINDICATIONS 

The drug is contraindicated in persons with known case of : 

1. Retinopathy 

2. Hypersensitivity to HCQ or 4-aminoquinoline compounds 

3. G6PD deficiency 

4. Pre- existing cardiomyopathy and cardiac rhythm disorders 

The drug is not recommended for prophylaxis in children under 15 years of age and in 

pregnancy and lactation. 

Rarely the drug causes cardiovascular side effects such as cardiomyopathy and rhythm 

(heart rate) disorders. In that situations the drug needs to be discontinued. The drug can 

rarely cause visual disturbance including blurring of vision which is usually self limiting 

and improves on discontinuation of the drug. 

DOSAGE: 



Asymptomatic holders contacts of laboratory confirmed cases- 400 mg twice a day on 

day 1 followed by 400 mg once weekly for next 3 weeks to be taken with meals. 

All asymptomatic healthcare workers involved in containment and treatment of COVID-

19 and asymptomatic healthcare workers working in non- COVID areas of COVID 

hospitals/blocks- 400mg twice a day on Day 1, followed by 400 mg once weekly for next 

7 weeks, to be taken with meals. 

In clinical practice HCQ is commonly prescribed in a daily dose of 200 mg to 400 mg for 

treatment of diseases such as Rheumatoid Arteritis and Systemic Lupus Erythematous.    

Adverse effects : nausea(8.9%), abdominal pain (7.3%), vomiting (1.5%), hypoglycaemia 

(1.7%) and cardiovascular effects (1.9%). 

Studies on prophylaxis of SARS-COV-2 infection: those on HCQ prophylaxis were less 

likely to develop SARS-COV-2 infection, compared to those who were not on it. 

An overvational prospective study of 334 healthcare workers at AIIMS, out of which 248 

took HCQ prophylaxis on 6 weeks follow up. It also showed that those taking HCQ 

prophylaxis had lower incidence of SARS-COV-2 infection that those who are not taking 

it. 

Ivermectin proposes many potentials effects to treat a range of diseases, with its 

antimicrobial, antiviral, and anti-cancer properties as a wonder drug. Ivermectin plays a 

role in several biological mechanisms, therefore it could serve as a potential candidate in 

the treatment of a wide range of viruses including COVID-19 as well as other types of 

positive-sense single-stranded RNA viruses. In vivo studies of animal models revealed a 

broad range of antiviral effects of ivermectin, however, clinical trials are necessary to 

appraise the potential efficacy of ivermectin in clinical setting. Ivermectin was identified 

in late 1970s and first approved for animal use in 1981. Its potential use in humans was 

confirmed a few years later. Subsequently, William C. Campbell and Satoshi Ōmura who 

discovered and developed this medication received the 2015 Nobel Prize in Physiology or 

Medicine. 

The decrease in the threat from SARS and MERS led to decreased research activities 

against this class of viruses which has led to a lack of preparedness for the new SARS-

CoV-2 pandemic. Although a few medications have received Emergency Use 

Authorization for COVID-19 treatment, no proven treatment has been found as yet. A 



recent in vitro study showed that ivermectin was active against COVID-19-infected cell 

lines. 

Uses of Vermact Tablet DT 

Vermact 12 tablet DT is used in the treatment of parasitic infections. 

Side effects: burning 

Directions for use: dissolve it in a glass of water before taking it. Vermact 12 tablet DT is 

to be taken empty stomach. 

Mode of action: Vermact 12 tablet DT is an antipaasitic medication. It works by binding 

to the muscle and nerve cells of worms, causing their paralysis and death. 

Ivermectin has been trailed in treating the coronavirus SARS-COV-2, which is the virus 

that causes COVID-19. The trials so far have shown ivermectin reduss the number of cell 

associated viral RNA by 99.8% in 24 hrs. 

The antiviral effects of ivermectin on RNA viruses 

COVID-19  

In a recent in vitro study, the Vero/hSLAM cells infected with the SARS-CoV-2 or 

COVID-19 virus were exposed to 5 µM ivermectin in 48 h, and a 5000-fold reduction in 

viral RNA compared with control was found [15]. The results showed that treatment with 

ivermectin effectively kills almost all viral particles within 48 h. The study was the first to 

assess the antiviral effect of ivermectin on COVID-19. The authors acknowledged that 

the drug may have antiviral effects by inhibiting the importin (IMP) α/β receptor, which is 

responsible for transmitting viral proteins into the host cell nucleus. The authors proposed 

human studies to confirm the potential benefits of ivermectin in the treatment of COVID-

19. Although this study was the first to confirm the antiviral effect of ivermectin on 

COVID-19 [15], other studies examined the antiviral effects of the drug on both RNA and 

DNA viruses 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7290143/#CR15
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7290143/#CR15


CONCLUSION 

 In the dental setting, the intense production and persistence of aerosols during dental 

procedures expose dental workers to the risk of inhaling small particles and droplets, which 

are reported to potentially carry microorganisms such as bacteria and viruses. Treatment may 

pose significant risks for practitioners and patients. It is important to know the protocol in this 

pandemic outburst in detecting patients with initial symptoms, clinically supporting the 

population even in these dire times, and working in a safe contagion-reduced environment. 

Given patients’ treatment, there is still an unmet need for guidelines on the management of 

patients at various stages of disease, from positive to asymptomatic to healed ones. 
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Case Report

ABSTRACT
A 50-year-old male presented with nonrestorable fractured upper right first premolar. The implant was placed immediately after extraction, 
and guided bone regeneration (GBR) was performed simultaneously to correct the dehiscence at the labial aspect. Five months after implant 
placement, the treatment showed satisfactory results both clinically and radiographically. The periapical radiograph confirmed the complication-free 
integration of the implant and repair of buccal defect. Thus, immediate implant placement with simultaneous GBR in postextraction sockets 
with bony defects is a reliable technique with predictable results. However, this protocol is technique sensitive, and a number of guidelines and 
prerequisites need to be seriously considered, especially good primary stability and correct three-dimensional placement.

Keywords: Dental implant, guided bone regeneration, immediate implant

INTRODUCTION

Dental implants are considered as the first line of treatment 
in restoring missing teeth by most of the patients and 
clinicians. The extraction of teeth can result in up to 50% 
loss of alveolar ridge width within the first 1–3 years which 
can complicate implant placement and esthetic outcome 
of implant procedure. This bone loss is exacerbated if the 
tooth is removed traumatically or if there are preexisting 
endodontic or periodontal pathologies and often requires 
bone augmentation to create ideal gingival contours and 
esthetics.[1,2]

The timing of implant placement has been classified into late, 
early with partial bone healing, early with soft-tissue healing, 
and immediate placement. Whenever there is adequate 
bone and soft tissue for implant primary stability, immediate 
placement and contour augmentation is recommended.[3] 
The advantages of immediate implant placement are that 

the amount of bone is greatest at that time and the overall 
treatment duration and the number of surgical interventions 
are reduced. Disadvantages are that the procedures are 
technically demanding, with a significant risk of esthetic 
complications. Thus, the clinician should be experienced. 
Esthetic risk assessments should be carefully considered 
before treatment.[3] Based on a review of the literature, the 
outcomes of immediate, early, and late implant placement are 
comparable. However, gingival recession ≥1 mm has been 
reported in 8%–40.5% of cases, especially in patients with 

Clinical and esthetic outcome of immediate implant placed 
in postextraction site with alveolar bone defect using 
guided bone regeneration
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a thin gingival biotype. Moreover, damaged labial alveolar 
plate or labially malpositioned implants were also reported. 
Immediate implant placement with simultaneous guided 
bone regeneration (GBR) can maintain the bone volume and 
soft-tissue contours. While this technique only requires a 
single surgical procedure, it is technically demanding.[4]

GBR is an often used procedure for hard-tissue restoration. 
The treatment concept advocates the regeneration of 
osseous defects and is predictably attainable through the 
application of occlusive membranes, which mechanically 
exclude nonosteogenic cell populations from the surrounding 
soft tissues, thereby it allows osteogenic cell populations 
that originate from the parent bone to occupy the osseous 
wound. The studies suggest that bone regeneration is 
significantly enhanced when the invasion of soft tissue into 
osseous defects is mechanically impeded.[5-8] The clinician has 
the choice to use GBR procedure with either a simultaneous 
or a staged approach in the treatment of these defects. 
Considering the treatment objectives, implant placement 
simultaneously with GBR procedure is preferred whenever 
possible in order to minimize the number of surgical 
interventions. To achieve the optimal results when placing an 
implant with simultaneous GBR, there are important issues 
to be considered. The implant needs to be in the correct 
three-dimensional position[9] and achieve primary stability, 
and the peri-implant bone morphology should allow for 
successful bone regeneration. This case report presents a 

simultaneous approach of GBR and implant placement in the 
maxillary premolar region with narrow ridge defect.

CASE REPORT

A 50-year-old male patient reported with a chief complaint 
of broken teeth in the upper right premolar region and 
need for restoration of the same with fixed prosthesis. The 
patient gave a history of fracture of the tooth 1 year back. 
His medical history was noncontributory. His psychological 
profile was good and had reasonable expectations. The 
periapical radiograph showed adequate bone height and 
mesiodistal bone width. Intraoral examination revealed a 
thick gingival biotype with an 8–10 mm band of attached 
gingiva. It was explained to the patient that although implants 
represented an ideal treatment option, it may be required to 
simultaneously augment the bone in case a bony defect is 
encountered after extraction as the roots of fractured tooth 
to be extracted were bulky. The patient showed willingness 
to the proposed surgical and prosthetic treatment plan.

The first step was the careful extraction of tooth 14 
under local anesthesia using a 2% lidocaine solution with 
a vasoconstrictor. Root fragments were cautiously and 
carefully removed with a periotome and suitable forceps. The 
extraction socket was thoroughly debrided with caution to 
prevent infection, and a thin buccal plate (of <1 mm thick) 
with dehiscence, 4–5 mm wide, and 5 mm deep was identified 

Figure 1: (a) Preoperative radiograph. (b) Postextraction. (c) Buccal bone defect (occlusal view). (d) Radiograph – Buccal defect.  (e) Periosteal release 
incision. (f) Autogenous graft + Alloplast. (g) Placement of bone graft. (h) Placement of collagen membrane. (i) Five-month surgical re-entry. (j) Radiograph 
showing bone fill. (k) Abutment in place. (l) Final prosthetic restoration (crown)
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after extraction. Implant bed preparation was completed 
after standard protocols using incremental sharp spiral 
drills and copious chilled saline. An ideal three-dimensional 
implant position was obtained mesiodistally, orofacially, 
and coronoapically. The drill was extended 3–4 mm apically 
to obtain primary stability. A 13-mm fixture with a rough 
surface (sandblasted, large grit, and acid-etched) Dentium 
NR line was put in place. The fixture achieved excellent 
primary stability. A combined bony defect at the buccal site 
including a dehiscence-type defect and a 1–2 mm horizontal 
gap between the residual buccal plate and implant body 
was found. The exposed surface was still within the alveolar 
housing of the premaxilla. A localized GBR procedure was 
then undertaken using bone grafts and a collagen membrane. 
Bone substitute (autogenous bone chips as extracted from 
adjacent site mixed with synthetic alloplastic bone graft, 
Osteon II) was applied directly to the denuded implant 
surface, and the marginal gap between the buccal plate and 
implant surface was filled.

Placement of bone substitutes was also gradually extended 
to the periphery, and an “overbuilding” convexity at the 
site of tooth 14 was achieved. A bioabsorbable collagen 
membrane (CollaGuide, Collagen Matrix, Liberal) covered 
the bone substitute. Periosteum was released surgically to 
advance the flap, and primary soft-tissue closure was secured 
with 3-0 sutures to allow submerged healing. The patient 
received analgesics and antibiotics for 5 days postsurgically. 
In addition, he was instructed to use a 0.1% chlorhexidine 
digluconate rinse twice daily and avoid toothbrushing at the 
surgical site for 2 weeks. Some swelling was noted during the 
postsurgical healing period which regressed over a period 
of 1 week. Implant site had favorably healed by 5 months. 
A periapical radiograph also confirmed that the implant was 
well-integrated. Thus, a full-thickness flap was raised to 
expose the implant and to place the healing abutment. At 
this time, complete healing and coverage of bone defect was 
observed. After 2 weeks, impression was recorded using an 
open-tray impression technique, and a metal-ceramic crown 
was cemented after 5 days of impression Figure 1.

DISCUSSION

Immediate implant placement can take advantage of the 
maximum amount of bone available, and simultaneous GBR 
can be performed to maintain the ridge contours and repair 
bone defects. Thus, this technique was chosen for replacement 
of tooth in this case. Exposure of implant threads because 
of insufficient alveolar ridge width or buccal cortical plate 
fracture during a traumatic extraction might lead to high 
implant failure rates.[10] Depending on the size and morphology 

of the defect, various augmentation procedures can be used. 
The critical requirement for implant success is to achieve initial 
implant stability before any augmentation procedures because 
osseointegration cannot be achieved in mobile implants.[11] 
Among the various graft materials, autografts are regarded as 
the gold standard bone graft material for GBR because of their 
osteogenic, osteoinductive, and osteoconductive properties. 
Because of a limited amount of available autogenous bone 
and lesser resorption time of autogenous graft, autogenous 
bone graft was mixed with alloplast with relatively longer 
resorption time. The composite graft was used to support 
the area intended for bone augmentation, allow the ingrowth 
of bone-forming cells, and support bone-implant contact 
formation. The “overbuilding” of the vestibular contour of the 
alveolar bone crest was also intended to provide the required 
support and long-term stability for the overlying soft tissue. 
To avoid soft-tissue invasion of the graft materials, a collagen 
membrane with high biocompatibility was applied above the 
grafted bone as a barrier. A final important step was to close 
the wound with tension-free flap adaptation that was done 
with the help of periosteal release incision as the width of 
attached gingiva in this case was adequate. In recent clinical 
studies, the application of bone substitutes in conjunction 
with the placement of barrier membranes successfully covered 
previously exposed implant surfaces in cases with similar 
defects.[12-14] This technique used for the purpose of correcting 
dehiscence defects and augmenting the ridge laterally seems 
to be reliable and predictable.

GBR with simultaneous implant placement is recommended only 
if the implant could be placed in an optimal three-dimensional 
position with satisfactory primary stability from the existing 
natural bone (Chen et al., 2009). However, the success of 
the procedure does not rely only on implant’s stability but 
also on the stability of the grafting material. Botticelli et al. 
strongly indicated that immediate implant placement might 
not prevent physiologic modeling/remodeling that can occur 
on the ridge after tooth removal.[15] The change in the vertical 
bone level is usually more pronounced at the buccal than the 
lingual aspect of the ridge because of the early disappearance 
of the bundle bone which occupied a large fraction of the 
marginal portion of the buccal bone wall. Therefore, special 
procedures should be modified to make great efforts to 
preserve the existing hard and soft tissues at the implant sites 
such as using minimally traumatic surgical and regenerative 
techniques. Bone preparation should be relocated palatally 
to avoid jeopardizing the integrity of the buccal wall of the 
socket and perforating the facial bone. A void maintained 
between the implant body and the buccal wall was grafted 
with bone particles as described above. This method can 
maximally leave the thin buccal wall undamaged. Additional 
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grafting of the external surface of the buccal bone wall was 
shown to slightly increase or at least maintain the horizontal 
dimension of the alveolar bone.

CONCLUSION

Immediate implant placement with simultaneous GBR in 
postextraction sockets with bony defects is appealing to 
clinicians. According to the literature, high implant survival 
rates and predictable good esthetic outcomes can be 
achieved with short-term follow-up. Although postextraction 
bone remodeling will occur irrespective of the placement 
of an implant,[15] the time saved is truly a great advantage 
for patients and implant practitioners. Because of a lack 
of long-term results, this protocol should be used with 
caution, and a number of guidelines and prerequisites need 
to be seriously considered. More long-term perspectives 
and controlled clinical studies are needed to guarantee the 
success of this approach, especially for esthetic outcomes.
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PeriOrtho-dontics: Together  
We Succeed!
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Abstract
Orthodontics and periodontics have a sophisticated elaborate interdependence as every orthodontic intervention has a 
periodontal extent. Although orthodontic alignment promotes adequate plaque control, many detrimental effects on the 
periodontium may be observed during the treatment. Periodontal intervention is required at all stages of orthodontic therapy 
starting from orthodontist diagnosing a case to mid-treatment analysis of periodontium and also posttreatment investigation 
of the case. Many a time, successful orthodontic treatment is dependent on the overall maintenance of the health of the 
periodontium. On the other hand, orthodontic tooth alignment may be used as an adjunctive treatment in periodontally 
compromised patients. This review will help in better understanding of the orthodontic–periodontal interrelationship for the 
better framework of the treatment approach to bring out the optimum results in patients.
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Introduction

A majority of the population including both adults and 
children seek orthodontic treatment because of an ever-
increasing concern for dentofacial esthetics. Orthodontic 
treatment is completed by resultant bone turnover so as to 
move teeth within the alveolus. Since the bony response is 
facilitated by the periodontal ligament, movement of a tooth 
is primarily a periodontal ligament phenomenon and requires 
a healthy periodontium.1

Orthodontic adjustment of the dentition is advantageous 
for the maintenance of adequate plaque control, but the 
process of alignment of teeth through orthodontic therapy may 
have some detrimental effects on the periodontium through 
impingement on the gingiva and also by accumulation of 
plaque and food impaction during the treatment. In addition, an 
enhanced number of adult patients are becoming esthetically 
oriented and pursuing orthodontic treatment, making the 
interdependence between periodontics and orthodontics even 
more strong and dependable.2

Periodontal intervention is required at all stages of 
orthodontic therapy starting from an orthodontist diagnosing 
a case to mid-treatment analysis of periodontium and also 
posttreatment investigation of the case. If the orthodontic 
movement is initiated in cases of gingival inflammation or 

even if inflammation develops or progresses during treatment, 
there is an enhanced probability of clinical attachment loss 
and bone loss. Successful orthodontic treatment usually 
depends on the maintenance of the health of periodontium 
before, during, and after orthodontic treatment.3

This review aims to highlight varied points when 
periodontal intervention is required before, during, or 
after orthodontic treatment and also highlight the use of 
orthodontic treatment as an adjunct to periodontal treatment 
in periodontally compromised patients.
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Malocclusion and Its Effect on 
Periodontium

Many patients desire orthodontic treatment for esthetic 
improvement only, but, few malocclusions are likely to 
traumatize the periodontium, such as impingement of the 
gingiva in anterior deep bite or recession and mobility 
of mandibular incisors in anterior crossbite. Orthodontic 
treatment in such conditions benefits the periodontal health.3

In misaligned dentition, removal of plaque can be 
problematic due to the difficulty in reach of brush and floss in 
such areas leading to increase in inflammation and bleeding 
(Figure 1).4 Although there is an increased amount of plaque, 
inflammation, and bleeding initially with the placement of 
orthodontic brackets and wires, there is an improvement in 
the condition during treatment5-7 because of the increased 
attention to the oral hygiene by the patient and reinforced oral 
hygiene instructions by the dentist that the patient follows 
during the course of the orthodontic treatment.8

There are several potential risk factors leading to clinical 
attachment loss in orthodontic patients such as greater plaque 
scores, invasion of the cervical margins of bands subgingivally, 
deep periodontal pockets, and length of procedure. In patients 
with reduced but healthy periodontium, orthodontic treatment 
can be accomplished without irritating the periodontium, 
but in uncontrolled inflammatory conditions, orthodontic 
treatment may aggravate inflammation leading to destruction 
of periodontal tissues even in the patients maintaining 
adequate oral hygiene.2

Every orthodontic patient requires an examination by 
a periodontist, as the tooth and its surrounding structures 
are continuously being affected by microbial flora and 
orthodontic treatment might aggravate this condition. Thus, 
it is imperative that the host tissues are as stable as possible 
and are free of inflammation during the entire course of 
orthodontic treatment. Therefore, during patient visit to 
orthodontic clinic, orthodontists might encounter, during their 
examination, a non-periodontal patient (children or adult) 
or a patient with periodontal disease requiring adjunctive 
treatment.

Orthodontic Treatment in Children/
Adolescent Patients

For early recognition of patients with periodontal disease by 
orthodontists, periodontal examination must be performed 
before, during, and after orthodontic treatment.9

Before Orthodontic Treatment

Before any orthodontic treatment, the orthodontist must do a 
thorough clinical examination that should include assessment 
of the gingival status, probing depths, mobility, keratinized 
gingival width, and recession. Examiner must make sure that 

there is adequate oral hygiene maintenance by the patient and 
there is no periodontal breakdown. In patients with presence 
of plaque or gingival inflammation, adequate oral prophylaxis 
should be done, and the patient should be educated and 
motivated regarding oral hygiene maintenance throughout the 
orthodontic treatment. Delay in active orthodontic treatment 
in patients who are not compliant should be considered until 
adequate plaque control is attained.9

There are certain conditions that need careful examination 
apart from the overall oral hygiene status of the oral cavity. 
These are as follows:

Gingival Enlargements

Gingival overgrowth (Figure 2) might be present in few 
patients leading to problematic bonding of brackets and 
adequate maintenance of plaque, which requires careful 
diagnosis and planning.10

Superficial Impacted Teeth

The examiner must be aware that in case of an ideal tooth 
eruption, the permanent tooth would erupt at the center of 
the crest of the ridge, conserving both the facial and lingual 
gingiva. But sometimes teeth fail to erupt into the oral cavity 
normally and are impacted; this can affect the dental arch 
form leading to esthetic and functional challenges. Third 
molars followed by canines are the most commonly impacted 
teeth.11,12 Surgical intervention (preventive mucogingival 
surgery) is often required to expose the impacted canine and 
it helps in avoiding the periodontal tissue damage. In case 
of superficially impacted tooth, the tooth could be visualized 
beneath the gingiva or the mucosa and can be exposed using 
apically positioned flap before initiation of orthodontic 
treatment.13

Gummy Smiles/Excessive Gingival Display

During the initial examination, the clinician may encounter 
patients with gummy smiles/excessive gingival display. Short 
clinical crowns in children are frequently related with altered 
passive eruption. Orthodontic treatment generally precedes 
periodontal treatment in cases where a combination of 
altered passive eruption and malocclusion and/or crowding 
is seen, since leveling of teeth with extrusion or intrusion 
may effect position of gingival margins. Thereafter, a smile 
analysis is required so as to assess the nature and extent of 
gingival display and also to decide whether surgical crown 
lengthening and/or restorative management of the smile line 
is needed.14

During Orthodontic Treatment

Orthodontic appliances usually have a detrimental 
consequence on oral hygiene condition of patient; thus, 
reinforced instructions and motivation are required at each 
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visit. In noncompliant patients, orthodontic treatment 
should be deferred until an evident improvement in 
periodontal condition is seen. Regular follow-up is advised 
in all patients throughout active orthodontic treatment, 
with clinical periodontal evaluation at least every 6 months 
and radiographic examination at least once a year. In order 
to improve periodontal condition, orthodontic appliance 
could be removed and resumed only after the control of the 
periodontal disease.9

There are several conditions that need to be addressed 
during or along with the initiation of the orthodontic treatment. 
These are discussed in subsequent text.

Deep Intraosseous Impactions

Deep impacted canine might be associated with/without the 
presence of deciduous canine and there are different surgical 
approaches for the treatment of the same.

Surgical treatment of labial and palatal impaction not 
associated with a deciduous canine. Palatally impacted 
maxillary canine are managed by surgically uncovering the 
tooth using mucoperiosteal flap and bone removal, followed 
by placement of bracket leading to autonomous eruption of 
tooth thereafter before beginning of orthodontic treatment. If 
properly done, the tooth will erupt autonomously within 6 to 
9 months,13 or it can be pulled slowly through placement of 
wires along with orthodontic treatment (Figure 3).

In cases of presence of a labially impacted maxillary 
canine, surgical procedures are required to expose impacted 
canine and thereafter its eruption should also provide adequate 
attached gingiva so as to resist recession and alveolar bone 
loss. Various techniques are practiced to uncover labially 
impacted canine such as gingivectomy, apically displaced 
flap, and closed eruption technique (Figure 4).13,15-18

Surgical management of impacted tooth associated with 
a deciduous canine. A technique called “tunnel traction” is 
performed in such cases where deciduous canine is present 
in arch and permanent canine is impacted. After the flap 
elevation and exposure of cusp of permanent impacted canine, 
extraction of deciduous canine is done. The bone is perforated 
apically in the socket so as to create a tunnel which connects 
the socket to the crown of the permanent impacted canine. 
Through the tunnel, the wire chains connect the socket to the 
crown of the impacted tooth which serves as an orthodontic 
traction. Flap is repositioned in its original site. The traction 
phase begins with the suture removal after 10 days.13

Ectopically erupting (buccal/lingual) tooth is many a times 
associated with the inadequate attached gingiva, clinical 
attachment loss, and bone loss.19 Buccal eruption may also be 
associated with thin buccal bone which increases the chances 
of gingival recession (Figure 5).20 When deciding for the 
appropriate treatment simulation of the physiological eruption 
pattern, ie, eruption of tooth at the center of the alveolar ridge 

and also pres of adequate and healthy periodontal tissues 
should be the aim.21,22

Figure 1. Effect of Malaligned Teeth on Periodontium

Figure 2. Preorthodontic Analysis of Gingival Enlargement

Figure 3. (a) Surgical Exposure and Bone Removal Around Palatally 
Impacted Canine (b) Placement of Bracket and Traction Wire (c) 
Suturing (d) Healing After Suture Removal
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Figure 4. (A) Surgical Exposure of Labially Impacted Canine and 
Placement of Bracket and Traction Wire (B) Flap Sutured Back to 
Its Original Position

Figure 5. Ectopically Erupted Maxillary Canine

Figure 6. (a) Inflammatory Gingival Enlargement in Patient 
Undergoing Orthodontic Treatment (b) Treated Using Gingivectomy

Figure 7. Aberrant Frenal Attachment

Figure 8. Corticotomy

Figure 9. Development of Recession and Inadequate Width of 
Attached Gingiva During Orthodontic Treatment

Ectopically Erupting Tooth

In case ectopic tooth eruption has started but not 
completed, interceptive mucogingival surgery preserves 
and repositions the keratinized tissue entrapped between 
the erupting permanent and its deciduous tooth. Different 
mucogingival surgeries are performed on buccally erupting 
teeth depending on the position of erupting teeth in relation 
with the mucogingival junction13: double pedicle flap (when 
the tip of the cusp erupts in the keratinized tissue close to 
the mucogingival junction), apically positioned flap (when 
erupting apically to the mucogingival junction), and free 
gingival graft (when erupting in the alveolar mucosa very 
apically to the mucogingival junction).

Gingival Hypertrophy/Pseudopockets

Inflammatory gingival enlargements may occur in patients 
undergoing orthodontic treatment (Figure 6a). Regular 
follow-ups and oral prophylaxis can improve the condition. 
If the condition does not improve even after regular scaling, 
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gingivectomy (Figure 6b) is usually considered for restoration 
of requisite tissue morphology.10

Aberrant Frenum

Timing and need for frenectomy is a controversy among 
orthodontists. Many orthodontists favor the concept of 
waiting till the eruption of all 6 permanent anterior teeth 
in cases of abnormal frenum. Frenectomy in conjunction 
with orthodontic treatment is the choice of treatment if 
diastema remains even after eruption of all 6 permanent 
anterior teeth,23,24 and it should be done after the initiation 
of orthodontic treatment and 6 weeks before the removal of 
the appliance (Figure 7). This is recommended as it permits 
healing, tissue maturation, and does not extend orthodontic 
treatment.25

Patients to be Treated by Corticotomies

When certain malocclusions cannot be orthodontically 
camouflaged and but do not require extensive orthognathic 
surgery, periodontally accelerated osteogenic orthodontics26-28 
(Figure 8) and selective alveolar decortication may be viable 
treatment options in addition to conventional options to hasten 
orthodontic tooth movement with lesser adverse effects.29

Mucogingival Deformities

A mucogingival deformity, such as inadequate width of 
attached gingiva or gingival recession, may develop during 
(Figure 9) or after orthodontic treatment and necessitate 
mucogingival reconstructive procedures to repair or 
reconstruct the destroyed periodontal tissues.13

For patients who are compliant, have healthy periodontium 
and adequate plaque maintenance, and require orthodontic 
tooth movement within the envelope of alveolar bone, 
mucogingival grafting procedure can be done post orthodontic 
treatment, even if it is associated with thin periodontal 
morphotype, aberrant frenal attachment, or inadequate 
attached gingiva.

On the other hand, in cases of poor oral hygiene or 
requirement of orthodontic movement outside the envelope of 
alveolar bone, recession augmentation must be planned prior 
to the orthodontic treatment. In such patients, if recession 
develops during movement then it is recommended that 
active movement be stopped and  root coverage procedure 
should be accomplished first. The orthodontic treatment can 
be started again after complete healing.30-32

Following Orthodontic Treatment Completion

The plaque-retaining appliances such as orthodontic retainers 
may cause inflammation and periodontal disease. Post 
orthodontic treatment completion, regular recall appointments 
help in timely detection of aggressive periodontitis in young 
adults and adolescents. As a part of the follow-up, patients 

are advised for regular periodontal examination along with 
radiographic evaluation every year.9

Following an orthodontic treatment, relapse is 
commonly seen which is due to the presence of gingival 
and periodontal fibers that are stretched during the treatment 
and have a tendency to pull the teeth to its native position.10 
Circumferential supracrestal fiberotomy should be carried 
out in the final stages of orthodontic treatment to severe the 
attachment of transseptal and supracrestal fibers around the 
tooth so as to prevent relapse of the rotated tooth after the 
orthodontic procedure.33,34

Orthodontics in Adult Patients

Non-periodontal Patients

In adult patients without any periodontal treatment, dentofacial 
esthetics is the main driving force and the cause of seeking the 
orthodontic treatment.35 They are usually younger adults who 
desired but failed to undergo orthodontic treatment during 
adolescent period and now because of social pressure are 
concerned about their esthetics rather than dental health and 
function.36 In patients without any periodontal diseases, the 
orthodontist treatment plan remains same as that of children 
with only periodontal considerations being the resolution or 
control of inflammation throughout the orthodontic treatment. 
Apart from that there are many clinical as well as psychological 
and biological variations between the orthodontic treatment of 
adolescents and adults that make adult orthodontics different 
and challenging requiring special concepts and procedures. 
Adults have more specific objectives and concerns as far as 
esthetics is concerned, orthodontic appliances also differ, and 
treatment time span is also different. There is an increasing 
demand of invisible appliances, shorter treatment duration, 
application of lighter forces, and more precise tooth movement 
leading to the emerging concept of Periodontally accelerated 
osteogenic orthodontics. The orthodontist must be careful 
that patients with gingival recession or active periodontal 
disease are not good contenders for periodontally accelerated 
osteogenic orthodontics.37

Periodontal Patient

It is of prime importance to recognize and diagnose patients 
accurately because with an increase in age of the patient, 
an increase in susceptibility to periodontal disease has also 
been observed; and thus it becomes rather more crucial to 
congruously treat patients with periodontitis who requires 
orthodontic therapy.38 Adult patients with periodontal disease 
are classified into two categories. First category consists 
of patients who earlier had periodontal disease but are 
treated now. In such patients, the orthodontic consideration 
remain the same as mentioned in children as they require 
comprehensive orthodontic treatment because of their esthetic 
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consciousness. Second category consists of adult patients 
who require orthodontics as an adjunct therapy. They have 
other related dental issues and need orthodontics as a part of 
larger treatment plan involving multiple dental specialties.

The orthodontic-periodontal cases can be managed by the 
following ways:

1. Preorthodontic osseous surgical treatment
2. Use of orthodontic treatment as an adjunct to 

periodontal treatment
3. Post orthodontic treatment of residual periodontal 

defect

Preorthodontic Osseous Surgical Treatment

Prior to any orthodontic treatment, initial periodontal therapy 
is suggested for reduction of inflammation. In cases where 
good plaque control can be obtained and bleeding on probing 
can be eliminated even in the presence of remaining mild to 
moderate periodontal pockets, orthodontic treatment along 
with periodontal maintenance procedures is done first and 
thereafter phase II (surgical) periodontal therapy is planned. 
After initial periodontal therapy if pocket depth and bleeding 
on probing are not eliminated, open-flap debridement is 
considered first.38

Regenerative periodontal treatment is recommended prior 
to orthodontic tooth movement in case of deep intrabony 
defects (Figure 10)39 or craters as these defects do not 
improve with orthodontic treatment. This is because deep 
periodontal defects cannot be completely cleaned, and 
unfavorable crown-root ratio and clinical attachment level is 
attained post osseous resection. Orthodontic treatment may 
be started when the results of periodontal treatment are stable 
following 3 to 6 months of periodontal surgery.40,41

Use of Orthodontic Treatment as an Adjunct to Periodontal 
Treatment

Hemiseptal defects. In mesially tipped tooth or supraerupted 
tooth, hemiseptal defects are found. Uprighting these teeth 
appears to shallow out the angular defects, with new bone 
forming at the mesial alveolar crest. In cases of supraerupted 
tooth, osseous defects could be leveled by intruding the tooth 
and thereafter adjacent cementoenamel junction could be 
leveled. Stabilization of these teeth should be done for at least 
6 months after the completion of the orthodontic treatment 
and periodontal reassessment should also be done. Usually no 
further periodontal treatment is required as the pockets either 
get reduced or are eliminated.41

Figure 10. Deep Intrabony Defect Treated Before Initiation of 
Orthodontic Treatment39

Severe horizontal bone loss. Patients with advanced/severe 
horizontal bone loss present level of bone which has receeded 
several millimeters apical to the cementoenamel junction, 
leading to disproportionate crown-root ratio. If the crowns 
of these teeth are aligned, an associated increase in tooth 
mobility or significant bony discrepancies may be observed 
that would require periodontal surgeries to resolve the created 
conditions. Therefore, decreasing the clinical crown length of 
these teeth seems to be the appropriate treatment option. Also, 
the level of the bone is considered as a guide to position the 
brackets on the teeth. Usually most of the cases with initial 
periodontal defects do not require periodontal surgery post 
orthodontic treatment.40,41

Furcation Defect. Furcation areas are difficult-to-maintain 
areas that can deteriorate during orthodontic treatment. Such 
patients require thorough instrumentation and need to be 
maintained for a 2 to 3 months follow-up schedule.

In advanced furcations requiring hemisection, orthodontic 
treatment should be considered first as it simplifies the 
concentration of tooth movement. After orthodontic 
treatment, tooth may be hemisectioned.40-42

If such advanced furcation teeth are planned to be used 
as abutments for a bridge, then orthodontically separating 
the roots apart leads to desirable restoration. Hemisection, 
endodontic treatment, and periodontal surgery should be 
done before beginning the orthodontic treatment. Managing 
the case in such a manner permits the space created to be 
cleaned with greater ease and also leads to the elimination of 
the furcation.43

Molars with grade III furcation defects may be associated 
with short or fused roots, severe bone loss, or other factors 
which hinder both the hemisection and placement of crowns 
on the remaining roots. Extraction and placement of an 
implant in such cases would be an appropriate treatment plan 
which can also facilitate prerestorative orthodontic treatment 
by becoming an anchor.41

Root Proximity. The health of the periodontium and 
accessibility for restoration of posterior teeth is compromised 
in cases where the interradicular distance is less. Hence, in 
such cases the roots can be moved apart using orthodontic 
treatment leading to formation of bone in the adjacent roots 
by widening embrasure beneath the contact point. It also 
provides increased bony support and patient’s access to the 
interproximal region is enhanced. If the roots are to be moved 
apart using orthodontic treatment, this plan should be made 
before bracket placement because occlusal contacts may 
require equilibrium to improve occlusion when the roots are 
separated.40,41

Fractured Teeth and Forced Eruption. Fracture extending 
beneath the gingival margin and terminating at the level 
of ridge of alveolus does not indicate restoration of the 
fractured crown as the preparation would extend to the bone 
level, leading to violation of biologic width with resultant 
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inflammation. For restoration of such teeth, fracture margin 
should be moved coronally by erupting the fractured root 
out of the bone. However, when the fracture extends too far 
apically, extraction and replacement with implant or bridge 
should be the treatment plan.40,44,45

Hopeless Teeth Maintained for Orthodontic Anchorage. Teeth 
having advanced periodontal disease are considered hopeless 
and need to be extracted before orthodontic treatment. 
However, these teeth may be used for orthodontic anchorage 
if periodontal inflammation can be controlled by non surgical 
or surgical periodontal therapy

A 6-month stabilization period is required to reevaluate 
the periodontal status after the orthodontic treatment. 
Occasionally, in some cases, prognosis of hopeless teeth 
improves and they are retained but mostly they are extracted 
after orthodontic treatment.40,41

Uneven Gingival Margins. Abrasion of the incisal edges or 
delayed migration of the gingival margins may lead to uneven 
gingival margins between the adjacent teeth. The solution 
to such problems could be either repositioning the gingival 
margins orthodontically or surgically correcting it. The 
choice must be determined on the basis of following points:

1. No correction is generally required if gingival margin 
discrepancy is present between two maxillary central 
incisors but it is not exposed on smiling.

2. If uneven gingival margins are visible and labial 
sulcular depth is deep in shorter tooth, excisional 
gingivectomy is indicated; but if sulcus depth of the 
short and the long incisors are almost same, gingival 
surgery is not recommended.

3. If the shortest central incisor is longer than the 
adjacent lateral incisor, extrusion of the longer 
central incisor and equilibration of the incisal edge is 
required. This moves the gingival margin coronally 
and eliminates the gingival margin discrepancy.

4. In abraded or overerupted teeth, one incisal edge 
may be thicker than the adjacent tooth. In such cases, 
the best method of correcting the gingival margin 
discrepancy is to intrude the short central incisor 
which moves the gingival margin apically and 
permits restoration of incisal edges.40,41,46-48

Abraded and Overerupted Tooth. Certain destructive habits 
such as protrusive bruxism lead to abrasion of anteriors with 
resultant overeruption of teeth. At times, these teeth could not 
be restored because of inadequate length of the crown being 
present, leaving the clinician with following two treatment 
options:

1. Crown lengthening by gingivectomy/apically 
repositioned flap

2. Orthodontic tooth intrusion41

3. Crown lengthening by gingivectomy/apically 
repositioned flap: Gingivectomy is indicated in 

the presence of excess keratinized gingiva and an 
underlying bone crest at 3 mm or more from the 
level of gingival resection. Adequate apicocoronal 
height of keratinized gingival tissues of at least 3 
mm should remain after surgery in the presence of 
subgingival restorations.49,50

4. Orthodontic tooth intrusion: Orthodontic intrusion 
of teeth is done in patients with overeruption of the 
maxillary anteriors with normal vertical maxillary 
development. It is necessary to hold these teeth 
for at least 6 months in the intruded position, so 
that the principal fibers accommodate to the new 
intruded position. This procedure is usually a distinct 
advantageous procedure over crown lengthening 
unless the patient has extremely long and broad roots 
or has had an extensive horizontal periodontal bone 
loss.41

Missing Papilla. A careful analysis of (a) distance between 
the contact point and bone crest, (b) papillary height in 
the interdental area, (c) root divergence, and (d) shape of 
teeth should be done to determine the correct treatment. 
Orthodontic treatment can help restore lost interdental 
papilla, if the root angulation is divergent. By closing open 
contacts the interproximal gingiva is squeezed and is moved 
incisally by creating a more esthetic papilla. In cases where 
the position of the interproximal bone level is apical, eruption 
of the adjacent teeth is considered.41

Gummy Smile. Gummy smiles should be evaluated before 
orthodontic treatment is initiated as it could be because of (a) 
short upper lip, (b) hypermobility of upper lip, (c) vertical 
maxillary excess generally associated with excessive lower 
facial height, (d) anterior dentoalveolar extrusion, and (e) short 
clinical crown. Therefore these needs to be treated accordingly.19

Postorthodontic Treatment of Residual Periodontal Disease

Patients should be put on regular follow-ups and maintenance 
after the orthodontic tooth movement is completed.

1. Periodontally hopeless teeth that served as an 
anchorage during orthodontic treatment can be 
extracted now.

2. Any residual periodontal pocket or newly formed 
pockets should be checked and pockets with 
associated deep intrabony defects can be treated now 
using regenerative surgical techniques.

3. Resective osseous surgeries can be planned in 
residual pockets with horizontal bone loss.

4. After orthodontic treatment is completed, patients 
with adequate plaque control, narrow gingival 
recessions, and those requiring tooth movement 
within the alveolar bone envelope can be treated 
now (Figure 11). Lingual movement of the tooth 
into a more proper position will lead to decrease in 
recession and dehiscence.13,30-32,40
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Figure 11. Recession in Teeth 31, 41, 42 can be Treated 
Postorthodontic Treatment Evaluation

Conclusion

The relationship between periodontal health and orthodontics is 
intimate and inseparable. On the one hand, orthodontics could 
help in removal of plaque-retentive areas, and on the other 
hand, a stable periodontium helps in the overall success of the 
orthodontic tooth movement. Patients with periodontal disease 
could be dealt with periodontal-orthodontic comanagement 
without any detrimental effects. However, there are two 
important prerequisites: maintenance of meticulous oral 
hygiene of the patient, and optimal control of inflammation 
before and throughout the combined treatment. When adult 
patients are being treated, the periodontist should be aware 
about the advantages of orthodontic treatment, and it is as 
important as it is the orthodontist’s knowledge to recognize 
which patients need to be referred, which require periodontal 
evaluation, and which require possible periodontal therapy.

Permission/Acknowledgment

We would like to thank Journal of Indian Society of 
Periodontology to give us permission to use figures (Figure 10).

Declaration of Conflicting Interests
!e authors declared no potential con"icts of interest with respect to 
the research, authorship, and/or publication of this article.

Funding
 !e authors received no #nancial support for the research, author-
ship, and/or publication of this article.

ORCID iD
Komal Puri  https://orcid.org0000-0003-1149-5523

References

1. Norton LA. Biology of tooth movement. In: Bhalaji SI, ed. 
Orthodontics: The Art and Science. 3rd ed. New Delhi: Arya 
Publishing; 2006:185-201.

2. Davis SM, Plonka AB, Fulks BA, Kyle L, Taylor BS, Bashutski 
J. Consequences of orthodontic treatment of periodontal health: 
clinical and microbial effects. Semin Orthod. 2014;20:139-149.

3. Bollewn AM. Effects of malocclusions and orthodontics on 
periodontal health. J Dent Sci. 2006;72:912-918.

4. Sebbar M, Abidine Z, Laslami N, Bentahar Z. Periodontal health 
and orthodontics. In: Virdi MS, ed. Emerging Trends in Health 
and Dentistry. China: In Tech Publishing; 2015:717-732.

5. Ristic M, Vlahovic Svabic M, Sasic M, Zelic O. Clinical 
and microbiological effects of fixed orthodontic appliances 
on periodontal tissues in adolescents. Orthod Craniofac Res. 
2007;10:187-195.

6. Lo BA, Di Marco R, Milazzo I. Microbiological and clinical 
periodontal effects of fixed orthodontic appliances in pediatric 
patients. New Microbiol. 2008;31:299-302.

7. Paolantonio M, di Girolamo G, Pedrazzoli V, et al. Occurrence 
of Actinobacillus actinomycetemcomitans in patients wearing 
orthodontic appliances: a cross-sectional study. J Clin 
Periodontol. 1996;23:112-118.

8. Davies TM, Shaw WC, Worthington HV, Addy M, Dummer P, 
Kingdon A. The effect of orthodontic treatment on plaque and 
gingivitis. Am J Orthod Dentofac Ortho. 1991;99:155-161.

9. Levin L, Einy S, Zigdon S, Aizenbud D, Macthei E. Guidelines 
for periodontal care and follow-up during orthodontic 
treatment in adolescents and young adults. J Appl Oral Sci. 
2012;20:399-403.

10. Lindhe J, Karring T, Araujo M. Anatomy of the periodontium. 
In: Lindhe J, Lang NP, Karring T, eds. Clinical Periodontology 
and Implant Dentistry. 4th ed. United Kingdom: Blackwell 
Publishing; 2003:331-358.

11. Bass TB. Observations on the misplaced upper canine tooth. 
Dent Pract Dent Rec. 1967;18:25-33.

12. Becker A, Zilberman Y, Tsur B. Root length of lateral incisors 
adjacent to palatally displaced maxillary cuspids. Angle 
Orthod. 1984;54:218-225.

13. Pini-Prato G, Evelyn A. Mancini, Papini O, Crescini 
A. Mucogingival approaches in young orthodontic 
patients: combined strategies for success. Semin Orthod. 
2014;20:150-169.

14. Majzoub AK, Romanos A, Cordioli G. Crown lengthening 
procedures: a literature review. Semin Orthod. 2014;20:188-207.

15. Kokich VG. Surgical and orthodontic management of 
impacted maxillary canines. Am J Orthod Dentofacial Orthop. 
2004;126:278-283.

16. Vanarsdall R, Corn H. Soft tissue management of labially 
positioned unerupted teeth. Am J Orthod. 1977;72:53-64.



346 Journal of Indian Orthodontic Society 54(4)

17. Takei HH, Carranza FA, Do J. The periodontal flap. In: Newman 
MG, Takei HH, Klokkevold PR, Carranza FA, eds. Clinical 
Periodontology. 12th ed. California: Elsevier publishing; 
2016:507-528.

18. Hall WH. Recent status of soft tissue grafting. J Periodontol. 
1977;48:587-597.

19. Gorman WJ. Prevalence and etiology of gingival recession. J 
Periodontol. 1967;38:316-322.

20. Hirschfeld I. A study of skulls in the American Museum of 
Natural History relation to periodontal disease. J Dent Res. 
1923;5:241-265.

21. Crescini A, Buti J, Nieri M, Buti J, Buccetti T, Pini Prato 
G. Orthodontic and periodontal outcomes in patients with 
impacted canine: an appraisal of prognostic factors. Angle 
Orthod. 2007;77:571-577.

22. Bedell WR. Nonsurgical reduction of the labial fraenum 
with and without orthodontic treatment. J Am Dent Assoc. 
1951;42:510515.

23. Gkantidis N, Topouzelis N, Zouloumis L. Differential diagnosis 
and combined treatment of maxillary midline diastema caused 
by the fraenum and/or intermaxillary suture. Balk J Stom. 
2008;12:81-88.

24. Haytac MC, Ozcelik O. Evaluation of patient perceptions after 
frenectomy operations: a comparison of carbon dioxide laser 
and scalpel techniques. J Periodontol. 2006;77:1815-1819.

25. Mittal M. Maxillary labial frenectomy: indications and 
technique. Dent Pract. 2011;38:159-162.

26. Wilcko WM, Wilcko MT, Bouquot JE. Rapid orthodontics 
with alveolar reshaping: two case reports of decrowding. Int J 
Periodontic Restorative Dent. 2001;21:9-19.

27. Wilcko MT, Wilcko WM, Pulver JJ, Bissada NF, Bouquot 
JE. Accelerated osteogenic orthodontics technique: a 1-stage 
surgically facilitated rapid orthodontic technique with alveolar 
augmentation. J Oral Maxillofac Surg. 2009;67:2149-2159.

28. Rebecca B. Treatment planning with corticotomy facilitated 
orthodontics. Semin Orthod. 2014;20:228-238.

29. Wennström JL, Lindhe J, Sinclair F, Thilander B. Some 
periodontal tissue reactions to orthodontic tooth movement in 
monkey. J Clin Periodontol. 1987;14:121-129.

30. Wennström J, Lindhe J. Role of attached gingiva for maintenance 
of periodontal health. Healing following excisional and graft 
procedures in dogs. J Clin Periodontol. 1983;10:206-221.

31. Zucchelli G, Mounssif I. Periodontal plastic surgery. 
Periodontology. 2000 2015;68:333-368.

32. Boyd RL. Mucogingival considerations and their relationship 
to orthodontics. J Periodontol. 1978;49:67-76.

33. Cambell SW, Revesz J. Reestablishment of transseptal fibers 
following extraction. J Dent Res. 1944;23:333-336.

34. Edwards JG. A long-term prospective evaluation of the 
circumferential supracrestal fiberotomy in alleviating 
orthodontic relapse. Am J Orthod Dentofacial Orthop. 
1988;93:380-387.

35. Proffit WR. The biologic basis of orthodontic therapy. In: Proffit 
WR, Fields HW, Sarver DM, eds. Contemporary Orthodontics. 
4th ed. Canada: Elsevier Publishing; 2007:331-358.

36. Gazit RT, Haisraeli SM, Gazit E. Psychosocial reward 
of orthodontic treatment in adult patients. Eur J Orthod. 
2010;32:441-446.

37. Goyal A, Kalra JPS, Bhatiya P, Singla S, Bansal P. Periodontally 
accelerated osteogenic orthodontics (PAOO): a review. J Clin 
Exp Dent. 2012;4:e292-e296.

38. Maria L, Geisinger ML, Abou-Arraj RV, Souccar NM, Holmes 
CM, Geurs NC. Decision making in the treatment of patients 
with malocclusion and chronic periodontitis: scientific evidence 
and clinical experience. Semin Orthod. 2014;20:170-176.

39. Kumar A, Kumar A, Puri K, Bansal M, Khatri M, Batra P. 
Multidisciplinary prognostic transition of a molar tooth for 
long-term survival. J Indian Soc Periodontol. 2018;22:68-72.

40. Kokich VG, Ambalavanan N. Adjunctive role of orthodontic 
therapy. In: Newman MG, Takei HH, Klokkevold PR, 
Carranza FA, eds. Clin Periodontol. 9th ed. California: Elsevier 
Publishing; 2016:704-718.

41. Kokich VG, Ambalavanan N. Adjunctive role of orthodontic 
therapy. In: Newman MG, Takei HH, Klokkevold PR, Carranza 
FA, eds. Clin Periodontol. 12th ed. California: Elsevier 
Publishing; 2016:631-640.

42. Kokich VG. Adjunctive role of orthodontic therapy. 
In: Kokich VG, Kokich VO, eds. Esthetics and 
Biomechanics in Orthodontics. 2nd ed. Canada: Elsevier 
Publishing;2015:560-581.

43. Brown IA. The effect of orthodontic therapy on certain types of 
periodontal defects. J Periodontol. 1973;44:742-751.

44. Molon RS, Evila ED, Shouza AJ, Nougueria AV, Cirelli CC. 
Forced orthodontic eruption for augmentation of soft and 
hard tissue prior to implant placement. Contemp Clin Dent. 
2013;4:243-247.

45. Pontoriero R, Celenza F, Ricci G, Carnevale G. Rapid extrusion 
with fiber resection: a combined orthodontic periodontic 
treatment modality. Int J Periodontics Restorative Dent. 
1987;7:30-43.

46. Shendre AA, Shendre AA, Singh JR. The relationship between 
orthodontics and periodontics: an interdisciplinary approach. 
Res Rev: J Dent Sci. 2015;4:35-38.

47. Kokich V. Anterior dental esthetics: an orthodontic perspective. 
Part I: crown length. J Esthet Dent. 1993;5:19-23.

48. Kokich V. Esthetics: the orthodontic-periodontic-restorative 
connection. Semin Orthod. 1996;2:21-30.

49. Arora R, Narula SC, Sharma RK, Tewari S. Supracrestal 
gingival tissue: assessing relation with periodontal biotypes in 
a healthy periodontium. Int J Periodontics Restorative Dent. 
2013;33:763-771.

50. Maynard JG, Wilson RD. Physiologic dimensions of 
the periodontium significant to the restorative dentist. J 
Periodontol. 1979;50:170-174.



Bukhari SFN et al. Anesthetic agent during scaling.  

91 
Journal of Advanced Medical and Dental Sciences Research |Vol. 8|Issue 10| October 2020 

 

 

 

 

Original Research 
 
Evaluation of effectiveness of topical anesthetic agent on pain and discomfort 
during scaling in patients with gingivitis 
 
Dr. Syed Faidan Nazir Bukhari1, Dr. Manish Khatri2 

 
1Postgraduate student, 2Professor  & Head of department, Department of Periodontics, Institute of Dental Studies 
and Technologies, Modinagar, Ghaziabad, Uttar Pradesh , PIN: 201204, India 
 
ABSTRACT: 
Control over pain and discomfort is an important outcome measure of successful  periodontal  therapy. Intrasulcular anesthetic 
gel can be used as a secure alternative anesthesia for pain control and discomfort during scaling and root planning.  Aims and 
objective: To evaluate clinically the effectiveness of anesthetic gel lignocaine on the pain and discomfort  during scaling in 
patients with gingivitis. Material and method: Ten gingivitis patients were recruited  in the study. Draw of lots was done to 
decide scaling of that quadrant without placement of gel, then clockwise rotation of scaling of quadrants was done for with 
(Group I) and without (Group II) intrasulcular placement of anesthetic gel. Scaling was done to render mouth plaque free for 10 
minutes in each quadrant..Intergroup comparison was done using Visual Analog Scale (VAS) and Verbal Rating Scale (VRS) in 
all the four quadrants. Results: Statistically significant difference was observed in pain and discomfort as per the VAS and VRS 
scores in patients with  or   without  application  of anesthetic  gel. Conclusion: Intrasulcular placement of anesthetic gel may be 
an effective measure in controlling pain and discomfort during scaling. 
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INTRODUCTION 
Gingivitis is a disease characterized by the presence of 
clinical signs of inflammation that are confined to 
gingiva and is associated with teeth showing no 
attachment loss.1 Controlling gingivitis by regular 
plaque removal is based on the fact that if supragingival 
plaque is left undisturbed, it will become subgingival 
with potential to become colonized by pathogenic 
bacteria. Thus removal of dental plaque leads to 
resolution of gingival inflammation, retards formation 
of calculus and facilitates the good oral health. 
Nonsurgical therapy-scaling and root planning (SRP) is 
the most commonly used procedure for both gingivitis 
and periodontitis. The underlying concept of this 
therapy is based on the non-specific plaque hypothesis 
and is aimed towards effective elimination of dental 

plaque. Scaling is often associated with discomfort and 
pain more specifically subgingival scaling 2 

Pain control is an integral part of modern dentistry. 
Fear, anxiety and pain are interrelated which leads to 
discomfort. Dental fear and anxiety emanates from 
different causes, though most may be traced to previous 
negative experiences such as hearing negative 
encounters from family and friends or, perhaps, a 
general fear of needles.3 Control over pain and 
discomfort is an important outcome measure of 
successful periodontal therapy. Topical anesthetics are a 
boon to dentists in their attempts to protect with pain 
free therapy.  
Topical anesthesia also plays a significant role in the 
field of dentistry. The first local anesthetic (cocaine) 
was a topical anesthetic and was serendipitously 
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discovered to have anesthetic properties, when Albert 
Niemann in 1860, tested his newly isolated compound 
and noted that it caused numbing of the tongue.4The 
discovery of various amide and ester local anesthetics, 
their topical preparations and delivery systems in due 
course of time opened the gate of immense possible 
uses of topical anesthetics procedures.  
Lignocaine, the first amino amide–type local anesthetic, 
was first synthesized under the name 'xylocaine' by 
Swedish chemist Nils Lofgren  in 1943.5 The topical 
anesthetic lignocaine used in the procedures has been 
found to have antibacterial effects on various 
microorganisms. The present study was conducted to 
show that intrasulcular anesthetic gel  can be used as a 
secure alternative anesthesia for pain control and 
discomfort during scaling and root planning. 
 

MATERIAL AND METHOD 
The study comprised of 10 gingivitis patients with 
informed consent taken. Ethical clearance for the study 
was obtained from ethical committee prior to study. A 
randomized, split mouth clinical trial was conducted to 
evaluate efficacy of topical anesthetic agent lignocaine 
on pain and discomfort during scaling in patients with 
gingivitis. Systemically healthy male and female 
patients from the age group within 18- 50 years were 
recruited in the study. Patients should not have 
undergone SRP in last six month. Presence of six teeth 
should be in each quadrant. Patients were not included 
with history of sensitivity to any anesthetic agents. Also 
those who were on any analgesics or antibiotic therapy 
and with acute periodontal pain, pulpitis, abscesses, or 
other acute infection were not included. 

 

                      
(a)                                            ( b)                                     ( c)                                      ( d) 

                       
                  (f)                                               (g)                                    ( h)                                       ( i) 

                                   
                  ( j)                                             (k)                                      ( l)                                       ( m) 
 

                 
          (n)                                                     (o)                                         ( p)                                       (q) 
a-f: pre scaling view,  g-l: application of lignocaine and scaling , m-q: post scaling view  

Figure 1 
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Ten gingivitis were divided in four quadrants each 
which were divided in two groups of with Lignocaine 
as Group I and without lignocaine Group II. Draw of 
lots was done to decide scaling of that quadrant without 
placement of gel, then clockwise rotation of scaling of 
quadrants was done for with (Group I) and without 
(Group II) intrasulcular placement of anesthetic gel. 
Scaling was done to render mouth plaque free for 10 
minutes in each quadrant.(Figure 1) 
Intergroup comparison was done using Visual Analog 
Scale (VAS) and Verbal Rating Scale (VRS) in all the 
four quadrants. Results thus obtained were subjected to 
statistical analysis. P value less than 0.05 was 
considered significant. 
 
RESULTS 

The t test was used for statistical analysis. No 
participants asked for more than 2 application of 
anaesthetic lignocaine. Twenty one patients in the age 
range of 18 to 40 years (mean 25.57±6.554) included 5 
female participant. Table 1 shows descriptive statistics 
with VAS score 0.931 and VRS score 0.835 as mean 
standard deviation. Intragroup comparison with mean 
with and without anesthesia in VAS was 14.75 and 
26.25 and VAS was 15.90 and 25.10 which indicates 
reduction in pain and anxiety in both the scales in table 
2. Paired t test and Mann-Whitney test shows decrease 
in VAS greater to that VRS on intergroup comparison 
in table 3.The intergroup comparison was statistically 
significant for VAS score and non significant for VRS 
score in table 4 and graph 1 and 2. 

 

 
Table 1 

 

 
Table 2 

 
                                Table 3 
 
 

           
Table 4 
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Graph 1                                                                             Graph 2 

 
DISCUSSION 
The word anesthesia is a compound word from the 
Greek words an- (“without”) and aesthesis 
(“sensation”). 40% of all periodontal scaling procedures 
performed, involve some kind of anesthesia.5  
Topical anesthesia is defined as superficial loss of 
sensation in conjunctiva, oral mucous membranes, or 
skin, produced by direct application of local anesthetic 
solutions, ointments, gels or sprays. They have an 
advantage of easy administration generate positive 
responses towards dental treatment in patients. Topical 
anesthetics alter pain thresholds by controlling pain 
sensations through a blockade of signals that are 
transmitted from the peripheral sensory nerve fibers. 
They are effective in blocking the pain stimuli in the 
superficial layer of the mucosa.6 While using them, 
careful attention must be paid to their pharmacology, 
area and duration of application, age and weight of the 
patients and possible side-effects. Their delivery and 
effectiveness can be enhanced by using free bases; by 
increasing the drug concentration, lowering the melting 
point; by using physical and chemical permeation 
enhancers and lipid delivery vesicles.7 
Lignocaine, the first amino amide–type local anesthetic, 
was first synthesized under the name 'xylocaine' by 
Swedish chemist Nils Lofgren  in 1943.5The topical 
anesthetic lignocaine used in the procedures has been 
found to have antibacterial effects on various 
microorganisms.8 Lignocaine alters signal conduction in 
neurons by prolonging the inactivation of fast voltage 
gated sodium channels in neuronal cell membrane 
responsible for action potential propagation.9 It has a 
low incidence of allergic reactions but is absorbed 
systemically and application of excessive amounts of 
topical lidocaine may absorb rapidly into the 
cardiovascular system leading to higher local anesthetic 
blood levels with an increased risk, especially in the 
pediatric patient, of overdose reaction. Thus a minimal 
amount of topical gel should be applied to the 

tissue  and a metered spray is suggested if an aerosol 
preparation is selected.  Topical local anesthetics are 
considered relatively safe and not many adverse 
reactions have been associated with them. The most 
common side effect is tissue stimulation (when topical 
anesthetics are applied for prolonged periods) and a 
temporary altered sense of taste.10  
Similar studies by Petersilka G J et al studied evaluation 
of the safety and efficacy of a topical lidocaine gel 2% 
during scaling and root planning and professional 
mechanical plaque removal and concluded it safe and 
effective pain free therapy.11 Gupta et al also concluded 
that topical anesthetic agents and lignocaine in making 
pain free therapy possible compared needle technique.12 

 
CONCLUSION 
Intrasulcular placement of anesthetic gel may be an 
effective measure in controlling pain and discomfort 
during scaling. Lignocaine can be used as an effective 
alternative during scaling. 
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INTRODUCTION

Periodontitis is a chronic inflammatory disease triggered 
by bacteria, leading to the destruction of tooth-supporting 

apparatus, and finally, tooth loss. Diabetes mellitus (DM) is a 
heterogeneous syndrome with impaired glucose tolerance (IGT) 
and impaired lipid and carbohydrate metabolism. Chronic 
periodontal conditions, similar to any other infections, are 
caused by Gram-negative bacteria, and they not only tend to 
exacerbate insulin resistance in the body but also aggravate 
the systemic inflammatory condition in patients with diabetes. 
Dysregulated secretion of pro-inflammatory cytokines in 
periodontal disease causes their entry into the bloodstream, 
thereby affecting distant sites (tissues and organs). This 
perpetuated hyperglycemic state caused by periodontal 

inflammation is known to further worsen the glycemic status 
and to promote the associated complications of diabetes in these 
patients. Periodontal therapy also has an effect on glycosylated 
hemoglobin (HbA1c) levels in the blood, thus improving the 
metabolic control of the patient.

Diabetes and periodontal diseases are both chronic, 
highly prevalent, coexistent, comorbid conditions in 
general population. Current scientific evidence suggests a 
bidirectional association between oral health and diabetes, 
and a mutual reciprocal increase in the risk, incidence, 
prevalence, progression, and severity has been documented 
for both diseases. Interprofessional collaboration between 
periodontists/dentists and diabetologists/physicians provides 
them an opportunity to render improvised, effective, and 
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Abstract:
There is a huge body of literature suggesting an association and a bidirectional relationship between periodontal disease and diabetes. Diabetes 
and periodontal diseases are both chronic diseases with a high prevalence. Dentists/periodontists, in their daily clinical practice, very often attend 
to diabetes patients with diverse oral health conditions and cater to their dental treatment needs. Safe and effective periodontal therapy in this 
population requires a broad understanding of diabetes, medical management of diabetes, and essential modifications to dental/periodontal therapy 
that may be required. This paper describes a joint statement put forth by the Indian Society of Periodontology and the Research Society for the 
Study of Diabetes in India aiming to provide expert consensus and evidence-based guidelines for optimal clinical management of periodontal 
conditions in diabetes patients or patients at risk for diabetes. Although this paper is not envisioned to be a comprehensive review of this topic, 
it intends to provide the guidelines for dental professionals and periodontists.
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optimal patient care for the increasing number of such patients 
in daily clinical practice. Such collaborative clinical practices 
have a significant effect on improving oral health‑related 
quality of life (OHRQoL) of diabetes patients. The oral 
healthcare team plays an important role in the identification 
of both prediabetes and undiagnosed DM patients, and the 
physicians need to be aware of periodontal diseases and their 
implications for glycemic control and complications in people 
with diabetes.

This paper presents a joint statement put forth by the Indian 
Society of Periodontology (ISP) and the Research Society for 
the Study of Diabetes in India (RSSDI); this statement has 
been developed to provide Good Clinical Practice Guidelines 
for the Management of Periodontal Diseases in Patients with 
Diabetes, based on the contemporary available evidence and 
expert consensus statements about the relationship between 
these two important diseases.

The paper has been divided into five sections. Section A 
deals with the broad understanding of DM, disease burden, 
medical management, and essential modifications to dental/
periodontal therapy that may be required from a diabetologist’s 
perspective. This section has been collectively co-authored by 
diabetologists who are members of the RSSDI and ISP. Sections 
B–D deal with periodontal diseases, bidirectional relationship 
between diabetes and periodontal diseases, and treatment of 
periodontal diseases in diabetes patients, respectively. The 
expert group members of each section were provided with a 
set of relevant questions from the above-mentioned domains, 
and the consensus answers along with the available evidence 
have been included in the paper as recommendations to the 
respective sections for clinical implementation.

SECTION A - DIABETES: AN OVERVIEW

Q1: What is the underlying inflammatory pathogenesis of 
diabetes?
There is a bidirectional interrelationship between diabetes 
and many other inflammatory conditions such as periodontal 
diseases owing to several pathogenetic mechanisms, with 
inflammation being the most important one. The potential 
mechanistic links underlying this relationship are a triad 
of (a) bacteremia, (b) inflammatory response, and (c) immune 
response. The three pathogenetic mechanisms are intricately 
linked and pivotal in the development of these chronic 
diseases.[1]

It has been well established that “glucocentricity” and 
“lipocentricity” both contribute to insulin resistance and 
therefore the development of diabetes. Obesity is a leading cause 
of insulin resistance, typically seen in type 2 DM. Adipocytes, or 
cells once assumed to be only for fat storage (thrifty phenotype 
hypothesis of James Neel and Barker hypothesis of David 
Barker, which suggests obesity in the later life of fetuses with 
prenatal malnutrition),[2] have metabolically active involvement 
in the production of adipokines, which modulate insulin 
levels, thereby causing more insulin resistance and resulting 
in diabetes. There are two types of adipokines:
1. Pro-inflammatory cytokines such as tumor necrosis 

factor-alpha (TNF-α), interleukin 6 (IL-6), and C-reactive 
protein (CRP) are increasingly synthesized in metabolic 

disorders. CRP upregulates the pro‑inflammatory action of 
plasminogen activator inhibitor 1 and increases atheroma 
formation

2. Leptin, adiponectin, and visfatin: the first two adipokines 
are insulin-sensitizing hormones and exert a protective 
action, while the third one is insulin mimetic. Adiponectin 
particularly downregulates TNF-α while upregulating 
anti-inflammatory IL-10 and downregulating the 
conversion of monocytes to foam cells. The presence of 
other adipokines such as resistin has also been noted, but 
its role is not clearly defined.[3]

Changes in the immune cell function are observed because 
of hyperlipidemia. Hyperlipidemia is associated with 
the upregulation of pro-inflammatory cytokines from 
monocytes and polymorphonuclear leukocytes (PMNs). 
While IL-1β causes an increase in prostaglandins and matrix 
metalloproteinase (MMP), decrease in collagen synthesis, and 
upregulation of T- and B-lymphocytes, TNF-α is associated 
with increased cellular apoptosis, bone resorption, MMP, 
IL-6, and intercellular adhesion molecule (ICAM). In addition, 
there is downregulation of growth factors from macrophages 
as observed.[4]

Cytokines further effect lipid metabolism by modifying 
the hypothalamic–pituitary–adrenal (HPA) axis, thereby 
increasing the production of the adrenocorticotropic hormones, 
such as cortisol, adrenaline, noradrenaline, and glucagon.

There is increased expression of low-density lipoproteins (LDLs), 
triglycerides, and polyunsaturated (omega-6) fatty acids but 
decreased 6-desaturase enzyme activity. It is caused by the 
disturbance in the membrane proteins and phospholipid 
bilayer of the cell membrane, resulting in impaired cellular 
function/homeostasis and healing.[5] Hyperglycemia and 
hyperlipidemia both lead to the formation of phenotypes of 
hyperresponsive monocytes to lipopolysaccharides (LPSs). 
Increased expression of monocyte chemoattractant protein 
1 (MCP-1) can lead to tissue breakdown, causing impaired 
wound healing.

D e c r e a s e d  n i c o t i n a m i d e  a d e n i n e  d i n u c l e o t i d e 
phosphatase (NADPH) production leads to compromised 
neutrophil function (decreased NADPH oxidase leads 
to decreased respiratory burst in the neutrophils during 
phagocytosis). Downregulation of glucose-6-phosphate 
dehydrogenase production in the neutrophils, lymphocytes, 
and macrophages results in decreased phagocytosis, 
bactericidal activity, and superoxide production. Decreased 
glutamine utilization causes reduction in glutamate and 
glutathione synthesis from neutrophils, which have antioxidant 
functions.

Increased intra-nuclear factor (NF)-KB binding, reduced 
IKBα level, upregulated IKB kinase activity, and higher 
TNF-α mRNA expression in the mononuclear cells are 
pro‑inflammatory changes triggered by hyperglycemia. It also 
manifests as hyperreactive peripheral blood neutrophils.[6]

Hyperproduction of reactive oxygen species (ROS) and reactive 
nitrogen species is associated with hyperglycemia. Oxidation 
of circulating LDL leads to increased oxidative stress, causing 
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cellular adhesion, increased production of cytokines, and 
growth factors, resulting in the stimulation of smooth muscles, 
increase in vessel thickness, and enhanced atheroma formation.

Role of advanced glycation end products
The production of collagen and glycosaminoglycans is 
reduced in high-glucose environments (stabilized Amadori 
products). Collagen produced under such circumstances is 
susceptible to rapid degradation by MMPs, which affects bone 
collagen turnover. This reduces osteoblastic differentiation 
and extracellular matrix production. Advanced glycation end 
product (AGE)‑modified collagen accumulates in the blood 
vessel wall and consequently narrows the lumen with circulating 
LDL cross‑linking to the modified collagen, resulting in atheroma 
formation, underlying further macrovascular complications.[7]

1. In diabetes, the expression of receptor for AGEs (RAGE) 
is upregulated on the surface of smooth muscle cells, 
endothelial cells, neurons, macrophages, and monocytes.[8] 
The binding of AGEs to RAGE leads to increased ICAM-1, 
endothelial leukocyte adhesion molecule 1, and vascular cell 
adhesion molecule 1, which help bind activated monocytes 
and migrate under the intima layer of the vasculature. 
This aids in the ingestion of LDL in an oxidized state to 
become foam cells characteristic of an atheromatous plaque. 
The altered phenotype of monocyte–macrophage leads 
to increased production of IL-1, TNF-α, platelet-derived 
growth factor, and insulin-like growth factor, contributing 
to chronic inflammation

2. AGEs are associated with increased expression of vascular 
endothelial growth factor instrumental in microvascular 
complications

3. There is an increased production of pro-apoptotic factors 
such as ROS, TNF-α, and AGEs.[9]

Q2: What is the burden of diabetes – Globally and locally?
Interestingly, the concept of “Burden of disease” was developed 
in the 1990s by the Harvard School of Public Health, the World 
Bank, and the World Health Organization (WHO). This term 
was used to describe the death and loss of health due to disease, 
injury, and risk factors worldwide.[10]

Importance of the concept
Understanding the burden of disease state is a key to 
improve the global public health and impact the national and 
international health policies related to the attainment of the 
health-related Millennium Development Goals.

With this background, the burden of diabetes globally and in 
India, as per the latest International Diabetes Federation Atlas, 
9th Edition, 2019,[11] is described here.

Burden of the disease globally
In total, 463 million adults are currently living with diabetes, 
and this number is projected to reach 578 million by 2030 and 
to 700 million by 2045.
1. This number has tripled since 2000, when it was 151 million. 

Currently, 9.3% of the world’s total population of adults 
aged between 20 and 79 years are afflicted

2. Diabetes led to 4.2 million deaths in 2019
3. One in five people above 65 years old have diabetes
4. One in 2 (232 million) people with diabetes remain 

undiagnosed

5. Its prevalence is higher in urban (10.8%) than in rural (7.2%) 
areas and in high-income countries (10.4%) than in 
low-income countries (4.0%)

6. Diabetes caused a financial burden of at least USD 
760 billion in healthcare in 2019, which is 10% of the total 
spending on adults. It is projected that the expenditure will 
reach USD 825 billion by 2030 and USD 845 billion by 2045. 
This represents an increase of 8.6% and 11.2%, respectively.

Similarly, the burden of the disease locally (India) is as follows: 
India ranks second in the largest number of adults and children 
with diabetes worldwide. The total number of people with 
diabetes in adults is 77.0 (62.4–96.4) million.
1. Of them, the number of people with undiagnosed diabetes 

is 43.9 (35.5–54.9) million
2. One in six adults with diabetes in the world belongs to India
3. The prevalence of diabetes in 2016 was highest in Tamil 

Nadu, Kerala, and Delhi, followed by Punjab, Goa, and 
Karnataka. The most important risk factor was overweight, 
with 36% being attributed to the global average of 19%[12]

4. There were 1.3 million  deaths due to diabetes in South East 
Asia Region

5. The total diabetes-related health expenditure in the South 
East Asia Region was USD 8.1 billion in 2019. In India, this 
accounts for 87.9% of adults with diabetes in the South 
East Asia Region, and USD 92 was spent per person in 
2019, whereas in the USA, diabetes-related expenditure 
per person was estimated to be USD 1190.

Reviewing the burden of the disease at the global and local 
levels, it is not only the prevalence but also the trend of 
increasing incidence that is disturbing.

Q3: (a) What are the standard diagnostic criteria of diabetes?
The diagnostic criteria for type 1 and type 2 DM are based 
on a multitude of blood parameters, namely plasma glucose 
criteria, either fasting plasma glucose (FPG) levels or 2-h plasma 
postprandial glucose levels, during a 75-g oral glucose tolerance 
test (OGTT), or more recent HbA1c test, which reflect the average 
plasma glucose concentration over the previous 8–12 weeks.[13,14] 
The International Expert Committee Report recommends a cutoff 
of ≥6.5% for HbA1c for diagnosing diabetes as an alternative 
to FPG (≥7.0 mmol/L or ≥126 mg/dL).[15]

In general, HbA1c testing provides salient advantages over 
other estimations such as FPG and OGTT, such as relative ease 
of conduct, correlation with secondary vascular complications 
in susceptible individuals, and more stable measurements 
of blood glucose, in general.[14-17] However, the test is most 
accurate with population-specific cutoffs regarding the 
sensitivity and specificity of HbA1c estimation, owing to ethnic 
differences.[18,19] In several countries including India, the HbA1c 
predictive accuracy for diabetes has been demonstrated to be 
inadequate, with a lack of consensus on a suitable cutoff point of 
HbA1c for diagnosing diabetes in this high-risk population.[20] 
Furthermore, the standardization of measurement techniques 
and laboratories, along with the relatively higher cost of HbA1c 
estimation, cannot be overlooked in the Indian context.[21] 
Keeping these considerations in mind, the panel expressed 
concerns about using HbA1c as the sole criterion for the 
diagnosis of diabetes, particularly in resource-constraint 
settings. Therefore, a combination of HbA1c and FPG was 
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considered a better strategy for the identification and diagnosis 
of individuals with DM. The panel suggested HbA1c ≥6.5% as 
the optimal level for the diagnosis of diabetes in Indian patients 
and emphasized that HbA1c may be used in settings where an 
appropriate standardized method is available.[22]

The current RSSDI-Endocrine Society of India (ESI) joint clinical 
practice recommendations for the diagnosis of prediabetes/
diabetes are as follows.

Diagnosis of diabetes: Recommendations
Recommended care
1. Prediabetes can be diagnosed with any of the following 

criteria
1. Impaired fasting glucose: FPG 100–125 mg/dL or
2. IGT: 2-h plasma glucose (2-h PG) in 140–199 mg/dL 

during 75-g OGTT or
3. HbA1c ≥5.7%–6.4%.

2. Diabetes can be diagnosed with any of the following criteria
1. FPG ≥126 mg/dL (FPG is defined as the amount of 

glucose estimated after no caloric intake for at least 8–12 
h) or

2. FPG ≥126 mg/dL and/or 2‑h PG ≥200 mg/dL in 75‑g 
OGTT

3. HbA1c ≥6.5% (using a method that is certified 
by National Glycohemoglobin Standardization 
Program [NGSP]. For more on HbA1c and NGSP, please 
visit http://www.ngsp.org/index) or

4. Random plasma glucose ≥200 mg/dL in the presence 
of classical diabetes symptoms.

Asymptomatic individuals with a single abnormal test should 
have the test repeated to confirm the diagnosis unless the result 
is unequivocally abnormal.

Limited care
Diabetes can be diagnosed with any of the following criteria:
1. FPG ≥126 mg/dL (FPG is defined as the amount of glucose 

estimated after no caloric intake for at least 8–12 h) or
2. FPG ≥126 mg/dL and/or 2‑h PG ≥200 mg/dL using 75‑g 

OGTT or
3. Random plasma glucose ≥200 mg/dL in the presence of 

classical diabetes symptoms.

Asymptomatic individuals with a single abnormal test should 
have the test repeated to confirm the diagnosis unless the result 
is unequivocally abnormal.

Note
1. Estimation of HbA1c should be performed using the NGSP 

standardized method
2. Capillary glucose estimation methods are not recommended 

for diagnosis
3. Venous plasma was used to estimate glucose
4. Plasma must be separated soon after collection of blood 

because the blood glucose levels drop by 5%–8% hourly if 
whole blood is stored at room temperature.

Q3: (b) What point-of-care testing would one recommend for 
screening of diabetes in a dental clinic?
1. Screening for diabetes by determining random capillary 

blood glucose in the clinic may be performed in a quick 

and efficient manner with the help of a glucose meter with 
reasonable reliability

2. An alternative is the point-of-care HbA1c testing using an 
NGSP-approved HbA1c analyzer for a clinical setting at a 
dental clinic for screening purposes or diagnosing diabetes, 
albeit more expensive and resource exhaustive (HbA1c 
reader, kits, and trained personnel).

Based on the recommended criteria, the patient may be 
diagnosed with prediabetes/diabetes and may be further 
advised to seek an expert opinion on the same along with 
detailed laboratory testing.

Q4: Common medications and their peak effect times when 
the chances of induced hypoglycemia would be maximum. 
This question implies what are the peak times (based on 
medications) that should be avoided for any stress-inducing 
dental procedures
In general, procedures may be scheduled in the morning for 
patients with diabetes, as the endogenous cortisol levels are 
higher at that time, rendering a lower risk of hypoglycemia in 
these patients. For patients on short- and/or long-acting insulin 
therapy to lower the risk of hypoglycemia, it is important to 
schedule dental procedures in such a way that the  operative 
period does not coincide with the peak insulin activity of the 
drug. It should be confirmed that the patient has had a normal 
diet before the appointment and has taken all prescribed 
medications. If a procedure is planned with the expectation that 
the patient will alter normal eating habits ahead of time (e.g., 
conscious sedation), diabetes medications and dosing regimens 
may be modified by consulting the patient’s physician or the 
treating medical doctor. Patients with well-controlled diabetes 
may be managed conventionally for most surgical procedures. 
If the patient’s oral intake will be affected after oral or dental 
surgery, then a plan to balance food intake and antidiabetic 
medications should be established in advance in consultation 
with the patient’s consulting physician or the treating medical 
doctor.

Common medications such as sulfonylureas, meglitinides, and 
their combinations and insulin are associated with a higher risk 
of hypoglycemia in patients with diabetes. The occurrence of 
hypoglycemia due to these groups of drugs may be irrespective 
of their peak action profile and depends on several other factors. 
Sulfonylureas (glibenclamide, glimepiride, and glipizide) 
trigger insulin production and may induce hypoglycemia in 
a preoperative, fasting patient.[23] If a patient has mistakenly 
taken a sulfonylurea on the day of surgery, the operation 
may still be completed, with careful glucose monitoring and 
intravenous dextrose, as required.

The details of the major drugs that cause hypoglycemia are 
listed in Tables 1 and 2.[24,25]

Q5: How to deal with inadvertent hypoglycemic episodes in 
a patient in a dental clinic? How does one make a diagnosis 
and what is the line of management?
The most frequently occurring adverse event among 
patients with diabetes on medications in a dental office is 
a hypoglycemic episode.[26] Hypoglycemia is a condition in 
which blood glucose levels drop below 70 mg/dL. Untreated 
hypoglycemia may be life-threatening.
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Several situations may lead to hypoglycemia:
1. Insulin or other antidiabetic medications have the potential 

to cause hypoglycemia
2. Disruption in food intake due to changes in schedule (timing 

of dental appointment, illness/nausea, vomiting, diarrhea, 
skipping, delaying a meal, etc.)

3. Drinking excessive alcohol for the amount of food being 
eaten

4. Unexpected/unplanned increase in physical activity.

Although patients with diabetes usually recognize signs and 
symptoms of hypoglycemia and self-intervene at the earliest 
opportunity, the staff should be trained to recognize the signs 
and treat patients with hypoglycemia[25] [Table 3]. A glucose 
meter in the dentists’ clinic is a useful piece of equipment, 
and adequate training should be provided to the personnel 
to test glucose levels when encountering certain patients with 
a history of frequent hypoglycemia or even at the time of 
symptoms of hypoglycemia.

T h e  c u r r e n t  R S S D I - E S I  j o i n t  c l i n i c a l  p r a c t i c e 
recommendations for the management of hypoglycemia are 
as follows.[22]

Recommended care
1. Risk of hypoglycemia should be assessed at every visit in 

patients with type 2 diabetes using questionnaires
2. Patients should be well educated and informed regarding 

the following:
i. Symptoms, causes, and risks associated with 

hypoglycemia

ii. Use of self-monitoring blood glucose (SMBG) tools 
with frequent monitoring, especially in patients taking 
insulin

iii. Insulin dose adjustment considering blood glucose 
values

3. Strict monitoring of hypoglycemic episodes is recommended 
for patients taking insulin, sulfonylureas, or meglitinides 
either alone or in combination

4. Modern insulin or modern sulfonylurea should be used 
instead of the respective traditional drugs in patients with 
a high risk of hypoglycemia

5. Oral glucose (15–20 g) is preferred in conscious hypoglycemic 
patients (glucose alert value of <70 mg/dL). Repeat the 
treatment, if SMBG shows continued hypoglycemia 
after 15 min. Patients should consume a meal or snack 
once SMBG returns to normal, to prevent recurrence of 
hypoglycemia

6. Intramuscular glucagon or intravenous glucose is 
preferred for unconscious patients or patients with 
clinically significant hypoglycemia (glucose alert value 
of <54 mg/dL). Repeat the intramuscular or subcutaneous 
glucagon dose of 0.5 mg if there is no symptomatic 
improvement

7. Glucagon to be avoided in patients with sulfonylurea-induced 
hypoglycemia

8. Treatment should be modified in the event of hypoglycemia 
occurring repeatedly at a particular time of the day or in 
the event of hypoglycemia unawareness

9. Hypoglycemia occurring in the setting of advanced kidney 
disease (chronic kidney disease stage 4 or 5) requires 
relatively longer observation to avoid recurrence even long 
after initial corrective measures are taken.

Limited care
1. All patients with a risk of hypoglycemia should be enquired 

about symptomatic and asymptomatic hypoglycemia at 
each visit

2. Patients, along with their family members, should be well 
educated about the identification and management of 
hypoglycemia, especially night-time hypoglycemia

3. Hypoglycemia should be strictly managed and monitored 
in special situations such as elderly, pregnancy, fasting, 
and metabolic disorders.

Q6: What is the standard protocol for the follow-up of patients 
with diabetes with a diabetologist and a dentist?
F o r  a  p a t i e n t  w i t h  d i a b e t e s ,  f o l l o w - u p  w i t h  a 
diabetologist should be performed as per the suggested 
timeframe given by the consulting physician/treating medical 

Table 1: Preoperative management of patients with diabetes - Regarding the use of oral antidiabetic drugs
Ambulatory surgery Nonambulatory surgery (minor or major surgery) Emergency surgery

Metformin Continue Avoid taking the drug on day 1 (evening) and D0 (morning) Stop
Sulfonylureas Continue Avoid taking the drug on D0 (morning) Stop
Glinides Continue Avoid taking on D0 (morning) Stop
Alpha glucosidase inhibitors Continue Avoid taking on D0 (morning) Stop
DPP-4 inhibitors Continue Avoid taking on D0 (morning) Stop
SGLT2-inhibitors Continue Avoid taking on D0 (morning) Stop
GLP-1 analogs Continue Avoid taking on D0 (morning) Stop
SC insulin injection Continue No drug injection on the morning of D0 except for T1DM Stop
Insulin pump Continue Stop the insulin pump on arrival in the OR Stop
Source: Cosson et al.[24] D−1 – Day before surgery; D0 – Day of surgery; SC – Subcutaneous; T1DM – Type 1 diabetes mellitus; OR – Operating room; 
DPP‑4 – Dipeptidyl peptidase‑4; SGLT2 – Sodium‑glucose co‑transporter 2; GLP – Glucagon‑like peptide

Table 2: Preoperative management of patients with 
diabetes - Regarding the use of insulin
Insulin type Time of onset Duration Peak effect
Rapid-acting

Lispro 10-30 min 3-5 h 30-60 min
Aspart 10-30 min 3-5 h 30-60 min
Glulisine 10-30 min 3-5 h 2 h

Short-acting
Regular human insulin 30-60 min 5-12 h 1.5-2 h

Intermediate-acting
NPH, Lente 1-2 h 10-20 h 4-8 h

Long-acting
Ultralente 2-4 h 16-24 h 8-20 h
Glargine Up to 6 h Up to 24 h No peak
Detemir 2-4 h 20 h No peak
Degludec 0.5-1.5 h Up to 48 h No peak
Gla-300 Up to 6 h Up to 36 h No peak

Source: McKenna.[25] NPH – Neutral protamine Hagedorn
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doctor and/or dentist, in case of a minor, uneventful, dental 
procedure.

In case of any hypoglycemia or any other event during the 
dental procedure, the consulting physician/treating medical 
doctor should be consulted or informed of the same at the 
earliest opportunity, and follow-up should be within the 
timeframe suggested by the consulting physician/treating 
medical doctor.

It is suggested to check the blood sugar level using a glucose 
meter in case of symptoms of hypoglycemia, as possible, and 
15 g of carbohydrate-like glucose gels, tablets, or powder 
should be administered orally and along with 20–50 mL of 
50% dextrose solution intravenously until the sugars are stable 
and increasing again.

In case of a major dental procedure in a patient with diabetes, 
under moderate or poor control, follow-up with the consulting 
physician/treating medical doctor or dentist should be 
performed within 2–4 weeks.

Q7: What suggestions can be provided by a diabetologist to a 
dental practitioner for managing diabetes patients in a dental 
clinic taking into consideration the diabetic status and the 
medical management profile?
Patients with diabetes should be counseled about their increased 
risk for gingivitis and periodontitis and also be informed that 
if they have periodontitis, their glycemic control may be 
difficult to achieve while increasing the risk of microvascular 
and macrovascular complications, as the relationship between 
diabetes and periodontal disease is bidirectional.

A thorough review of the patient’s medical history should 
be undertaken, including the type of diabetes, duration of 
diabetes, presence of any complications, antidiabetic therapy, 
and concomitant drugs, including anticoagulant/antiplatelet 
drugs, antihypertensive drugs, or lipid-lowering drugs.[22] The 
patient should also be asked about how well their diabetes 
is controlled, how often they check blood sugars, and when 

was the last time their blood glucose level was checked and 
requesting the patient to bring a copy of the most recent HbA1c 
test. They should also be asked how often they see their doctor 
for their diabetes and when was the last visit for the same. The 
patient should be asked about frequent fluctuations in blood 
sugar levels and whether they have frequent episodes of low 
or high sugar levels or whether they feel disoriented, agitated, 
or anxious for no apparent reason.[27]

Patients with a diagnosis of diabetes of any form should undergo 
a thorough oral examination, including a comprehensive 
periodontal evaluation, to include a full-mouth pocket chart, 
and bleeding scores, if indicated by periodontal screening. 
Patients with diabetes who are diagnosed with gingivitis (early 
and reversible sign of periodontal disease) should receive oral 
hygiene instruction, education, and preventive care regimen 
by the dentist and be monitored regularly for any subsequent 
periodontal tissue changes. Patients with diabetes presenting 
with any acute oral/periodontal infections require prompt 
oral/periodontal care. Irrespective of the glycemic status, 
nonsurgical periodontal therapy (NSPT) should be provided 
as this will contribute to improved glycemic control. For 
patients with diabetes who are poorly or marginally controlled, 
dentists should exercise caution and clinical judgment while 
treating them. Elective dental treatment may be delayed until 
the patient’s glycemic control is stable or optimal. Surgical 
periodontal and implant therapy is not indicated in patients 
with diabetes who are poorly or moderately controlled. In 
well-controlled patients, surgical intervention results are 
equivalent to those of patients without diabetes. Attention 
should be paid to:
1. Patients with poorly controlled diabetes who have an 

increased risk of postoperative infections
2. For patients managed with insulin or sulfonylureas, the 

physician should be consulted about the timing of a planned 
procedure and a possible change in dosage of therapy to 
reduce the potential risk of intraoperative hypoglycemia.

Coordination with the patient’s physician or treating medical 
doctor may be necessary to determine the patient’s health 

Table 3: Hypoglycemia: Signs, symptoms, and management during a dental operative procedure
Signs and symptoms Emergency treatment
Mild Stop the operative dental treatment immediately

Hunger Awake/alert patient
Fatigue Administer 15 g of oral carbohydrate (i.e., glucose tablets or gel or powder, 180 

mL of orange juice, 15-25 mL of sugar water)Sweating
Nausea
Abdominal pain
Headache Monitor blood glucose and repeat carbohydrate dosing as necessary
Tachycardia
Irritability Uncooperative patient

Moderate Seek emergency medical assistance
Incoherence
Uncooperative Administer 20-50 mL of 50% dextrose solution intravenously
Belligerence
Resistive behavior Administer glucagon 1 mg as available subcutaneously or intramuscularly, 

followed by oral glucose supplement, especially in type 1 diabetes patients and 
those on insulin therapy. It should be avoided in those on sulfonylurea therapy

Severe
Unconsciousness
Seizures

Unconscious patient
Seek emergency medical assistance
Administer 20-50 mL of 50% dextrose solution

Source: McKenna[25]
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status and whether planned dental treatment can be safely 
and effectively accomplished. It is also recommended that the 
laboratory test results are shared or made available upon the 
dentist’s request. In addition, dentists should be aware of any 
diabetes complication of relevance to the individual patient 
before the dental procedures. The physician may need to 
adjust the patient’s diabetes medications to ensure sustained 
metabolic control in the perioperative period.

In general, procedures may be scheduled in the morning for 
patients with diabetes as the endogenous cortisol levels are 
higher, thereby lowering the risk of hypoglycemia in these 
patients.[25,26] It is important to schedule procedures for patients 
on short- and/or long-acting insulin therapy such that the 
results do not coincide with peak insulin activity, thereby 
reducing the risk of hypoglycemia. Importantly, it should be 
confirmed that the patient has had a normal diet before the 
appointment and has taken all prescribed medications. If a 
procedure is planned with the expectation that the patient 
will alter normal eating habits ahead of time (e.g., conscious 
sedation), diabetes medications may be modified by consulting 
the patient’s physician or treating medical doctor. Patients with 
well-controlled diabetes may be managed conventionally for 
most surgical procedures. If the patient’s oral intake is affected 
after oral or dental surgery, a plan to balance food intake and 
antidiabetic medications should be established in advance. 
Patients with diabetes and extensive tooth loss should be 
encouraged to pursue dental rehabilitation to restore adequate 
mastication for optimal nutrition.

Patients with diabetes should also be evaluated for other 
potential oral complications, such as mouth sores, dry mouth, 
burning sensation in the mouth, candidal infection, and dental 
caries. In children and adolescents with diabetes, annual oral 
screening for early signs of periodontal involvement and dental 
caries is recommended as early as possible.

Oral health education should be imparted to all patients with 
diabetes, with individualized advice on relevant risk factors 
and a tailored oral hygiene regimen, including twice-daily 
brushing and interdental cleaning. In some cases, the use of 
adjunctive chemical plaque control may be appropriate.[28]

To provide a perspective to the RSSDI-ESI clinical practice 
recommendations, it is necessary that for patients who are 
suspected to have prediabetes/diabetes or have diabetes or 
are newly diagnosed patients with diabetes, the dentist should 
collaborate with the consulting physician or a qualified expert 
for the medical management of diabetes during the planned 
dental procedure.[22,29] Patients who present to the dental clinic 
with an unknown status of diabetes but have risk factors for 
type 2 diabetes should be counseled for the same and referred 
to the physician for undertaking adequate screening, diagnosis, 
and management of diabetes.
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SECTION B: PERIODONTAL DISEASES

Q8: What is the role of inflammation in the pathogenesis of 
periodontal diseases?
The human oral cavity has a significant and evolving load 
of microbial species. The interactions between the host and 
microbial communities determine the severity of the disease. 
Periodontal diseases are generally caused by the overgrowth 
of commensal organisms, but not by exogenous pathogens. 
The immune mechanisms constantly adapt to rapidly evolving 
microorganisms to preserve homeostasis to maintain the 
ecological balance of commensal organisms.[1,2]

The pathogenesis of periodontal diseases is mediated by 
the inflammatory response to bacteria in dental biofilms. 
Specific microorganisms are reported to be associated with 
the progressive forms of the disease. These microorganisms 
are also present in individuals with no evidence of disease 
progression. This may indicate that disease progression is not 
related to the presence of bacteria alone, but the net effect of 
the immune response and the inflammatory processes plays an 
important role in this process. Patient susceptibility depends 
on the regulation of immune–inflammatory mechanisms and 
is modified by environmental factors.[3,4]

Diagnosis of periodontal disease
1. Several classifications of periodontal diseases have been 

proposed, and the recent classification proposed by the 

European Federation of Periodontology and the American 
Academy of Periodontology jointly has adopted the 
identification of the disease process and its severity based 
on clinical features. Clinical features such as bleeding on 
probing (BOP) and changes in color, position, size, surface 
texture, and consistency of the gingival tissues are the 
strongest lines of evidence indicative of inflammation as the 
principal feature in the pathogenesis of periodontal diseases. 
These features increase in severity if left unattended and 
lead to further deterioration of the condition by causing 
destruction in the supporting periodontal structures.

Clinical presentation and correlation
The initial inflammation in the periodontal tissues is a state of 
physiological defense mechanism against microbial etiology.[5] 
All components of the immune system, such as inflammation, 
resolution, and healing, act in harmony to protect the 
periodontium. It is important to bear in mind that as the lesion 
progresses, the preceding pathways still function.[6,7]

Inflammatory responses in the periodontium
Inflammatory responses are induced by the subgingival 
microbiota (i.e., microbial virulence factors) and from the host 
immune–inflammatory response.

Microbial virulence factors
Bacterial virulence factors initiate and propagate inflammation. 
These include a potent leukotoxin, which can destroy host 
immune cells such as PMNs, fimbrial adhesins, LPS, capsule, 
collagenase, and trypsin-like enzymes.[1]

Host‑derived inflammatory mediators
The excessive and dysregulated production of inflammatory 
mediators and destructive enzymes in response to subgingival 
plaque bacteria causes majority of tissue damage in periodontitis. 
Multiple host defense mechanisms, including neutrophil 
migration, complement activation and antibody production 
cytokines, host-derived chemokines, prostaglandins (PGs) and 
TNF-α, act together to eliminate the periodontal infection.[8]

Destruction of periodontal tissues
Destruction of the bone
The concentration of inflammatory mediators in the gingival 
tissues must be sufficient to activate the pathways that lead to 
bone resorption along with the penetration of inflammatory 
mediators to be within a critical distance of the alveolar bone.

It has been shown that when LPS is added to osteoclast 
precursor cultures containing osteoblasts and/or stromal 
cells, it can directly stimulate bone resorption.[8,9] Receptor 
activator of NF-KB ligand and osteoprotegerin are the key 
regulators of bone remodeling and are directly involved in 
the differentiation, activation, and survival of osteoclasts and 
osteoclast precursors.

Destruction of the extracellular matrix
There is significant evidence that collagenases, gelatinases, 
stromelysins, membrane-type MMPs, and other MMPs 
play an important role in the periodontal tissue destruction. 
MMPs are upregulated in the periodontal inflammation. The 
main function of MMP-8 is the degradation of interstitial 
collagens.[10]
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Recommendation
Chronic periodontitis is an inflammatory disease that can cause 
a state of insulin resistance and in turn can affect the glycemic 
status of the individual.

Q9: What is the epidemiological burden and financial burden 
of periodontal disease globally and in India?
There has been substantial improvement in the oral health 
of populations globally. Certain communities worldwide, 
particularly among underprivileged groups in developed and 
developing countries, still face oral health issues. Periodontal 
diseases have historically been considered the most important 
global oral health burden. The recent Global Burden of Disease 
Study, 1990–2010 indicates the following: (i) the overall 
prevalence of severe periodontitis is 11.2%, with approximately 
743 million people affected, making periodontitis the sixth most 
prevalent disease worldwide, and (ii) from 1990 to 2010, there 
was an increase in the global burden of periodontal diseases 
by 57.3%.[11-14]

Different sections of the population are disproportionally 
affected by periodontal disease. Evidence has suggested an 
inverse relationship between periodontal disease and income. 
Low-income individuals have 1.8 times increased odds of 
severe periodontal disease as compared to high-income 
individuals.[15] Different age groups have different prevalence 
and severity of periodontal diseases, and the severity of the 
disease increases with advancing age. Although it is known that 
the prevention of periodontal disease is possible, the treatment 
of periodontal disease is usually sought when the extent and 
severity of disease increase because its early stages are usually 
asymptomatic.[16,17]

Periodontal disease burden
Certain landmark studies were performed to assess the 
prevalence rate of periodontitis in different geographical 
regions of India.[18-20] They found an average greater prevalence 
in older age groups above 40 years of age.

According to the National Oral Health Survey aided by the 
Dental Council of India, New Delhi, during 2002–2003, a 
three-stage sampling design was adopted to select 210 rural 
and 110 urban subjects in each of the age groups, viz., 5, 12, 
15, 35–44, and 65–74 years, from each homogeneous region, 
comprising a number of districts of each state, and on the basis 
of geographical factors used by the Planning Commission. The 
community periodontal index was used for disease assessment, 
and the prevalence reported was 57%, 67.7%, 89.6%, and 
79.9% in the age groups of 12, 15, 35–44, and 65–74 years, 
respectively.[21,22] The overall prevalence of periodontitis 
increases with age, disproportionately affects vulnerable 
segments of the population, and is a source of social inequality.

Systemic health and financial burden due to periodontal disease
Substantial evidence also shows that there could be systemic 
effects of periodontitis, which could be attributed to the 
hematogenous dissemination of both bacteria and bacterial 
products originating in the oral biofilms and inflammatory 
mediators originating in the inflamed periodontium. Through 
these mechanisms, periodontitis can cause various systemic 
diseases including diabetes, atherosclerosis, rheumatoid 
arthritis, and pulmonary infections. Periodontal attachment 

loss and bone loss due to severe periodontitis result in tooth 
loss, which, in turn, can lead to loss of masticatory function. 
Loss of masticatory function affects nutrition as subjects with 
masticatory dysfunction experience changes in their dietary 
habits, usually incorporating more starch and fats and less 
fresh fruit and vegetables in their diet.

Global perspective
Considering the number of treatment options, it is equally 
important to render cost-effective therapies. The estimated 
national expenditure for periodontal diseases in the United 
States of America almost doubled from 1997 to 2006. The 
estimated national expenditures for periodontal disease 
exceeded the expenditure for any one of the five most 
expensive medical conditions.[23] The disease burden needs 
to be further reduced, and there is also a need for new and 
more cost-effective prevention and treatment strategies that 
result in sustained oral health with minimal reliance on patient 
compliance and regular access to professional dental care.

Indian perspective
The scenario in India is no different. Although no sufficient 
evidence is available to date, the financial burden with 
regard to periodontal diseases in India is extensive. India is 
a developing country, and the awareness and the attitude of 
the patients toward oral health play an important role in the 
economy of dental fraternity. Lack of awareness, ignorance of 
initial symptoms, and the cost involved in the treatment refrain 
patients from seeking immediate attention to oral disease. 
Particularly, for patients with periodontitis having systemic 
complications, such as diabetes, they rather tend to ignore oral 
health owing to increased expenses. To deal with this situation, 
cost-effective therapies should be introduced, and dental 
insurances should be made mandatory for the working class. 
It would rather be useful in rendering effective oral therapy 
and controlling systemic implications.

Recommendations
1. The overall global burden of periodontal disease should be 

considered when treating patients with DM
2. The correspondence between physicians and dentists 

should be contemplated, as the prevalence rate of 
periodontal disease is higher among patients with diabetes, 
as it can influence the progression of periodontal disease 
severity. Both diseases increase the epidemiological and 
financial burden

3. Delayed treatment of periodontal disease can cause loss 
of teeth and increase the financial burden of the patient, as 
replacement therapy may be costlier

4. Cost-effective and timely supportive periodontal therapy 
can help in dealing with the national and global financial 
burden.

Q10: What are the main clinical entities, their signs and 
symptoms, and diagnostic criteria for periodontal diseases?
Periodontal diseases are a group of diseases that affect the 
periodontium. Periodontium comprises supporting tissues of 
the tooth and includes the gingiva, cementum, alveolar bone, 
and periodontal ligament. Gingiva is defined as the oral mucosa 
that surrounds the tooth in a collar-like pattern. The gingival 
sulcus is a shallow sulcus that is approximately 2–3 mm in 
depth. Another portion of the gingiva is firmly attached to the 
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alveolar bone and provides a firm area for buffering during 
mastication and brushing. It varies between 1 and 9 mm. In 
health, the gingiva looks coral pink in color with varying degrees 
of pigmentation and has a firm and resilient attached gingiva. 
The alveolar bone follows the cementoenamel junction (CEJ) 
and, on average, lies 2 mm apical to the CEJ in health.

Absence of BOP, erythema and edema, patient symptoms, and 
attachment and bone loss define gingival health in the intact 
periodontium. Normal bone levels range from 1.0 to 3.0 mm 
apical to the CEJ.[24]

The diagnosis of periodontal diseases requires a mouth mirror, 
University of North Carolina-15 (UNC-15) periodontal probe, 
and a sound technique for probing the gingival sulcus.

Periodontal diseases are broadly classified into three categories: 
gingival diseases and conditions, periodontitis, and other 
conditions affecting the periodontium.[25]

Gingival disease can be plaque induced or nonplaque induced. 
The basic difference lies in the etiology. The primary etiology 
of plaque‑induced gingivitis is the local deposits of biofilm, 
whereas the nondental plaque-induced gingival conditions 
comprise a group of conditions that are not plaque induced and 
may be manifestations of a systemic disease or may be localized 
to the oral cavity (e.g., bacterial, viral, or fungal origin). Plaque 
removal generally does not resolve these conditions.[24]

Gingivitis is an inflammation of the gingiva and does not 
involve the periodontal ligament and bone. The classical clinical 
signs of inflammation that manifest clinically in gingivitis are 
redness, BOP, swelling (observed as loss of knife-edged gingival 
margin and blunting of papillae). The patient may report 
symptoms of bleeding gums, metallic/altered taste, redness 
of swollen gums, bad breath, difficulty in eating, and pain.[24]

In gingivitis, the inflammation is localized to the gingival tissue, 
and there is no bone loss or clinical attachment loss (CAL); 
hence, radiographs will not be of any use to diagnose gingivitis.

Periodontitis is a chronic inflammatory disease associated with 
plaque biofilms and characterized by progressive destruction 
of the periodontal tissues. Loss of periodontal tissue results in 
CAL, alveolar bone loss, presence of periodontal pocketing, and 
gingival bleeding. Patients may experience recession, furcation 
involvement, and mobility. An interproximal CAL of ≥2 mm 
or ≥3 mm at two or more nonadjacent teeth can be used as 
the diagnostic criteria for periodontitis.[26]

The severity of periodontitis can generally be characterized 
as mild (CAL = 1–2 mm), moderate (CAL = 3–4 mm), and 
severe (CAL = >5 mm).

Loss of periodontal tissue results in CAL and alveolar bone 
loss and is a differentiating factor between gingivitis and 
periodontitis.

Recommendations
1. The dentist should have an appropriate armamentarium, 

especially a UNC-15 periodontal probe, for evaluating and 
diagnosing periodontal conditions

2. Knowledge of the clinical signs and symptoms of 
periodontal diseases and their differentiating features 
would be of great help to the dentist. The ISP guidelines for 
periodontal care would be useful for the practicing dentist 
for an overview

3. The differentiating feature between gingivitis and 
periodontitis is the presence of CAL in periodontitis cases.

Q11: What is the role of diabetes in light of new classification 
for periodontal diseases and has a more distinct role be 
considered as a risk factor for periodontal diseases and as a 
prognostic factor?
The new classification of periodontal disease characterizes 
the most common form of periodontitis, also termed as 
“periodontitis” (other two types being necrotizing periodontitis 
and periodontitis as a direct manifestation of systemic 
diseases), on the basis of staging and grading.[25]

Staging describes the severity of disease at presentation and 
includes an account of the extent and distribution of the disease 
and probable complexity of disease management.[26]

Grading is based on an analysis of the rate of periodontitis 
progression and evaluation of the risk for further progression. 
Recognized risk factors such as cigarette smoking or diabetes 
affect the rate of progression of periodontitis, help clinicians 
estimate the future course of the disease, and consequently, 
may play an important role in the transition from one stage 
to the next.[26]

Improved knowledge of risk factors affecting periodontitis has 
led to these risk factors being given such an importance in the 
classification itself. Diabetes status is one of the most important 
recognized factors, which defines the grading of periodontitis 
at the time of diagnosis along with the rate of bone loss.[26]

Glycemic levels have been included as “grade modifiers” in the 
classification. HbA1c <7.0% in patients will place the patients 
in Grade B, and HbA1c ≥7.0% in patients with diabetes puts 
the patients in Grade C at the time of diagnosis.[26]

A risk factor shifts the grade score to a higher grade, 
independent of the rate of progression. For example, a case of 
moderate CAL would be Stage II and a moderate progression 
rate would be graded as Grade B. The presence of poorly 
controlled type 2 diabetes in a patient can adversely affect the 
rate of progression and can shift the patient’s disease grade to 
Grade C. Therefore, diabetes here acts as a risk factor that is 
able to shift the grade to rapid progression.[26]

Recommendations
1. Knowledge of the patient’s glycemic status is important 

for the dentist to diagnose and determine the future 
course of disease progression. Management of periodontal 
patients would require modifications in the treatment 
plan, depending on the severity of both periodontitis and 
glycemic status.

Q12: How does untreated and treated periodontal disease 
affect quality of life?
Patients’ health cannot merely be defined as the absence of 
disease but rather as a composite of physical, mental, emotional, 
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and social well‑being of an individual. The WHO has defined 
a patient’s QoL as “perceptions of their position in life in the 
context of culture and value systems in which they live, and in 
relation to their goals, expectations, standards, and concerns.” 
QoL is a subjective perception and thus highly variable, which 
tends to change over time under the influence of changing 
health status, social, and environmental factors.[27]

Patient-oriented evidence that matters provides a more holistic 
measure of treatment goals than the disease-oriented evidence 
as it tends to miss out on patients’ perspectives. In periodontal 
therapy, patient-based outcomes such as patient-perceived 
symptoms, function, satisfaction, and psychological comfort 
can differ significantly from the results obtained through 
clinical indicators, but studies measuring these parameters 
are limited.

Patient‑related quality of life measures for untreated periodontitis
1. Functional limitations: decreased chewing capacity, tooth 

loss
2. Physical pain: associated with acute exacerbations, gingival 

swelling, temporomandibular dysfunction (as a result of 
tooth loss, pathologic migration)

3. Psychological discomfort: halitosis, pathologic migration, 
esthetics, and tooth loss.

The effect of OHRQoL has been explored less frequently for 
periodontitis than other oral conditions such as dental caries. 
A significant association in the presence of periodontitis 
between adults and young individuals with OHRQoL 
perceived by patients is observed in cross-sectional studies and 
assessed through systematic reviews.[28-31] The most commonly 
used instrument to measure OHRQoL in the studies related to 
periodontitis is the Oral Health Impact Profile 14.[32]

Significant differences were observed between healthy 
individuals and patients with periodontal disease in terms of 
OHRQoL measures, i.e., physical, psychological, social, and 
functional disabilities.[31,33] The severity of periodontal disease 
had a direct correlation with negative OHRQoL, with pocket 
depth >5 mm adversely affecting overall QoL.[31,34,35]

Periodontitis has a chronic asymptomatic course and is thus not 
perceived by patients unless the disease has progressed to an 
advanced stage. CAL is a gradual process, allowing patient’s 
occlusion and musculature to adapt to the functional demands 
without the patient being aware of the change. Gingival 
swelling, sore gums, gingival recession, missing or drifting 
teeth, and oral malodor are the most common symptoms given 
by the patients for adverse OHRQoL.[23]

Undiagnosed and untreated periodontitis has a detrimental 
effect on masticatory function and is a significant factor 
associated with tooth loss in the adult population.[36] Tooth loss 
and tooth mobility lead to detrimental consequences such as 
temporomandibular disorders, changes in food consumption, 
and nutritional status.[37,38]

In addition, periodontal disease with coexisting systemic 
diseases such as cardiovascular disease or diabetes can 
confound the disease process, thereby exerting a greater impact 
on patients’ QoL.[39]

A consistent association has been seen with periodontal therapy 
on the improvement of patient-perceived OHRQoL.[39,40] 
NSPT, irrespective of the type (manual, ultrasonic, quadrant 
vs. full mouth), has a positive effect on improving the QoL of 
patients.[39] This perception of the patients was found to be 
maintained even after 1 year of nonsurgical therapy.[41]

Recommendations
1. Patient-perceived QoL is the true measure of disease status, 

treatment requirements, and assessment of therapeutic 
outcomes

2. Periodontitis is an asymptomatic chronic disease. Regular 
dental checkups will prevent loss of function associated 
with advanced progression

3. A periodontal treatment plan should include treatment 
needs diagnosed by the clinician and patient-perceived 
requirements of esthetics, function, and social/psychological 
well-being

4. Adequate time should be provided for educating patients 
regarding the course of periodontitis, treatment goals, and 
effects of untreated disease burden

5. In the current era of medico-legal complications, after 
nonsurgical management of periodontitis, patients should 
be adequately explained regarding the need for surgical 
intervention and unperceivable changes that are required 
for long-term stability and maintenance of dentition.

Q13: What signs, symptoms, history, etc. ,  would 
warrant a complete diagnostic workup for diabetes in 
an undiagnosed but suspected diabetes patient in a dental 
clinic?
Majority of the diabetes patients visiting dental clinics have 
type 2 diabetes (90%–95%)[42,43] and are usually asymptomatic. 
Since self-monitoring in India is lacking, diabetes is randomly 
discovered when the blood glucose levels are measured for 
some other problems, on the advice of a medical practitioner.

The patient’s medical history provides important clues related 
to early signs and symptoms of diabetes. This may be an 
important diagnostic breakthrough for undiagnosed cases 
visiting dental clinics.

Classical symptoms of diabetes include:
1. Increased thirst (polydipsia)
2. Frequent micturition with a large amount of urine (polyuria)
3. Increased appetite (polyphagia).

A clinician should be cautious regarding prediabetes and 
suggest full diagnostic workup for diabetes if the patient profile 
has a combination of these factors:[44]

1. Predominantly in male patients
2. Age >45 years
3. Family history of diabetes
4. Sedentary lifestyle (physical activity <3 times a week)
5. Obesity with increased waist circumference
6. Increased body mass index (BMI)
7. Female patient: history of gestational diabetes or having 

delivered a child with >9 pounds (>4.82 kg) weight at the 
time of birth.

Patient history that should alert a dental practitioner for 
diagnostic workup:
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1. Increased blood pressure (hypertension)
2. Sudden weight loss
3. Malaise
4. Weakness
5. Frequent bed-wetting episodes
6. Dryness of mouth
7. Drowsiness.

Symptoms related to diabetes-associated complications:
1. Blurry vision (retinopathy)
2. Numbness of the feet and hands (neuropathy)
3. Frequent cramps (neuropathy)
4. Irritability (neuropathy)
5. Swollen feet and puffiness under eyes (nephropathy)
6. Fatigue (cardiovascular disease)
7. Slow healing ulcers (delayed wound healing)
8. Frequent infections of gingival tissue/skin/vaginal 

infections (hyperglycemia).

Oral symptoms of diabetes are given below:
1. Dry mouth
2. Burning mouth
3. Dysgeusia (taste alteration)
4. Sticky mouth with bad breath.

Oral signs of diabetes are given below:
1. Severe periodontal destruction as seen through increased 

periodontal pocket depths, bone loss, and progressive 
attachment loss

2. Multiple acute periodontal abscesses
3. Suppuration from pockets
4. Increased sites with BOP after thorough Phase 1 

therapy (>30%)
5. Candida-related oral lesions: angular cheilitis, median 

rhomboid glossitis, erythematous (denture-related) 
stomatitis

6. Tongue abnormalities: fissured tongue, bald tongue, 
geographic tongue (benign migratory glossitis)

7. Halitosis; typical fishy smell (ketone breath)
8. Dry socket
9. Oral lichen planus (OLP, more common in type 1 diabetes): 

pain/discomfort, burning sensation, and sensitivity to 
acidic foods.

The overall prevalence of diabetes is approximately 8% of 
the world’s population. These data do not account for the 
increasing prevalence of diabetic sleeper cells in the population 
who have not been diagnosed.[45] It is estimated that 3%–4% 
of adult patients visiting dental clinics are unaware of their 
diabetic status. The prevalence of diabetes in the population 
is more for type 2 diabetes (90%–95%) than for type 1 
diabetes (~5%); thus, the available evidence also focuses on 
type 2 diabetes.[42,43]

There is no evidence of acute effects of diabetes on oral 
complications. Most signs and symptoms, including oral 
complications, are representations of long-term effects and thus 
represent chronic manifestations. Strong evidence exists for the 
association between elevated BMI and waist circumference in 
DM. Elevated BMI-related obesity was found to be strongly 
associated with type 2 diabetes in females (pooled relative 
risk [RR]: 12.41; confidence interval [CI]: 9.03–17.06).[46]

There is evidence supporting a significant association through 
cross-sectional and few longitudinal studies between the 
presence of chronic hyperglycemia and severe periodontitis.[47] 
Both the prevalence and the incidence of periodontitis are 
increased in patients with type 2 and type 1 diabetes.[48,49] 
Diabetes has been shown to increase the risk of the incidence 
of periodontitis and its progression by 86% (RR: 1.86 [95% CI: 
1.3–2.8]) through a meta-analysis of longitudinal prospective 
studies.[50]

Prediabetes shows a similar predisposition to increased 
prevalence, incidence, and severity of periodontitis. Support 
for the association of prediabetes to increased risk of 
periodontal health was reviewed through two longitudinal and 
mostly cross-sectional studies. Evidence is limited to certain 
subpopulations. Its generalization to other populations needs 
validation through properly conducted longitudinal studies 
with standardized case definitions for both prediabetes and 
periodontitis.[51]

There is clinical evidence regarding the association between 
periodontal abscesses and diabetes.[52] Clinical experience 
suggests that a single periodontal abscess may be associated 
with local factors, but multiple abscesses are manifestations 
of either diabetes or any other medically compromised 
state. A study on the Saudi Arabian population found that 
the prevalence of periodontal abscesses in patients with 
diabetes was 58.6%, and these patients showed HbA1c levels 
of ≥6.5%.[53]

There is emerging evidence for the presence of halitosis as an 
alerting signal toward diabetes. A typical fruity ketonic smell 
is associated with diabetes. Hyperglycemia causes increased 
oxidative stress, which leads to increased levels of fatty acids 
and methyl nitrate in the bloodstream, resulting in typical 
ketonic malodor.[54] Halitosis is also due to the release of volatile 
sulfur compounds by bacteria associated with tongue coating, 
periodontitis, and hyposalivation. The correlation between 
ketonic breath and blood glucose levels has the potential for a 
noninvasive diagnostic value.

Evidence suggests that patients with both type 1 and type 2 
diabetes have taste alterations. In a case–control study, 
ageusia (loss of taste) was found in type 1 (3%) and type 2 (5%) 
diabetes and hypogeusia (reduced taste) in >33% of diabetes.[55] 
This alteration in taste is seen to be independent of neuropathic 
complications.[56]

Epidemiological studies indicate an increased prevalence 
of xerostomia and hyposalivation in patients with diabetes. 
Patients with diabetes often complain of polydipsia and dry 
and sticky mouth. However, evidence is indicative and not 
substantial enough to prove a direct correlation.[57]

Evidence related to the association between DM and 
Candida-related oral mucosal lesions is also limited, although 
epidemiologically increased prevalence is seen. Assessment 
of the association is not conclusive due to variations in lesion 
complexity, study populations, interactions with other risk 
factors, and lack of longitudinal studies. A probable reason 
for the concomitant occurrence may be related to the impaired 
immune response in diabetes, leading to opportunistic infection 
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of Candida species. Evidence regarding non-Candida-related 
species is too limited to establish any association with 
diabetes.[47]

Common autoimmune disorder links OLP with type 1 diabetes. 
The triad of OLP, hypertension, and diabetes is known as 
Grinspan syndrome.[58] Evidence related to the association of 
burning mouth syndrome (BMS) with diabetes is limited due 
to an overlap between BMS and other diabetes-associated 
conditions such as xerostomia, taste alterations, Candida 
infections, and neuropathy.[59] OLP may be a manifestation 
of any of these conditions although studies have reported its 
increased prevalence in patients with diabetes.[60,61]

There is a lack of clear correlation between the presence of 
dental caries and diabetes. The same etiological lifestyle factors 
such as increased carbohydrate intake may be a causal factor 
for both diseases.[47]

Recommendations
1. Diabetes is a chronic disease, and early diagnosis and 

proper referral have the potential to prevent adverse 
complications

2. Presence of oral signs of destructive periodontal disease 
with severity inconsistent in relation to local factors, 
suppuration, presence of multiple periodontal abscesses, 
tongue abnormalities, Candida-related lesions, halitosis, 
and persistent BOP after Phase 1 therapy are red flags 
for suspecting the presence of underlying systemic 
factors (diabetes)

3. Patient-reported symptoms of taste alteration, sticky and 
dry mouth, bad breath, and burning sensation in the oral 
mucosa should be correlated with oral signs and patient’s 
medical history to obtain a holistic view of the patient’s 
systemic condition

4. Screening prediabetes risk test is a useful tool that can be 
used for suspected diabetes patients visiting dental clinics

5. An inclusive, patient-oriented multidisciplinary treatment 
approach is the need of the hour, and a robust referral 
system should be developed between dental and medical 
teams.

Q14: Are there any compromised treatment goals for 
periodontal treatment in medically compromised patients. In 
other words, due to the underlying medical condition (other 
than diabetes), which may interfere with an idealistic 
treatment goal, is there an evidence for an acceptable 
compromised periodontal treatment goals?
Therapeutic end points are objective measurements of outcomes 
of periodontal therapy. Probing pocket depth reduction and 
gain in clinical attachment levels provide undisputed evidence 
toward successful therapy but are still considered as surrogate 
end points. True end points are measured in terms of retention 
of tooth in the oral cavity through longitudinal follow-up and 
the patient’s QoL.[62]

The oral health goal set by the WHO is that the world 
population should retain at least 20 teeth throughout life.[63] 
Periodontal therapeutic goals are the attainment of clinical 
gingival health after treatment of active disease. Periodontal 
classification defines acceptable clinical gingival health 
following successful periodontal therapy in terms of the 

absence of gingival redness (erythema), swelling (edema), and 
BOP (<10%) in reduced periodontium with probing pocket 
depth ≤3 mm.[24] The term “clinically healthy” should be 
used only for the absence of clinical inflammation on either 
intact periodontium or reduced periodontium. Definition 
or paradigm detailing a compromised state needs to be 
defined.[64,65] Periodontal disease in medically compromised 
patients has a synergistic inflammatory response, creating 
additional treatment requirements. In patients with systemic 
diseases, the ideal treatment end points are thus compromised. 
The goal of treatment focuses on maintenance of the remaining 
teeth in the oral cavity without active periodontal disease.

Currently, no scientific evidence is available for compromised 
end point therapy. Restoration of diseased attachment or bone 
levels in periodontitis patients with systemic complications 
to the predisease level through any treatment modality is 
not possible. Therapeutic goals, therefore, shift toward the 
control of local and systemic disease risk factors, to minimize 
inflammation and to stabilize probing depths and clinical 
attachment levels.

Evidence suggests two treatment outcomes:[65]

1. Maintenance of periodontal stability
2. Periodontal disease control/remission.

Periodontal stability is a state in which local and systemic 
factors related to periodontitis are controlled, resulting in 
minimal BOP (<10%), control of progressive periodontal 
destruction, and with pocket depth maintained at ≤4 mm.[64,65] 
This state is an acceptable compromise as it results in minimal 
inflammation and control of modifiable risk factors, resulting 
in optimal treatment response.

In patients where control of predisposing or modifying 
factors is not possible, the therapeutic aim should be 
disease control/remission. Periodontal treatment results 
in reduction (not total resolution) of inflammation and 
shows slight improvement in probing depth reduction and 
attachment level gains. Stringent, more aggressive, and 
compliant supportive periodontal therapy is required for the 
maintenance of these cases. Dental practitioners should aim 
for this therapeutic goal in medically compromised patients 
with uncontrolled modifiable factors (diabetes, cardiovascular 
diseases, etc.). A residual pocket depth of ≥6 mm and 
BOP (≥30%) even after active periodontal therapy result in 
an increased risk of tooth loss.[66]

Recommendation
1. Periodontal therapy should aim to achieve clinical gingival 

health through active treatment and frequent periodontal 
maintenance

2. The true therapeutic end point for successful therapy is 
maintenance of at least 20 teeth in the oral cavity (WHO 
Health Goal) without active periodontal disease

3. Achievement of periodontal stability is an acceptable 
treatment outcome that would require a synergistic 
partnership of a dental practitioner in consultation with a 
medical counterpart on a compliant patient

4. In medically compromised states, active therapy and 
frequent periodontal maintenance should be able to achieve 
disease control/remission stage. It is to be remembered 
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that this stage is very unstable and would require more 
aggressive and subjectively tailored recall programs

5. Systemic complications require a hand-in-hand approach 
between dentists and physicians as treatment goals and 
outcomes are inter-related. A robust referral system 
and inclusive treatment planning would allow for the 
achievement of periodontal stability with well-controlled 
systemic end points

6. The balance between medical and perceived periodontal 
treatment needs should be reached based on a comprehensive 
QoL assessment.
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SECTION C - BIDIRECTIONAL RELATIONSHIP 
BETWEEN DIABETES AND PERIODONTAL 

DISEASES

This section is divided into two parts. Section C1 deals with the 
effect of diabetes on periodontal status, and Section C2 deals 
with the effect of periodontal status on diabetes.

SECTION C1: EFFECT OF DIABETES ON 
PERIODONTAL HEALTH

Q15: Is diabetes (prediabetes, diabetes, and poorly controlled 
diabetes) a strong risk predictor for periodontal disease?
Studies conducted by Abduljabbar et al.[1] and Andriankaja 
and Joshipura[2] have exhibited higher periodontal parameters 
and a strong association with BOP in the prediabetes group 
than in the control group, respectively. However, a handful 
of research investigated between prediabetes and healthy 
subjects did not observe any significant differences.[3] Kowall 
et al.[4] stated that bacterial dysbiosis can also contribute to 
prediabetes development in susceptible individuals due to 
shared microbial load. The limited panel of four inflammatory 
mediators (adiponectin, TNFα, IL-6, and high-sensitivity CRP) 
evaluated in a cross-sectional study could not completely 
reveal the temporality of the interrelationship among 
microbial exposure, systemic infiltration, and development of 
prediabetes.[4] The association between well-controlled diabetes 
and periodontal disease has been studied by Kowall et al.[4] and 
Zadik et al.[5] Although an association between alveolar bone 
loss and well-controlled diabetes was established, there was 
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no adjustment for potential confounding factors. Crosstalk 
with direct and indirect changes in both diseases reflects the 
biological process and also explains the true pathway of causal 
comorbidity.[1] There is strong evidence for the inflammation as 
one of the important linking mechanisms to justify along with 
various important parameters in the literature to substantiate 
that poorly controlled diabetes is a strong risk factor for 
periodontal disease.[6,7] Demmer et al.[8] and Islam et al.[9] 
stated that periodontal disease was significantly worsened 
with an increased risk of tooth loss in patients with poorly 
controlled diabetes, with an odds ratio of 1:3, after adjusting 
for potential confounding factors. The limited evidence states 
that consistent maintenance of the glycemic level does not 
make it a high-risk predictor for periodontal disease. Moreover, 
large prospective longitudinal studies would provide a tool 
to decide whether prediabetes and well-controlled diabetes 
can be used as a predictor for the early prevention or control 
of chronic inflammatory development of periodontal disease 
among high-risk populations. However, satisfactory evidence 
is available in the literature to conclude that poorly controlled 
diabetes is a strong predictor of periodontal disease.[6-9]

Recommendations
1. Poorly controlled diabetes is a well-documented and strong 

predictor for periodontal disease
2. Maintenance of good glycemic control does not make 

diabetes a high-risk predictor for periodontal disease
3. The role of prediabetes as a predictor of periodontal disease 

needs to be explored by well-designed prospective studies.

Q16: Does diabetes affect the periodontal microbiota 
and whether the control of glycemic status impacts the 
periodontal microbiota?
Does diabetes affect the periodontal microbiota?
Contemporary evidence has shown that the increased glycemic 
levels in diabetes people have an effect on the periodontal 
microflora.[10] There is an ecological shift in the microbiota from 
healthy individuals to those with periodontal disease. A similar 
paradigm shift from Gram-positive facultative anaerobes to 
predominantly anaerobic pathologic species has been observed 
in diabetes people as compared to nondiabetes people.[11] 
Varied microbiota is observed in patients with DM as compared 
to healthy individuals.[12] 16rRNA gene cloning and sequencing 
also demonstrated significant differences in the subgingival 
microorganisms among subjects with and without diabetes.[13] 
Quantitative and qualitative changes in pathogenic periodontal 
microflora have been observed by various researchers, leading 
to an oral diabetic dysbiotic state with an increased number of 
organisms such as Porphyromonas.[14-18]

Some researchers have observed biochemical changes in elevated 
antibody titers toward periodontal pathogens in hyperglycemic 
subjects independent of other risk factors.[19] A strong association 
was also noted between fasting glucose levels and orange-red 
cluster periodontal microorganisms (Prevotella melaninogenica, 
Prevotella intermedia, Prevotella nigrescens, and Porphyromonas 
gingivalis mixture).[1] Hence, strong evidence based on the 
published literature showed elevated levels of P. gingivalis 
in DM subjects in comparison to healthy individuals.[2] There 
is minimal-to-moderate evidence regarding elevated levels 
of other periodontal pathogens in patients with diabetes as 
compared to healthy controls.[2]

Recommendations
1. Oral microflora significantly varies between DM and 

healthy subjects, and microbial biodiversity is observed in 
periodontitis patients with and without uncontrolled diabetes

2. Increased glucose levels in the gingival crevicular 
fluid (GCF) in patients with DM enhance the growth 
of certain pathogens by contributing as an additional 
nutritional source

3. In periodontal infection, the pathogen P. gingivalis is 
in elevated proportions, which majorly contributes to 
microbial dysbiosis and enhances insulin resistance.

Whether the control of glycemic status affects the periodontal mi‑
crobiota?
A review stated that very few clinical studies have 
assessed glycemic status and its association with oral 
microbiota.[1] The microbial profile in diabetes patients with 
a poorly controlled glycemic index and chronic periodontitis 
demonstrated significant variations in different periodontal 
pathogens.[13,18] Orange and red cluster microorganisms such 
as P. melaninogenica, P. intermedia, P. nigrescens, and P. gingivalis 
in moderate-to-severe periodontitis patients were noted to be 
significantly associated with glycemic status.[19] It was also 
suggested that poor glycemic status promoted the growth of 
fermenting organisms that were active in the production of 
propionate and succinate.[20] Hence, subjects with uncontrolled 
DM are more prone to a shift toward microbial dysbiosis due 
to impaired immunity and metabolism.[16]

Recommendations
1. A limited number of randomized clinical trials have 

investigated improvements in periodontal microbiomes 
and their interaction with glycemic regulation

2. The limited data state that an elevated level of periodontal 
pathogens is noted in subjects with poor glycemic status, 
and there exists an oral microbial biodiversity in subjects 
with and without controlled diabetes

3. The glycemic status in DM subjects affects and alters the 
oral biofilm composition.

Q17: Does diabetes increase systemic cytokine levels (of 
interest to oral health)?
There is a substantial body of evidence suggesting an increase 
in inflammatory biomarkers in patients with type 2 DM. 
These changes in diabetes patients and alterations in immune 
biomarkers affect various organs, leading to complications 
such as neuropathy, nephropathy, retinopathy, cardiovascular 
diseases, and periodontal disease. It was also observed during 
profiling of type 2 DM patients that CRP and lipid profiles can 
be considered as the predictors of diabetes development in 
nondiabetes individuals.[21,22]

It is also proven that the prominent pro-inflammatory 
biomarkers such as TNF-α, macrophage-inhibiting cytokine, 
IL-1, and IL-6 are elevated in diabetes and leads to the 
state of insulin resistance and various other resultant 
complications.[23-26] It has also been observed that the blockade 
of IL-1 by receptor antagonists leads to the improvement 
in glycemia and beta-cell secretory functions. Various 
pro‑inflammatory cytokines such as TNF‑α, IL-6, IL-1, and 
CRP are elevated in periodontal disease and play an important 
role in periodontal damage.[27,28]

[Downloaded free from http://www.jisponline.com on Monday, June 13, 2022, IP: 243.129.85.107]



Jain, et al.: ISP-RSSDI joint statement on periodontal disease management in patients with diabetes mellitus

Journal of Indian Society of Periodontology - Volume 24, Issue 6, November-December 2020 515

Recommendations
1. Diabetes leads to elevated levels of pro-inflammatory 

biomarkers and plays an important role in the development 
of various inflammatory diseases, including periodontal 
disease

2. Cytokine level and glycemic control are closely related; 
hence, such patients are at a high risk for destructive 
periodontal diseases.

Q18: Does diabetes increase the cytokine levels in the 
gingival crevicular fluid, which could potentially contribute 
to periodontal destruction and whether control of glycemic 
status improves the local cytokine profile?
There is limited evidence to suggest elevated levels of 
cytokines in the GCF in diabetes as compared to the ample 
evidence, suggesting increased serum cytokine levels in 
diabetes. The interaction between microorganisms and the 
host immune–inflammatory response mediates pathological 
changes in the periodontal tissues, which is possibly 
affected by hyperglycemia. In the GCF of diabetes patients 
with or without periodontal disease, increased levels of 
pro-inflammatory cytokines (including IL-1β, IL-6, and 
TNF-α) can be a valuable tool for the early detection of 
periodontal disease. Elevated pro‑inflammatory cytokine 
concentrations in the GCF can also be suggestive of “latent” 
DM in undiagnosed individuals.[29-32]

Recommendation
1. The consistently increased levels of pro-inflammatory 

biomarkers in the GCF of diabetes patients with periodontitis 
as compared to the nondiabetes patients may indicate 
the role of diabetes in the initiation and progression of 
periodontal diseases.

Q19: What are the possible mechanistic pathways through 
which diabetes can influence periodontal health?
1. There is sufficient evidence suggesting inflammation as 

a link between diabetes and periodontal disease.[1,33-40] 
Hyperglycemia and insulin resistance are responsible for 
the enhanced oxidative stress in the periodontal tissues.[1] 
Altered glucose metabolism has also been associated with 
changes in the plaque microflora, although evidence for the 
same is not conclusive.[33] Elevated cytokine levels have been 
detected in the saliva, gingival biopsies, and GCF. Poorly 
controlled diabetes lead to elevated levels of IL-1β, TNF-α, 
IL‑4, IL‑12, IL‑23, IL‑6, IL‑17, macrophage inflammatory 
protein α, substance P, CRP, resistin, Macrophage 
colony-stimulating factor, and MMPs.[1,7,33,34,38] Results from 
studies involving the use of cytokine antagonists support 
the theory that cytokine dysregulation plays a significant 
role in periodontal destruction.[41] There is also enough 
evidence to suggest that AGE–RAGE interactions, resultant 
upregulation of the Toll-like receptor 2, 4, and 9 expression 
along with cytokine dysregulation, lead to an exaggerated 
inflammatory response, resulting in systemic oxidative 
stress, and the use of antioxidants/RAGE blockers leads to 
reduction in both systemic oxidative stress and resultant 
alveolar bone loss.[1,33-35,39] Defects in PMNs activity and 
altered monocyte response have also been detected in the 
blood of diabetes patients.[35] Altered lipid metabolism, 
endothelial dysfunction with thickening of the basement 
membrane, and altered collagen metabolism, as evidenced 

in hyperglycemic conditions, all contribute to increased 
periodontal destruction and delayed wound healing.[37]

Recommendation
Diabetes and periodontitis are comorbidities with shared 
underlying pathologic pathways. Hyperglycemia in diabetes 
affects periodontal health by influencing the oral microbial 
flora, overexpression of pro-inflammatory cytokines, 
immunomodulation of fibroblasts, and enhancement of 
oxidative stress. AGE–RAGE interactions, imbalances in lipid 
metabolism, and altered collagen, and monocyte response 
further contribute to the destruction of periodontal tissues.

Q20: Does improvement in glycemic control alone can 
improve the periodontal health prospectively?
Due to the paucity of randomized controlled trials in 
this context, there is very limited evidence as to how 
an improvement in glycemic control alone influences 
periodontal status.[8,42-47] As diabetes, like any other systemic 
disease, is a modifying factor and not the primary etiological 
factor, clinicians should be aware of the individual patient 
variability (local etiological factors), playing a huge role in 
the clinical presentation of multifactorial diseases such as 
periodontitis, wherein a well-controlled diabetes may present 
with periodontal disease, whereas a poorly controlled diabetes 
may present with a healthy periodontium. Improvement in 
glycemic control will have a definite beneficial effect in terms of 
systemic cytokine profile with the reduction in oxidative stress, 
but how that translates into an improvement of periodontal 
status is yet inconclusive, as there is no clear evidence in the 
literature corroborating the same.[1,40,46,47]

Recommendations
1. Control of diabetes has a positive influence on the reduction 

of pro‑inflammatory cytokines, microbial dysbiosis, and 
oxidative stress, which form a part of the mechanistic links 
between diabetes and periodontal disease

2. Improvement of glycemic control alone may not result 
in complete resolution of periodontal disease. However, 
it may prevent further deterioration of periodontal 
disease, thereby improving the prognosis and response to 
periodontal therapy

3. Knowledge of the glycemic status of diabetes patients and 
close collaborative management with the physician is vital 
for optimal treatment outcomes while treating periodontal 
disease in diabetes patients.
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SECTION C2: EFFECT OF PERIODONTAL 
DISEASE ON DIABETES

Q21: In a nondiabetes individual, is periodontal disease 
associated with impaired blood glucose levels and an 
increased risk for developing diabetes?
There is significant evidence supporting poor glycemic 
control in nondiabetes patients as presented by an increase in 
HbA1c, IGT, or metabolic syndrome prevalence, when higher 
values of periodontal parameters such as pocket probing 
depth and clinical attachment level are present.[1-8] Evidence 
based on available systematic reviews and meta-analysis 
suggests that periodontitis worsens glycemic control over 
time and may play a role in the increased incidence of type 2 
incident diabetes and possibly gestational diabetes.[1,2] There 
is also evidence for an association between periodontitis 
and worsening of glycemic control, expressed in terms of 
HbA1c, FPG, and/or OGTT in people with no diabetes 
manifestations.[9]

Recommendations
1. Based on the available evidence to date, it seems likely 

that the presence of chronic periodontitis has the potential 
to adversely affect glycemic control in nondiabetes 
individuals. Chronic periodontitis may potentially be a risk 
factor for the development of type 2 diabetes in nondiabetes 
individuals

2. Patients with periodontitis are at increased risk of impaired 
glycemic control, which may lead to an increase in the 
incidence of incident diabetes

3. Physicians should seek evidence for the presence of oral 
health problems in high-risk patients, as part of their initial 
evaluation and ask about signs and symptoms of oral/
periodontal diseases (bleeding gums, halitosis, drifting of 
teeth, tooth mobility, etc.).

Q22: Is there evidence available for the role of periodontal 
disease in the pathogenesis of diabetes?
There is substantial evidence on the role of periodontal disease 
in the pathogenesis of diabetes. The common intermediary 
factors include altered cellular immune response, elevated 
inflammatory mediators, microangiopathy, AGE, and even 
proliferation of periodontal pathogens, which play a role in 
the pathogenesis of diabetes. Periodontitis adversely affects 
glycemic control and diabetes complications or promotes 
the development of type 2 diabetes. People with poor 
periodontal health and type 2 diabetes or normoglycemics 
have a greater risk of developing poorer glycemic control.[5] 
Moderate-to-severe periodontitis may increase the risk of type 2 
diabetes and lead to poor glycemic control in diabetes.[6] 
Patients with severe periodontitis might increase the incidence 
of developing type 2 diabetes.[7]

Recommendations
Periodontal disease and its severity can affect the pathogenesis 
of diabetes through common interlinking mechanisms such 
as elevated inflammatory mediators, microangiopathy, and 
AGEs.

Q23: In diabetes patients, does the severity of periodontal 
disease affect the glycemic levels; in other words, whether 
increase in periodontal disease severity worsens the glycemic 
control?
Periodontal disease is a chronic inflammatory disease 
caused by dysbiotic microbiota. The inflammatory response 
is characterized by an increase in the levels of host-derived 
mediators including IL-6, TNF-α, CRP, and ROS. There is 
evidence that these mediators are also elevated systemically 
in individuals with both diabetes and periodontitis, leading 
to generalized systemic inflammation. Elevated systemic 
inflammation eventually contributes to insulin resistance, 
leading to diabetes complications.[3-5] It is evident from clinical 
studies that the presence of severe periodontitis has been 
shown to increase the risk of hyperglycemia in people with 
diabetes.[10] Severe periodontitis is associated with increased 
HbA1c in individuals with diabetes.[11] Chronic inflammation 
and infection that result from periodontal disease will 
adversely affect glycemic control in people with diabetes, 
which, in turn, could lead to worsening of the periodontal 
disease.[12] Severe periodontitis also predicts the development 
of diabetes complications.[13]

Recommendations
1. Severe periodontitis is associated with increased HbA1c 

levels in individuals with diabetes
2. An increase in the severity of periodontitis increases the 

risk of hyperglycemia in patients with diabetes
3. The severity of periodontal disease is also associated with an 

increased incidence of associated complications in diabetes 
patients.

Q24: Does periodontal disease increase the systemic cytokine 
levels (of interest to diabetes pathogenesis), and is there 
a linear relationship between these systemic levels and 
periodontal disease severity?
Periodontal disease is a chronic inflammatory condition 
that increases systemic cytokines such as IL-1, IL-6, and 
TNF-α.[14] Serum CRP levels are also elevated in patients 
with periodontitis.[15] Elevated levels of inflammatory 
cytokines IL-1β, IL-6, IL-18, and TNF-α are the main 
inducers of acute-phase proteins, including CRP, and both 
have been shown to impair intracellular insulin signaling, 
potentially contributing to insulin resistance and ensuing 
hyperglycemia.[16] Chronic inflammatory diseases, i.e., diabetes 
and periodontitis, are the primary reasons for the increase 
in circulatory inflammatory mediators. This longstanding 
hyperglycemic state induced by periodontal inflammation 
is known to deteriorate the glycemic status and enhance the 
associated complications of diabetes.[11] The most recent 2017 
classification of periodontal disease conditions has envisioned 
some of the periodontal biomarkers, including inflammatory 
mediators, as the measures to augment the information 
provided by the standard clinical parameters to assess the 
grade and the associated systemic effect of periodontal disease 
in susceptible individuals.[17]
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Recommendations
1. Periodontitis increases the systemic inflammatory 

mediators, which worsen the glycemic status in a diabetes 
patient by pooling into a persistent state of systemic 
inflammation and enhancing insulin resistance

2. Inflammatory mediators associated with periodontal 
disease, validated by emerging evidence, can be monitored 
for the assessment of diabetic glycemic control.

Q25: What are the possible mechanistic pathways through 
which periodontal disease can influence diabetes?
Periodontal infection-mediated upregulation of cytokine 
synthesis and secretion by chronic stimulus from LPS and 
products of periodontopathic organisms is documented to 
enhance the magnitude of the AGE-mediated cytokine response 
operative in DM.[12] Periodontitis increases oxidative stress, 
which further affects the glycemic control due to dyslipidemia 
and β-cell dysfunction in diabetes patients.[18] Periodontitis 
increases the level of systemic cytokines and unleashes a series 
of the pro‑inflammatory cascade, and increase in IL‑1, IL‑6, 
TNF-α, and cytokine upsurge increases MMP and hydrolase 
activity and insulin resistance, thus causing hyperglycemia.[11,19] 
There is strong evidence that the increase in CRP levels in 
periodontitis leads to worsening of the glycemic status in 
patients with diabetes.[1] Further, indirect evidence exists for 
common mechanistic pathways (oxidative stress pathways, 
dyslipidemia, elevated CRP, and endothelial dysfunction) 
that may act synergistically in worsening cardiovascular 
complications in diabetes.[18]

Recommendations
1. Periodontitis constitutes a chronic bacterial challenge 

affecting the glycemic status by enhancing AGE-mediated 
inflammatory cytokine response in diabetes patients

2. Elevated levels of circulating pro‑inflammatory mediators, 
especially TNF-α, CRP, and mediators of oxidative stress, in 
people with diabetes and periodontitis affect the metabolic 
control of diabetes.

Q26: Is there evidence wherein improving periodontal health 
improves glycemic levels in prospective studies?
There is consistent evidence that treating/improving 
periodontal health improves glycemic levels.[20,21] NSPT has 
been shown to influence glycemic control, as evidenced 
by the reduction in the HbA1c level up to 0.36%.[22] HbA1c 
reduction from the meta-analyses ranged from 0.27% to 
0.48% at 3–4 months after periodontal therapy, and data on 
maintenance of the effect for 6 months are insufficient. There 
is no evidence to support that one periodontal therapy was 
more effective than another in improving glycemic control in 
diabetes patients.[7,22,23]

Recommendation
The effect of periodontal therapy in diabetes patients has 
shown an improvement in glycemic level, as evidenced by the 
reduction in HbA1c levels in short-term intervals at 3 months’ 
follow-up.
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SECTION D - TREATMENT OF PERIODONTAL 
DISEASE IN DIABETES PATIENTS

Q27: Would the type of diabetes and/or the glycemic levels 
guide the periodontal treatment options to be instituted?
Effect of type of diabetes on the selection of periodontal treatment 
options
There is no or minimal evidence of the effect of type of 
diabetes per se on the periodontal treatment options for 
the patient, as the treatment chosen shall be guided by the 
type and severity of periodontal disease. However, specific 
case-to-case tailored periodontal management considerations, 
such as timing and duration of appointment, alteration in the 
current medication, intraoperative blood glucose evaluation, 
and use of antibiotics, should be considered during 
periodontal treatment planning depending on the diabetic 
history of the patient, including the type of diabetes.[1-4] Type 1 
diabetes people, in particular, may experience episodes of 
hypoglycemia, owing to greater vulnerability of glycemic 
fluctuations and peak drug dose.[1,4] Thus, these patients need 
a more meticulous treatment planning and preparedness of 
the dental office for the execution of the indicated periodontal 
treatment procedure.

Effect of glycemic status on the selection of periodontal treatment 
options
There is strong evidence based on the huge body of published 
literature that glycemic levels, irrespective of the type of 
diabetes, remain the most significant determinant of the 
treatment planned for periodontal disease patients.[1-6] 
The well-controlled diabetes probably requires no special 
consideration regarding periodontal therapy as compared to 
a nondiabetes individual.[1-6] NSPT should be instituted in all 
diabetes patients at the time of visit.[6] Elective periodontal 
surgical treatment, if indicated, shall only be performed for 
patients with HbA1c levels ranging from 6 to 8, at the time 
of initial or subsequent visits.[1-8] Poorly controlled (HbA1c 
values >8) diabetes patients with periodontal disease 
shall be put on maintenance therapy, that is, supportive 
periodontal treatment (SPT) and planned for periodontal 
surgical procedures, only after the glycemic levels decrease 
to the range of 6–8 HbA1c.[3,4] Patients shall be referred to 
the general physician for control and evaluation of glycemic 
status.[1-6,8] No periodontal intervention (surgical) should 
be instituted for diabetes patients reporting to the dental 
clinic, with HbA1c levels >10, except emergency treatment 
and that too in consultation with the general physician of 
the patient.[7,8]

Recommendations
The type of diabetes per se does not affect the periodontal 
treatment options to be selected for diabetes patients with 
periodontal disease. Glycemic levels (metabolic control of the 
patient as indicated by HbA1c), however, have an effect on the 
clinical decisions for the type and timing of the institution of 
periodontal treatment procedures.
1. There is practically no absolute contraindication to the 

institution of NSPT in all diabetes patients with due 
consideration of their systemic status

2. Surgical periodontal therapy should be reserved for use in 
diabetes patients with periodontal disease and glycemic 
levels of HbA1c ranging from 6 to 8

3. Poorly controlled diabetes patients (HbA1c values >8) 
indicated for periodontal surgical procedures shall be 
placed on SPT with maintenance recall visits every 1–2 
months and should be advised stringent home care. 
Such patients can undergo planned periodontal surgical 
procedures once their HbA1c levels are in the range of 6–8

4. HbA1c levels above 8 call for an active intervention by 
medical professionals to review the medical management 
of the diabetic status of the patient

5. No surgical periodontal therapy, except emergency 
treatment, is recommended in patients with uncontrolled 
diabetes (HbA1c >10) with periodontal disease

6. A personalized case-to-case tailored meticulous periodontal 
treatment planning and preparedness of the dental office, 
based on the systemic condition, are needed for the clinical 
management of diabetes patients with periodontal disease.

Q28: Does bacteremia pose a significant challenge in 
managing the diabetes patients in the dental clinic for dental 
procedures? What would be the ways to manage it?
Evidence for bacteremia in the management of diabetes patients
There is no/minimal evidence in support of persistent 
bacteremia in diabetes patients. Transient bacteremia may 
occur in both controlled and uncontrolled diabetes patients. 
Literature suggests that the detection of bacteria drops off 
sharply after 10 min after a dental procedure. The duration of 
bacteremia likely reflects the nature and the number of bacteria 
that enter the circulation, whether commensals predominate or 
pathogens predominate, and multiple other host factors such as 
immune responses.[9,10] It is difficult to quantify the magnitude 
of bacteria that initially gain entry into the circulation after 
dental procedures, owing to the factors such as heart rate, 
blood volume, proximity of the blood collection site to the 
source of the bacteremia, and rapid bacterial clearance by the 
reticuloendothelial system.[11]

Management of bacteremia in diabetes patients
Existing evidence does not support the extensive use of 
antibiotic prophylaxis for patients with diabetes; bacteremia 
following routine dental operative procedures is transient and 
unlikely to cause significant susceptibility to distant infections. 
Hence, the management of systemic antibiotics can be limited 
to a case-by-case basis after patient evaluation, keeping in mind 
the emergence of antibiotic resistance with indiscriminate use of 
antibiotics.[3,4,11] However, the use of a preprocedural, antiseptic 
mouth rinse proved to be efficacious in clinical trials, and it 
appears to be an effective method to reduce the microbial load 
of the oral cavity, further reducing the potential infectivity of 
the transient bacteremia elicited. Chlorhexidine, which has 
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substantive properties, has been documented for a prolonged 
suppressive effect (up to 5–7 h) on oral microorganisms.[12,13] 
Mouth rinses with a short duration of action may allow oral 
microorganisms to return to their original levels within the 
operative duration in some dental procedures, thus limiting 
their application as a preprocedural rinse.

Recommendations
1. A mandatory preprocedural  mouth rinse with 

chlorhexidine (nonalcohol-based) 0.12% (15 mL) or 0.2% (10 
mL) should be used for 1 min before any dental operative 
procedure to reduce the microbial burden of the oral cavity 
and the associated infective potential of the transient 
bacteremia in patients with diabetes

2. Routine use of preoperative antibiotic prophylaxis to 
prevent bacteremia in diabetes patients undergoing dental 
procedures is not advocated

3. The decision to use preoperative antibiotic prophylaxis in 
diabetes patients undergoing dental procedures should 
be made on an individual case basis, keeping in mind the 
systemic status of the patient and the concerns regarding 
the emergence of antibiotic resistance with indiscriminate 
use of antibiotics.

Q29: Can nonsurgical periodontal therapy be instituted in 
all cases, irrespective of the glycemic status, as a part of the 
active inflammation control regimen?
There is sufficient evidence available in the literature 
suggestive of the institution of NSPT in all diabetes patients 
with periodontal disease, irrespective of the glycemic level as a 
part of active inflammation control.[6,14,15] Further, it is indicated 
that in people with diabetes, periodontal therapy accompanied 
by effective home care is both safe and effective.[16] Clinical 
periodontal parameters and local inflammatory measures 
improve following the standard nonsurgical therapy even in 
people with poorly controlled diabetes.[6,14-24]

Recommendation
1. NSPT shall be instituted in all diabetes patients with 

periodontal disease, irrespective of the glycemic level, as a 
part of active inflammation control at the time of the visit.

Q30: Would the adjuvant use of antibiotics (systemic/
local) provide more benefit than standalone procedure of 
nonsurgical periodontal therapy? Further, would acute 
conditions and associated bacteremia be seen differently as 
far as the role of antibiotic coverage is concerned?
There is no direct evidence to recommend a specific protocol 
for the use of adjunctive systemic antimicrobials with 
nonsurgical mechanical debridement.[25] The use of systemic 
antibiotics as an adjunct therapy along with NSPT must weigh 
the risk–benefit ratio in terms of the potential side effects 
against the clinical benefit of reduction in the periodontal 
probing depth. The decision should be made depending 
on the individual periodontal destruction severity and be 
restricted to the most severe cases. This is in line with the 
current recommendations for the treatment of patients with 
chronic periodontitis.[6,26,27] Periodontal abscess is one of the 
most common emergencies encountered in dental practice, 
especially in diabetes patients. Several treatment protocols 
have been recommended, but sufficient scientific evidence is 
not available to recommend a definitive treatment modality.[28] 

Drainage and debridement should be the treatment of choice 
when the systemic condition and access to the abscess are 
adequate. If drainage cannot be performed immediately, then 
possible systemic antibiotics may be advised if a clear systemic 
involvement is evident.[28-31] In cases where the infection is not 
well localized or drainage cannot be instituted or there is a need 
for premedication, then only the use of systemic antimicrobials 
alone as an initial treatment is advocated.[31] The duration of 
therapy with antimicrobials is generally shorter.[31,32]

Recommendations
1. Adjuvant antibiotics are not recommended to be used along 

with NSPT in diabetes patients if the patient is otherwise 
fit to undergo treatment

2. The initial treatment for abscess should be drainage and 
debridement. The necessity for systemic antimicrobial 
therapy should be based on local and systemic 
considerations. As the prevalence of abscess is higher in 
untreated periodontitis cases, especially in those with 
diabetes, treatment of the acute phase should always 
precede before the definitive treatment of the pre‑existing 
disease.

Q31: Are there any glycemic levels that would warrant no 
immediate surgical periodontal therapy? In such patients 
where surgery is deferred, should there be a customized 
maintenance protocol until they are deemed fit for 
periodontal surgery?
Glycemic levels in terms of HbA1c levels and mean blood 
sugar level on the day of surgery would be the most important 
determinants for elective surgical procedures if the patient is 
otherwise fit to undergo surgical treatment.[1-3] Blood sugar 
levels have profound effects on the postsurgical healing 
phase.[1,3] Patients with HbA1c levels ranging from 6 to 8 have 
no greater risk of postoperative infection than those without 
diabetes.[1,7,8] As there is an increased risk of periodontal 
disease in poorly controlled diabetes patients, individuals 
with periodontal disease who have HbA1c values above 8 
should be advised active maintenance therapy after NSPT. 
This should include meticulous evaluation of a patient’s 
periodontal status, frequent oral prophylaxis, oral hygiene 
instruction reinforcement, and consistent supervision of 
periodontal health.[1-3] Some studies have demonstrated 
continued periodontal destruction even if metabolic conditions 
improve,thus a more frequent recall is advisable.[3] Dentists 
should not delay NSPT in patients with diabetes waiting for 
metabolic control to be achieved.[6]

Recommendations
The surgical periodontal therapy can be safely performed in a 
diabetes individual if:
1. The recent HbA1c is within the range of 6%–8% if the patient 

is otherwise fit to undergo surgical treatment
2. The fasting blood glucose levels on the day of surgery are 

under 180 mg/dL (10 mmol/L) or random blood glucose 
levels of 200 mg/dL (11 mmol/L)

3. It is advisable not to perform any emergency surgical 
procedure if the random blood glucose level is >234 mg/dL 
(13 mmol/L)

4. Patients who cannot undergo surgical procedures, because 
either the recent Hb1Ac levels or mean glucose levels are 
not within the suggested range for surgical treatment, 
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should be provided NSPT and active maintenance therapy 
until the patient achieves the desired glucose levels to be 
deemed fit for periodontal surgery

5. Subsequently, a recall schedule of 2–3 months should be 
recommended once glycemic control in poorly controlled 
diabetes patients is achieved

6. Preprocedura l  ora l  r inse  wi th  ch lorhex id ine 
(nonalcohol-based) 0.12% (15 mL) or 0.2% (10 mL) is 
recommended in all cases

7. For home oral care, correct tooth brushing, use of 
appropriate interdental aids, and toothpaste free of 
sodium laurel sulfate (SLS) are advisable. An oral 
rinse (nonalcohol-based) can be advocated.

Q32: What are perioperative and postoperative considerations 
for surgical periodontal therapy in diabetes patients?
It is generally advisable to assess the patient’s blood glucose 
before surgery to ascertain that random blood glucose levels 
are within the recommended range. Periodontal surgery should 
be scheduled in the morning after breakfast and administration 
of the ongoing medication.[2,3] Short morning appointments 
are advisable. Patient anxiety and stress should be managed 
to minimize endogenous epinephrine release, as it can lead to 
hyperglycemia because of its counter-regulatory effect on the 
action of insulin.[2]

Dental appointment scheduling should consider the 
importance of nutritional consistency and should not overlap 
with or prevent scheduled meals. Patients receiving insulin, 
sulfonylurea, or meglitinides oral therapy may be at risk 
of hypoglycemia if the scheduled meal is missed because 
of dental appointment. A consultation with the patient’s 
diabetologist to modify the diabetic regimen should be 
advocated if dental treatment is likely to lead to the changes 
in meal timings.[1] The timing of appointment should be 
before the peak activity of the therapeutic agent that is taken 
by a patient for diabetes.[33] The patient should be pre-rinsed 
with chemical plaque control agents such as chlorhexidine to 
reduce the incidence of bacteremia in blood during invasive 
surgical procedures.[13] Treatment procedures should be short 
(2 h or less) and as atraumatic as possible. The blood glucose 
level should be monitored every 2 h if the surgical procedures 
are of a longer duration and should not significantly 
interfere with the patient’s normal dietary intake.[3] Patients 
with diabetes who have undergone periodontal surgical 
procedures should be given dietary instructions after 
surgery. It is important to maintain good glycemic control 
in the postoperative period as it has a profound effect on the 
healing pattern.[33] Postoperative management should include 
meticulous infection and pain control.[33] A postoperative 
follow-up examination to rule out any impending infections 
or associated complications should be scheduled to assess the 
healing of the surgical area.

Recommendations
1. It is recommended to check for mean blood sugar levels on 

the day of surgery (before and after). Intraoperative glucose 
monitoring with a chair-side glucometer is recommended 
if procedures are longer than 2 h

2. Adequate knowledge of patients’ diabetic regimen should 
help the dentist to avoid peak time effects of drugs for 
dental appointment scheduling

3. Pre-rinse to reduce bacteremia during the surgical 
procedure is indicated

4. Postoperative diet counseling should be performed, and 
patients should be advised to maintain blood sugar levels 
within the targeted levels to achieve better results

5. An assessment of postoperative healing is advocated to 
check for any signs of impending infections and pain in 
the surgical wound area.

Q33: Are implants or periodontal regenerative procedures 
viable treatment options for a diabetes patient as compared 
to a nondiabetes patient?
There is strong evidence supporting the use of dental implants 
as a viable treatment option in well-controlled diabetes patients, 
as the success rate has been documented at par or marginally 
lower than that in nondiabetes individuals. Retrospective 
and prospective studies reported an 85.5%–100% success 
rate of dental implants in well-controlled diabetes patients, 
which was in concordance with the success rates observed in 
nondiabetes patients.[34-41] Good glycemic control, preoperative 
antiseptic rinse, and postoperative control of infections have 
been documented as the significant determinants to achieve 
improved osseointegration in diabetes patients.[42] However, in 
poorly controlled diabetes patients, a higher failure rate has been 
observed during the 1st year of functional loading, seemingly 
pointing to the microvascular complications of this condition as 
a possible causal factor. These complications may compromise 
the healing of soft tissues and a reduction in the levels of bone–
implant contact.[34,35] Such clinical situations may be prevented 
and/or reversed by the maintenance of good glycemic control, 
specifically during the early postoperative period of healing 
vital for achieving the osseointegration of the implant fixture.[43]

There is a lack of evidence suggestive of the detrimental impact 
on the outcomes of periodontal regenerative procedures in 
patients with well-controlled diabetes. There is some anecdotal 
evidence available regarding the outcome of periodontal 
regenerative procedures in diabetes patients as case reports, 
which emphasizes the significance of good glycemic control as 
an important factor influencing the periodontal regenerative 
outcomes.[44,45] The outcomes of regenerative periodontal 
procedures in well-controlled diabetes have been documented 
as comparable to those achieved in nondiabetes individuals. 
Poor glycemic control, however, has been considered a relative 
contraindication for undergoing periodontal surgical therapy, 
in general, and may delay the institution of surgical procedure, 
until a good glycemic control is achieved.

Recommendations
1. Dental implants and periodontal regenerative procedures 

are viable treatment options for well-controlled diabetes 
patients

2. To enhance the predictability of successful outcomes of the 
above-mentioned treatment options in diabetes patients, 
stringent maintenance of glycemic control (near-normal 
glucose levels) is a prerequisite

3. Preprocedural antiseptic mouth rinse (chlorhexidine 
[nonalcohol-based]) 0.12% (15 mL) or 0.2% (10 mL) for 1 
min and postoperative control of impending infections  are 
very important in the management of  diabetes patients 
undergoing implantation and periodontal regenerative 
procedures 
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4. Long-term successful outcomes of dental implants and 
periodontal regenerative procedures in diabetes patients 
should be enhanced by active supportive periodontal 
therapy (periodic professional assessment at 2–3 months 
and rigorous oral hygiene maintenance home care) for the 
1st year posttreatment.

Q34: What should be the maintenance protocol in terms of 
follow-up intervals and home care adjuvants in diabetes 
patients? What are the chances of recurrence of periodontal 
disease in the maintenance phase? Is there a need for custom 
designing a supportive periodontal therapy protocol based 
on the clinical outcomes and systemic glycemic status?
There is a strong evidence base for independent associations 
between periodontitis and type 2 diabetes, with a dual 
directionality of influence reported.[46] In diabetes patients 
with periodontal disease, hyperglycemia is associated with 
an increased risk and severity of periodontitis and poorer 
periodontal outcomes following periodontal therapy.[47,48] 
Short-term effects of periodontal treatment are similar in diabetes 
patients and healthy populations,[20,49,50] but more recurrence of 
periodontal disease can be expected in nonwell-controlled 
diabetes individuals.[51,52] Periodontal therapy followed by more 
frequent recall visits and maintenance procedures accompanied 
by effective home care has been documented to be both safe and 
effective for the management of periodontal disease in these 
patients.[16] Most of studies suggest a more frequent, closer 
recall system for periodic professional assessment of these 
patients for the early diagnosis and management of ensuing 
periodontal complications, if any.[1-3] A custom maintenance 
protocol at intervals (2–3 months) necessary to maintain a high 
level of periodontal health on an individual basis is desired to 
be designed keeping in view the systemic and oral health status 
of diabetes patients.[15,53] Poorly controlled diabetes patients 
should specifically be advised to receive a modified active 
supportive periodontal therapy protocol with even frequent 
recalls, based on the periodontal risk assessment, response to 
NSPT, compliance with oral hygiene and maintenance, and 
systemic glycemic status.[1-3,15,53]

Recommendations
1. All DM patients should be encouraged to maintain 

meticulous oral hygiene and receive customized supportive 
periodontal therapy at intervals necessary to maintain good 
periodontal health

2. A well-controlled diabetes patient has no greater 
susceptibility for the recurrence of periodontal disease as 
compared to a nondiabetes individual

3. Poorly controlled diabetes patients need to be maintained 
by participation in active supportive periodontal therapy 
intervals to prevent recurrent periodontal disease episodes

4. Well-controlled type 1 or type 2 diabetes with successful 
periodontal therapy can be maintained in supportive 
periodontal therapy intervals (2–3 months) based on the 
periodontal risk assessment and systemic glycemic status

5. Poorly controlled diabetes patients with periodontal disease 
shall be followed up by periodic professional assessment 
at 1–2 months for the 1st year, post-nonsurgical periodontal 
treatment. After achieving good glycemic control and 
subsequent completion of the periodontal treatment, these 
patients may then be maintained by participation in the 
supportive periodontal therapy intervals (2–3 months) 

based on the periodontal risk assessment and systemic 
glycemic status

6. In case of a major dental procedure in a diabetes patient, 
under moderate or poor control, follow-up with the 
diabetologist or dentist should be conducted within 
2–4 weeks

7. Keeping in view the altered local oral environment in diabetes 
patients, specific oral home care instructions such as the use of 
antiseptic mouthwashes (chlorhexidine [nonalcohol-based]) 
0.12% (15 mL) or 0.2% (10 mL), subgingival irrigation, 
sugar, and SLS-free oral healthcare products (dentifrices 
and mouth rinses) may be prescribed for routine oral health 
maintenance.
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Abstract:
Background: Various systemic disorders such as cardiovascular, diabetes, and osteoporosis are linked to 
periodontitis. Obesity is one such epidemic, and although many studies have addressed its relationship with 
periodontitis, the mechanism still remains unclear. Aim: This study aims to assess the association between 
obesity and its determinants with clinical periodontal parameters in adult patients visiting a dental college in 
Haryana. Materials and Methods: This cross-sectional study was performed in 317 patients visiting a dental 
college in Gurugram. Obesity parameters such as body mass index (BMI), body fat percentage (BF%), waist 
circumference (WC), and waist–hip ratio (WHR) were assessed using body fat analyzer (Omron HBF 701). 
Depending on their BMI, individuals were stratified as overweight (OW), Class 1, Class 2, and Class 3 obese. 
Periodontal status was assessed by plaque index, gingival index, probing pocket depth (PPD), and clinical 
attachment level. These periodontal parameters were correlated with BMI, BF%, WC, and WHR. Statistical analysis 
was done, and P ≤ 0.05 was considered as statistically significant. Results: The prevalence of periodontitis in 
OW, Class 1, Class 2, and Class 3 obese was 16.4%, 79.2%, 2.8%, and 1.6%, respectively. PPD was significantly 
associated with obesity determinants, especially among Class 2 and Class 3 obese individuals. Similarly, BF% 
was associated with all the periodontal parameters. Conclusion: Within the restrictions of the study, it can be 
concluded that obesity and chronic periodontitis are interlinked.
Key words:
Body mass index, obesity, overweight, periodontitis, waist circumference, waist–hip ratio

INTRODUCTION

Obesity is a multifactorial condition, which 
arises due to an undue storage of fat and 

further relies on the social, cultural, behavioral, 

psychological, genetic, and metabolic factors. 

Chronic periodontal disease is one of the most 

common diseases affecting the oral cavity 

of humans, which is an infectious condition 

distinguished by shift in the microbial ecology 

of subgingival plaque biofilms and progressive 
host-mediated destruction of tooth-supporting 

structures.[1,2] With advancing age, severity of 

periodontal disease increases, and therefore, 

in younger population, it is very important 

to control the risk factors so as to prevent the 

incidence of the same.[3] Conditions such as 

cardiovascular disease, diabetes, and low birth 

weight are interrelated with periodontitis, as they 

have been known to influence the onset as well 
as progression of periodontitis.[2]

According to WHO 2000, obesity/overweight 

(OW) is defined as a disease in which body fat 
is excessively accumulated and may adversely 

affect general health.[4] A person is said to be 

obese when his body mass index (BMI) is at least 

30.0 kg/m2, and for OW, his BMI should be in 

the range of 25–29.9 kg/m2. Similarly, a person 

whose BMI is in the range of 19–24.9 (kg/m2) 
is considered to be of normal weight. BMI is 
calculated as the ratio of body weight in kilogram 
divided by the square of the height in meters 
(kg/m2). Referring this context, BMI is a chief 
parameter to foretell obesity-related disease risks 
in a population.[5,6]

Apart from BMI, the manner in which the fat 
is stored and distributed also matters. For an 
instance, central obesity or storage of fat in visceral 
tissues is strongly related with cardiovascular 
disease.[4] This kind of storage is termed as 
“apple-shaped” obesity whereas subcutaneous fat 
is referred to as “pear-shaped” obesity.
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Body fat distribution can be calculated by waist circumference 
(WC); for men, it is 102 cm, and for women, it is 88 cm.[7]

At present, obesity has become one of the considerable 
reasons for mortality. Likewise, many diseases such as 
diabetes mellitus, cancers, dental caries, and periodontal 
diseases can also be attributed to obesity.[8] Various studies[9-12] 
have reported a correlation between OW/obesity and 
periodontitis.  Although few studies describe a positive and 
moderate association,[12-14] some have found no relationship 
between the two conditions.[13,14]

Not many studies exist in the literature regarding evaluating 
the association between obesity and periodontitis, especially 
in the Haryana province of India. Therefore, this study 
was carried out with the aim of evaluating the association 
between obesity and its determinants with clinical periodontal 
parameters in adult patients visiting a dental college in 
Haryana.

MATERIALS AND METHODS

Before initiating this cross-sectional study, ethical clearance 
was obtained from the university. This study was performed 
in the department of periodontology in Haryana. The study 
sample consisted of 317 individuals. The objective of the study 
was explained to all the participants, and a written informed 
consent was obtained.

Participants aged between 25 and 70 years with at least 
20 teeth in the mouth were recruited. Those who were 
suffering from any systemic diseases or who were under 
any antibiotic medication, any periodontal treatment within 
a duration of 6 months, physically and mentally disabled, 
and pregnant or nursing women were excluded from the 
study. Sociodemographic data such as age and gender 
were considered. BMI, body fat percentage (BF%), WC, hip 
circumference (HC), and waist–hip ratio (WHR) were utilized 
to assess obesity. Similarly, pocket probing depth (PPD), 
clinical attachment level (CAL), plaque index (PI), and gingival 
index (GI) were utilized to assess the periodontal status of an 
individual.

All the obesity parameters were taken with individuals wearing 
light clothes and bare foot. Body fat analyzer (Omron HBF 
701 Karada Scan Body Composition Monitor, Kyoto Japan) 
which works on the principle of bioelectrical impedance was 
utilized to calculate BF% and BMI. Height, WC, and HC were 
calculated with the help of measuring tape. WC was quantified 
at the narrowest point between the umbilicus and the rib cage, 
and HC was measured at the widest part of the body below the 
waist with the help of measuring tape. WHR was calculated 
as the ratio of WC to HC. BMI was calculated as the ratio of 
weight (kg) to the square of the height in meters [Figure 1]. 
Obese individuals were classified as Class 1, Class 2, and Class 3 
obese groups when their BMI was 30–34.9, 35–39.9, and >40, 
respectively.[5] Obesity, based on WC, was considered when 
WC was >102 cm (40 inches) in men and >88 cm (35 inches) in 
women. Obesity, based on WHR, was considered when WHR 
was >0.90 for men and >0.85 for women.[5,9] Similarly, BF% was 
considered high when the BF% was ≥25 for men and ≥32 for 
women.[5,10]

In the same way, periodontitis was considered to be present in 

a patient when four or more teeth with one site or more with 

PPD ≥4 mm and CAL ≥3 mm were present.[9,15] Furthermore, 

the full-mouth periodontal condition was evaluated with 

PI,[16] GI,[17] PPD,[15] and CAL.[9,15] Third molars were not 

incorporated.

Statistical analysis
Descriptive statistics was performed by evaluating mean and 

standard deviation for the continuous variables. Nominal 

categorical data among study groups were compared utilizing 

Chi‑square goodness‑to‑fit test. The software used for the 
statistical analysis was Statistical Package for Social Sciences 

version 21.0 and Epi-info version 3.0. IBM Inc.(Chicago, USA).

The statistical tests applied were one-way ANOVA, post hoc 

tests, unpaired or independent t-test, and Pearson’s correlation 

coefficient (r) test.

P value was taken significant when <0.05 (P < 0.05), and 

confidence interval of 95% was taken.[18,19]

RESULTS

The relevant characteristics of the study population are 

represented in Table 1. The mean age of the study participants 

was 41.05 ± 10.8. Male patients predominated over female 

patients (comprising 203 of 317). Obesity determinants and 

periodontal parameters were assessed in all the individuals. 

One-way ANOVA test was utilized to analyze the data.

Table 2  Score of various Periodontal Parameters among 

different categories of BMI. On comparing mean values of 

periodontal parameters, significant difference was obtained for 
all the periodontal parameters (P ≤ 0.012, P ≤ 0.019, P ≤ 0.010, 
and P ≤ 0.048 for PI, GI, PPD, and CAL, respectively).

Table 3 represents mean periodontal parameters among normal 

and high WC and WHR (normal waist circumference [NWC], 

Figure 1: (a) Body mass index calculated by body mass index analyzer. 
(b) Measurement of waist circumference with measuring tape. (c) Body mass index 

analysis of the patient. (d) Measurement of hip circumference with measuring 
tape. (e) Calculated body fat percentage by the body mass index analyzer

d

cb

a

e
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high waist circumference [HWC] and normal waist–hip 

ratio [NWHR], high waist–hip ratio [HWHR]). Unpaired 

t-test was utilized for comparison among these individuals. 

There was no statistical difference when PI and GI were 

compared among NWC and HWC (P ≤ 0.0169 and P ≤ 0.577 
for PI and GI, respectively). Similarly, on comparison 

between NWHR and HWHR (P ≤ 0.06 and P ≤ 0.68 for 
PI and GI, respectively), no significant difference was 

obtained. However, on comparing the mean values of PPD 

and CAL scores, a significant difference was obtained. 

Graphs 1 and 2 indicate correlation of BMI and BF% with 

different periodontal parameters. Pearson’s correlation 

test was used, and a highly significant result was found 
between BMI and PPD (P ≤ 0.005), whereas others were 
nonsignificant. However, highly significant results were 

found for all the periodontal parameters when correlated with 

BF% (P ≤ 0.001). Table 4 represents the univariate analysis. 

All known anthropometric measures were significantly 

related with increased odds of having periodontitis. In the 

multivariate analysis, Class 2, Class 3 obesity, HWC, and 

high BF% individuals remained significantly associated 

with increased odds of periodontitis. Graph 3 indicates 

the prevalence of periodontitis in various BMI categories. 

Chi-square test was used to evaluate the prevalence among 

different BMI categories. The highest prevalence was seen in 

Class 1 obese individuals (79.2%) whereas least prevalence 

was found in Class 3 obese individuals (1.6%).

DISCUSSION

Periodontitis is proposed to be associated with obesity and OW, 

as they affect the host susceptibility by increasing inflammatory 
mediators leading to periodontitis.[13,20,21]

The unfavored consequence of obesity on the periodontium 

could be moderated by pro-inflammatory cytokines 

(interleukin [IL]-1, IL-6, and tumor-necrosis-factor [TNF]-α), 

and an inverse relationship has been reported with 

antioxidants.[13,21] Genco et al.[22] reported that obesity is 

linked with high-plasma concentrations of TNF-α, which 

can lead to a hyperinflammatory state which results in tissue 
destruction.[21,23]

In the current study, 317 participants were enrolled. The 

sample size was calculated as depicted by Daniel[24] which is 

more than the enrolled participants in the studies conducted 

by Mathur et al.,[10]  Ekuni  et al.,[2] and Khan et al.[25] However, 

studies conducted by Bhola et al.[26] and Rivera et al.[27] had more 

number of participants than the current study.

In the present study, 203 (64%) were males and 114 (36%) were 

females. Saito et al.[11] conducted a study in 2001 and reported 

that male persons were affected with obesity more than the 

females. Whereas, Ana et al.[28] in 2016 found women to be 

more affected by obesity.

The mean age of study participants was 41.05 ± 10.8. This 

finding is in accordance to Al‑Zahrani et al.[21] and Mathur et al.[10]

In the present study, BMI was used to measure and stratify 

obese individuals. There are many methods to evaluate 

Table 1: Relevant characteristics of the study population
Variables n (%)
Sample size 317 (100)
Gender

Male 203 (64)
Female 114 (36)

Age (years)
25-45 230 (72.6)
46-70 85 (27.4)
Mean age 41.05

BMI
OW 52 (16.4)

Obesity
Class I 251 (79.2)
Class II 9 (2.8)
Class III 5 (1.6)

NWC 74 (23.3)
HWC 243 (76.7)
WHR
Mean

Male 0.97
Female 0.87

NWC – Normal waist circumference; HWC – High waist circumference; 
WHR – Waist-hip ratio; n – Sample size; BMI – Body mass index; 
OW – Overweight

Graph 1: Correlation of body mass index with different periodontal parameters. 
PI – Plaque Index; GI – Gingival Index; PPD – Pocket probing depth; CAL – Clinical 

attachment level

Table 2: Mean plaque index, gingival index, pocket probing depth, and clinical attachment level scores among 
different categories of body mass index
BMI 
categories

PI GI PPD CAL
Mean±SD P Mean±SD P Mean±SD P Mean±SD P

OW 1.58±0.53 0.012* 1.43±0.61 0.019* 3.6±0.56 0.010* 4.18±0.74 0.048*
Class 1 1.81±0.55 1.48±0.55 3.86±0.88 4.24±1.03
Class 2 2.11±0.25 1.59±0.35 4.5±0.55 4.71±0.59
Class 3 2.04±0.28 1.7±0.32 4.7±0.37 4.87±0.41
*Significant (P<0.05). OW – Overweight; SD – Standard deviation; PI – Plaque Index; GI – Gingival Index; PPD – Pocket probing depth; CAL – Clinical 
attachment level; BMI – Body mass index; P – Probability value
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obesity but BMI remains the most popular.[3,9,11,29,30] The WHO 

has also documented that BMI provides the most useful 

population-level measure of OW and obesity as it is the same 

for both sexes and all ages of adults.[29] In the present study, 

depending on the BMI value, participants were stratified into 
normal weight (<24.9 kg/m2), OW or preobese (25–29.9 kg/m2), 

and obese (>30 kg/m2).[5] Obese individuals were further 

divided into Class 1, Class 2, and Class 3 according to the 

WHO criteria.[5] Among the obese, 16.4% were OW, 2.8% were 

Class 2 obese, 1.6% were Class 3 obese, and the maximum 
number of participants were Class 1 category comprising of 
79.2%. Not many studies are there in the literature in which 
they have categorized the obese individuals.[9,3,10] Nevertheless, 
Pataro et al.[30] have used similar categorization for a study in 
obese women.

The BMI was correlated with different periodontal parameters, 
and it was found to be significantly associated with increasing 
PPD. This finding is in accordance to a study done by Nishida 
et al.[31] Vecchia et al.[32] proved a positive correlation among 
periodontitis and obese individuals. Al-Zahrani et al.[21] 
also confirmed this association of BMI and increased risk of 
periodontitis.

In the present study, on stratifying the study participants, we 
found that only 5 individuals could be classified as Class 3 
obese.  However, univariate (5.77) and multivariate (4.19) 
analysis revealed highest odds of having PD, as was exhibited 
by the Class 3 individuals. This suggests definitive relationship 
between obesity and periodontal disease.

The possible mechanism behind the association among BMI 
and periodontitis can be attributed to the fact that adipose 
tissue commonly comprised of 5%–10% macrophages whereas 
in obese patients, the same tissues reveal approximately 60% 
macrophage infiltration.[4] Adipocytes produce molecules 
named adipokines, which are bioactive and have the ability 
to either modify or activate inflammation and fat metabolism 
locally or systemically as signaling molecules to liver, muscle, 
and endothelium. Hence, the adipose tissue is considered to be 
a highly active endocrine organ.[4,20] Further, pro‑inflammatory 
cytokines such as TNF α and IL-6 are secreted by adipose 
tissue. This in surge of TNF-α and its receptors results in 
hyperinflammatory state leading to periodontal attachment 
loss.[28]

On the contrary, Goodson et al.[33] stated that oral bacterial 
may have a role in obesity via 3 possible mechanisms. First, 
the oral bacteria may lead to an increased metabolic efficiency 
as suggested by the “infectobesity” proponents.[33] As per this 
phenomenon, a small discrepancy in calorie consumption 
can cause weight gain. Second hypothesis proposes oral  

Graph 3: Prevalence of periodontitis among different body mass index categories

Graph 2: Correlation of body fat percentage with different periodontal parameters. 
PI – Plaque Index; GI – Gingival Index; PPD – Pocket probing depth; CAL – Clinical 

attachment level

Table 3: Mean plaque index, gingival index, pocket probing 
depth, and clinical attachment level scores among normal 
waist circumference, high waist circumference, normal 
waist‑hip ratio, and high waist‑hip ratio

Mean±SD P Mean±SD P
NWC HWC NWHR HWHR

PI 1.71±0.53 1.81±0.55 0.169 1.61±0.56 1.82±0.54 0.06
GI 1.51±0.62 1.47±0.53 0.577 1.38±0.67 1.5±0.53 0.068
PPD 3.35±0.77 3.84±0.86 0.046* 3.63±1 3.89±0.81 0.032*
CAL 3.64±0.8 4.22±1.02 0.027* 4±1.12 4.3±0.94 0.039*
*Significant (P<0.05). NWC – Normal waist circumference; HWC – High 
waist circumference; NWHR – Normal waist-hip ratio; HWHR – High 
waist-hip ratio; SD – Standard deviation; PI – Plaque Index; GI – Gingival 
Index; PPD – Pocket probing depth; CAL – Clinical attachment level;  
P – Probability value

Table 4: Represents univariate and multivariate analysis 
of body mass index, waist circumference, waist‑hip 
ratio, and body fat percentage

Univariate analysis Multivariate analysis
OR (95% CI) P OR (95% CI) P

BMI
OW 1 1
Type 1 obese 1.45 (1.02-2.92) 0.040* 1.22 (0.89-1.19) 0.114
Type 2 obese 2.45 (1.21-4.28) 0.009* 2.03 (1.11-3.59) 0.016*
Type 3 obese 5.77 (2.89-9.10) <0.001* 4.19 (2.47-7.38) 0.001*

WC
Normal 1 1
High 2.99 (1.92-5.11) 0.005* 2.54 (1.42-3.70) 0.012*

WHR
Normal 1 1
High 1.88 (1.14-3.51) 0.011* 1.38 (1.04-2.09) 0.081

BF %
<30 1 1
>30 2.08 (1.23-4.34) 0.009* 1.82 (1.10-4.02) 0.044*

*Significant (P<0.05). OW – Overweight; WC – Waist circumference; 
WHR – Waist-hip ratio; BF % – Body fat percentage; OR – Odds ratio; 
CI – Confidence interval; BMI – Body mass index;  P – Probability value
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bacteriastimulate the appetite (to gain more nutrients) resulting 
in increased consumption of food and thus weight gain. A third 
hypothesis suggests that oral bacteria enhance the levels of 
TNF-α or decrease adiponectin levels, which facilitates insulin 
resistance and redirection of the energy metabolism.[33]

The current study also defined obesity by BF%. WHO has 
provided reference standards as in cutoff values for obesity 
by BF% among men and women. Men are defined to be obese 
if BF% >25%, and for women, cutoff values is >35%. Saxlin 
et al.[34] and Khader et al.[9] also used BF% to define obesity. In 
our study, BF% is significantly associated with increased PPD 
and CAL as well with PI and GI. Wood et al.[35] stated that PPD 
and CAL are the indicators of periodontal disease and further 
confirmed their correlation with increased BMI.

Univariate and multivariate analyses were utilized to assess 
the odds ratio (OR), and we found higher OR with high 
BF% (2.08 [P = 0.009] and 1.82 [P = 0.044]) in univariate and 
multivariate analysis, respectively. In a study conducted by 
Khader et al.,[9] OR was 1.84 for persons who had BF% >30. 
This finding is consistent with our study. Similar results were 
obtained by Saito et al.[11] and Wood et al.[35]

The stimulation of osteoclast formation and the host response 
to periodontal pathogens produced by TNF-α induce 
alveolar bone destruction and participate in connective tissue 
destruction. The association between IL-6 and periodontitis 
is not clear, due to the pro‑ and anti‑inflammatory actions of 
this interleukin.[22]

Considering these facts, WC and WHR were utilized to define 
obesity. In the present study, 23.3% individuals were having 
NWC whereas 76.7% had HWC. Diverse results are available 
in the literature regarding WC. Khader et al.[9] reported 42.5%, 
Gorman et al. 9%,[36] and Han et al.[12] reported 30% of study 
participants having HWC. In many studies, measures of 
abdominal obesity such as WC and WHR were more closely 
related to periodontal disease than BMI.[21,37]

In the present study, the mean value of WHR in males was 
0.97 and females was 0.87. Results are in accordance to Wood 
et al.,[35] Saito et al.,[11] and Han et al.[12] Various authors have 
elucidated that visceral fat accumulation (abdominal obesity)[12] 
that is observed in upper body obesity is associated with more 
health problems than lower body obesity and subcutaneous 
fat regardless of BMI.[38-40] On examining the variables such 
as WC and WHR, the present study indicates that increased 
WC and greater WHR were significantly associated with 
increased PPD and CAL. Univariate and multivariate 
analysis were utilized to assess the OR, and we found 
higher OR with HWC (2.99 [P = 0.005] and 2.54 [P = 0.012]). 
Similarly, for WHR, higher OR was found to be in HWHR 
individuals (1.88 [P = 0.011] and 1.38 [P = 0.081]).

These findings are in accordance to Al‑Zahrani et al.,[21] in which 
authors found that WC and prevalence of periodontitis were 
significantly associated (adjusted OR 2.27) with periodontitis 
which is less than that of our study. Reeves et al. stated that 
each 1 cm increase in WC is associated with 5% increase in the 
risk of periodontitis.[20] Our results for WHR are similar to Saito 
et al.[11] and Wood et al.[35]

Although the study has shown significant association between 
obesity and periodontitis, there are few limitations.  The 

cross-sectional design of this study precluded determining the 

temporal sequence whether the study participants who were 

diagnosed with periodontitis had accumulated excess fat  in 

their childhood or not. Apart from this, the sample size of the 

study could have been increased. However, an extension of 

the study is underway.

Second, the role of genetics and other confounding factors 

taken such as oral health behaviors, for example, brushing 

and flossing, psychosocial factors, and eating habits were not 
considered in the study.

CONCLUSION

Within the constraints of the study, it can be concluded that 

obesity and periodontitis are associated. Although CAL was 

not associated with obesity, PPD was significantly correlated 
with obesity determinants. However, our understanding of 

how obesity modifies periodontal disease pathogenesis at the 
molecular level is unknown. Recently, some of these miRNA 

species have also been identified as possible modifiers of 
inflammatory pathways.
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ABSTRACT

Gingiva participates in the harmony of smile with its 
pigmentation playing a crucial role. The condition is benign 
but is de!nitely unesthetic to patients. Depigmentation 
treatment is often sought for by today’s patient and numerous 
modalities are available for the same. The gingival biotype, 
clinician’s expertise, patient preferences, and recurrence rate, 
greatly determine the selection of a technique. We embraced 
the simple yet predictable surgical approach in the present 
article. Above all, the results were excellent as perceived by the 
patient.

Keywords: Gingival Depigmentation; Esthetics; Pigmentation; 
Articaine; Scalpel; Bur abrasion 

INTRODUCTION

Esthetic is de!ned as “Appreciative of responsive to, what 
is pleasurable to the senses of beauty and culture”. Dental 
esthetics has become increasingly important in the practice 
of modern dentistry and is synonymous with a natural, 
harmonious appearance [1,2]. Gingiva participates in the 
harmony of smile with its pigmentation playing a crucial role. 
It is well documented in literature and etiology is multifactorial 
including genetic factors, tobacco use, systemic disorders 
and prolonged administration of certain drugs especially 
antimalarials and tricyclic antidepressants. Even though the 
condition is benign, yet pigmentation of gingiva is considered 
to be unesthetic by patients, and it may have a psychological 
impact on them [3]. The !ve primary causative pigments stated 
are melanin, melanoid, oxyhemoglobin, reduced hemoglobin, 
carotene; and others like bilirubin and iron [4].

Gingival depigmentation is a periodontal plastic surgical 
procedure [5] whereby hyperpigmentation is removed or 
reduced. The various techniques suggested in previous 
studies are: -

i. Split thickness epithelial excision/scalpel surgical 
technique/surgical stripping [6]

ii. Gingival abrasion [7]

iii. Free gingival grafting [3]

iv. Electrosurgery [3]

v. Cryosurgery [7]

vi. Radiosurgery [8]

vii. Soft tissue lasers [9]

https://www.jdentistry.com/
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viii. Acellular dermal matrix allograft [3]

ix. By Chemical methods: Using agents such as alcohols,                                                                                               
henols and ascorbic acid [3]

A simple expedient method is described in this article. Note 
worthily, the same did not require sophisticated instruments 
and apparatus. Nonetheless, it yields acceptable results 
thereby satisfying the patient’s concern.

CASE REPORT

A 22-year-old female reported to the Department of 
Periodontology and Implantology, with a chief complaint 
of blackish discoloration (Figure 1) of the front gum region. 
The patient observed the same for the past two years. On 
examination, lips were competent, with intraoral !ndings of 
melanin pigmentation seen at attached gingiva including 
papillae. The involvement was noted in both maxillary and 
mandibular anterior region from around premolar to premolar 
area, besides mild stains and calculus. Complete blood count 
(CBC) was done thereafter, in order to particularly evaluate the 
bleeding, clotting time, and haemoglobin percentage. All the 
values were found to be in the normal range. All the treatment 
modalities were explained and a duly signed written informed 
consent was obtained from the patient prior to the operative 
phase.

CLINICAL PROCEDURE

Following thorough oral prophylaxis, the site was anesthetized 
using 4% articaine HCl with 1:100,000 adrenaline by mucosal 
in!ltration. Using a 15 no. Bard Parker blade and scalpel, two 
incisions were placed (Figure 2), which was held parallel to the 
gingival surface. These extended from gingival margin to the 
vestibular area, a little beyond the limits of the pigmented band. 
The vertical cuts demarcated the surgical area. Epithelium and 
a portion of the connective tissue was gingerly sliced in the 
partial thickness fashion (Figure 3) and dissected out (Figure 4) 
from one end of the vertical incision. The due signi!cance was 
given to the physiological saline irrigation throughout whole 
process until completion.

Care was taken, however not to tear the tissue or leave any 
pigmented spot behind or expose the bone. Next, a straight 
!ssure no. 8 diamond bur mounted on contra-angled 
handpiece was used (Figure 5) again with copious lavage. It 
is recommended to use the appropriately larger size bur for 
abrasion. The smaller ones do not only smoothen surface 
easily, but also have a tendency to make small pits in the 
area which needs subsequent correction. In this case, the 
feather-light brushing strokes were made use of to attain goal 
of completely eliminating the remnants (Figure 6), without 
holding the bur at one place only. Lastly, depending on the 
extent of the manoeuvre, the thus denuded lamina propria 
was shielded with COE PAK™ (Figure 7) intended to be in place 
for a week.

Figure 1: Preoperative view

Figure 2: Incision placed

Figure 3: Partial thickness elevation

Figure 4: Incised tissue

Figure 5: Bur abrasion

Figure 6: Immediate postoperative view
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DISCUSSION

Oral pigmentation occurs in all races of man still the intensity 
and distribution of in oral mucosa is variable; not only between 
races but also between di"erent individuals of the same race 
and again within di"erent areas of the same mouth [4]. The 
degree of pigmentation is partially related to mechanical, 
chemical, and physical stimulation [10]. Melanin pigmentation 
as in our case is frequently caused by melanin deposition by 
active melanocytes located mainly in the basal and suprabasal 
layer of the oral epithelium.

For the reason that patient gave a history of allergy to 
lignocaine injection, that atricaine was administered. 
Moreover, comparing articaine to the routine lignocaine, 
the potency of articaine is believed to be 1.5 times to that of 
lignocaine and its toxicity is 0.6 to that of lignocaine [11]. So 
even a lesser equivalent of former predictably numbs the area 
adequately. We adopted a stereotypical approach to address 
the issue although there is an evidence of various other above-
mentioned ways used earlier. The gingival biotype, clinician’s 
expertise, patient preferences, and recurrence rate, greatly 
determine the selection of a technique. A recent research 
utilized plasma as a novel treatment technique for gingival 
hyperpigmentation and gummy smile [3]. Plasma is the fourth 
state of matter and the mechanism is based on the release of 
ozone, the free radicals and reactive species.

An uneventful healing was observed with absence of 
postoperative pain, haemorrhage, infection or scarring (Figure 
8) on !rst follow-up visit. A critical concern in the management 
is a high rate of relapse. Repigmentation refers to the clinical 
appearance of melanin pigment following a period of clinical 
depigmentation [3]. The complete removal of remnants could 
possibly explain the fact that there was no repigmentation 
(Figure 9) at three months interval. The patient is further 
monitored for the same. There is paucity of data and majority 
of the available literature so far is comprised of case reports. 
The need of the hour is randomized controlled longitudinal 
studies to identify the e#ciency and e"ectiveness of available 
solutions.

CONCLUSION

Patient’s acceptance of the attempt was good and results 
were excellent as perceived by the patient. Growing cosmetic 
demands for gum sculpting and relieving gum discoloration 
necessitates any dental set-up to be fully equipped with 
lasers and other modern devices. Having said that, it is 
equally expected from a dental professional to have a sound 
knowledge, as well as expertise in conventional knacks.
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Introduction

One of  every two children in India suffers from dental caries. 
With a pooled prevalence rate ranging from 50.8% to 62.4% in 
children, dental caries is still the most common dental problem.[1] 
In recent years, even though overall caries indicators have shown 
a marked reduction, an increase in early childhood caries (ECC) 
has been documented. ECC is the presence of  1 or more 
decayed, missing due to caries, or filled tooth surfaces (DMFS) 
in any primary tooth in a child at 71 months of  age or younger. 
Prevalence of  ECC in India at 5 years of  age is found to be 49%.[2]

In spite of  a recent mild declining trend, dental caries prevention 
and control in children remains one of  the most daunting 
problems faced by the primary care dentist. Wide urban-rural 
variations in dental caries, along with cultural and age‑related 
variations make caries prevention and control a challenging task.

This challenge of  prevention and control of  dental caries in 
children is bound to rise in the future. Even at present, children 
below 14 years of  age make up 30.7% of  India’s population.[3] 
This percentage is poised to increase and peak in the near future. 
Therefore, there is a forthcoming need to find a solution for 
control of  dental caries that is quick, inexpensive, and painless.

One such solution that has been recently postulated and tested 
is the use of  silver diamine fluoride (SDF). SDF is a colorless 
alkaline solution containing silver and fluoride, which forms a 
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mixed heavy‑metal halide coordination complex with ammonia. 
The combined effects of  silver and fluorides can simultaneously 
arrest caries progression and prevent the development of  new 
caries by reducing the CFU (Colony Forming Units) counts of  
mono-species strains of  S. mutans and Actinomyces naeslundii.[4] 
Further, SDF also enhances the mineral content of  dental hard 
tissues and promotes the absorption of  calcium. Hence, carious 
lesions treated with SDF are known to have a significantly higher 
surface microhardness.[5-7]

SDF was approved for use as a therapeutic agent in Japan 
in the 1960s.[5] It has also been used in Argentina, Australia, 
Brazil, and China for many years to treat dental caries.[8] In 
2014, the US Food and Drug Administration (FDA) cleared 
the first SDF product for use in the USA.[9] Various uses of  
SDF that have been documented in the literature so far are 
to arrest caries of  the primary teeth in children[5] to prevent 
pit and fissure caries of  the erupting permanent molar[10] and 
prevent root caries in elderly people.[11] However, until now, 
the evidence about the clinical efficacy of  SDF for control of  
dental caries among children is not clear. Hence, the present 
study aims at determining the efficacy of  38% SDF application 
in the control of  dental caries among children with primary 
dentition.[12-14]

Materials and Methods

PRISMA (Preferred reporting items for systematic reviews and 
meta‑analysis) reporting guidelines were followed to conduct 
this review systematically.

Eligibility criteria
The design of  this systematic review was conducted by referring 
to PICOS (Participants, Intervention, Comparison, Outcomes, 
Study Design) schema. We included studies meeting the following 
inclusion criteria:
• Participants: children with primary dentition;
• Intervention: topical 38% SDF solution (any frequency) 

applied by any health care worker at whichever sites;
• Compar i sons :  no  in ter vent ion ,  p lacebo,  o ther 

concentrations of  SDF, any topical cariostatic agents, 
resin or glass ionomer pit and fissure sealants or restorative 
materials;

• Outcomes: the primary outcome was the development of  new 
dentin caries lesions at the surface. Adverse events reported 
have been reported as secondary outcomes;

• Study Design: all parallel‑group, clinical trials with a follow‑up 
of  at least 1 year.

Another inclusion criterion was the articles in the English 
language only. Studies that did not meet one of  these criteria 
such as case series, animal studies, systematic reviews, 
narrative reviews, expert opinions, Delphi studies, guidelines 
by various organizations, and letters to the editor were 
excluded.

Search strategy
The literature searches were performed in October 2019 and 
were searched from January 1998 to October 2019. Articles were 
searched in Medline via PubMed, EMBASE, SCOPUS, Web of  
Science, Lilacs, and Cochrane library. In addition, ClinicalTrials.
gov and Clinical Trials Register of  India were searched for 
unpublished studies. The search was restricted to the English 
Language. A planned search strategy was developed for PubMed 
and later adapted for other databases. The literature search was 
carried under three broad sections:

Search #1: “Silver Diamine Fluoride” OR “Diammine Silver 
Fluoride” OR “Ammonical Silver Fluoride” OR Silver Ammonia 
Fluoride” OR “Silver Fluoride” OR “Quaternary Ammonium 
Compounds”[MeSH Terms] OR “Silver Nitrate + Caries”

Search #2: “Children + Caries + Silver” OR “Dental 
Caries + Therapy + Silver” OR “young children + Care 
M a n a g e m e n t  +  D e n t a l ”  O R  “ C a r i o s t a t i c 
Agents  + Therapeut ic  + Chi ldren”  OR “Denta l 
Atraumatic Restorative Treatment/Methods” OR “Dental 
Caries + Prevention + Control + Silver” OR “Dental Caries + Drug 
Therapy” OR “Primary dentition.”

Further, references of  various reviews on SDF were used to find 
any possible articles.

Search 3: #1AND#2

All the data generated from the search was uploaded to 
End‑Note X7 (Thomson Reuters, San Francisco, CA, USA) to 
remove duplicate articles. Two reviewers independently screened 
all the studies and selected studies after the application of  
inclusion and exclusion criteria.

Two reviewers pilot tested the eligibility criteria on a sample of  
10 reports. After independently assessing these studies, they 
discussed the problems met in the application of  the defined 
eligibility criteria. After a thorough discussion, they independently 
examined the titles and abstracts of  each of  the remaining articles.

Study selection
A total of  2936 papers were identified through the electronic 
searches as shown in Figure 1. After removal of  duplicated 
and initial screening, 201 papers were evaluated for eligibility 
from which 146 papers were not eligible. Seventeen studies 
were assessed for eligibility criteria. Only four studies could be 
included for data synthesis after the application of  inclusion and 
exclusion criteria.

All six authors independently read all the selected studies, 
extracted the information, and assessed their quality and risk of  
bias in an assessment table [Table 1] by using the critical appraisal 
worksheet for controlled clinical trials from the Oxford Centre 
for Evidence‑based Medicine (CEBM 2005).[15] All the authors 
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argued on differences in critical appraisal worksheet until they 
attained a consensus.

Results

Four studies were selected for review after inclusion and exclusion 
criteria and are shown in Table 2. All the studies showed that 
38% SDF is superior for caries arrest in comparison to other 
interventions. 38% SDF showed higher caries arrest compared 
to other lower percentages of  SDF but the difference was not 
statistically significant. Sample size estimation was described in 
all the studies. Fung et al. (2018) studied a sample of  888 children 
from kindergartens of  Hong Kong.[16] Yee et al. (2009) studied 
976 children from kindergarten and primary schools in Nepal.[17] 
Chu et al. (2003) conducted their study on 375 children and 
Llodra et al. 2004 conducted the study on 452 school children 
in Cuba.[7,18] One of  the included trials was registered in the US 
clinical trials registry.[16]

One study by Fung et al. recorded adverse effects.[16] These were 
telephonically confirmed in case of  short‑term adverse events, 
while long‑term effects were discovered on the examination 
of  the participant. Adverse events determined were nausea, 
not eating, dysphagia, dyspnea, swelling around lips and face, 
itchiness, rashes, stomach ache, and diarrhea. They found 
that there was a difference of  0.6% between adverse events 
recorded between test and control groups. The effects examined 
were gingival or mucosal ulceration or swelling and black 
discoloration. In the study by Llodra et al., 3 patients developed 
white mucosal lesions that were mildly painful.[18] The reason 
for the development of  these lesions was inadvertent contact 
with SDF solution.

A study by Fung et al. (2018) showed that 38% SDF applied after 
12 months and 6 months showed a caries arrest rate of  66.9% 
and 75.7%.[16] This was considerably higher than caries arrest by 
12%SDF. A study by Yee et al. (2009) in Nepal evaluated the mean 
number of  arrested caries, which was found to be significantly 
greater in 38% SDF with (4.5 ± 0.4) or without (4.2 ± 0.3) 
tea extracts.[17] In a study by Llodra et al. in 2005, there was a 
significant difference between the mean number of  inactive caries 
among 38% SDF (2.8 ± 0.3) and control group (1.8 ± 0.3).[18]

The lost to follow‑up was evaluated by all the studies as outlined 
in Table 2. For Fung et al., the main reason for lost to follow‑up 
was found to be moving to another Kindergarten.[16] Other 
studies have not mentioned the reason for lost to follow‑up.

Quality of  studies was evaluated using the modified Centre for 
Evidence‑Based Medicine (CEBM) criteria [Table 1]. One study by 
Fung et al. showed a high quality of  evidence as they fulfilled 8 out 
of  9 criteria.[16] A study by Llodra et al. (2003)[18] was evaluated to 
provide moderate level of  evidence with CEBM score of  6, while 
the two studies by Chu et al. (2002)[7] and Yee et al. (2009)[17] were 
found to have low‑quality evidence with scores 5 and 4, respectively.

Discussion

This review is based on evidence from four clinical trials that assessed 
the role of  38% SDF in the control of  dental caries in primary teeth. 

Table 1: Critical appraisal worksheet summary for clinical trial
Author, Year, 
Country

Randomized 
assignment of  
subjects

Similar 
groups at 
baseline

Equal 
treatment 
of  groups

Intention 
to treat 
analysis

Double 
blinded 
study design

Examiners 
calibrated 

Large 
effect 
size

Precision 
of  
estimate

External 
validity

Extent to 
which criteria 
were met

Fung et al.[16]; 
2018, Hong Kong

Yes Yes Yes Not 
mentioned

Yes Yes Yes Yes Yes 8 out of  9 
criteria met

Yee et al.[17]; 2009, 
Nepal

Done, method of  
random allocation 
not described 

Yes No No Not 
mentioned

Yes No Yes Yes 4 out of  9 
criteria met

Chu et al.[7]; 2002, 
China

Not mentioned Yes No No No.
Single blind

Yes Yes Yes Yes 5 out of  9 
criteria met

Llodra et al.[18]; 
2005, Cuba

Done, method of  
random allocation 
not described 

Yes Yes No No.
Single blind

Yes Yes Yes Yes 6 out of  9 
criteria met

Figure 1: Flow Diagram showing the process of study selection for 
eligibility
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A concentration of  38% SDF has been studied widely in the recent 
past and has shown promising results in the arrest of  dental caries. 
The studies selected showed the varying levels of  evidence regarding 
safety and efficacy of  38% SDF in dental caries control. Reviews 
have been done on the effects of  SDF application on mixed and 
permanent dentition; however, limited evidence exists on the efficacy 
of  38% SDF in primary teeth. One of  the most important outcome 
evaluators was the number and rate of  teeth showing arrested caries 
post-treatment. Studies also considered other outcomes such as 
the number of  new caries and oral hygiene‑related behaviors. The 
studies also included adverse effects and events as markers of  the 
safety of  treatment by 38% SDF.

The cumulative results of  the studies showed that 38% SDF 
application is efficacious and safe for the control of  dental caries 
in primary teeth. Its advantages over different other techniques 
as well as placebo have been demonstrated. We chose 38% SDF 
application as one of  the eligibility criteria because there are 
studies showing the difference in caries arrest in different 
percentages of  SDF.[16,19]

Two studies showed similar arrest rates for dental caries.[16,17] In 
all the studies, there was a significant difference between caries 
arrest shown in the treatment and the control arms. The study 
by Fung et al. (2018) showed that 38% SDF had application led 

Table 2: Summary of studies included for systematic review
Author/
Year/
Country

Setting/Study 
design/duration 
of  Follow-up (in 
months)

Inclusion 
criteria; Age 
range (years)/
Mean±SD

Sample size/
Lost to 
follow-up

Treatment Protocols 
included

Clinical 
Outcome 
measures

Clinical Outcomes

Fung et al.[16]; 
2018; Hong 
Kong

37 kindergartens; 
Randomized 
clinical trial;
30 months

Healthy 
children aged 
- 3 to 4 years, 
Minimum one 
soft carious 
lesion in dentin;
3‑4/3.8±0.6

Baseline n=888; 
Lost to follow‑up 
n=89 (10%) at 30 
months

Group 1: 12% Silver 
diamine fluoride every 12 
months.
Group 2: 12% Silver 
diamine fluoride every 6 
months.
Group 3: 38% Silver 
diamine fluoride every 12 
months.
Group 4: 38% Silver 
diamine fluoride every 6 
months

1) Difference in 
caries arrest rate 
from baseline.
(2) Changes in oral 
hygiene-related 
behaviors from 
baseline.
(3) Effect of  SDF 
on plaque.

(1) Caries arrest rate: 
Group 1‑55.2%, 
Group 2‑58.6%, 
Group 3‑66.9%, 
Group 4‑75.7%
(2) All groups showed a 
change in oral hygiene 
behaviors from baseline, 
with no significant 
difference among groups.
(3) Concentration of  SDF 
and frequency of  application 
significantly affected Visual 
Plaque Index scores.

Yee et al.[17]; 
2009; Nepal

Kindergarten and 
primary school; 
Randomized 
Controlled Trial; 
24 months

Not mentioned
3 to 9/5.2±1.2

Baseline n=976; 
Lost to follow‑up 
n=68 (7%) 
at 6 months 
n=208 (21.3%) 
at 12 months 
n=342 (35%) at 
24 months

Group 1: Single application 
of  38% SDF alone.
Group 2: Single application 
of  38% SDF with tannic 
acid as reducing agent.
Group 3: Single application 
of  12% SDF alone.
Group 4: (Control) No 
treatment.

Change in active 
carious surfaces 
to arrested 
caries surfaces 
post-treatment

Mean number of  arrested 
caries: Group 1‑2.1, 
Group 2‑2.2, Group 3‑1.5, 
Group 4‑1.
There was no significant 
difference between 38% 
SDF with or without 
reducing agent in arresting 
active caries

Chu et al.[7]; 
2002; China

8 kindergartens; 
Controlled 
clinical trial; 30 
months

Not mentioned
3‑5/4±0.8

Baseline n=375; 
Lost to follow‑up 
n=67 (18%) at 30 
months

Group 1: 38% SDF with 
caries excavation.
Group 2: 38% SDF 
without caries excavation.
Group 3: 5% sodium 
fluoride with caries 
excavation.
Group 4: 5% sodium 
fluoride without caries 
excavation.
Group 5: water (Control)

(1) Number of  
new and arrested 
carious tooth 
surface.
(2) Black and 
nonblack arrested 
carious lesion

(1) Mean numbers of  
arrested carious tooth 
surfaces: Group 1‑2.5, 
Group 2‑2.8, Group 3‑1.5, 
Group 4‑1.5, Group 5‑1.3.
There were statistically 
significant differences in the 
mean number of  arrested 
carious tooth surfaces 
among the five treatment 
groups.
(2) Children who received an 
annual application of  SDF 
had a higher proportion 
of  their arrested caries 
appearing black.

Llodra et al.[18]; 
2005; Cuba

Schools; 
Controlled 
clinical trial; 36 
months

Children 
above 6 years 
of  age; 6 or 
more/6.29±0.48

Baseline n=452; 
Lost to follow‑up 
n=79 (17.5%) at 
36 months

Group 1: 38% SDF group.
Group 2: Regular group 
on Sodium fluoride 
applications.

Mean number 
of  new decayed 
surfaces appearing 
in primary teeth 

Mean number of  
new decayed surfaces: 
Group 1‑0.29, Group 2‑1.43
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to an increase of  18%–20% in caries arrest rate as compared to 
control of  12% SDF.[16]

Whereas studies have shown a comparison between 38% SDF 
with other materials and lower concentrations of  SDF, these trials 
do not compare with higher concentrations of  SDF to assess 
the efficacy and safety of  higher concentrations. The mechanism 
of  action of  SDF is not clear and studies should be carried out 
to determine the mechanism of  action of  SDF. Further, the 
reasons why 38% SDF has greater efficacy when compared to 
lower concentrations have not been probed. There is a need to 
determine the cause of  increased efficacy of  SDF with increased 
concentration. It is important to actively collect and describe 
patient or parent perceived outcomes in clinical trials as well.

The free fluoride concentration of  SDF is around 44,800 ppm 
and silver concentrations maybe 255,000 ppm. Therefore, these 
solutions should be used cautiously to prevent acute reactions 
and allergies in pediatric patients. In addition, proper isolation 
of  gingival tissues is necessary as some adverse reactions have 
been reported with the contact of  SDF with gingiva. Another 
important adverse reaction that has been reported with SDF is 
the black staining of  surfaces where it is applied. Black staining of  
the carious surface is often a concern with the parents of  the child 
patients in anterior teeth. However, in posterior teeth, it is not a 
cause of  concern. The concern of  parents about discoloration 
and staining may be a culturally dependent factor. Perceptions 
of  parents belonging to different cultural backgrounds about 
the acceptability of  black staining of  carious lesions in different 
parts of  the mouth may be an important area of  future research. 
Irrespective of  parents’ perception about the staining, it is a 
significant aberration from the normal and should be corrected. 
Future studies should also emphasize prevention and correction 
of  this discoloration.

Even though a comprehensive search was carried out, only a few 
clinical trials were found to report efficacy and safety of  38% 
SDF application in primary teeth. Even as early childhood caries 
continues to be an important problem in pediatric dentistry, there 
has been limited emphasis on the use of  38% SDF in primary 
teeth. A greater number of  clinical trials should be carried out 
on this to create a stronger evidence base. In addition, further 
studies are required to investigate whether a different percentage 
of  SDF can be applied to noncarious teeth for the prevention of  
dental caries without causing staining. The application of  SDF as 
an effective public health tool at the community level also needs 
more exploration. Using SDF may be useful as an important 
part of  care of  dental caries in children and may become an 
integrated part of  primary dental care as evidenced by earlier 
studies in dentistry.[20,21]

This review considers 38% SDF application to be useful in 
arresting dental caries in primary teeth based on the evidence 
collected by three studies. Even though the studies differ in 
quality, there is a consistency among the results of  all the studies 
on the effect of  SDF in arresting dental caries in primary teeth. 

Therefore, 38% SDF can be considered as a potent agent for 
arresting dental caries spread in primary teeth.
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Case Report

IntroductIon

Supernumerary	teeth	or	hyperdontia	is	defined	as	an	excess	
number of teeth when compared to the normal dental 
formula.[1] The prevalence of the supernumerary teeth ranges 
from 0.10% to 3.6% in the permanent dentition and 0.02% to 
1.9% in the primary dentition.[2] The supernumerary tooth in 
the premaxillary region is termed as a mesiodens. It usually 
has a conical crown and a single root, can occur singly or 
multiple, and may be responsible for the disturbances in the 
eruption of the incisors. Most of the mesiodens (55.2%) were 
found to be in vertical position (55.2%), followed by inverted 
position (37.6%) and horizontal position (7%).[3] The etiology 
of these teeth is still mysterious, although several theories 
have been suggested such as genetics, dichotomy (splitting) 
of the tooth bud, excessive growth of the dental lamina and 
atavism, or merely a leftover from the anthropoids who had 
more teeth than Homo sapiens. It may also be associated with 
specific	developmental	syndromes,	such	as	cleft	lip	and	palate,	
cleidocranial dysplasia, chorhinophalangeal syndrome, and 
Gardner’s syndrome.[4]

An impacted mesiodens may cause a delayed eruption 
of permanent incisors, ectopic eruption, pathological 
disturbances, and malalignment of teeth. Hence, early detection 
and timely intervention are crucial to avoid any such problems.

This case report presents an inverted impacted mesiodens in a 
6-year-old female and its surgical removal before the eruption 
of the permanent incisors.

case report

A 6-year-old female patient reported to the department of 
pedodontics and preventive dentistry with the chief complaint 
of decayed primary teeth in the upper anterior region. There 
was no underlying medical history, and she presented with a 
good general health. Intraoral examination revealed grossly 
carious primary central and lateral incisors [Figure 1]. Intraoral 
periapical radiograph and orthopantomogram were taken to 
evaluate the extent of infection which disclosed the presence 
of an inverted impacted mesiodens [Figure 2]. The mesiodens 
appeared	poorly	calcified,	and	 the	 root	was	dilacerated.	An	
occlusal	radiograph	confirmed	the	position	of	the	mesiodens	
to be on the crest of the buccal alveolar ridge of the maxillary 
cortical bone [Figure 3]. The mesiodens was obstructing the 
right maxillary central incisor and would not have allowed 
for its proper eruption, thereby necessitating the removal of 
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the mesiodens. As the carious primary incisors needed to be 
extracted under general anesthesia, it was decided to extract 
the mesiodens also in the same visit.

Treatment
Parents were explained and informed about the procedure, and 
written informed consent was obtained to carry out the entire 
treatment under general anesthesia. The patient was advised to 
be nil per oral 7 h before the procedure. Midazolam was used as 
preanesthetic, propofol was given intravenously for intubation, 
and anesthesia was maintained with O2 and N2O. Vecuronium 
was administered as a muscle relaxant. Throat pack was placed, 

and intermittent suction was maintained to prevent aspiration. 
Local	anesthetic,	2%	lidocaine	with	1/100,000	epinephrine,	
was	administered	slowly	through	labial	and	palatal	infiltration	
with a 30G needle. Using a primary anterior forceps, the 
decayed primary central and lateral incisors were extracted. 
With a #15 bisphosphonate blade, an incision was given at 
the alveolar crest in the midline. No releasing incision was 
given.	The	flap	was	slightly	lifted	to	visualize	the	mesiodens.	
The mesiodens was then luxated with an elevator, taking 
care not to damage to the permanent teeth, and carefully 
extracted [Figure 4]. The extraction site was gently curetted, 
irrigated	with	saline,	and	the	wound	closed	with	interrupted 	
silk sutures (3-0, 4-0). After completion of the procedure, the 
throat pack was removed, and the child was safely extubated. 
Home care instructions, including oral hygiene measures and 
diet counseling, were given to the parents. The patient was 
recalled after 1 week for suture removal, and the left permanent 
central incisor was found to have started to erupt. Follow-up 
after 6 months revealed normal eruption of both the central 
incisors [Figure 5].

Figure 1: Preoperative picture of the patient showing carious primary 
central incisors.

Figure 2: Orthopantomograph impacted mesiodens.

Figure 3: Occlusal radiograph confirming the presence of impacted inverted 
mesiodens and the proximity to the developing permanent incisors.

Figure 4: Mesiodens after removal.

Figure 5: Postoperative photograph where successful eruption of the 
permanent incisors can be seen.
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dIscussIon

The prevalence of mesiodens in north India as per a study in 
2012 was 1.4 with a boy to girl ratio of 1.8:1. The majority 
of the mesiodens were conical in shape and had a vertical 
direction of growth and 62.9% of the cases were unerupted.[5] In 
a study by Nagaveni et al., out of 27 mesiodens, complications 
associated with mesiodens were 23% midline diastema, 14.8% 
occlusal interference, 7.4% root resorption, and 3.7% delayed 
eruption of permanent incisors.[6]

In the present case, the mesiodens was inverted and impacted 
and thus had no chance of eruption, directing toward the 
immediate removal of the supernumerary tooth. Various 
authors have stated that it is most likely that an inverted 
mesiodens will hamper the eruption of the permanent incisors, 
thereby causing malocclusion. Some authors recommend 
early removal of most supernumerary teeth, particularly 
those that are inverted and/or are unlikely to erupt.[1,7] This 
may prevent the need for orthodontic treatment or additional 
surgical procedures, such as surgical exposure or periodontal 
surgery at a later date. The supporters of early intervention 
feel that treatment would take advantage of the spontaneous 
eruption of the permanent incisors and increase the potential 
for self-correction.[8] The present case also provides evidence in 
favor of early extraction of mesiodens giving way to favorable 
eruption of the incisors.

A cautious approach is advised for inverted supernumerary 
teeth as they present a difficult surgical problem due to 
proximity to developing permanent teeth. In the present study, a 
conservative approach was carried out for the surgical removal. 
The most commonly used surgical approach is the palatal 
approach	with	full‑thickness	mucoperiosteal	flaps.	However,	
labial	approach	and	apically	repositioned	flaps	with	releasing	
incisions	are	also	practiced.	A	modified	maxillary	vestibular	
approach with subperiosteal intranasal dissection is done for 
impacted	mesiodens	in	the	floor	of	the	nasal	cavity.[9]

The diagnosis of mesiodens is done with the help of an intraoral 
periapical radiograph and orthopantomograph, the palatal 
and	 labial	position	of	 the	 impacted	 tooth	 is	confirmed	with	
occlusal radiographs, same lingual opposite buccal technique, 
and vertical tube shift technique.[10] Cone-beam computed 
tomography has proved to be an advanced radiographic 
technique to detect the exact location of an impacted mesiodens. 
The complications that might arise during removal of impacted 
mesiodens is iatrogenic damage to the developing permanent 
teeth, root malformation, which will call for future orthodontic 
treatment.[11] Some clinicians also recommend postponement 
of surgery until the root development of the neighboring 
permanent incisors is complete.[8] Hence, care should be 
taken to avoid any harm to the developing tooth bud while 

removing an impacted mesiodens. Mesiodens located high in 
the alveolar bone, above the roots of the permanent incisors, 
might not need immediate removal as they do not interfere in 
the path of eruption of the permanent teeth. Whereas, those 
located at the alveolar crest, between the developing roots of 
permanent teeth and obstructing the eruption pathway, would 
be candidates for immediate removal to prevent malocclusion.

conclusIon

This case report presents the successful removal of an impacted 
inverted mesiodens surgically without causing trauma to the 
developing tooth buds. Hence, the position of the mesiodens, 
proximity to the permanent incisors should be the determining 
factor while deciding the treatment plan. This case report also 
focuses on the fact that impacted mesiodens can be removed 
before the eruption of permanent incisors if done so with 
precision and care.
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Novel Approaches in hard tissue remineralization: An 

Overview 
 

Dr Zohra Jabin, Dr. Vishnupriya V, Dr. Nidhi Agarwal and Dr. Iffat 
Nasim 
  
Abstract 
Preservation of tooth structure by prevention of mineral loss occurring on its surface remains the primary 
goal of modern dentistry. This can be achieved by strengthening the natural repair mechanism of 
remineralisation. The remineralization process is a natural repair mechanism to restore the minerals 
again, in ionic forms, to the hydroxyapatite (HAP) crystal lattice. In this process, calcium and phosphate 
mineral ions are redeposited within the tooth surface from plaque and saliva. Thereby making the 
appetite crystals more resistant to acid dissolution. Thus, the emphasis currently is being laid upon new 
technologies for enamel remineralization. 
The aim of this paper is to review the contemporary remineralizing systems along with the newly 
introduced agents available for remineralization therapy. 
 
Keywords: Demineralization, Remineralization, Silver diamine fluoride, ACP-CPP, Tricalcium 
phosphate 
 
1. Introduction 
Despite its dreadful nature and multi factorial etiology, dental caries is a preventable disease if 
preventive intervention is applied at an early stage. Thus, prevention of caries initiation and 
halting the progression of early lesions are the desirable modes of caries management. The 
process of caries formation is a cycle of remineralization and demineralization, when the 
demineralization process predominates, it leads to cavitation.  
This calls for shifting a focus the development of methodologies for the detection of the early 
stages of caries lesions. Remineralization aids in filling of voids by depositing ions facilitating 
the natural repair process thereby reversing the demineralised state of enamel. Remineralizing 
agents have been introduced to serve the same purpose. Fluorides were the pioneers in 
remineralization technology but over the years variety of novel agents have proven to be 
effective in hard tissue reminerlization. This article provides an overview of the various 
remineralizingagents and their roles in the remineralization of tooth tissue.  
 
2. Fluorides 
Fluoride is the first remineralizing agent which has proven to be effective in prevention g 
dental caries. It makes enamel resistant to caries by both systemic use and topical applications 
Firstly, it reduces enamel demineralisation and enhances remineralisation of incipient lesions 
by the rise in ph brought upon by fluoride present in the microenvironment. Fluoride inhibits 
dissolution of enamel due to acid attack and results in the formation of new and larger fluoride 
crystals containing fluorhydroxyapatite. [1, 2, 3, 4] 
Secondly, fluoride hastens the formation of fluorapetite crystals by utilising calcium and 
phosphate ions which were made available by its retention on the dental hard tissue. Third, it 
interferes with the production of phosphoenol pyruvate (PEP), thus inhibiting the activity of 
acid producing carious bacteria. [5] 
Fluoride modifies the morphology of pits and fissures by making them shallow by enhancing 
post eruptive maturation so that substrate and bacterial retention does not takes place in them, 
thereby rendering them less vulnerable to acid attack. [6] The various types of topical fluorides 
used in dentistry are: Sodium fluoride (NaF), sodium mono-fluorophosphate, stannous 
fluorides and acidulated phosphate fluoride (APF). All these fluorides are inorganic in nature 
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and are available in the form of solutions, varnishes, foam, 
gels, dentifrices etc. [7, 8] 
 
2.1 Fluoride-containing Dentifrices 
Fluoride dentifrices are considered as most effective agents 
for preventing enamel demineralization. Incorporation of 
fluorides in dentifrices has led to 40-60% reduction of dental 
caries, when compared to those achieved with non-fluoride 
ones. [9, 10, 11, 12, 13, 14]  
Dentifrices exert their preventive effect by means of their 
components. The chemical characteristics and interactions of 
different components determine their action in caries 
prevention.  
The concentration of these substances vary in different 
formulations and depends upon the objectives intended. 
Abrasives constitutes 25 to 60% of a toothpaste. [15,16] 
Abrasives are insoluble particles that allow the mechanical 
removal of bacterial plaque; some examples are: dicalcium 
phosphate (CaHPO4), calcium pyrophosphate (Ca2P4O7), 
aluminium hydroxide (Al(OH)3), calcium carbonate 
(CaCO3), silicas, zeolites, and hydroxyapatite (Ca (PO ) 
OH).[17] 
Dentifrices contain the therapeutic or active agents in various 
chemical forms mainly as sodium fluoride, sodium 
monofluorophosphate, amine fluoride or combinations of 
these. Sodium fluoride is a highly ionizable compound and 
provides free fluoride. However, Sodium 
monofluorophosphate requires prior enzymatic action for the 
release of fluoride. [18, 19] 
In MFP, fluoride is covalently bonded to the phosphate, 
phosphatases-enzymes, present in plaque and saliva act on the 
MFP molecule causing its hydrolysis, thus releasing active 
fluoride. 
The fluoride released is absorbed to the mineral surface, as a 
CaF2 or a CaF2-like deposit, in free or bound form. [20] 
The efficacy of conventional toothpastes containing 1,000 
ppm fluoride have been documented in many studies, but 
evidence suggests that tooth- paste containing 5,000 ppm 
fluoride can further reduce demineralization and enhance 
remineralization. [21] 
5,000 ppm fluoride dentifrice has a fluidic or gel-like 
formulation and it has been reported to provide faster 
dispersion in saliva and higher fluoride uptake into enamel, 
thus it is recommended for high caries risk patients, including 
those with orthodontic brackets, prostheses and restorations, 
those with xerostomia, or those genetically susceptible to 
tooth decay.[22] 
 However, the use of toothpastes with high fluoride content 
has always raised concerns when used in children. This has 
been associated with an increased susceptibility to develop 
dental fluorosis in children, [23, 24] especially in a children aged 
below 6 yrs. [25, 26] 
Fluoride in toothpastes contributes with approximately 57 to 
81.5% of the total intake of fluoride in children aged between 
12 months and 6 years. [27, 28] 
 
3. Dicalcium Phosphate Dihydrate (DCPD) 
Dicalcium phosphate dihydrate (DCPD/CaHPO4.2H2O) is an 
acidic calcium phosphate phase that readily turns into 
fluorapatite in the presence of fluoride. [29] 
Under acidic conditions, the presence of calcium fluoride 
facilitates the conversion of DCPD to FAP which has better 
crystallinity. 1DCPD is added to toothpaste both for caries 
protection and as a gentle polishing agent. Researches have 
shown that inclusion of DCPD in a dentifrice increases the 

levels of free calcium ions in the plaque fluid, and these 
remain elevated for up to 12 hours after brushing, when 
compared to conventional silica dentifrices. [30, 31] 
 Also, there is enhanced calcium incorporation into Enamel 
from DCPD, also increased levels are detected in plaque up to 
18 h. [32] 
The use of remineralizing artificial saliva incorporated with 
DCPD is a promising approach for patients suffering from 
xerostomia for managing both dental caries and 
hyposalivation. [33, 34] 
 Also the dissolution rates for DCPD, OCP and HAP crystals 
are invariably found to decrease even in undersaturation 
conditions. [35] 
 
4. CPP- ACP- 
Milk products have been proved to exert a protective effect 
against the development of dental caries due to their 
anticariogenic properties.The anticariogenic properties of 
milk are due to the presence of casein, calcium, and 
phosphate, which are responsible for resistance to acid 
dissolution. Caseins belong to a heterogeneous family of 
proteins while casein phosphopeptides (CPPs) are 
phosphorylated casein-derived peptides produced by tryptic 
digestion of casein. 
The CPP component, which contains the amino acid cluster 
sequence -Ser(P)-Ser(P)-Ser(P)-Glu-Glu, has the ability to 
bind and stabilize calcium and phosphate in solution.[36] 
CPP can also bind to dental plaque and tooth enamel. The 
calcium phosphate in these complexes is biologically 
available for remineralisation of subsurface lesions in tooth 
enamel. The multiphosphoseryl sequences in CPP have ability 
to stabilize calcium phosphate in nanocomplexes in solutions 
like amorphous calcium phosphate (ACP). Through these se-
quences, CPP binds to ACP in metastable solution preventing 
the dissolution of calcium and phosphate ions. ACP is the 
initial solid phase that precipitates from a highly 
supersaturated calcium phosphate solution and can convert 
readily to stable crystalline phases such as octacalcium 
phosphate or apatitic products. It plays as a precursor to 
bioapatite and as a transient phase in biomineralization. 
During the conversion of ACP to apatite there is dissolution 
of ACP, then reprecipitation of a transient OCP solid phase 
through nucleation growth, and, finally, hydrolysis of the 
transient OCP phase into the thermodynamically more stable 
apatite by a topotactic reaction. 
This process occurs at a physiological pH. The ACP-CPP also 
acts as reservoir of bio-available calcium and phosphate and 
maintains the solution supersaturated, thus facilitating 
remineralization. [37] Thus, CPP‐ACP complex is known to 
inhibit demineralization and enhance remineralization or 
possibly both.  
CPP–ACP is a two-phase system which when mixed together 
reacts to form the ACP material that precipitates onto the 
tooth structure and elevates calcium levels in the plaque fluid. 
GC Tooth Mousse PlusTM and MI Paste PlusTM are 
formulations of CPP–ACP with incorporated fluoride to a 
level of 900 ppm, where the fluorides give additive effects in 
reducing caries experience. 
It is available as toothpastes, chewing gum, lozenges, and 
mouth rinses. Reynolds et al. have reported that the addition 
of 2% CPP– ACP to the 450 ppm fluoride mouth rinse 
significantly increases the incorporation of fluoride into 
plaque. Oliveira et al. also have demonstrated a greater 
protective effect against demineralization on smoother 
surfaces if CPP–ACP was combined with fluoride than 
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without fluoride. [38] 
 
4.1 Fluoride incorporated ACP- 
Fluoride ion incorporated into the ACP phase was stabilized 
by the CPP to produce a novel ACFP, this (CPP‐ACFP) 
complex contains nanocomplexes of milk protein [39, 40] which 
was observed to be responsible for anti‐cariogenic effect. It 
was reported that addition of fluoride to CPP‐ACP could give 
a synergistic effect on enamel remineralization of early 
carious lesions.When CPP‐ACFP is applied to the oral 
environment, the sticky CPP part of the CPP‐ACFP complex 
binds readily to the enamel, biofilm, and the soft tissues, 
delivering the calcium phosphate ions, thereby maintaining a 
supersaturated state of essential minerals. Fluoride ions help 
in remineralisation by forming fluorapatite in the presence of 
calcium and phosphate ions over the enamel surface. [41] 
 
5. Bioactive Glass 
Bioglass (BG) is a class of bioactive material which is 
composed of calcium, sodium, phosphate, and silicate. They 
are reactive when exposed to body fluids and deposit calcium 
phosphate on the surface of the particles. [42] Bioactive glass 
materials have been introduced in many fields of dentistry and 
are considered as a break through in remineralizing 
technology. 
In vitro and in vivo studies have shown that BG particles can 
be deposited onto dentine surfaces and subsequently occlude 
the dentinal tubules by inducing the formation of carbonated 
HAP-like materials. [43] 
 
5.1 Novamin 
Novamin, is derived from bioactive glass particulates of 
highly biocompatible materials. It comprises SiO2 (45%), 
Na2O (24.5%), CaO (24.5%) and P2O5 (6%).Though, it was 
originally developed as bone regenerative material, it was 
later recognised as a potent remineralizing agent. 
Novamin releases calcium and phosphate ions intraorally to 
help the self-repair process of enamel. A silica-rich surface 
layer forms through polycondensation of hydrated silica 
groups, on which precipitation of ions happens which 
crystallizes over time to form a hydroxyl-carbonate apatite. 
Although it is used extensively as a desensitizing agent 
reports also claim that the chemical reactions that promote 
apatite formation may enhance the remineralization. [44] 
On contact with the aqueous media, it releases silica, calcium, 
phosphorous, and sodium ions which initiates the 
remineralisation of hard tooth structure and occludes dentinal 
tubules. 
The particle reaction continues and deposition of calcium and 
phosphate complex takes place which crystallizes to calcium 
hydroxyl apatite, also known as Hydroxycarbonate apatite. [45] 
In the aqueous environment of the tooth, sodium ions from 
the Novamin particles rapidly exchange with hydrogen 
cations (in the form of H3O+) to release calcium and 
phosphate (PO43–) ions. There will be a localized transient 
increase in pH during the initial exposure of the material due 
to the release of sodium. This increase in pH helps to 
precipitate the extra calcium and phosphate ions provided by 
the Novamin particles to form a precipitated calcium 
phosphate layer. As these reactions continue, this layer 
crystallizes into hydroxycarbonate apatite (HCA) which is 
chemically and structurally equivalent to naturally occurring 
biological apatite. [46, 47] 
 
 

6. Xylitol 
Xylitol is a non-fermentable sugar alcohol, which reduces 
plaque formation thereby reducing number of Mutans 
streptococci in saliva. [48, 49] 
It is regarded as the best of all nutritive sugar substitutes with 
respect to caries prevention. The basic property of this 
sweetener is that it is not fermented to acids, which proves 
advantageous in exerting non-cariogenic as well as cariostatic 
effects. It exerts the anticariogenic effects by the inactivation 
of S. mutans and inhibition of plaque’s ability to produce 
acids and polysaccharides. When consumed as mints or gum, 
it will stimulate an increased flow of alkaline and mineral-rich 
saliva from small salivary glands in the palate. Increased 
salivary flow results in increased buffering capacity against 
acids and high mineral content will provide the minerals to 
remineralize the damaged areas of enamel. [50] 

Some researchers indicated that xylitol might be involved in 
the enamel demineralization and remineralizing process by 
acting as a ca2+ carrier required for remineralization. [51] 
However, researchers differ in their view about the added 
effectiveness of xylitol, when combined with fluoride. 
Milburn et al. have shown that fluoride varnish, containing 
xylitol-coated calcium and phosphate, had the greatest initial 
fluoride release in the first four hours, exceeding 10 times 
than that of other varnishes such as Enamel Pro, Duraphat, or 
Vanish. However, Brown et al. could not find any added 
clinically relevant preventive effect of xylitol on caries in 
adults with adequate fluoride exposure. [52] 
 
7. Functionalized Tricalcium Phosphate (fTCP) - 
TCP is originally produced by milling TCP with sodium 
lauryl sulfate. The combination of TCP with fluoride can 
provide greater enamel remineralisation and build more acid-
resistant mineral relative to fluoride alone. [53] 
fTCP stabilizes fluoride in solution and maintains high 
concentration of calcium, phosphate and fluoride in white 
spot lesions.When it is used in toothpaste formulations, a 
protective barrier is created around the calcium, allowing it to 
coexist with the fluoride ions. During toothbrushing, TCP 
comes into contact with saliva, causing the barrier to dissolve 
and releasing calcium, phosphate, and fluoride. It provides a 
barrier that prevents premature TCP–fluoride interactions and 
also facilitates a targeted delivery of TCP when applied to the 
teeth. fTCP is commercially available as a novel 1.1% NaF 
silica containing paste Clinpro-R, which is a novel 5,000 ppm 
fluoride dentifrice, also contains containing an innovative 
functionalized tricalcium phosphate (fTCP) ingredient .On 
evaluating development formulations, this paste has been 
shown to boost remineralization performance relative to 
fluoride-only systems. [54, 55] 
 
8. Silver diamine fluoride (SDF) 
Silver di amine fluoride is a newer remineralizing agent that 
has gained popularity in recent years owing to its excellent 
remineralizing properties. Silver diamine is a silver halide 
metal complex which contains ammonia and silver fluoride; 
the ammonia ions combine with silver ions to produce a 
complex ion called the diamine-silver ion. This complex is 
more stable than silver fluoride alone and stabilises high 
concentrations of silver and fluoride in solution. Due to its 
higher stability, it can be kept in constant concentration for a 
period of time. [56, 57, 58] 
SDF has the highest fluoride concentration (44,800 ppm 
fluoride ion) among all available topical fluoride preparations, 
which contributes to its ability to remineralise tooth surface. 
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Upon application of SDF to a demineralized or infected 
surface, a silver-protein conjugate layer forms, increasing 
resistance to acid dissolution and enzymatic digestion. SDF 
reacts with hydroxyapatite and generate calcium fluoride, 
which is a reservoir of fluoride, and facilitate further 
remineralization. [59, 60, 61, 62] 
In a study, the surface of arrested caries in exfoliated teeth 
with SDF treatment showed a high remineralized 
zone.[63]Similarly, an ex vivo study reported that mineral 
density and microhardness of the surface layer of the arrested 
caries after SDF applications was comparable with the 
unaffected sound dentin. [64] 
Moreover, this microhardness was attained at a greater depth 
of approx.150micrometers compared with the control lesions 
treated with deionised water, the levels of calcium and 
phosphorus increased from the surface to a depth of 
300micrometers.[65] 
Studies using scanning electron microscopy observed dense 
precipitates covering tooth surfaces after application of SDF. 
[66] 
SDF application decreased the lesion depth of a demineralised 
tooth surface by promoting absorption of calcium. Other 
studies discovered calcium fluoride and silver phosphate 
when enamel powder or dentine powder were mixed with 
SDF. Elemental analysis revealed that the weight percentages 
of calcium and phosphorus in demineralised dentine treated 
with SDF were significantly higher than those of calcium and 
phosphorus in demineralised dentine without SDF treatment. 
[67] Moreover, demineralised dentine treated with SDF had 
less mineral loss than did demineralised dentine with no SDF 
treatment. 
 
9. Conclusion 
Preventive and minimal intervention dentistry needs to be 
emphasized in order to achieve non-invasive management of 
initial caries lesions. Currently introduced remineralizing 
systems have proven to be effective and promising. Though, 
There is a need to generate substantial clinical evidence 
through randomized clinical trials to support their efficacy. 
The present review is an attempt to document the actions and 
benefits of remineralizing systems and highlight their 
importance in hard tissue remineralisation. 
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OHRQoL of children in the dental setting.
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Cross-Cultural adaptation and psychometric properties of the Hindi Version of Child 

Perception Questionnaire (CPQ11-14) in school children 

 

Summary 

Background- There is a need to validate OHRQoL measures in Hindi to assess the OHRQoL of 

Indian children. 

Aim-To develop a Hindi version of the CPQ11–14 and to appraise its validity and reliability for 

use among North Indian children aged 11-14 years.  

Design- The cross-culturally adapted Hindi version of CPQ11-14 was achieved by forward 

translation, backward translation, committee review and pretesting. A total of 1000 children were 

recruited from schools, chosen by two-stage cluster random sampling technique. After 

completing the self-administered questionnaire CPQ11-14 by the child, oral examination was 

conducted using Decayed Missing Filled Teeth (DMFT) Index, Malocclusion index and Dean’s 

Fluorosis index. Test-retest reliability was checked on 100 participants after one week. 

Results- The floor effect was present in 3.6% individuals and there was no ceiling effect. 

Cronbach’s alpha for the overall CPQ11-14 scale was 0.963. Intra-class Correlation (ICC) 

Coefficient was 0.952 for the entire scale. Cronbach's alpha value for test-retest was 0.918. There 

was a non-significant change in domain level and overall median CPQ11-14 scores with an 

increase in DMFT scores. For malocclusion and fluorosis, there was a statistically significant A
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increase in overall as well as domain-level scores with increased severity scores. CPQ11-14 as 

well as individual domains significantly correlated with both the global questions. 

Conclusion- Hindi version of CPQ11-14 is a reliable scale to assess OHRQoL in Hindi speaking 

11-14-year-old children. 

Keywords- Child perceptions questionnaire, Oral health, Psychometric, Questionnaires, Quality 

of life, Reliability, Validity 
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Introduction 

Traditionally, oral diseases were measured in epidemiological studies using clinical variables. 

Though these vital objective parameters reflect the endpoint of the disease, they do not signify 

about the impact of the disease upon the function or psychosocial well-being of the person. Oral 

Health-Related Quality of Life (OHRQoL) is an integral part of the overall health and wellbeing 

of an individual which should be considered as a subjective component while assessing the oral 

health status. 

Presently, there are measures available to assess the OHRQoL of the children. The Child 

Perceptions Questionnaire (CPQ) is one constituent of the COHQOL© and was developed with 

the aim to gather data on OHRQoL from the children themselves.1,2 The CPQ improves the 

interpretation of child’s oral health and also measures its psychological impact on child’s dental 

health.  

The CPQ is present in two forms: the CPQ8–10
1 for children aged 8–10 years and the CPQ11–14

2 

for those aged 11–14 years. The CPQ11-14 developed in 2002 is the oldest commonly used 

instrument in children and its psychometric properties have been established in English-speaking 

adolescents in various countries such as Canada, the United Kingdom, Australia, and New 

Zealand 3-5. The CPQ11-14 questionnaire has also been translated and validated in many languages 

like Arabic, Brazilian Portuguese, Malay, Italian, German, Spanish, Korean, Telugu etc4-13.  

Though CPQ11-14 has its global presence, the scale has not been cross-culturally adapted and 

validated in the Hindi language with regard to all the three major oral diseases together i.e. dental 

caries, malocclusion, and fluorosis, for use in Indian children. According to the Official 

Languages Act, 1963, Hindi is the official language of India and spoken by 430 million people 

around the world. It is also the largest spoken and understood language by citizens of India, 

particularly by North Indians. Also, the Hindi language is spoken in Nepal, Guyana, Trinidad 

and Tobago, Suriname, Mauritius, and Fiji. Therefore, this study was performed to develop a 

cross-culturally adapted Hindi version of the CPQ11–14 and to assess its validity for use among 

Hindi speaking Indian children. 

Methods 

This cross-sectional study was conducted among11-14-year-old school children studying in 

Modinagar, Ghaziabad, Uttar Pradesh, one of the most populous states of India. The ethical A
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clearance was obtained from the Institutional ethical committee. The data collection was carried 

out from 10th December 2017 to 30th November 2018.  

Cross-cultural adaptation of CPQ11-14 in Hindi was achieved by forward translation, backward 

translation and committee review followed by pretesting. Forward translation of the English 

CPQ11-14
2

  into the Hindi version was done by two secondary school bilingual language teachers 

working independently. The preliminary versions were then reviewed by one of the authors (VJ) 

and proposed alternative translations if he found the original translated question or response 

choices unacceptable. The forward translated version was then finalized by a panel discussion 

among the researchers and translators, resulting in the production of a single Hindi version of the 

questionnaire. This Hindi version was then translated back to English language by two different 

bilingual translators. Both these translators were not aware of the study rationale. All the 

investigators and translators reviewed the forward and the backward translated English 

translations for comprehensive, conceptual, experiential and semantic equivalence. For the items 

or response choices where both the versions did not agree, the choice of words was discussed 

until a final version was reconciled.  

A convenience sample of 30 children was selected to complete the adapted questionnaire to 

check whether the children understood the meaning of each item correctly. After every 

participant had completed the questionnaire, he/she was asked to mention their observations on 

the questionnaire as a whole. The observations from pretesting were integrated to form the final 

Hindi version. 

The final questionnaire consisted of 39 items: 2 global rating items about oral health and oral 

health-related well-being and 37 questions of the Hindi version CPQ 11-14. The global ratings of 

oral health were scored from 0 to 4 with corresponding responses ranging from excellent, very 

good, good, acceptable and bad respectively. For overall well-being, the scores were from 0 to 4 

with responses “not at all, very little, some, a lot and very much” respectively. And for the 

remaining 37 questions, the scoring criteria ranged from 0 to 4 with responses “never, once or 

twice, sometimes, often, and every day or almost every day”. 

The 37-item questionnaire consisted of four conceptual domains: (i) oral symptoms (OS, 6 

items), (ii) functional limitations (FL, 9 items), (iii) emotional well-being (EWB, 9 items), and 

(iv) social well-being (SWB, 13 items). The children were told to specify the frequency of a 

particular experience in the last three months.  A
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Along with the questionnaire, the date of birth and gender were also recorded. All the clinical 

data were collected using WHO guidelines.14 Caries experience was assessed using the 

decayed/missing/filled teeth (DMFT) Index.14 Fluorosis was assessed by means of the Dean’s 

Fluorosis Index.14 Malocclusion was identified according to the malocclusion index based on  

abnormalities in mandibular closure at the canine and first permanent molar.15  It was classified 

as: 0= “No Anomalies”; 1= “Slight Anomalies (one or more rotated or slanted teeth, crowding or 

diastema ≤4 mm)” ; and 2= “Severe Anomalies (maxillary overjet ≥ 9 mm, mandibular overjet or 

anterior crossbite, open bite, crowding or diastema > 4 mm). 

Before the data collection for the main study, the calibration and standardization of the examiner 

and recorder was done. Twenty-five children were examined for all the variables, and the intra-

examiner reliability (kappa κ) was 0.83 

A pilot study was done on 50 participants to calculate the sample size and to check the practical 

problems in carrying out the study. The caries experience was 58.33%. The prevalence of 

malocclusion and fluorosis was 58.33% and 41.66% respectively. Based on the results of the 

pilot study, the largest sample size assessed was-       

   = 468 

 

Since one of the secondary objectives was to observe differences in the prevalence of dental 

caries, malocclusion and dental fluorosis according to sex; the sample size was doubled to 936. 

The minimum sample size was rounded off to at least 950 subjects.  

The schools were selected using a two-stage cluster random sampling technique and included 

both public and private schools of Modinagar. In the first stage, Modinagar city was divided into 

4 geographical areas arbitrarily. Each zone had 2 government schools and 3 private schools 

except one where 4 private schools were included. In order to have equal representation of both 

types of schools, random sampling by chit method was done. One school of each type was 

selected making that a total of 8 schools to be included in the study. In the second stage, a 

representative sample of first 150 eligible school children was included from each school. 

Permission to examine the school children was acquired from the school officials and informed 

consent was taken from each child’s parent for the interview and oral examination. Both the 

information sheet and consent form were bilingual (Hindi and English). Out of 1196 consent 

forms distributed, 1056 parents signed the consent forms. Thirty-seven children were absent on 

Sample size= Z2x (p) x (1-p) 

c2 
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the day of data collection, sixteen children did not give the assent for an oral examination or had 

some form of medical disability. There were three incompletely filled questionnaires. The final 

study had 1000 participants with an overall response rate of 83.6%. 

The CPQ11-14, being a self-administered questionnaire was given to the children before the 

clinical examination. The oral examination was done by an examiner under natural light using a 

mouth mirror, explorer and WHO-CPI probe. Confidentiality of the participant was strictly 

maintained by using a unique identification number and all data analyses used that number only. 

Clinical data were manually recorded on the proforma and later entered into a Microsoft Excel 

spreadsheet on the same day (usually data from 12 -15 children) after returning back by one of 

the authors (VJ) with the help of a trained recorder. The questionnaire data were entered after the 

questionnaires had been checked for completeness. The random checks of data entry regarding 

completeness and correctness were done by the supervisor (NA) during the study. 

One hundred randomly selected participants completed a second copy of the questionnaire after a 

gap of one week to enable assessment of the test-retest reliability.  

The dataset was analysed using the statistical package SPSS for Windows, Version 22.0 (SPSS 

Inc, Chicago, USA). The children were categorized into three groups based on DMFT score: 

having 0, 1-3, and 4 or more, DMFT. The data for fluorosis was dichotomized into ‘no to mild’ 

and ‘moderate to severe’ fluorosis. 

All the response code scores of the 37 questions were summed up to achieve the overall CPQ11-14 

score which could range between 0 and 148. The higher sum scores indicated poorer OHRQoL. 

The score of each CPQ11-14 domain was calculated by adding the response score for their items.  

Internal consistency of the scale was assessed by calculating Cronbach’s alpha. The test-retest 

reliability was evaluated by ICC two- way mixed consistency method. The distributions of each 

item and the sum scores were examined using the Kolmogorov-Smirnov Test. The sum scores of 

the scale and its domains were not distributed normally, thus, median and the interquartile range 

(IQR) were calculated. Discriminant and construct validity were calculated by comparing the 

summary scales between the clinical diagnosis categories and global ratings respectively. To 

assess the statistical differences in summary scores between the categories of caries severity, 

malocclusion, and global ratings; the Kruskal Wallis H test was used while the Mann Whitney U 

test was used for fluorosis. Summary scales and global ratings were correlated using the 

Spearman correlation. This correlation of the global ratings and summary scales could be A
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confounded by gender and clinical diagnosis; therefore, partial ‘r’ was calculated after adjusting 

for them. The level of statistical significance was considered at P < 0.05. 

Results 

The final study sample consisted of 1000 school children, aged 11–14 years (12.7+0.8), of which 

562 (56.2%) were boys and 438 (43.8%) were girls. The dental caries experience was 30.6% in 

the study population. The prevalence of malocclusion was 30% and fluorosis was 5.8% when 

only moderate and severely affected subjects were included. Fluorosis and malocclusion were 

more prevalent in males as compared to females and the difference was statistically significant. 

(Table 1) 

The overall mean CPQ11-14 score for the present population was observed to be 17+16.7 with an 

interquartile range of 18 and a median value of 12.5. The average score for the SWB domain was 

3+5.5, for EWB domain was 4.5+6, while it was 4.8+4.6 for FL and 4.7+3.6 for OS domain. The 

median and interquartile range for OS, FL, EWB, and SWB domains was 4 and 5, 4 and 6, 2 and 

7, and, 13 and 4 respectively. (Table 2) 

Scores ranged from 0 to 98 for the Hindi version of CPQ11-14, and these and the domain scores 

were positively skewed. The floor effect (score of zero) was present in 3.6% (n=36) individuals 

and there was no ceiling effect (score of 148). Cronbach’s alpha value was 0.963 and 0.918 for 

the overall scale and test-retest respectively. The test-retest ICC value for the entire scale was 

0.952. (Table 2) 

Test-retest reliability was significant. The inter-item correlation matrix between test and retest 

scores at the domain level is presented in Table 3. There was a positive and good correlation 

between the domains. 

There was a non-significant change in domain level as well as overall median CPQ11-14 scores 

with an increase in DMFT scores. For malocclusion and fluorosis, there was a statistically 

significant increase in overall as well as domain-level scores with increased severity of 

malocclusion as well as fluorosis. Domain level scores for dental caries initially showed 

consistent scores or decrease from DMFT score 0 to DMFT score 1-3, but then showed a 

consistent increase from DMFT scores 1-3 to DMFT scores of 4 or more. The results were, 

however not statistically significant. (Tables 4) 

Table 5 shows that CPQ11-14 as well as individual domains showed statistically significant 

construct validity with self-rating for oral health as well as self-rating for the impact of oral A
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health on overall well-being. An increase in median overall, as well as domain-level scores, was 

observed with a corresponding decrease in self-rated oral health and an increase in the impact of 

oral health on overall well-being (Table 5).  

Self-evaluated oral health showed significant difference between all categories except Excellent 

versus Very Good categories for all the domains and Very Good versus Good for FL domain, 

SWB domain and overall CPQ. Self-evaluated impact of oral health on overall wellbeing 

demonstrated significant differences among all categories of all domains except Very Good 

versus Fair categories in OS and very good v/s good in FL domain. 

 Correlation between both global questions and domains was statistically significant at the p-

value of <0.001 level. Partial r values for self-rated oral health showed a significant correlation 

with the oral symptom, emotional well-being, and overall questionnaire, while there was a 

statistically significant correlation between all the subscales and the complete scale. However, 

even at low r values statistical significance was obtained possibly due to large sample size in the 

present study. Applying the thumb rule for correlation, relationship could be established only 

when partial r>0.250. Hence, only oral symptoms and overall CPQ demonstrate significant 

although weak, linear correlation with self-rated impact of oral health on well-being. (Table 6) 

Hence, the construct validity for the Hindi version of CPQ11-14 could be positively established. 

 

Discussion 

The CPQ11–14 is a valid tool in OHRQoL research worldwide,8-13 was translated, back-translated, 

and cross-culturally adapted to the Hindi language in the present study to ensure its conceptual 

and functional equivalence. The overall ICC value of 0.952 observed in this study was in 

agreement with those reported by the authors of the CPQ11-14 in their validation study5 and 

Brazilian study that validated CPQ8-10 and CPQ11-14.12 Though, the ICC values observed in 

present study were higher than those reported in the previous validation studies8-13 in various 

languages. This could be due to the different time gaps given for test-retest in earlier studies, 

such as a month in Arabic6; 2 weeks in Telugu13; 3 weeks in Brazilian Portuguese7 and 

German16.  

In our study, Cronbach’s alpha value for all the subscales was >0.8; which is considered 

excellent. Kumar S et al. in their validation of Telugu version of CPQ11-14 study reported that two 

subscales (EWB and SWB) had Cronbach’s alpha value of >0.8 whereas the remaining two A
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subscales had value of less than 0.8.13 A validation study conducted in Canada reported a similar 

pattern.3 

A study by Kumar P et al in 2018 endeavored to validate the modified CPQ11-14 questionnaire (62 

questions instead of 37) in the Hindi language with a smaller sample of 33 children, taken from 

the outpatient of the department. Also, steps of cross-cultural adaptation as done in the present 

study was not considered by Kumar P et al. Further, to evaluate discriminant validity, the 

investigators did not assess dental fluorosis which is a very consistent finding in Hindi speaking 

population and significantly affects the social well-being of the children. 17 Another study by 

Shyam et al. examined only dental caries for supporting the discriminant validity of the Hindi 

version of their CPQ11-14 scale.18 The above limitations in these studies restrict the 

generalizability of their findings to the whole of the Hindi speaking population and calls for an 

epidemiological study with a larger sample.  All three major clinical dental diseases i.e. dental 

caries, malocclusion and fluorosis that were used separately or in combination by various studies 

for assessing the discriminant validity of CPQ11-14 were considered together in this study with a 

larger sample of 1000 children.  

The present study found that malocclusion has a significant impact on OHRQoL of children. The 

finding was similar to study conducted by Kumar S et al.,13 and Bekes K et al.16 The current 

study could not relate dental caries experience to OHRQoL which was similar to studies 

conducted in UK8, Thailand12, India13, Germany16, Brazil19, Italy20 and Lebanon21. The reason for 

this finding could be that dental caries may not lead to functional limitations or psychosocial 

dysfunction if not accompanied by pain.13 Correspondingly, there have also been contradictory 

findings from other validation studies, as some studies reporting a relationship between dental 

caries and OHRQoL.6,7,9,11,18 

The Hindi version of CPQ11-14 presented excellent discriminant validity by discriminating the 

study subjects’ group that had fluorosis with visible changes from the group that had no distinct 

changes (mild, questionable or no fluorosis) in their teeth. The study conducted by Kumar et al. 

had a similar findings13 and advocates that moderate to severe fluorosis can have a major effect 

on the QoL of an individual.   

The Hindi version of CPQ11-14 demonstrated good construct validity with the overall score as 

well as with its subscales. Moreover, all the CPQ11-14 subscales and overall CPQ11-14 scores had a 

significant positive correlation with scores from global ratings of perceived oral health and A
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wellbeing. This advocates that the Hindi version of CPQ11-14 succeeded in assessing what it 

intended to assess, i.e., construct validity. Though, correlation value was low/moderate, the 

values are almost similar to those reported by many validation studies of CPQ11-14.8,9,11 These 

findings were similar to Brazilian19 and English3 version of CPQ11-14 while the Arabic version of 

CPQ11-14 could not show any correlation between global ratings of overall well-being and the 

SWB domain score.6 

The prevalence of dental caries was 30.6% in the present study which was similar to another 

Indian study.13 The caries prevalence in a trend review study was found to be 52.1% for children 

aged 11-15 years in India.22 The difference in the prevalence of dental caries could be due to 

varied age groups.  

The caries experience was higher in females compared to males but the difference was not 

statistically significant. There are conflicting results from literature for variations in caries 

experience according to gender. Studies conducted in India by Reddy KS et al.23 at Telangana; 

and Moses J et al.24 at Chidambaram observed a trend of greater caries experience in boys than in 

girls. Whereas, studies done in China25 and USA26 reported higher caries prevalence in girls than 

boys. This difference witnessed in various studies may be attributed to the difference in culture 

and geographical locations studied. 

In the present study, malocclusion showed male preponderance and its prevalence was 30%.  

Whereas the prevalence of malocclusion was 16.6% in the validation study of CPQ11-14 

conducted in Telangana13 and 89.9% in a study conducted in Kerala.27 Extensive deviations 

reported in various studies could be due to different indices being used to assess malocclusion. 

Both studies showed a higher presence of malocclusion in males.13,27 These differences could be 

due to behavioral differences between genders for thumb-sucking, deciduous teeth exfoliation, 

skeletal differences in addition to puberty. 

Fluorosis prevalence was 5.8% in the present study which was similar to a study conducted in 

Telangana, India.13 Studies by Arvind et al.28 and Verma et al.29 reported 42.1% and 64.3% of 

children had dental fluorosis respectively. The present study showed the males having a higher 

severity of fluorosis. A study by Mane et al., 2011 in Karnataka, India reported results similar to 

the present study.30 However, gender predilection is not a consistent feature in fluorosis 

demographics. Studies by Arvind et al.28 found the prevalence of dental fluorosis higher in girls A
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compared to boys. Equal occurrence among both sexes was found in a study conducted in 

Southern India by Verma et al, 2017.29 

The sample size of the present study is higher than most of the earlier conducted validation 

studies of CPQ11-14 in the scientific literature. A further added advantage is that the data was 

collected in a cross-sectional population survey using a 2-stage cluster random sampling 

technique in a school setting and not within a sample of patients attending dental treatment. This 

further made the sample homogeneous improving the generalization of study results to the 

general population. An added strength of the present study is the almost equal distribution of age 

in the study’s sample. The distribution of age in the study sample was similar to the studies 

conducted in Brazil19 and the UK8. 

The present study has some limitations. Firstly, socioeconomic status was not taken into account 

considering that children will not be able to provide information on it. To counteract this 

limitation, an equal number of government and private schools were randomly selected for data 

collection. Secondly, all demographic and behavioural data collected are based on a self-

administered questionnaire which brings social desirability and recall bias along with it.  These 

two biases are a source of response bias. While all of the children responded to all CPQ11-14 

questions, given that these were young adolescents, they may have given ‘socially desirable’ 

answers or could have misinterpreted a particular question altogether. To reduce misinformation 

due to these reasons, all the participants were informed that the information collected from them 

will be kept confidential. 

This study was the first cross-sectional study assessing the psychometric properties of the Hindi 

version of CPQ11-14 in a large sample of Hindi speaking general population. The Hindi version of 

CPQ11-14 shows statistically demonstrable and acceptable validity and reliability for assessing 

OHRQoL in Hindi speaking children aged 11 to 14 years. The measure is concise, easily 

understandable and uses simple language. As per gender variation, the caries experience was 

higher in males compared to females but the difference was not statistically significant whereas 

malocclusion and fluorosis scores showed a statistically significant score with males’ 

predominance. The Hindi version of CPQ11-14 will help improve the treatment and disease-related 

QoL outcomes among the concerned age group through a more accurate assessment of OHRQoL 

of Hindi speaking population. A
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Why is this paper important to paediatric dentists? 

• This study translated and validated the Hindi version of the CPQ11-14, a widely used tool to 

assess OHRQoL of children in the dental setting. 

• Paediatric dentists who have Hindi‐speaking adolescents in their clinical practice can utilize 

this Hindi version of CPQ11-14 to assess their OHRQoL.  

• This instrument can be used in both clinical as well as pediatric epidemiological studies. 
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Table 1- Prevalence of oral disease in the study sample according to sex 

 Dental caries Malocclusion  Fluorosis  

 DMFT=0 DMFT>1 P-value Absent Present P-value No to mild Moderate 

to severe 

P-value 

Male N (%) 408 (72.6) 154 (27.4) 0.49 354 (63) 208 (37) <0.001 514 (91.5) 48 (8.5) 0.02 

Female N (%) 286 (65.3) 152 (34.7) 346 (79) 92 (21) 428 (97.7) 10 (2.3) 

Total N (%) 694 (69.4) 306 (30.6)  700 (70) 300 (30)  942 (94.2) 58 (5.8)  
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Table 2- Descriptive statistics, Internal consistency and test-retest reliability of the CPQ11-14  

and its domains 

 

 Items  Mean + SD Media

n 

(IQR) 

Observe

d range 

Skew

ness 

ICC 95% CI Cronbach’

s alpha 

Cronbach’

s alpha if 

item 

deleted 

OS 6 4.7+3.6 4 (5) 0 - 18 9.3 .882 .833-

.921 

.897 0.817 

FL 9 4.8+4.6 4 (6) 0 - 24 1.3 .870 .817-

.913 

.901 0.794 

EWB 9 4.5+6 2 (7) 0 - 29 1.8 .892 .847- 

928 

.958 0.761 

A
cc

ep
te

d 
A

rt
ic

le



 

This article is protected by copyright. All rights reserved 

 

  

SWB 13 3+5.5 1 (4) 0 - 40 3.2 .779 .670-

.852 

.947 0.766 

Overall 

CPQ 11-

14 

37 17+16.7 12.5 

(18) 

0 - 98 1.8 .952 .933-

.968 

.963 0.857 
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Table 3- Inter-Item Correlation Matrix (Test –Retest) 

 OS2 FL2 EWB2 SWB2 CPQ2 

OS1 .992 .577 .495 .640 .779 

FL1 .566 .993 .434 .473 .718 

EWB1 .487 .412 .999 .706 .857 

SWB1 .641 .469 .716 .997 .882 

CPQ1 .774 .707 .867 .881 .999 
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     Table 4- Discriminant validity: CPQ11-14 and its domains in relation to dental caries, malocclusion and fluorosis 

Clinical 

Parameters 

N OS FL EWB SWB Overall CPQ11-14 

Mean 

(SD) 

Median 

(IQR) 

Mean 

(SD) 

Median 

(IQR) 

Mean 

(SD) 

Median 

(IQR) 

Mean 

(SD) 

Median 

(IQR) 

Mean (SD) Median 

(IQR) 

Dental caries 

DMFT=0 694 4.1(3.5) 3(4) † 4.8(4.6) 4(6) 4.4(6.0) 2(6) 2.4(4.1) 0(4) 15.6(15.0) 11(18) 

DMFT=1-3 246 4.7(3.5) 4(5) † 4.6(4.2) 3(5) 4.5(5.9) 2(7) 3.1(5.4) 1(3) 17.0(16.7) 13(18) 

DMFT>4 60 6.1(3.8) 5(5) † 6.4(5.7) 5(10) 4.9(6.6) 3(8) 5.0(9.3) 2(5) 22.4(22.0) 14.5(31.5) 

Malocclusion 

No 

anomalies 

700 3.50+2.

77 

3(3) * 4.49+4.

33 

2(4) * 1.29+1.5

9 

0(2) * 0.99+1.8

0 

0(1) * 9.0(6.9) 7(11) * 

Slight 

anomalies 

216 6.66+3.

33 

6(5) * 7.64+5.2

3 

6(7) * 8.79+2.3

2 

8(3) * 5.00+4.3

7 

4(5) * 28.1(10.5) 26(16) * 

Severe 

anomalies 

84 9.36+3.

85 

9(5) * 10.71+5.

17 

10(7) * 20.21+4.

05 

19(6) * 14.93+9.

95 

12.5(16

) * 

55.2(18.9) 53(31.25) 

* 

Fluorosis 

No to mild 942 4.4(3.3) 4(4) * 4.5(4.4) 3(5) * 3.8(5.3) 2(6) * 2.4(4.5) 1(3) * 15.0(14.6) 12(16) * 

Moderate 

to severe 

58 9.3(3.9) 10(6) * 10.8(4.1

) 

11(7) * 15.3(7.3) 15(12) 

* 

13.5(8.2

) 

12(13) 

* 

48.9(17.4) 48(27.5) * 
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†Mann Whitney U test, p<0.05 

*Mann Whitney U test, p<0.01 
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Table 5 - Construct validity: overall CPQ11-14 and its subscale scores in relation to global 

self-rating of oral health and impact of oral health on overall wellbeing 

  OS FL EWB SWB CPQ11-14 

 N (%) Median 

(IQR) 

Median 

(IQR) 

Median 

(IQR) 

Median 

(IQR) 

Median 

(IQR) 

Self–evaluated oral health 

Excellent 139 (13.9) 2 (3) 3 (4) 0 (2) 0 (1) 6 (9) 

Very good 141 (14.1) 3 (6) 3 (5) 1 (4) 1 (2) 8 (13) 

Good 308 (30.8) 3(4) 3 (5) 1 (4) 0 (3) 10 (15) 

Fair 338 (33.8) 5 (5) 5 (6) 4 (8) 2 (4) 17 (19) 

Poor  74 (74) 8 (7.5) 10 (10) 13 (13) 10(13.5) 37 (35) 

Self-evaluated impact of oral health on overall wellbeing 

Not at all 406 (40.6) 2 (3) 2 (3) 0 (2) 0 (1) 6 (10) 

Very little 305 (30.5) 5 (5) 5 (6) 3 (6.8) 1 (3) 15 (16) 

Somewhat  205 (20.5) 5.5 (5.8) 5 (6.5) 6 (9.8) 2 (6) 21 (25) 

A lot 41 (4.1) 4 (9) 7 (10)  8 (17.3) 9 (18.3)  29 (39.5) 

Very much 43 (4.3) 9 (7.5) 7 (10.5) 8 (13.5) 5 (14.5) 33 (45) 

*Kruskal Wallis H test, p<0.001 

All the CPQ11-14 subscales and overall CPQ11-14 score had significant positive correlation 

with global ratings of oral health and wellbeing with p= 0.000 
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Table 6- Construct validity: correlation of overall CPQ11-14 and its subscale scores with 

global self-rating of oral health and the impact of oral health on overall wellbeing 

 Self-rating of oral health Self-rating of  impact of  

oral health on overall wellbeing 

 r* P value Partial r P value r* P value Partial r P value 

OS .334 .000** .133 .003** .436 .000** .278 <0.001** 

FL .260 .000** .052 .248 .371 .000** .163 <0.001** 

EWB .428 .000** .136 .002** .416 .000** .126 .005** 

SWB .326 .000** .068 .128 .384 .000** .173 <0.001** 

Overall 

CPQ11-

14 

.398 .000** .127 .005** .476 .000** .262 <0.001** 

*Spearman’s correlation coefficient 

Partial correlation coefficient adjusted for gender, dental caries, malocclusion and fluorosis. 

**Correlation is significant at the 0.01 level (2-tailed) 
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CASE REPORT

A Modified Removable Space Maintainer for Compromised 
Dentition of Children: A Case Series
Tanya Agarwal1, Nidhi Agarwal2 

AB S T R AC T 
Despite the attempt in prevention, premature loss of primary teeth remains to be a frequent problem in pediatric dentistry, resulting in disturbance 
of arch integrity and unfavorably a!ecting the alignment of permanent successors. Space maintainers (SMs) are distinctive appliances used 
for maintaining space created due to premature loss of primary teeth. But at times the dentition of children is so compromised that it prevents 
the use of a conventional SM. Introduced in this article is an innovative modi"ed removable functional SM that o!ers several bene"ts over the 
traditional appliance. It is a straightforward and rapid method to fabricate but also omits band adaptation in uncooperative children and helps 
restore the functional harmony.
Keywords: Prosthesis retention, Removable partial denture, Space maintenance.
International Journal of Clinical Pediatric Dentistry (2020): 10.5005/jp-journals-10005-1843

BAC KG R O U N D 
Space maintenance is an integral part of preventive dentistry. 
Deprivation of arch length due to premature loss of primary teeth 
leads to well-documented complications, such as, individual tooth 
malpositions, overcrowding, ectopic eruption, impacted tooth, 
and deprived molar relationship.1 Conventional space maintainers 
(SMs) may be "xed or removable, active or passive, functional 
or non-functional. Fabrication of SMs requires certain clinical 
requisites that can vary according to the individual requirement. 
At times conventional SMs are not suitable and modi"cation is 
required.

Thus, a modi"ed removable SM was designed and applied in a 
series of cases in which the conventional SM could not be fabricated. 
The SM was customized to the existing clinical situation. They have 
been subsequently kept under observation, the maximum time 
being 12 months, and evaluated for their overall performance.

MAT E R I A L S A N D ME T H O D S 
Patient Case Selection
Early loss of primary teeth, where the patient may require a 
functional SM.

An uncooperative child who is not willing for band adaptation.

Design and Fabrication

• Upper and lower impressions were taken and occlusion was 
established on the cast. Denture teeth were taken and trimmed 
to an appropriate size and placed on the edentulous area at 
correct occlusion.

• A wire of 21 gauge was used to make a modi"ed type of labial 
bow in the attached gingiva area. An inverse “U”-shaped bent 
was given in-between the central incisor so that the labial 
frenum was relieved.

• Conventional U-shaped loops were formed at the canine 
region, extending distally and bent occlusally from the primary/
permanent molar to end on the palatal or the lingual surface.

• The wire served to provide strength and retention to the 
appliance.

• The base plate was formed of cold-cure acrylic resin to cover 
the labial as well as the palatal/lingual surface.

• So this formed a kind of a circummandibular/circummaxillary 
appliance (Fig. 1).

CA S E DE S C R I P T I O N 
An 8-year-old girl appeared to the Department of Pedodontics, 
with a chief complaint of pain in the lower right and left posterior 
tooth region. On clinical examination, deep carious lesion in respect 
to 84 and 85, 75 and root stump in relation to 74 was discovered. 
Radiographs showed deep caries in relation to 75, 84, and 85. And 
root stump i.r.t. 74. Due to the poor prognosis of the involved teeth 
extraction was planned followed by functional SMs (Fig. 2).

Postoperative instructions were given and the patient was 
recalled after 3, 6, and 12 months. No change in the "tting of 
the appliance was observed at 3 months, an eruption of 32 was 
observed in the given space of the SM and at 12 months eruption of 
42 was observed in the given space with the appliance "tting well.

Three other cases were also given modi"ed SMs, the results of 
which are mentioned in Table 1.
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Figs 1A and B: Concept of fabrication of the appliance

Figs 2A to E: (A) Preoperative view; (B) Immediate postoperative; (C) Follow-up—3 months; (D) Follow-up—6 months; (E) Follow-up—12 months



Space Maintenance in Children

International Journal of Clinical Pediatric Dentistry, Volume 13 Issue 6 (November–December 2020)724

DI S C U S S I O N 
As young children are usually apprehensive, their extent of 
cooperation is limited, which leads to a demanding situation for 
the restoration of critically decayed primary teeth.2

Closure of space occurs during the "rst 6 months after tooth 
removal. It is best to place the SMs instantly following the extraction. 
Erupting premolars usually require 4–5 months to progress through 
1 mm of bone.3 Rao and Sarkar presented a study, which states that 
loss of space can take place by both mesial and distal movement 
of the adjacent teeth.4

No single case is related; hence, perception about the choice 
and type of SMs must be ruled by the presenting clinical scenario.5 
An ideal appliance is one that would restore as much of the natural 
function of a tooth as possible following easy fabrication with the 
design of the appliance that is easily reproducible to all situations. 
The material should be inexpensive and have the longevity to 
remain in place till required and should not interfere with the 
normal eruption process.6

Removable SMs have certain advantages over "xed SMs such 
as being uncomplicated to clean, thus allowing better preservation 
of oral hygiene and may be used at the will of the patient although 
they may be broken or lost easily if not handled properly. This 
removable appliance, however, was manageable and easy to 
maintain hygienically.

In contrast, "xed appliances are less injurious to the oral tissues 
and are used uninterruptedly for a longer period.7 The soft deposits 
and inability of maintaining adequate hygiene, around the band 
might result in tissue irritation and hyperplasia. In some cases, 
obtaining retention gets di#cult as none of the permanent teeth 
have erupted or are in various stages of eruption.

The present modification of the removable SMs has been 
found to ful"ll all the criteria. The appliance was easy to fabricate 
and modify as per the individual need. Removable partial SM 
occasionally requires clasp adjustment and acrylic modi"cation 
to maintain good retention and allow eruption of the underlying 
teeth, whereas this new design requires no clasp adjustment and 
therefore the problem of impingement is avoided. Most of the "xed 
appliances only serve to maintain the arch length, but frequently 
oversee the useful aspect of the primary tooth.6 This is not so with 
the present new design as it helps in restoring not only the missing 
teeth, esthetics but also the function. It is observed that generally, 
children do not tolerate ill-"tting appliances. However, retention of 
this appliance was easily obtained due to the design and the small 
children were quite compliant in wearing it all the time.

The main concern with the appliance was its relation to growth. 
But in the follow-up visits, it was seen that the appliance did not 

inhibit growth and ceased to "t whenever there was any change in 
the dentition. A new SM could be constructed easily. Judicious space 
maintenance bene"ts the child and may prevent future alignment 
and crowding problems.

Supervision and frequent follow-up of appointments at 3, 6, 
and 12 months showed that the modi"ed removable SM had no 
deleterious e!ect on the growth.

CO N C LU S I O N 
The dispensed innovative design of the functional SM is simple and 
easy to fabricate. It requires less chairside time and hence increased 
acceptance by the children. The authors acclaim that the appliance 
is made-up routinely by dental specialists as it o!ers more bene"ts 
over conventional SMs.

CL I N I C A L SI G N I F I C A N C E 
This innovative modi"ed removable functional SM o!ers several 
advantages like its hassle-free and rapid to fabricate, budget 
e!ective, and also omits band adaptation in uncooperative children 
and helps restore the functional harmony. There is also an added 
advantage that it does not hamper the growth and is a suitable 
appliance for maintaining the esthetics as well as function.
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Table 1: Detail and follow-up of the cases

Patient name Age (years) Teeth missing Treatment done Follow-up—3 months Follow-up—6 months
Follow-up—12 
months

Pranav 72 months 75 Unilateral functional 
mandibular SM

Well-"tting appliance Missing 85; addition 
of 85 in the same SM

Well-"tting 
appliance

Radhika 7 + 4 months 74, 75, 84, 85 Bilateral functional 
mandibular SM

Well-"tting appliance Eruption of 44, 45 in 
the space available

Eruption of 34 in the 
space available

Tarun 11 + 1 months 11, 21 Bilateral functional 
maxillary SM

Well-"tting appliance Well-"tting appliance Well-"tting 
appliance
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with Aesthetic Rehabilitation by Groper’s 

Appliance- A Six-year Follow-up

Case Report

CASE REPORT
Parents of a three-year-old Indian male patient reported to the 
Dental Wellness Centre, Noida with a complain of non eruption of 
upper as well as lower anterior teeth of their child. The patient did 
not have any difficulty in mastication and speech. The child was 
born to non-consanguineous parents. The pregnancy and delivery 
were uneventful. There was no history of any trauma, severe 
systemic diseases or infections to the anterior region. Family history 
revealed similar finding in patient’s younger sibling [Table/Fig-1]. 
Extraoral features like patient height, weight, built and general 
appearance was normal. Facial profile was bilaterally symmetrical. 
Patient was well nourished and responded actively to conversation. 
on examination inntraorally 51,52,61,62,71,72,81 and 82 were 
found to be missing. Primary canines and molars were present in 
both arches. The erupted teeth were in normal shape, size and 
colour. Gingiva, tongue and oral mucosa was normal in colour 
and appearance. Investigations done were panoramic examination 
[Table/Fig-2] which reveals congenital agenesis of primary central 
and lateral incisors in maxillary and mandibular arches. It also 
showed absence of succedaneous tooth buds of all the missing 
primary teeth, though only mandibular permanent central incisor 
tooth buds were evident. Thus, after considering all facts the final 
diagnosis was Nonsyndromic Dental Agenesis.

Treatment Plan
Replacement of primary anteriors was done by placing Groper’s 
appliance in maxillary as well as mandibular arch. In this appliance 
primary molars were used to support the appliance through bands. 
This appliance was chosen owing to its benefits like preserving an 
open space to prevent arch length loss, restoration of function and 
aesthetics, allows maxillary growth and prevents improper tongue 
function. The strength and durability of the appliance is due to its 
construction each prosthetic tooth is individually attached to a 
metal pad that is welded to the palatal wire. A written consent form 
obtained from the patient.
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ABSTRACT
Tooth agenesis is the most clearly recognised dental anomaly in humans. Tooth agenesis may be single or multiple and may 
involve single or both arches. However, agenesis of permanent tooth is more commonly seen than primary tooth agenesis. Various 
studies reported 2.6-11.3% incidence of missing permanent teeth, out of which 0.4-0.9% occurs in the primary dentition and most 
commonly lateral incisors are involved. Women are usually more affected and the male-to-female ratio is about 2:3. The clinical 
features evident in children with missing teeth are compromised growth of alveolar ridge, speech discrepancies and reduced 
lower facial height resulting in deep bite. Missing anterior compromises aesthetics and affects the psychological and social well 
being of the child. Absence of teeth results in speech defects and unbalanced jaw growth which predisposes the patient to dental 
malocclusion. Thus, the condition requires careful treatment planning and subsequent management. Limited treatment options are 
available for the management of this condition due to child’s tender age and co-operation levels. Among these Groper’s appliance 
presents a promising treatment modality. This appliance has proven to be compliant functionally as well as aesthetically. Agenesis 
of multiple anterior teeth in both the arches and involving primary as well as permanent dentition is a rare presentation and literature 
shows paucity of data pertaining to this anomaly. Thus, there is a need for the documentation of such cases in literature. The author 
reported a case of nonsyndromic bilateral agenesis of primary and permanent interiors in a healthy three-year-old Indian male 
patient and a brief overview on its clinical implications and management.

[Table/Fig-1]: Intraoral view showing multiple primary and permanent tooth agenesis 
in both arches.

[Table/Fig-2]: Preoperative radiographic evaluation of the patient. Panoramic 
 radiograph revealing congenital absence of primary maxillary and mandibular inci-
sors along with permanent tooth buds. Presence of permanent central incisor tooth 
bud evident in mandibular arch.

First Appointment
Band adaptation (band size: 0.005”!0.180”) was done on 55, 65. 
After band adaptation impressions were taken with irreversible 
hydrocolloid material -Alginate (Dentsply Zelgan).
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DISCUSSION
Though absence of all teeth is a rare finding but congenital absence 
of one or more teeth is seen often during dental examination. It 
can be termed hypodontia when there is absence of 1 to 6 teeth 
whereas Oligodontia is a condition in which more than six teeth 
are missing [1]. Tooth agenesis is largely idiopathic and its exact 
aetiology is unknown. Though, several factors like localised 
infection or inflammation, tooth bud anomalies, orofacial trauma 
during odontogenesis, exposure to radiation therapy in the head 
and neck region and health conditions like metabolic disorders 
and disturbance of the endocrine system serve as predisposing 
risk factors [2,3]. Heredity or familial distribution also plays a role. 
Brooks AH proposed that agenesis or hypodontia arises as a 
result of combined effects of genetic and environmental factors 
[4]. Present case showed bilateral absence of central and lateral 
incisors involving both the dentitions. Venkataraghavan K et al., have 
reported a similar case of multiple missing primary teeth (n=18) with 
congenital absence of all primary teeth except the maxillary right and 
left primary second molars with the presence of all the developing 
permanent tooth buds showing defective formation of dentin, roots 
of the permanent molars and lower centrals [5]. Although, thorough 

Lab Procedure
Casts were poured with Type III gypsum product dental stone 
(Neelkanth). Since the available teeth are too big in size and by 
trimming it were difficult to achieve the desired morphology, thus 
composite teeth were custom made by using the mould. These 
teeth were contained by means of a wire (21 gauge 0.9 mm) bearing 
gingival coloured acrylic flange. It was soldered to the bands and 
its anterior part was embedded into acrylic (DPI-RR) covering the 
vestibule. The final appliance was trimmed, polished and was ready 
for a try in [Table/Fig-3a-c].

[Table/Fig-3]: (a) Maxillary appliance on the study model; (b) Mandibular appliance 
on the study model;  (c) Patient with maxillary and mandibular groper’s appliance.

Second Appointment
Wax-up trial was done and occlusion was checked with lower teeth. 
Later separating media was applied in the cast and then denture base 
was fabricated using cold cure acrylic. The appliance was seated by 
means of molar band and checked for accurate fit, any premature 
contacts and occlusal discrepancies. The banded appliance was 
then cemented using Glass Ionomer Cement (GC Corporation, 
Tokyo, Japan). Post-insertion instructions were given to the patient 
which included proper oral hygiene maintenance specially cleaning of 
acrylic flange area after every meal. The patient was instructed to visit 
the clinic every month for follow-up and report immediately in case of 
breakage of appliance. Patient appliance was re-fabricated several 
times during the follow-up period of 6 years in order to accommodate 
the growth changes occurring in the maxilla and mandible. After 
changing the appliance several times, the decalcification of molars 
was noticed due to repeated debanding and replacement of bands 
with the new ones during every change. Decalcification was taken 
care by application of Acidulated Phosphate Fluoride (APF) gel 
(Dentbay Pascal) at regular intervals and in order to prevent further 
damage to permanent molars, the Groper’s appliance was converted 
into bonded rather than banded.

Design of Bonded Groper’s Appliance
The wire extensions were bonded on the palatal surfaces of canines 
and first primary molars bilaterally. In the mean course the first 
primary molar of right side showed mobility and got exfoliated. 
Thus, the wire extension on this side needed to be extended till 
second primary molar [Table/Fig-4a-d].

Follow-Up
The patient follow-up was done for periodic adjustments and 
replacements of the appliance to accommodate for the growing 
arch. The appliances was repaired and reconstructed several times 
during the 6 year duration as patient reached mixed dentition phase 
and several teeth erupted and exfoliated. Panoramic radiograph 
[Table/Fig-5] showing erupting canines and maintained arch 
length after 6 year follow-up. Patient with maxillary and mandibular 
appliance after 6 year follow-up is depicted in [Table/Fig-6].

[Table/Fig-4]: (a) Mandibular bonded Appliance on model; (b) Maxillary bonded 
Appliance; (c) Mandibular appliance after cementation; (d) Maxillary  appliance after 
cementation.

[Table/Fig-5]: Panoromic view after 6 year follow-up period.

[Table/Fig-6]: Maxillary-Mandibular appliance in occlusion in patient aged 9 years.
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history and examination did not indicate presence of any syndrome 
in this patient neither any associated tooth discrepancies.

In the present case, replacement of teeth was planned considering 
several factors like perseverance of space, maintenance of 
aesthetics, prevention from deleterious oral habits and to facilitate 
the child’s speech development. Timely tooth replacement 
prevented inappropriate speech compensations and inability to 
articulate certain speech sounds, since many sounds are made 
with the tongue touching the lingual side of the maxillary incisors 
[6]. However, Gable TO et al., found loss of incisors doesn’t result 
in speech derangement in children who are over 4 years of age 
[6]. This patient was three-year-old and had no complaints with 
speech, it was stipulated that timely teeth replacement with groper’s 
appliance would aid in his speech development at later ages [7]. 
Patient’s general physical examination was done thoroughly. No hair 
thinning and sparcity was observed, nails did not show brittleness, 
there were no signs of glaucoma or any eye ailment and skin 
was normal in texture and appearance. These findings ruled out 
presence of ectodermal dysplasia and other related syndromes. 
Studies suggest that there is no strong evidence that early loss of 
maxillary incisors will have any significant, long-lasting effect on the 
growth and development of the child [8].

On the contrary, some opine that agenesis of anterior teeth may 
affect development of smaller cranial base length and leads to shorter 
maxilla, prognathic mandible, shorter lower anterior facial height, 
retroclination of maxillary and mandibular incisors [9]. Out of these, 
loss of intercanine width is of utmost concern. In the present case, 
the timely placement of appliance prevented the loss of intercanine 
width and facilitated its increase with the growing maxilla [Table/Fig-5]. 
Normal denture was not taken into consideration as a treatment 
option due to its non-compliance in young patients and its retention 
issues in children. Absence of anterior teeth in children has a strong 
influence on the psyche of the children. Kapur A et al., reported that 
the child’s self esteem can be guarded by aesthetic rehabilitation 
of the primary dentition [10]. At an age as early as 5 years, children 
formulate a mental image of their appearance. Being able to maintain 
this image facilitate their acceptance among their peer group [11]. In 
the present case aesthetics was the primary concern for the child’s 
parents and they demanded aesthetic rehabilitation in order to boost 
self confidence of the child. The patient did not have any complain 
with mastication and speech. In the Groper’s appliance preformed 
bands were not used and bands were custom made which provided 
snug fit and positioning and stability. The wire incorporated was rigid 
enough to withstand the masticatory load and it was positioned 
laterally to avoid its interference with the tongue positioning. In 
the present case, younger sibling of patient also presented with 
hypodontia but the expression was dissimilar. Kagitha PK et al., 
reported a case of concordant expression of hypodontia in two girl 
siblings aged 11 and 13 years [12].

Jasmin JR and Groper JN, were the first ones to document groper’s 
appliance. Their design lacked the acrylic flange and teeth were 

directly attached to metal cleats that were soldered to the palatal 
wire bar [13]. Similarly, Shanmugaavel AK et al., fabricated grasce 
appliance using the palatal wire to attach the teeth directly [14]. They 
placed stainless steel crowns on molars instead of molar bands. In 
the present case, acrylic flange was used as it is able to stabilise 
the teeth better and also prevents development of gap between 
teeth and alveolus due to improper fit. In this case, molar bands 
were preferred as it is less cumbersome to remove and replace 
them for periodic modifications in the appliance, to accommodate 
growth changes than stainless steel crown. Moreover, the patient 
had healthy vital molars and it was preferred to avoid unnecessary 
reduction and crown placement in them. In the present case, 
successful replacement of teeth ensured the stability of alveolar 
bone volume due to physiological stimulation of the periodontal 
ligament. Implant treatment is postponed until the completion of 
jaw growth in adolescence.

CONCLUSION(S)
Absence of tooth at younger age may result in psychological trauma 
to the child. The restoration of anterior aesthetics with this appliance 
gave an essential psychological boost to the child and his parents. 
Groper’s appliance enhanced aesthetics, assisted in proper speech 
development and restored normal functioning; Above all, it provided 
self-confidence to the child and improved his social wellbeing.
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Abstract: 
It is of interest to document the cytotoxicity and anti microbial analysis of silver and graphene oxide nanoparticles. The plant extracts 
from Andrographis paniculata and Ocimum sanctum Linn were used as reducing agent. The nanoparticles were characterized using UV-
visible spectroscopy, FT-IR, XRD and TEM. The antimicrobial activity was completed for oral pathogens. Brine Shrimp Lethality assay 
was conducted for cytotoxicity. Thus, we show that silver and graphene oxide bio based nanoparticles have antimicrobial activity with 
minimum cytotoxic effects. 

 
Background: 
Nanoparticles finds application in Biomedicine [1]. They are often 
produced using physical and chemical methods [2]. These 
molecules are also produced using biological methods using plants, 

fungi and bacteria [3]. Silver nanoparticles have attracted attention 
as they have favorable electrical conductivity, chemical stability 
and antibacterial activity [4]. Graphene is a carbon based flat 
monolayer arranged in a two dimensional hexagonal structure with 
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distinguished mechanical, electrochemical and physical properties 
[5]. Andrographis paniculata is known for its potent anti-
inflammatory formulations [6]. Ocimum sanctum Linn.  is known for 
the treatment of upper respiratory tract infections, bowel infections 
and renal calculi [7]. We synthesised Silver and graphene oxide 
nanoparticles using leaf extract of Andrographis paniculata and 
Ocimum sanctum Linn. Therefore, it is of interest to document the 
cytotoxicity and anti microbial analysis of silver and graphene 
oxide nanoparticles. 
 
Materials and Methods: 
Preparation of plant extract: 
Andrographis paniculata and Ocimum sanctum Linn leaves were 
collected freshly and dried in shade for three days. After that they 
were powdered coarsely.0.5g of Andrographis paniculata and 0.5g of 
Ocimum sanctum Linn leaves powder was weighed and dissolved 
in 100ml of distilled water and mixed well. After that it was boiled 
for 5 minutes at 60-800 C using a heating mantle. The boiled extract 
was filtered through Whatman No.1 filter paper, and the 
supernatant was used.  
 
Synthesis of Silver nanoparticles: 
10 ml of pure plant extract was added into the 90 ml of 1 mM of 
silver nitrate solution and mixed well. Then the solution was kept 
in an orbital shaker for further mixing. The visual changes were 
observed and the colour of the prepared solution slowly turned to 
dark brown. This indicated silver nanoparticle formation. The 
prepared solution was then subjected to UV Vis 
Spectrophotometer analysis to confirm the formation of 
nanoparticles. Then this solution was centrifuged at 8000 rpm for 
10 minutes. The solution was then filtered using Whatman No.1 
filter paper. 
 
Synthesis of Graphene oxide nanoparticles: 
0.6g of graphite nano powder (Sisco Research Laboratories, 
Maharashtra, India.) and 0.2 g of sodium hydroxide (MERCK, 
Mumbai, India.) was dissolved in 50 ml of distilled water; to this 50 
mL of plant extract was added and mixed well. Then the solution 
was kept in an orbital shaker and magnetic stirrer with hot plate 
for further mixing. The color change was noted and the 
nanoparticles formation was monitored. Then this solution was 
centrifuged at 8000 rpm for 10 minutes. The solution was then 
filtered using Whatman No.1 filter paper. 
 
Characterization of newly synthesized nanoparticles: 
UV Visible Spectrophotometer analysis, TEM Analysis, X-ray 
Diffraction and FTIR analysis was done to confirm the synthesis of 
nanoparticles 

Assessment of Cytotoxicity [Brine shrimp lethality assay]: 
The artemia tank was filled with 6 L of distilled water; to that 50 g 
of iodine free salt was added and mixed well using a spatula. 2 
capsules containing 15g of brine shrimp eggs were added to the 
tank and left undisturbed for 5 mins for proper soaking in salt 
water. After that airline tip was placed inside the artemia tank and 
the aeration level was increased to maximum level according to the 
manufacturers’ instructions. After 24 hrs of incubation, the naupliis 
were hatched out from the brine shrimp eggs and observed using a 
stereomicroscope. Five tubes were taken and filled with 3ml of 
artificial sea water.10 naupliis were added in each test tube 
respectively. Test solutions were loaded in the concentration range 
of 10µl, 20µl, 30µl, 40µl and 50µl. A control tube was prepared by 
adding 3ml of artificial seawater, 10 naupliis. The tubes were kept 
for 24 hrs incubation. After incubation, the live and dead naupliis 
were counted and lethality was assessed. 
 

 
Figure 1. UV–Vis spectra of silver and graphene oxide 
nanoparticles. 
 
Antimicrobial activity analysis: 
100 ml of Muller–Hinton agar was prepared, sterilized and poured 
onto the petriplates. The plates were allowed for solidification. 
After solidification plates was swabbed with four different oral 
pathogens namely Streptococcus mutans, Staphylococcus aureus, 
Pseudomonas sp, Enterococcus faecalis. All microorganisms were 
maintained at 4°C and were isolated from the patients. After 
swabbing on each plate four wells were formed using a T shaped 
well cutter. In the first three wells the test suspension was loaded 
in the concentration of 25µl, 50µl, 150µl respectively. In the fourth 
well a standard antibiotic in the concentration of 30 µl was loaded 
and the plates were incubated at 370 C for 24 hrs and zone of 
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inhibition was measured after incubation. For Candida albicans, 
20ml of Rose Bengal was prepared, sterilised and poured on to a 
petri plate and allowed for solidification. After solidification plates 
was swabbed with Candida albicans. After swabbing on each plate 
four wells were formed using a T shaped well cutter. In the first 
three wells the test suspension was loaded in the concentration of 

25µl, 50µl, 150µl respectively. In the fourth well a standard 
antibiotic in the concentration of 30 µl was loaded. The plates were 
incubated at 370C for 48 hrs and zone of inhibition was measured 
after incubation. The microbiological procedure was repeated three 
times for each microorganism. 

 

 
Figure 2. TEM images of (a) Silver nanoparticles and (b) Graphene Oxide nanoparticles 
 

 
Figure 3. XRD patterns (a) Silver nanoparticles and (b) Graphene Oxide nanoparticles  
 

 
Figure 4. FTIR of (a) Silver nanoparticles and (b) Graphene Oxide nanoparticles  
 
Results and Discussion: 
On UV Vis Spectrophotometer analysis the peak of 450 nm was 
observed which confirmed the synthesis of silver nanoparticles. 
The peak of 370 nm was observed for graphene oxide 
nanoparticles (Figure 1). TEM Analysis was done to confirm the 
shape and size of nanoparticles. Most of the silver nanoparticles 
were spherical in shape and average size of the silver 

nanoparticles was 11 to 55 nm (Figure 2). The graphene 
nanoparticles were spherical of 5-10 nm in size and rod shaped of 
100 nm in size. On XRD analysis (Figure 3) the initial peaks were 
observed at 2θ values of 28.23° and 32.01°. These peaks are 
related to crystalline and amorphous organic phases of the plant 
extract. 2θ values of 38.12° and 44.10° was obtained which can be 
attributed to [111] and [200] crystalline planes of silver 
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nanoparticles respectively and confirms the face centred cubic 
lattice of silver nanoparticles [8]. 2θ value was observed at 
around rGO (2θ=27°) corresponding to (002) plane [9]. FTIR 
analysis was done to check the possible functional groups 
present in the newly formed nanoparticles [10]. For silver 
nanoparticles the broad peak at 3190 cm-1 corresponds to O-H 
stretching vibrations of the hydroxyl groups. The peak at 2927 
cm-1 is due to stretching vibrations of aliphatic C-H groups. The 
band at 1643 cm-1 corresponds to amide C=O stretching 
vibration. The peak at 1442 cm-1 attributes to H-C-H band for 
alkanes functional group. The observed peak at 1141 cm-1, 1288 
cm-1 denote C-O stretching vibration. The peak at 1033 cm-1 can 
be attributed to C-O [carbonyl group] stretching vibration. FTIR 
analysis confirmed the formation of many oxygen-containing 
groups such as hydroxyl and carbonyl groups. From the results 
of FTIR it is evident that amide groups are formed along with 
carbonyl and hydroxyl group. It can be observed that silver has 
high affinity and binding ability with these carbonyl and 
hydroxyl groups and the interaction is taking place without any 
effect on the basic structure of silver during the course of the 
reaction. For graphene oxide nanoparticles the peak of 875.82 
attributes to C-H bending and ring puckering bending vibration. 
The peak of 1408.35 attributes to O-H bending (in plane) 
vibration from hydroxyl groups. The absorption range of 1600.91 
attributes to C=C (aromatic) stretching vibration which shows 
remaining sp2 character. The peak of 2272 attributes to C=N 
stretching vibration. The peak of 3028.34 attributes to C=C-H 
asymmetric stretching vibration (Figure 4). Brine shrimp lethality 
assay [11] was used to assess cytotoxicity. Silver nanoparticles 
were cytotoxic at all concentrations. As the concentration was 
increased the cytotoxic effects were more evident. The reduction 
in concentration may help to reduce cytotoxic effects. Graphene 
oxide showed no cytotoxicity at concentration of 10 µL, 20 µL. As 
the concentration was increased the cytotoxic effects were noted. 
Wierzbicki et al. assessed the cytotoxic effect of graphene oxide 
silver nanoparticle composite and found the combination seems 
to be less toxic when compared to silver nanoparticles used alone 
[12]. The biosynthesised silver nanoparticles were able to exert 
good antimicrobial activity against all the tested oral pathogens. 
For Streptococcus mutans at 50 µL the zone of inhibition was 
equivalent to the standard antibiotic. For Staphylococcus aureus 
and Pseudomonas sp at 25 µL itself zone of inhibition equivalent to 
the standard antibiotic was observed. At 150 µL Silver 
nanoparticles were able to achieve zone of inhibition equivalent 
to standard antibiotic for Enterococcus faecalis. For Candida albicans 
at all the concentrations zone of inhibition was not comparable to 
standard antibiotic. At all the concentrations of graphene oxide, 
there was zone of inhibition observed.8-10 mm zone of inhibition 

was observed at the concentration of 25 µL, 50 µL, and 150 µL. 
Antibiotic showed the maximum zone of inhibition of around 18 
mm against tested microbes at all the concentrations. MA 
Aldosari et al synthesised Graphene silver nanoparticles 
nanocomposite by microwave irradiation method and tested 
their antimicrobial activity against E. coli and found microwave 
method to have better antimicrobial properties when compared 
to in situ-prepared nanocomposite [13]. The present study 
appear to be first of its kind as the combination of leaf extracts of 
Andrographis paniculata and Ocimum sanctum Linn to synthesise 
Silver and Graphene oxide nanoparticles have not been reported 
previously in the literature. Cobos et al synthesised graphene 
oxide decorated silver nanoparticles of size less than 4 nm using 
L ascorbic acid as reducing agent [14]. Silver nanoparticles exert 
its antimicrobial activity by creating pits in the cell wall of 
bacteria, which in turn increases permeability resulting in cell 
death. They also cause oxidation and denaturation of the cell 
wall of microorganisms, which results in cell lysis [15]. Graphene 
acts as a nano-knife, penetrates and cuts cell membrane of 
bacteria, induces mechanical stress, extracts phospholipids from 
lipid membranes and produces oxidative stress through ROS 
generation and by charge transfer phenomena [16]. 
 
Conclusion: 
The silver and graphene oxide nanoparticles using leaf extract of 
Andrographis paniculata and Ocimum sanctum Linn. as reducing 
agents were synthesized for antimicrobial activity against common 
oral pathogens with acceptable cytotoxic effects. However, its effect 
on Candida albicans is insignificant. A combination of silver and 
graphene oxide nanoparticles analysis for antimicrobial activity is 
required for further validation and application. 
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ABSTRACT 
Objective: To assess the prevalence of dental caries and fluorosis among 7-12-year-old school children in 
Muradnagar, India. An additional objective was to determine the relationship between dental caries and 
fluorosis in the studied population. Material and Methods: A total of 1500 school children aged between 7 
to 12 years, and both genders were randomly selected for the present study. The selected participants were 
divided into three groups based upon age, viz 7-8 year (group I), 9-10 year (group II) and 11-12 year (group 
III). Sterile mouth mirrors and explorers were used for the detection of caries. The water samples were 
collected to assess the fluoride concentration. The data collected were tabulated and statistically analysed 
using Chi-square, ANOVA, Spearman’s correlation and t-test wherever applicable. Results: Out of 1500 
participants, 54.1% were females and 45.9% were males. The prevalence of dental caries and fluorosis was 
89.3% and 93.7%, respectively. The prevalence of caries increased with age (p<0.05) and females showed a 
higher prevalence in both the dentitions. Most dental fluorosis was ‘very mild’ (40.1%). Prevalence of dental 
fluorosis increased with age and males showed more fluorosis than females. A negative relationship was 
found between dental caries and fluorosis (p<0.05). Conclusion: Dental caries and fluorosis are the public 
health problems in Muradnagar; therefore, preventive programs should be organized to increase awareness 
among the general people. 
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Introduction 

Despite remarkable achievements in the oral health of populations globally, problems still remain in 

many communities worldwide, especially among underprivileged groups in many countries. Among the major 

oral health problems, dental caries is the most common disease [1,2]. Although a declining curve in dental 

caries among children in highly developed countries is observed that could be related to better oral health 

behaviors and higher socio-economic status of parents [3], still certain developing countries have reported an 

increase in dental caries. This is mainly attributed to the economic, political, and social changes in the 

developing countries that significantly impact diet and nutrition, with a shift from traditional to a more 

westernized lifestyle leading to increased availability and consumption of refined sugars [4]. 

Fluoride is considered as a double-edged agent, where its consumption in small quantities (<0.5 mg/l) 

is found to be beneficial for teeth, whereas ingestion of higher concentrations (>1.5 mg/l) may cause fluorosis 

[5,6]. Studies have reported that there are four sources that increase the risk for dental fluorosis, viz: 

fluoridated drinking water, fluoride supplements, fluoride paste and formula prescribed for children [6]. 

Oral health-related quality of life (OHRQoL) in children is affected by endogenous factors like 

children's oral health behaviors, children's dental anxiety, dental caries and exogenous factors such as parental 

socio-economic status, parental oral health behaviors, parental dental anxiety, and non‐carious dental 

problems. This association has been concluded in a recent study where OHRQoL was related to parental socio-

economic status, dental anxiety, and oral health behaviors. Additionally, it was found that parental dental 

anxiety had the strongest direct effect on OHRQoL whereas children's oral health behaviors had the strongest 

indirect effect [7]. 

The high prevalence of dental caries and fluorosis in children makes them a focus group of public 

healthcare due to the negatively affected oral health. This can also lead to social and psychological problems 

[8]. Hence oral health diseases and disorders can negatively affect a child’s life. Therefore, the need to focus on 

their prevention is a matter of urgency. 

India is one of the 23 nations worldwide where major health issues are reported due to excess intake of 

fluoride. Around 17 states in India are endemic to dental fluorosis. National oral health survey and fluoride 

mapping in India found the prevalence of dental caries among 12 and 15-year-old children to be 53.8% and 

63.1%, respectively [9]. 

To the best of the authors' knowledge, no epidemiological study has been conducted in Muradnagar 

on dental fluorosis; therefore, an attempt was made in the present study to further enhance the knowledge on 

dental caries and fluorosis in school children in Muradnagar area of Ghaziabad district. The aim was to assess 

the prevalence of dental caries and fluorosis among 7-12-year-old school children in Muradnagar, India. An 

additional purpose was to determine the relationship between dental caries and fluorosis in the studied 

population. 

 

Material and Methods 

Study Design 

This cross-sectional study was conducted among 7-12-year-old school children in Muradnagar, India, 

from May 2014 to March 2015. Ethical clearance was received from the Institutional Review Board and all the 

procedures in this study were in compliance with the Helsinki Declaration (Protocol No. 

ITSCDSR/IIEC/2012-15/PEDO/01). The parents/guardian signed the informed consent form containing 

information about the details of the study. 
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Sample Population, Size and Characteristics 

Sample size estimation was determined based on the results of a pilot study that was conducted on a 

convenience sample (n=100) of school children, which showed a prevalence of dental caries to be 60%. Based on 

this, the desired sample size was estimated to be 1474 with an absolute precision of 5% and a 95% confidence 

interval. So a total of 1500 participants were enrolled for this study. 

Lists of all schools were obtained from the District Educational Office of Ghaziabad district. A total of 

1500 participants were randomly selected from the list obtained. The selected schools were listed, and 

permission to conduct the study in these schools was obtained from the school principals, who were requested 

to get the parents/guardians' consent. Prior information was provided for school principals and students about 

the date and time of the data collection. The inclusion criteria considered were: 1) all 7-12 years old children 

present on the day of clinical examination; 2) children with at least more than 50% of the crown erupted and no 

fillings on surfaces to be recorded; 3) children who consumed the same source of drinking water from birth to 

the day of examination; and 4) parents/ guardians who consented for the study. Children with orthodontic 

brackets or crowns were excluded from the study.  

According to age, the selected participants were grouped as follows: Group I: Participants aged 

between 7-8 years; Group II: Participants aged between 9-10 years, and Group III: Participants aged between 

11-12 years. Information was collected via a predesigned structured questionnaire, which included 

demographic variables such as name, age, gender, date of birth, school address, and drinking water source. 

 

Clinical Examination 

A single trained and calibrated investigator carried out a comprehensive clinical examination 

throughout the study. The students were examined at the school premises during the normal working hours of 

school. Children were comfortably made to sit in an upright position on an ordinary chair towards natural light 

source in their classroom and oral examination was conducted using sterile mouth mirrors and explorers. 

Dental fluorosis was recorded based on standard codes and criteria of modified Dean’s fluorosis index [10] and 

the caries status (dmft and DMFT) was recorded based on WHO Oral Health Assessment Form [11]. 

 
Sources of Drinking Water 

A common public drinking water supply system was available in the villages. In this system, water 

was pumped from the bore well into a storage tank, whereas taps were provided near the tanks. Other sources 

of water in other villages were municipal taps, deep bore and underground water. 

 
Fluoride Estimation in Drinking Water 

500 ml plastic bottles that were doubly rinsed with distilled water were used for collecting the water 

samples from the different villages. They were coded and sent to the laboratory for fluoride estimation on the 

same day, where the test was done by Ion Electrode Method. 

 

Statistical Analysis 

The recorded data were analyzed using the Statistical Package for the Social Sciences (SPSS Inc., 

Chicago, IL, USA) version 13.0. Descriptive statistics were used to summarize the data regarding demographic 

characteristics. The influence of demographic characteristics on caries and fluorosis was tested using Chi-

square test, independent sample t-test and One-Way ANOVA wherever applicable. Spearman rank correlation 

was applied to analyze the relationship between decayed teeth and dental fluorosis. The level of statistical 

significance was set at p<0.05. 
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Results 

Out of 1500 school children, 54.1% were females and 45.9% were males. Females were 16.7%, 30.0%, 

53.2% and males were 19.8%, 44.0% and 36.2% in group I (7-8 years), group II (9-10 years), and group III (11-

12 years), respectively (Table 1). 

 

Table 1. Distribution of studied population by age and gender. 
Age Groups Male Female Total p-value 

 N (%) N (%) N (%)  
7-8 Years 136 (19.8) 136 (16.8) 272 (18.1) <0.001* 

9-10 Years 303 (44.0) 244 (30.0) 547 (36.5)  
11-12 Years 249 (36.2) 432 (53.2) 681 (45.4)  

Total 688 (45.9) 812 (54.1) 1500 (100.0)  
 

The prevalence of subjects (7-12 years) with caries experience was 89.3%. Chi-square test for age-wise 

comparison of dental caries revealed a significant (p<0.05) increase in the prevalence of caries (combined for 

primary and permanent dentition) with the advancement of age as the prevalence of caries in group I was 

79.0%, in group II was 91.3% and in group III was 91.5%. 

Gender wise comparison in the prevalence and pattern of distribution of caries showed higher 

deft/DMFT scores in females along with the higher prevalence of dental caries for both primary (63.8% vs. 

55.2%) and permanent (82.3% vs. 81.8%) dentitions as compared to the males. The ‘decayed teeth’ component 

almost fully contributed to the dmft, with virtually no ‘missing’ or ‘filled teeth’. Out of 812 females, 730 females 

had decayed teeth in which a maximum number of females (233 - 28.7%) had two decayed teeth, followed by 

120 (14.8%) females who had four numbers of decayed teeth and only 2 (0.2%) females had eight numbers of 

decayed teeth. Similarly, out of 688 males, 609 males had decayed teeth in which a number of males (190 - 

27.6%) had two decayed teeth followed by 114 (16.6%) males who had one number of decayed teeth and only 1 

(0.1%) male had maximum eight number of decayed teeth. Table 2 and 3 show the gender-wise distribution of 

dmft/DMFT values for primary and permanent dentitions, respectively. 

 

Table 2. Gender wise distribution of dmft scores in primary dentition. 
 dmft Score   

Gender 0 1 2 3 4 5 dmft p-value 
 N (%) N (%) N (%) N (%) N (%) N (%) Mean ± SD  

Female 294 (36.2) 208 (25.6) 210 (25.9) 81 (10.0) 18 (2.2) 1 (0.1) 1.17 ± 1.10 0.03* 
Male 308 (44.8) 144 (20.9) 142 (20.6) 81 (11.8) 13 (1.9) 0 (0.0) 1.05 ± 1.13  

Total 602 (40.1) 352 (23.5) 352 (23.5) 162 (10.8) 31 (2.1) 1 (0.1)   
 

The prevalence of dental fluorosis was found to be 93.7%. Most of the school children had ‘very mild’ 

fluorosis for all three age groups. These findings were statistically insignificant (p>0.05). There were no 

marked gender-related differentials and both the genders had a high prevalence of ‘very mild’ fluorosis, 

whereas the ‘severe’ fluorosis was observed only in a negligible proportion. These findings were statistically 

insignificant (p>0.05). On applying the One-Way ANOVA test for the dependency of water source with 

fluorosis index, a statistically insignificant finding was noted as no marked difference was noted in fluorosis 

index between the deep bore underground water and tap water. Table 4 shows the studied population's 

distribution according to modified Dean's fluorosis index and different variables. 
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Table 3. Gender wise distribution of DMFT scores in permanent dentition. 
 DMFT Score   

Gender 0 1 2 3 4 5 6 7 8 DMFT p-value 
 N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) Mean ± SD  
Female 144 (17.7) 136 (16.8) 288 (35.6) 153 (18.9) 69 (8.5) 13 (1.6) 7 (0.9) 0 (0) 2 (0.2) 1.94 ± 1.32 0.07 
Male 129 (18.8) 158 (23.0) 208 (30.2) 119 (17.3) 58 (8.4) 12 (1.7) 2 (0.3) 1 (0.1) 1 (0.1) 1.82 ± 1.32  

Total 273 (18.2) 294 (19.6) 496 (33.1) 272 (18.2) 127 (8.5) 25 (1.7) 9 (0.6) 1 (0.1) 3 (0.2)   
 

Table 4. Distribution of school children according to age group, gender and source of water regarding modified Dean’s fluorosis index. 
Modified Dean’s 
Fluorosis Index 

Age Group Gender Source of Water 
7-8 Years 9-10 Years 11-12 Years Female Male Tap Water Underground Water 

 N (%) N (%) N (%) N (%) N (%) N (%) N (%) 
Normal 28 (10.3) 29 (5.3) 37 (5.4) 60 (7.4) 34 (4.9) 48 (7.1) 46 (5.6) 
Questionable 81 (29.8) 168 (30.7) 198 (29.1) 232 (28.6) 215 (31.2) 207 (30.5) 240 (29.2) 
Very Mild 114 (41.9) 219 (40.0) 269 (39.5) 327 (40.3) 275 (40.0) 268 (39.5) 334 (40.7) 
Mild 33 (12.1) 101 (18.5) 138 (20.3) 153 (18.8) 119 (17.3) 122 (18.0) 150 (18.3) 
Moderate 11 (4.0) 26 (4.8) 38 (5.6) 34 (4.2) 41 (6.0) 32 (4.7) 43 (5.2) 
Severe 5 (1.8) 4 (0.7) 1 (0.1) 6 (0.7) 4 (0.6) 2 (0.20) 8 (1.0) 

Total 272 547 681 812 688 679 821 
Test value (f-ratio) 1.05 0.09 0.12 

p-value 0.4 0.8 0.7 

 

Table 5. Relationship between dental caries and fluorosis. 
Modified Dean’s 
Fluorosis Index 

Decayed Teeth  
0 1 2 3 4 5 6 7 8 Total 

 N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) 
Normal 10 (10.6) 3 (3.2) 12 (12.8) 22 (23.4) 15 (16) 15 (16) 13 (13.8) 4 (4.3) 0 (0.0) 94 (6.3) 
Questionable 51 (11.4) 84 (18.8) 87 (19.5) 58 (13.0) 65 (14.5) 61 (13.6) 33 (7.4) 8 (1.8) 0 (0.0) 447 (29.8) 
Very Mild 66 (11.0) 86 (14.3) 200 (33.2) 87 (14.5) 68 (11.3) 58 (9.6) 29 (4.8) 6 (1.0) 2 (0.3) 602 (40.1) 
Mild 22 (8.1) 27 (9.9) 91 (33.5) 51 (18.8) 48 (17.6) 27 (9.9) 3 (1.1) 3 (1.1) 0 (0.0) 272 (18.1) 
Moderate 11 (14.7) 12 (16) 29 (38.7) 8 (10.7) 9 (12.0) 2 (2.7) 0 (0.0) 3 (4.0) 1 (1.3) 75 (5.0) 
Severe 1 (10.0) 1 (10.0) 4 (40.0) 0 (0.0) 2 (20.0) 0 (0.0) 2 (20.0) 0 (0.0) 0 (0.0) 10 (0.7) 

Total 161 (10.7) 213 (14.2) 423 (28.2) 226 (15.1) 207 (13.8) 163 (10.9) 80 (5.3) 24 (1.6) 3 (0.2) 1500 (100.0) 
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The prevalence of fluorosis decreased as the number of decayed teeth increased and Spearman’s 

correlation coefficient (rs = -0.089) for the relationship between decayed teeth and fluorosis index was found to 

be statistically significant (p<0.05), as shown in Table 5. 

 

Discussion 

Many studies [4,5,12-16] have been done to identify the prevalence of dental caries and fluorosis in 

different parts of India; however, there has been relatively very few data reported in the literature related to 

the prevalence of dental caries and fluorosis among children in Muradnagar, so the present study was 

conducted in school children of 7-12 years. The school children were chosen because of the ease of accessibility 

and adequate representation of the target population. 

In this study, the prevalence of dental caries was 89.3%, increasing with advancing age. Similarly, 

findings were noticed among 8-13 years old school children where the overall deft/DMFT score increased as 

the age of the children increased [17]. Also, previous studies revealed similar results [5,18]. The longer 

exposure of teeth to deleterious oral environment and the disease's irreversible nature may explain the higher 

prevalence of caries among 12 years group compared to 7 years group. 

In this study, it was observed that deft/DMFT scores were more in females in both permanent and 

primary dentition as compared to their counterparts. This finding is consistent with the study conducted by 

Sukhabogi et al. [5] and Singh and Singh [19]. Earlier eruptions of teeth, snacking during food preparation, 

hormonal influences, and amelogenin contribution to caries susceptibility are the few known factors for the 

higher caries prevalence among females [20]. 

The prevalence of fluorosis in this study was 93.7%, which was much higher than a study done in 

Kaiwara Village [21] and Barabanki [22], i.e., 24.0% and 33.37% respectively in northern India. In other 

studies done in southern India, the prevalence of dental fluorosis was seen as in Kerala [9] (35.6%); Tamil 

Nadu [20] (31.4%), Davangere [23] (44.6%), Raichur [24] (32.6%), Tamil Nadu [25] (19.2%), Kolar [26] 

(31.1%); and Khammam District [27] (74.9%). The higher prevalence of fluorosis in Muradnagar raises a 

concern about public health. In the current study, 'very mild fluorosis' was the most common type of fluorosis, 

whereas 'severe' fluorosis was the least and these findings are in accordance with other studies [17,26,28]. 

The current study showed a positive correlation between the age and severity of fluorosis. A similar 

finding was documented by Kola et al. [4]; Saravanan et al. [20]; Veeresh et al. [23]; Mane et al. [24]; 

Punitha et al. [27]; Dahiya et al. [29] and Kiran and Vijaya [30]. One possible explanation for lower 

prevalence in the younger age groups is that the teeth' mineralization in primary dentition occurs in the intra-

uterine phase. During this phase, only placental barrier exits prevent the transfer of fluoride to the developing 

primary teeth. Hence, fluorosis is less prevalent in primary dentition [4]. 

Moreover, the duration of exposure to fluoride of the enamel during the formation of primary teeth is 

shorter [26]. Other reasons are the thinner enamel of primary teeth compared to permanent teeth [31] and 

the rapid fluoride absorption in growing fetus, making it less available for primary teeth [32]. Conversely, the 

increased physical activity, the greater body size and weight and the type of food consumed may lead to higher 

water intake and a higher prevalence in older age groups [29]. 

In the present study, no significant difference in dental fluorosis was noted among genders, which 

coincides with the findings reported among rural school children in Tamil Nadu [20], Karnataka [24], and 

Haryana [29]. The reason may be that the males are majority times involved in outer physical activities, which 

leads to higher water intake, thus a higher prevalence in males. However, in the study done in Kerala [9], the 

prevalence of fluorosis was more in girls than in boys. 
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In this study, different concentrations of fluoride were noted in the water obtained from different 

water sources located closely in the same village. Similar observations were reported by Gopalakrishnan et al. 

[9] and El-Nadeef et al. [33], where deeper layers of water in bore wells had more fluoride content than 

superficial layers, and it was also proved in this study. In this study, a higher number of children (54.7%) drank 

water from deep bore underground water and (45.3%) from tap water. Further most common fluorosis 

observed was ‘very mild’ for both the deep bore underground and the tap water. This result was inconsistent 

with Shanthi et al. [27], who found that the number of children with fluorosis was highest in children who 

consume water from bore wells. 

Furthermore, in the current study, it was found that as fluorosis increased, the number of decayed 

teeth decreased and the linear correlation between decayed teeth and fluorosis index was statistically 

significant. This finding is in accordance with the studies conducted by Kola et al. [4]; Tuli et al. [17] and 

Shanthi et al. [27], whereas a study done by Wondwossen et al. [34] found that dental caries increased with 

dental fluorosis in both ‘moderate’ and ‘high’ fluoride area. Many authors explained the possible reasons for 

this phenomenon. According to Subbareddy et al. [35], the altered morphology of the fluorotic teeth facilitates 

plaque accumulation and food lodgement, leading to initiation of dental caries. Once initial caries occurred in 

the severely fluorotic tooth, it progresses very fast, leading to total destruction of the tooth structure. On the 

other hand, Kotecha et al. [12] and Ramesh et al. [36] found no significant relationship between dental caries 

and fluorosis. Thus, the relation between fluoride concentrations in drinking water with dental caries is 

inconsistent. 

 

Conclusion 

The ‘very mild’ form of dental fluorosis is prevalent in Muradnagar and dental caries is negatively 

related to dental fluorosis, as noted in the current study. Since children and adolescents were most commonly 

affected by dental caries and fluorosis; therefore, continuous update of the prevalence of caries and fluorosis is 

required, and oral health preventive programs need to be focused on them. Additional epidemiological surveys 

in other areas of Muradnagar are recommended to further enhance the knowledge on the prevalence and 

correlation of dental caries and fluorosis. 
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Abstract 
Introduction: Keratin constitutes the most abundant constituent of cytoskeleton of all epithelia and 
thus provides a mechanical support for the cells and nucleus. It forms the superficial most layer 
(stratum corneum) in keratinized epithelium of the oral cavity. Keratin may also be present in various 
pathologic conditions such as squamous cell carcinoma, verrucous carcinoma and odontogenic 
keratocyst. 
Aim and objective: To determine and compare the staining pattern and intensity of special stains i.e. 
modified Papanicolaou, Dane-Herman method and Ayoub-Shklar with respect to routinely used 
Hematoxylin and eosin (H&E) stain. 
Materials and methods: A retrospective study was carried out on 30 formalin-fixed, paraffin- 
embedded tissue blocks comprising of 10 cases of odontogenic keratocyst (OKC), 10 cases of verruca 
vulgaris (VV) and 10 cases of oral squamous cell carcinoma (OSCC) histopathologically diagnosed 
(using H&E) and retrieved from archives of the Department of Oral Pathology IDST College, 
Modinagar. All the sections were stained with Hematoxylin and eosin (H&E), modified Papanicolaou, 
Dane-Herman and Ayoub-Shklar stain. 
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Results: In the present study, staining pattern and intensity was better in special stains like modified 
Papanicolaou, Dane-Herman and Ayoub-Shklar as compared to Hematoxylin-eosin stain.   
Conclusion: Keratin was well demonstrated by all the special stains such as modified Papanicolaou, 
Dane-Herman and Ayoub-Shklar as compared to Hematoxylin-eosin and can be used as an adjunct to 
routine staining methods in demonstrating keratin. 
 
Key words 
Staining pattern, Intensity, Keratin, Dane-Herman. 
         
Introduction  
Keratins are the most diverse group of proteins 
that belong to the family of intermediate filament 
(IF) and comprises about 80% of the total protein 
content in differentiated cells of stratified 
epithelia [1-3]. Keratins are defined as 
intermediate filament forming proteins, (10 nm 
in diameter) with specific physicochemical 
properties, produced in any vertebrate epithelia.  

Keratins are the most abundant cellular proteins 
and constitute the principal component of the 
cytoskeleton of all epithelia as these intermediate 
filaments provide mechanical support for the 
cells and nucleus.  It forms the superficial layer 
(stratum corneum) in keratinized epithelium in 
the oral cavity. Keratin may also be present in 
various pathologic conditions such as squamous 
cell carcinoma, verrucous carcinoma, 
odontogenic keratocyst etc. [4-5]. They play an 
important role in epithelial cell protection from 
mechanical and non-mechanical stressors. 
Keratins have a number of different benefits for 
use as marker proteins to distinguish epithelial 
tumors from mesenchymal tumors, both 
histologically as well immunohistochemically. In 
establishing a definitive diagnosis, it is seldom 
valuable to determine histologically the degree of 
keratinization or the presence and / or absence of 
keratin through the application of a stain which 
discerns keratin [6]. 
 
Hematoxylin and eosin (H&E) has always been 
considered as a gold standard in staining 
structures like collagen, amyloid, muscle, 
keratin, extracellular and intracellular secretions 
stain eosinophilic however, this staining 
technique has its drawbacks occasionally; for 
example, the color contrast cannot be assessed at 

all times, hence leads to uncertainty in diagnosis, 
especially in cases such as moderately or poorly 
differentiated squamous cell carcinomas, 
whereas it is also challenging to recognize the 
epithelial infiltration into the connective tissue 
and the keratin pearl formation [7]. 
 
Keratin can be determined with the help of 
Schiff’s reagent along with various stains like 
Kreyberg’s method, modified Papanicolaou, 
Dane-Herman and Ayoub-Shklar methods. 
Ayoub-Shklar stain is a quick and reliable 
histological marker used to determine the 
presence/absence and degree of keratinization in 
the paraffin embedded tissue sections. In this 
stain, keratin appears distinct red in color [8]. 
  
Papanicolaou stain is a polychromatic staining 
technique which stains preferentially on the basis 
of degree of cell maturity and cellular metabolic 
activity. The main objectives of this stain are 
good nuclear detail, differential counterstaining 
and cytoplasmic transparency [9]. The main use 
of orange G6 in the Papanicolaou stain is to stain 
keratin. Superficial cells with high content of 
keratin stain yellow-orange hue and parabasal 
cells stain green to blue in color [10]. Modified 
papanicolaou stain (PAP) was obtained by 
adding phloxine-B that is a red acid dye and 
stains prekeratin as well keratin distinctly red in 
color on paraffin embedded tissue sections. 
Hence, modified PAP stain can be used 
specifically to stain keratin [6]. Dane-Herman is 
used to stain prekeratin and keratin and appear as 
orange to red in colour [11]. The aim of the 
present study was to determine and compare the 
staining pattern and intensity of special stains i.e. 
modified Papanicolaou, Dane-Herman method 
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and Ayoub-Shklar with respect to routinely used 
Hematoxylin and eosin (H&E) stain.  
 
Materials and methods 
A retrospective study was carried out on 30 
formalin-fixed paraffin- embedded tissue blocks 
comprising of 10 cases of odontogenic keratocyst 
(OKC), 10 cases of verruca vulgaris (VV) and 10 
cases of oral squamous cell carcinoma (OSCC) 
histopathologically diagnosed (using H&E) and 
retrieved from archives of the Department of 
Oral Pathology IDST College, Modinagar, Uttar 
Pradesh, India in the year 2016-17. The study 
was approved by the Institutional Ethical 
Committee of IDST College, Modinagar. 
 
The tissue samples were divided into three 
groups:- 
Group 1 - OKC (10 cases) 
Group 2 - VV (10 cases) 
Group 3 - OSCC (10 cases) 
From each paraffin embedded tissue block, four 
sections of 3-4 μm thickness were cut by using 
semiautomatic rotary microtome (Yorko) and the 
sections were lifted onto the glass slides for 
staining with Hematoxylin and eosin (H&E), 
modified Papanicolaou, Dane-Herman and 
Ayoub-Shklar stain. 
 
Staining procedure: 

A. Hematoxylin and eosin stain 
1. The deparaffinized sections in xylene 

were dehydrated in various grades of 
alcohol for 5 minutes each. 

2. After water wash for 10 min, the slides 
were stained with Harris’s hematoxylin 
stain for 7 min.  

3. Later, water washed for 10 min and after 
differentiation in acid alcohol, the slides 
were dipped in lithium carbonate for 
bluing for 5 min and were stained with 
eosin for 15 sec. 

4. Dehydrated with graded alcohol, cleared 
in xylene and mounted. 
 

B. Modified Papanicolaou stain  

1. Deparaffinize sections through 2 changes 
of xylene, absolute alcohol, and 95% 
alcohol to water wash. 

2. Stain in Harris’s hematoxylin for 6 min 
3. Rinse in two changes of tap water and 

dip in acid alcohol 
4. Rinse thoroughly in tap water and dip in 

lithium carbonate 
5. Wash in running tap water for 10 min, 

then rinse in distilled water 
 

C. Ayoub-Shklar stain: 
1. The sections were deparaffinized in 

xylene I and II for 5 min each. Later 
dehydrated in various grades of alcohol 
i.e. 90% and 70% and water washed for 
10 min 

2. Acid fuschin solution was added for 3 
min 

3. Aniline blue OG was added directly to 
the sections for 30 min 

4.  Sections were transferred to 95% 
alcohol – 2 changes 

5. Sections were dehydrated, cleared and 
mounted. 
 

D. Dane-Herman stain: 
1. The deparaffinized sections in xylene 

were dehydrated in various grades of 
alcohol for 5 minutes each. 

2. After water wash for 10 min, the slides 
were stained with Mayer’s hematoxylin 
stain for 10 min. Blue in running tap 
water for 10 minutes. Rinse in distilled 
water. 

3. Phloxine B solution (1 % aqueous) for 3 
mins. Wash in running tap water to 
remove excess stain. Rinse in distilled 
water. 

4. Alcian blue for 5 mins. Wash in tap 
water 2mins. Rinse in distilled water 

5. Orange G solution for 13 minutes. 
6. Transfer slides to 95% alcohol, two 

changes, five dips each; absolute alcohol, 
two changes, fifteen dips each 

7. Clear in xylene  and then mounting 
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After staining and mounting, all the stained 
slides were examined by two observers under the 
microscope to eliminate any subjective bias.  
 
Evaluation of staining  
All the stained sides were analyzed by a semi-
quantitative scoring system for both staining 
pattern and intensity. The staining pattern was 
graded as:- 
Score 0- No staining 
Score 1- Patchy staining 
Score 2- Uniform staining 
Score 3- Patchy and uniform staining 
 
The intensity of staining was graded as:-  
Score 0- No staining 
Score 1- Mild staining 
Score 2- Moderate staining 
Score 3- Intense staining  
 
Statistical analysis 
Data was obtained and statistically analyzed with 
the help of Statistical Package for Social 
Sciences (SPSS) software version 21.0 using 
percentage and Cronbach’s alpha reliability test. 
A probability value of <0.05 was considered to 
be statistically significant. 
 
Results 
The photomicrographs of keratin stained with H 
and E and the special stains (i.e. Modified 
Papanicolaou, Dane-Herman, Ayoub-Shklar) in 
OKC, verruca vulgaris and OSCC were shown in 
Figure - 1, 2, 3 respectively.  
 
A good interobserver reliability was found on 
applying Cronbach’s alpha reliability test to the 
observations obtained from all two observers for 
both staining pattern and intensity. The staining 
pattern of H & E and special stained sections in 
OKC, Verruca vulgaris and OSCC was shown in 
Table 1. In the study, 70%, 80% and 70% of the 
H & E stained sections of OKC, OSCC and 
verruca vulgaris revealed score 2. In modified 
Papanicolaou stained sections, 40%, 50% and 
40% of the cases of OKC, verruca vulgaris and 
OSCC showed score 1, score 2 and score 1 

respectively. In this study, 50%, 30% and 60% of 
the Dane-Herman stained sections of OKC, 
verruca vulgaris and OSCC revealed score 2, 
score 3 and score 2 respectively whereas 20%, 
40% and 50% of the Ayoub Shklar stained 
sections of OKC, verruca vulgaris and OSCC 
showed score 3, score 1 and score 2 respectively. 
The p-value was found to be statistically 
significant (Table - 1). 
 
Figure - 1: Photomicrograph of OKC 
(odontogenic keratocyst) in which keratin stained 
with H& E and special stains, A) Hematoxylin 
and eosin stained section  (H & E), B) Modified 
Papanicolaou stained section, C) Dane-Herman 
stained section and D) Ayoub-Shklar stained 
section. 

 
 
The staining intensity of H & E and special 
stained sections in OKC, Verruca vulgaris and 
OSCC was shown in Table - 2.  The staining 
intensity was higher in modified Papanicolaou 
stained sections of OKC than that of Dane-
Herman and Ayoub-Shklar stained sections.  In 
verruca vulgaris cases, the staining intensity was 
higher in Dane-Herman stain followed by 
Ayoub-Shklar, modified Papanicolaou and 
Hematoxylin–eosin stain. In this study, the 
staining intensity was greater in Ayoub-Shklar in 
OSCC stained sections followed by Dane 
Herman and modified Papanicolaou. The p-value 
was found to be statistically significant (Table - 
2).  
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Figure - 2: Photomicrograph of Verruca 
Vulgaris in which keratin stained with H& E and 
special stains, A) Hematoxylin and eosin stained 
section  (H & E), B) Modified Papanicolaou 
stained section, C) Dane-Herman stained section 
and D) Ayoub-Shklar stained section. 

 
 
 

Figure - 3: Photomicrograph of Oral squamous 
cell carcinoma (OSCC) in which keratin stained 
with H& E and special stains, A) Hematoxylin 
and eosin stained section  (H & E), B) Modified 
Papanicolaou stained section, C) Dane-Herman 
stained section and D) Ayoub-Shklar stained 
section. 

 
 
Table - 1: Staining pattern of Hematoxylin and eosin, Modified Papanicolaou, Dane-Herman and 
Ayoub-Shklar in Odontogenic keratocyst, verruca vulgaris and Oral squamous cell carcinoma.  
 
Stain 

Staining pattern 
Odontogenic keratocyst  
Score 0 Score 1 Score 2 Score 3 P-value 

Hematoxylin and eosin 00 (0%) 03 (30%) 07 (70%) 00 (0%)  
<0.001 Modified Papanicolaou 00 (0%) 04 (40%) 03 (30%) 03 (30%) 

Dane-Herman 00 (0%) 02 (20%) 05 (50%) 03 (30%) 
Ayoub-Shklar 00 (0%) 04 (40%) 04 (40%) 02 (20%) 
 Verruca vulgaris 
Hematoxylin and eosin 00 (0%) 02 (20%) 07 (70%) 01(10%)  

 
0.001 

Modified Papanicolaou 00 (0%) 02 (20%) 05 (50%) 03 (30%) 
Dane-Herman 00 (0%) 02 (20%) 05 (50%) 03 (30%) 
Ayoub-Shklar 00 (0%) 04 (40%) 03 (30%) 03 (30%) 
 Oral squamous cell carcinoma 
Hematoxylin and eosin 00 (0%) 02 (20%) 08 (80%) 00 (0%)  

 
0.001 

Modified Papanicolaou 00 (0%) 04 (40%) 03 (30%) 03 (30%) 
Dane-Herman 00 (0%) 02 (20%) 06 (60%) 02 (20%) 
Ayoub-Shklar 00 (0%) 03 (30%) 05 (50%) 02 (20%) 
Score 0- No staining, Score 1- Patchy staining, Score 2- Uniform staining and Score 3- Patchy and 
uniform staining 
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Table - 2: Staining intensity of Hematoxylin and eosin, Modified Papanicolaou, Dane-Herman and 
Ayoub-Shklar in Odontogenic keratocyst, verruca vulgaris and Oral squamous cell carcinoma.  
 
Stain 

Staining Intensity 
Odontogenic keratocyst 
Score 0 Score 1 Score 2 Score 3 P-value 

Hematoxylin and eosin 00 (0%) 02 (20%) 08 (80%) 00 (0%)  
0.001 Modified Papanicolaou 00 (0%) 04 (40%) 03 (30%) 03 (30%) 

Dane-Herman 00 (0%) 02 (20%) 06 (60%) 02 (20%) 
Ayoub-Shklar 00 (0%) 03 (30%) 05 (50%) 02 (20%) 
 Verruca vulgaris 
Hematoxylin and eosin 00 (0%) 02 (20%) 07 (70%) 01(10%)  

0.001 Modified Papanicolaou 00 (0%) 02 (20%) 06(60%) 02 (20%) 
Dane-Herman 00 (0%) 01 (10%) 05 (50%) 04 (40%) 
Ayoub-Shklar 00 (0%) 03 (30%) 04 (40%) 03 (30%) 
 Oral squamous cell carcinoma 
Hematoxylin and eosin 00 (0%) 03 (30%) 07 (70%) 00 (0%)  

0.001 Modified Papanicolaou 00 (0%) 04 (40%) 04 (40%) 02 (20%) 
Dane-Herman 00 (0%) 02 (20%) 05 (50%) 03 (30%) 
Ayoub-Shklar 00 (0%) 04 (40%) 02 (20%) 04 (40%) 
Score 0- No staining, Score 1- Mild staining, Score 2- Moderate staining, Score 3- Intense staining  
 
Discussion 
Keratin constitutes the most abundant constituent 
of cytoskeleton of all epithelia and thus provides 
a mechanical support for the cells and nucleus. 
Keratin plays a great role as a marker protein in 
determining a definitive histological diagnosis, to 
distinguish between the epithelial and 
mesenchymal tumors and in certain conditions, 
when the epithelial component may be scant and 
can be identified only by the presence of keratin 
reactivity [6, 12]. 
  
Special stains are the stains which are used to 
visualize specific tissues and cellular structures. 
These are the dyes that bind to the cellular 
components either physically or by chemical 
bonds. Various special histochemical stains that 
are used to stain keratin are Ayoub-Shklar, Dane 
Herman method, Schiff’s reagent by oxidation 
with performic acid etc. These stains may 
highlight small foci of abnormal keratinisation 
that occasionally missed in routine H&E. These 
stains, highlights even the minute areas of keratin 
that can be missed by routine H and E staining. 

Keratins are also brilliantly stained red and 
orange to magenta shades respectively by 
phloxine, component of Dane-Herman method, 
and orange G dye, component of both Ayoub-
Shklar and Papanicolaou stain [13]. The present 
study was done to determine and compare the 
staining pattern and intensity of special stains i.e. 
modified Papanicolaou, Dane-Herman method 
and Ayoub-Shklar with respect to routinely used 
Hematoxylin and eosin (H&E) stain.  
 
In the present study, staining pattern and 
intensity was better in special stains like 
modified Papanicolaou, Dane-Herman and 
Ayoub-Shklar as compared to Hematoxylin-
eosin stain.   
 
A study carried out by Rao, et al. [14] have 
shown that Ayoub Shklar method was better than 
PAP, Dane Herman, Gram’s and modified 
Alcian blue PAS method in terms of staining 
intensity and equal efficacy in demonstrating 
type of keratin with all the stains. Ramulu, et al. 
[8] have shown in their study that all stains were 
efficient in staining keratin but H and E stain was 
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better in demonstration of keratin pearls in oral 
squamous cell carcinoma cases. In OKC cases, 
the staining intensity was higher with modified 
PAP followed by Dane-Herman and Ayoub-
Shklar as compared to H & E. In verruca 
vulgaris, the staining intensity was greater with 
Dane-Herman followed by Ayoub-Shklar and 
modified PAP than that of H & E. In OSCC 
cases, staining intensity was better with Ayoub-
Shklar followed by Dane-Herman and modified 
PAP than that of H & E. Keratin was well 
demonstrated by all the special stains such as 
modified Papanicolaou, Dane-Herman, Ayoub-
Shklar etc. and can be used as a useful adjunct to 
routine staining methods in determining keratin. 
The main limitation of our study was that the 
sample size was small and we would not 
differentiate the keratin type. Further studies on 
larger sample size should be carried out using 
keratin specific histochemical stains, and should 
also be correlated with the keratin type to 
appreciate the uneven staining intensity and 
pattern. 
 
Conclusion 
In the present study, keratin was well 
demonstrated by all the special stains such as 
modified Papanicolaou, Dane-Herman and 
Ayoub-Shklar as compared to Hematoxylin-
eosin on the basis of staining pattern and 
intensity. Hence, all the special stains can be 
used as an adjunct to routine staining methods in 
demonstrating keratin. 
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Abstract 
Background: Oral lichen planus (OLP) is a T-cell mediated chronic inflammatory oral mucosal 
disease of unknown etiology. Dendritic cells are thought to be involved in the pathogenesis of the 
lesion possibly by the recruitment and activation of T-lymphocytes. Fascin is a 55-kd globular actin-
cross linking protein that detects the mature dendritic cells. 
Aim: To determine the role of dendritic cells in the pathogenesis of oral lichen planus (OLP) by using 
IHC marker Fascin. 
Materials and methods: A retrospective study was conducted on 20 formalin- fixed, paraffin-
embedded tissue blocks, including normal oral mucosa (10 cases) and oral lichen planus (10 cases). 
Immunohistochemical staining was done by using marker Fascin and number of positive cells was 
observed in the standardized areas of submucosa.  
Results: In the present study, increased number of positive cells in the OLP as compared to NOM and 
the p-value was found to be statistically significant. 
Conclusion: Mature dendritic cells are considered to play an important role in the pathogenesis of 
OLP.  

http://iaimjournal.com/
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Introduction  
Lichen Planus was derived from the Greek word 
leikhēn, meaning "a tree moss” and the Latin 
word planus, meaning “flat” [1]. It was first 
described by British physician Erasmus Wilson 
in 1869 and it is thought to affect 0.5-1 per cent 
of the world’s population [2]. Oral lichen planus 
is a chronic inflammatory disease that affects the 
skin as well as mucous membrane. Oral lichen 
planus is the mucosal counterpart of cutaneous 
lichen planus. It occurs most frequently in the 
fourth decade of life and affects women more 
often than men in a ratio of 1.4:1 [3-5]. 
Clinically, it appears as reticular, papular, 
plaque-like, erosive, atrophic or bullous types. In 
the oral cavity, the buccal mucosa, tongue and 
gingiva are most commonly involved and they 
may appear weeks or months before the 
appearance of cutaneous lesions. The skin lesions 
appear as violaceous, flat-topped papules in 
ankles, wrist and genitalia however typically, the 
facial skin is spared [6, 7]. In the oral cavity, the 
lesion appears as a radiating white, gray, velvety, 
thread like papules in a linear, annular and 
retiform pattern forming typical lacy, reticular 
patches, rings and streakes. A tiny white elevated 
dot is present at the intersection of white lines 
known as Wickham striae as compared to striae 
of Wickham seen in the skin [2, 8, 9]. 
  
Both specific and non-specific mechanisms may 
play an important role in the etiopathogenesis of 
oral lichen planus. Specific mechanisms 
comprised of antigen presentation by basement 
layer keratinocytes and cytotoxic T lymphocyte 
that resulted in death of antigen-specific 
keratinocytes, however non-specific mechanisms 
involved in mast cell degranulation and matrix 
metalloproteinase activation. These combined 
mechanisms, then cause T lymphocytes 
accumulation in the lamina propria underlying 
the epithelium, intraepithelial T lymphocytes 
migration, breakdown of basement membrane 
and keratinocyte apoptosis, all of which are 

characteristic features of oral lichen planus [3]. 
Dendritic cells (DC) play a key role in these 
immunopathological features with respect to 
antigens presented to T-cell [10]. 
 

Fascin is a 55-kDa actin binding protein that 
helps in forming actin bundles. They also play an 
important role in cell transformation and in 
increasing cell motility. Fascin antibody detect 
mature dendritic cell, histiocytes, smooth muscle 
cells, endothelial cells, squamous epithelial cells 
and the lining of the splenic sinuses [11, 12]. The 
aim of the present study was to determine the 
role of dendritic cells in the pathogenesis of oral 
lichen planus (OLP) by using IHC marker 
Fascin. 
 
Materials and methods 
A retrospective study was conducted on 20 
formalin fixed paraffin embedded tissue blocks 
comprising of 10 cases of normal oral mucosa 
and 10 cases of oral lichen planus 
histopathologically diagnosed (using 
hematoxylin and eosin) and retrieved from 
archives of the Department of Oral Pathology 
IDST College, Modinagar and from a private 
laboratory in Jaipur in the year 2016. These 
blocks were selected randomly from the archives 
and histologically (using H & E stained sections) 
confirmed as normal oral mucosa and oral lichen 
planus. 
 
Inclusion criteria: Patients with clinically and 
histopathologically diagnosed OLP and normal 
healthy subjects were taken as controls.  
Exclusion criteria: Patients with OLP on 
medication for other systemic diseases and 
pregnant women with OLP. 
 
The study and control samples were subjected to 
immunohistochemical marker fascin and to 
evaluate the expression of mature dendritic cells 
in the submucosa. 
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Two to three serial sections of 3 µm thickness 
were made, taken in pre-coated (3- Aminopropyl 
triethoxy silane) slides for 
immunohistochemistry. The slides were placed 
on the slide racks and then into the hot air oven at 
a temperature of 55 0C to 65 0C for half an hour 
to melt the wax and for the adhesion of the 
sections onto the slide. The sections were 
cleared by passing them through 3 changes of 
xylene for 5 minutes each. The sections were 
rehydrated following a routine protocol and kept 
in tap water for 10 min. Heat antigen retrieval 
procedure was done under citrate buffer of pH 6 
using pressure cooker. After cooling, the sections 
were treated with 3% hydrogen peroxide and 
power block for 10 min in each to reduce 
nonspecific binding. The sections were incubated 
with mouse monoclonal anti-human primary 
antibodies raised against fascin (Biocare Medical 
manufacture’s) for 30 min. Then, slides were 
washed in phosphate buffered saline and treated 
with polyhorseradish peroxidase enzyme for 30 
min. Immunostaining was developed by treating 
the sections with freshly prepared 
diaminobenzidine (3,3'-diaminobenzidine 

tetrahydrochloride) solution for 5 min, and the 
excess chromogen was removed by rinsing. The 
slides were immersed in Mayer’s hematoxylin 
for 4 minutes and then washed gently under 
running tap water for about 10 minutes. The 
sections were dehydrated in graded alcohol, 
cleared with xylene, and mounted using DPX. 
All the sections were determined under the light 
microscope at 100X magnification by two 
observers so as to eliminate subjective bias. 
 
Evaluation of the staining: Presence of brown 
coloured precipitate of cytoplasmic staining as 
well as cell body with at least well-visualized 
dendrites was indicative of positive 
immunoreactivity. Fascin antibody also reacted 
with the basal, parabasal and suprabasal layers of 
epithelium (Figure - 1). Antibody positive cells 
were counted manually at high power (400X) in 
five different randomly selected fields in the 
submucosa specimens. The slide was moved in a 
single direction from left to right of every slide 
so as to avoid repetition of already examined 
fields. 

 
Figure - 1: Photomicrograph showing fascin expression in A) Normal oral mucosa and B) Oral lichen 
planus (100X). 

 
 
 
Table - 1: Interobserver reliability analysis for fascin immunostaining. 
Reliability Analysis Cronbach’s α Test 

Fascin 
Observer 1 & Observer 2 0.993 
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Results 
Data on immunohistochemical expression of 
Fascin in all tissue sections was collected and 
statistically analysed with the help of  SPSS 
software (statistical package for social sciences) 
version 19.0 using mean, standard deviation, 
independent T test, Post hoc Bonferroni test and 
Cronbach’s alpha reliability test. A probability 
value of < 0.05 was considered to be statistically 
significant. A good interobserver reliability was 
observed on applying Cronbach’s alpha 

reliability test to the observations obtained from 
all two observers for the assessment of fascin 
expression (Table - 1). The mean ± standard 
deviation (SD) of fascin positive cells in normal 
oral mucosa was reported to be 3.86 ± 0.56 and 
in oral lichen planus cases was 19.97 ± 6.52. A 
significant correlation (p < 0.001) was observed 
between the mean of fascin positive cells in 
normal oral mucosa and in oral lichen planus 
(Table - 2).  

 
Table - 2: Comparison between fascin expression in normal oral mucosa and in oral lichen planus. 
Group Fascin positive cells 

Mean SD 
NOM 3.86 0.56 
OLP 19.97 6.52 
Independent t test 8.442 
p – value < 0.001 
Group Fascin positive cells [Post hoc Bonferroni (p – value)] 
Group 1 vs Group 2 < 0.001 
SD- Standard deviation, NOM- Normal oral mucosa, OLP-Oral lichen planus 
 
Discussion 
OLP is a T-cell mediated autoimmune disease in 
which the auto-cytotoxic CD8+ T cells cause 
apoptosis of the basal cells of the oral epithelium. 
In this disease, the mechanism involves 
keratinocyte antigen expression or unmasking of 
an antigen that may be a self-peptide or a heat 
shock protein. Following this, T cells (mostly 
CD8+ and some CD4+ cells) migrate into the 
epithelium either due to random encounter of 
antigen during routine surveillance or a 
chemokine-mediated migration toward basal 
keratinocytes [3, 13, 14]. 
 
Dendritic cells (DCs) are specialized antigen 
presenting cells that originate from bone marrow 
progenitor cells, and also play an essential role in 
bridging innate and adaptive immune responses 
[15]. DCs have the ability to migrate to lymph 
nodes and present captured antigens in the form 
of peptides bound to MHC class molecules. DCs 
exist in two stages of maturation. Immature cells 
are present all over the body where they act as 
sentinels, continuously taking up antigen and 

undergoing activation. Activation leads to the 
secretion of pro-inflammatory cytokines, 
resulting in up-regulation of co-stimulatory 
molecules and migration to the lymph nodes. 
During their maturation, DCs lose their antigen-
capturing capacity and become mature immuno-
stimulatory cells which have the ability to 
activate naïve T cells that differentiate to either 
Th1 or Th2 cells in a regional lymph node. DCs 
also present antigens to some of memory T cell 
[16, 17]. 
 
Fascin is a 55-kDa, actin-bundling protein that 
regulates the rearrangement of cytoskeletal 
elements, and the interaction between the 
cytoskeleton and the cell membrane in response 
to extra or intracellular signals. Fascin antibody 
especially detects mature DC, histiocytes, 
smooth muscle cells, endothelial cells and 
squamous epithelial cells [18]. 
 
In the present study, we determined mature 
dendritic cells in the control oral epithelium as 
well as in OLP tissues using 
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immunohistochemical marker, Fascin. In this 
study, increased number of fascin positive cells 
in oral lichen planus as compared to normal oral 
mucosa with a statistically significant p-value. 
These results were in accordance with the study 
carried out by Mukae S, et al. [19]. They 
signified that mature DC (fascin+) were 
recognized in the submucosa specimens but not 
observed in the epithelium from OLP or control. 
 
In this study, we have shown that fascin 
expression is critical in the antigen presentation 
activity of mature DC in oral lichen planus. In 
the present study, we observed that fascin 
expression is strongly correlated with DC 
maturity. Furthermore, we found that fascin 
expression plays a significant role in the function 
of DC antigen presentation to CD4+ T cells. 
Thus, mature dendritic cells (DC) play an 
important role in the immunopathogenesis of oral 
lichen planus. 
 
Conclusion 
In the present study, fascin positive cells were 
more in OLP as compared to NOM.  Mature 
dendritic cells are considered to play an 
important role in the pathogenesis of OLP with 
respect to antigen presentation to T cells.  
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Expression of Glut-1 in Oral Epithelial Dysplasia and OSCC: An 
Immunohistochemical Study

Mohammad Ehtisham1, Sonia Gupta2, Shahla Khan3

ORIGINAL RESEARCH

ABSTRACT

Introduction: Glucose transporters are membrane proteins 
active in the transport of hexoses like glucose and fructose 
across plasma membranes. GLUT-1 is the key target gene for 
hypoxia inducible factor (HIF) which facilitates glucose influx 
into cells under various conditions that have greater metabolic 
requirements like cell division, malignant transformation and 
nutrient depletion. Study aimed to determine the expression of 
Glut-1 in normal oral mucosa, oral epithelial dysplasia and in 
different histological grades of oral squamous cell carcinoma 
so as to evaluate the role of Glut-1 as a prognostic marker.
Material and methods: A retrospective study was conducted 
on 25 formalin-fixed paraffin- embedded tissue blocks, 
comprising of 5 cases of normal oral mucosa, 5 cases of oral 
epithelial dysplasia, 5 cases of well-differentiated OSCC, 5 
cases of moderately-differentiated OSCC and 5 cases of poorly-
differentiated OSCC which are histopathologically diagnosed 
using Hematoxylin and Eosin (H&E).Immunohistochemical 
staining was done for Glut-1 expression which was determined 
on the basis of location, intensity and area of stained cells.
Results:The expression of GLUT-1 increased significantly 
from normal oral mucosa to oral epithelial dysplasia and 
to different grades of oral squamous cell carcinoma. The 
intracellular location of GLUT-1 expression changed 
significantly from membranous to cytoplasmic location 
then to a combination of both membranous and cytoplasmic 
positivity during the transition from normal oral mucosa 
to oral epithelial dysplasia and to different grades of oral 
squamous cell carcinoma.
Conclusion: The expression of GLUT-1 wasincreasedfrom 
oral epithelial dysplasia to varying grades of oral squamous 
cell carcinoma. The enhanced expression of this protein 
determined increased glycolytic activity of the tumor cells due 
to high energy requirement with an increase in the grade of the 
tumor. Glut-1 can be used as a prognostic marker in OSCC.

Keywords: Oral Epithelial Dysplasia, Oral Squamous Cell 
Carcinoma, Prognostic Marker, Glucose Transporter

INTRODUCTION

Oral cancer is the sixth most common cancer worldwide, 
with epidemiologic variations between different geographic 
areas. In India, it ranks the third most common malignancy, 
which accounts for more than 30% of all cancers stated in 
the country.1,2 Squamous cell carcinoma (SCC) is the most 
common clinical entity accounting for more than 90% of all 
oral malignancies and occurs with a growing incidence rate 
in young and middle-age population.3 Oral squamous cell 
carcinomas generally follow clinically detectable potentially 
malignant disorders including oral leukoplakia, erythroplakia, 

and oral submucous fibrosis, which histologically represent 
the process of oral epithelial dysplasia (OED).4

OED is the histological indicator of potentially malignant 
disorders diagnosed on the basis of architectural as well as 
cytological changes, for which the rate of progression to oral 
squamous cell carcinoma (OSCC) may ranges from 6% to 
36%.4,5

OSCC occurs as a result of tobacco exposure, 
immunodeficiency, multiple mutations, genetic and 
epigenetic changes. Oral squamous cell carcinoma (OSCC) 
is a locally aggressive neoplasm with rapid progression and 
significantly reduced oxygen concentration.6 

Tumour hypoxia is a well-known phenomenon which 
is caused by an imbalance between oxygen supply and 
consumption within the tumour microenvironment. Under 
sustained hypoxic conditions, some tumour cells can 
survive, and they adapt themselvesthrough hypoxia induced 
cellular changes, that can lead to more aggressive phenotype, 
hence results in invasion and metastasis.7,8 Malignant cells 
show an increased glucose uptake which helps to nourish 
the cancer cells throughout their expansive activity. The up-
regulation of glucose transport across the plasma membrane 
is intervened by facilitative glucose transporter (GLUT) 
proteins but GLUT-1 is also known as facilitated glucose 
transporter member 1. GLUT-1 was the first facilitative 
sugar transporter discovered and is competent to transport 
primarily glucose.9 GLUT-1 is normally expressed in the 
membranes of red blood cells, brain capillary endothelium, 
perineurium of peripheral nerves, salivary gland ducts, and 
the germinal centers of lymph nodes.10 GLUT-1 positivity 
in malignant cells signifies increased proliferative activity, 
energy requirements and aggressive behaviour.11 The aim of 
the present study was to determine the immunohistochemical 
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expression of the glucose transporter, GLUT-1 in oral 
epithelial dysplasia and oral squamous cell carcinoma so as 
to elucidate the biological behavior of malignant neoplasias.

MATERIAL AND METHODS

A retrospective study was carried out on 25 formalin-
fixed paraffin- embedded tissue blocks comprising of 5 
cases of normal oral mucosa, 5 cases of oral epithelial 
dysplasia, 5 cases of well-differentiated OSCC, 5 cases of 
moderately-differentiated OSCC and 5 cases of poorly-
differentiated OSCC, histopathologically diagnosed (using 
H&E) and retrieved from archives of the Department of 
Oral Pathology IDST College, Modinagar, and from a 
private laboratory in Jaipur.From each paraffin embedded 
tissue block, 3-4 micron thin sections were obtained by 
using semiautomatic rotary microtome and the sections 
were lifted on to the pre-coated (3- Aminopropyl triethoxy 
silane) slides for immunohistochemical (IHC) staining using 
primary anti-glucose transporter, GLUT-1 rabbit polyclonal 
antibody(Biogenex supersensitive detection system, USA).
After staining and mounting, all the stained slides were 
examined by two observers under the microscope to eliminate 
any subjective bias. GLUT-1 expression in the endothelial 
cells and erythrocytes was taken as positive internal control.
Glut-1 expression was determined by IHC on the basis of 
location, intensity and area of stained cells.

Evaluation of GLUT-1 immunoreactivity: GLUT-1 
immunostaining was evaluated by a semi-quantitative 
scoring system as: 
a) Percentage of GLUT-1 immunoreactivity; b) Intensity of 
staining and c) Location of immunoreactivity
In each section, five high power light microscopic fields 
were randomly selected. Two observers individually noted 
the percentage of GLUT-1 positivity in each field and the 
region of staining was scored as follows:
Score 0 - no staining of cells in any microscopic field
Score 1+ - less than 25% of tissue stained positive
Score 2+ - between 25% and 50% of tissue stained positive
Score 3+ - between 50% and 75% of tissue stained positive
Score 4+ - more than 75% of tissue stained positive
The intensity scores were recorded by comparing it with the 
positive control slides. The intensity of VEGF reaction was 
scored as follows:
Score 0 – No staining was evident
Score 1- Mild staining when intensity was less than the 
positive control
Score 2- Moderate staining when intensity was equal to the 
positive control
Score 3- Intense staining when intensity was greater than the 
positive control
The intracellular location of GLUT-1 staining was evaluated 
on the basis of presence or absence of immunoreactivity 
in cell membrane and cytoplasm. The location of GLUT-1 
staining was scored as follows:
Score 0- No immunoreactivity
Score 1- Cell membrane immunoreactivity

Score 2- Cytoplasm immunoreactivity
Score 3- Combination of cell membrane and cytoplasm 
immunoreactivity

STATISTICAL ANALYSIS

Data on immunohistochemical expression of GLUT-1 in all 
the tissue sections was obtained and statistically analysed 
with the help of Statistical Package for Social Sciences 
(SPSS) software version 21.0 using frequency, percentage, 
Pearson Chi-square test, Pearson correlation coefficient test 
and Cronbach’s alpha reliability test. A probability value of 
<0.05 was considered to be statistically significant.

RESULTS

In all the study groups included in the present study, majority 
of the patients were males (85%) and rest were females (15%). 
A good interobserver reliability was found on applying 
Cronbach’s alpha reliability test to the observations obtained 
from all two observers for the assessment of percentage of 
GLUT-1 immunoreactivity, intensity of GLUT-1 staining 
and intracellular location of GLUT-1 immunoreactivity 
(Table 1).

Evaluation of GLUT-1 immunostaining: GLUT-1 
expression was easily apparent as brown staining and occurred 
in both cell membrane and cytoplasm of epithelial cells. 
GLUT-1 positive expression was observed in all the cases of 
oral squamous cell carcinoma and oral epithelial dysplasia 
than in normal oral mucosa.GLUT-1 immunoexpression in 
normal oral mucosa was membranous in basal layer which 
progressively diminished in suprabasal layers whereas in 
oral epithelial dysplasia, GLUT-1 immunoexpression was 
determined in the basal and suprabasal layers of epithelium as 
well as diminished reactivity in the most superficial layers in 
some cases.GLUT-1 expression was occurred predominantly 
at tumour periphery and it was much weaker in the centre of 
tumour areas (Figure 1).
Percentage of GLUT-1 immunoreactivity
In normal oral mucosa, 40% (02) and 60% (03) of the cases 
showed score 0 and score 1+ respectively whereas 20% 
(01), 20% (01), 40% (02) and 20% (01) of the cases of oral 
epithelial dysplasia revealed score 0, score 1+, score 2+ and 
score 3+ respectively. In well-differentiated oral squamous 
cell carcinoma, 20% (01), 40% (02) and 40% (02) of the 
cases showed score 1+, score 2+ and score 3+ respectively 
whereas 40% (02), 40% (02) and 20% (01) of cases of 
moderately-differentiated oral squamous cell carcinoma 
revealed score 2+, score 3+ and score 4+ respectively. The 
score 2+, score 3+ and score 4+ of GLUT-1 percentage 
was found to be 20% (01), 40% (02) and 40% (02)of the 
cases of poorly-differentiated oral squamous cell carcinoma 
respectively. The p value was found to be statistically 
significant (Table 2).
Intensity of GLUT-1 immunostaining
In normal oral mucosa, 40% (02), 40% (02) and 20% (01)of 
the cases showed score 0, score 1 and score 2 respectively 
whereas 40% (02), 40% (02) and 20% (01) of the cases of 
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Reliability Analysis Cronbach’s α Test
GLUT-1 percentage GLUT-1 intensity GLUT-1 location

Observer 1 & Observer 2 0.984 0.964 0.976
Table-1: Interobserver reliability analysis for GLUT-1 immunostaining

Group GLUT-1 percentage

Score 0 Score 1+ Score 2+ Score 3+ Score 4+

NOM 02 (40.0%) 03 (60.0%) 00 (00.0%) 00 (00.0%) 00 (00.0%)
OED 01 (20.0%) 01 (20.0%) 02 (40.0%) 01 (20.0%) 00 (00.0%)
WDSCC 00 (00.0%) 01 (20.0%) 02 (40.0%) 02 (40.0%) 00 (00.0%)
MDSCC 00 (00.0%) 00 (00.0%) 02 (40.0%) 02 (40.0%) 01 (20.0%)
PDSCC 00 (00.0%) 00 (00.0%) 01 (20.0%) 02 (40.0%) 02 (40.0%)
Chi-square test 28.822
Degree of freedom (df) 8
p - value 0.001
NOM- Normal oral mucosa, OED- Oral epithelial dysplasia, WDSCC- Well-differentiated Oral squamous cell carcinoma, MDSCC- 
Moderately-differentiated Oral squamous cell carcinoma, PDSCC- Well-differentiated Oral squamous cell carcinoma 

Table-2: Percentage of GLUT-1 immunoreactivity in normal oral mucosa, oral epithelial dysplasia and in different grades of oral 
squamous cell carcinoma

Group GLUT-1 Intensity
Score 0 Score 1 Score 2 Score 3

NOM 02 (40.0%) 02 (40.0%) 01 (20.0%) 00 (00.0%)
OED 00 (00.0%) 02 (40.0%) 02 (40.0%) 01 (20.0%)
WDSCC 00 (00.0%) 01 (20.0%) 03 (60.0%) 01 (20.0%)
MDSCC 00 (00.0%) 00 (00.0%) 02 (40.0%) 03 (60.0%)
PDSCC 00 (00.0%) 00 (00.0%) 01 (20.0%) 04 (80.0%)
Chi-square test 30.180
Degree of freedom (df) 6
p - value 0.0001
NOM- Normal oral mucosa, OED- Oral epithelial dysplasia, WDSCC- Well-differentiated Oral squamous cell carcinoma, MDSCC- 
Moderately-differentiated Oral squamous cell carcinoma, PDSCC- Well-differentiated Oral squamous cell carcinoma 
Table-3: Intensity of GLUT-1 immunoreactivity in normal oral mucosa, oral epithelial dysplasia and in different grades of oral squa-

mous cell carcinoma

Group GLUT-1 location
Score 0 Score 1 Score 2 Score 3

NOM 02 (40.0%) 03 (60.0%) 00 (00.0%) 00 (00.0%)
OED 00 (00.0%) 02 (40.0%) 02 (40.0%) 01 (20.0%)
WDSCC 00 (00.0%) 02 (40.0%) 02(40.0%) 01 (20.0%)
MDSCC 00 (00.0%) 01 (20.0%) 02 (40.0%) 02 (40.0%)
PDSCC 00 (00.0%) 00 (00.0%) 02 (40.0%) 03 (60.0%)
Chi-square test 28.040
Degree of freedom (df) 7
p - value 0.001
NOM- Normal oral mucosa, OED- Oral epithelial dysplasia, WDSCC- Well-differentiated Oral squamous cell carcinoma, MDSCC- 
Moderately-differentiated Oral squamous cell carcinoma, PDSCC- Well-differentiated Oral squamous cell carcinoma 
Table-4: Intracellular location of GLUT-1 immunoreactivity in normal oral mucosa, oral epithelial dysplasia and in different grades of 

oral squamous cell carcinoma

oral epithelial dysplasia revealed score 1, score 2 and score 
3 respectively. In well-differentiated oral squamous cell 
carcinoma, 20% (01), 60% (03) and 20% (01) of the cases 
showed score 1, score 2 and score 3 respectively whereas 
40% (02) and 60% (03) of cases of moderately-differentiated 
oral squamous cell carcinoma revealed score 2 and score 3 
respectively. The score 2 and score 3of GLUT-1 intensity 

was found to be 20% (01) and 80% (04) respectively. The p 
value was found to be statistically significant (Table 3).
Intracellular location of GLUT-1 immunoreactivity
In normal oral mucosa, 40% (02) and 60% (03)of the cases 
showed score 0 and score 1 respectively whereas 40% 
(02), 40% (02) and 20% (01) of the cases of oral epithelial 
dysplasia revealed score 1, score 2 and score 3 respectively. 
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In well-differentiated oral squamous cell carcinoma, 40% 
(02), 40% (02) and 20% (01) of the cases showed score 1, 
score 2 and score 3 respectively whereas 20% (01), 40% 
(02) and 40% (02) of cases of moderately-differentiated oral 
squamous cell carcinoma revealed score 1, score 2 and score 
3 respectively. The score 2 and score 3 of GLUT-1 intensity 
was found to be 40% (02) and 60% (03) respectively. The p 
value was found to be statistically significant (Table 4).

DISCUSSION

Malignant neoplastic cells illustrate an altered metabolism 
that is characterized by the increased absorption and 
consumption of glucose.12,13 This phenomenon can be 
described by numerous mechanisms, including the adaptation 
of cells to the hypoxic tumor microenvironment and the 
maintenance of tumor cell viability, that be determined by 
the ability of these cells to perform anaerobic glycolysis.12 
Hypoxia is an important characteristic of all solid tumors and 
associated with a poor prognosis.
Glucose transporters are membrane proteins active in the 
transport of hexoses like glucose and fructose across plasma 
membranes are divided into two families such as Facilitative 
glucose transporters (Glut family) and Na+ coupled 
glucose transporters (SGLT family). Glut-1 is also called 
as erythrocyte, brain or Hep G2-type glucose transporter.
GLUT-1 is the key target gene for hypoxia inducible factor 
(HIF) which facilitates glucose influx into cells under various 
conditions that have greater metabolic requirements like cell 
division, malignant transformation and nutrient depletion.14

The present study was done to determine the expression of 
Glut-1 in normal oral mucosa, oral epithelial dysplasia and in 
different histological grades of oral squamous cell carcinoma 
in order to evaluate the role of Glut-1 as a prognostic marker.
In the present study, GLUT-1 immunoexpression in 
normal oral mucosa was membranous in basal layer which 
progressively diminished in suprabasal layers whereas in 
oral epithelial dysplasia, GLUT-1 immunoexpression was 

determined in the basal and suprabasal layers of epithelium 
as well as diminished reactivity in the most superficial 
layers in some cases. GLUT-1 expression was occurred 
predominantly at tumour periphery and it was much weaker 
in the centre of tumour areas. These findings were in 
accordance with the study done by Angadi et al, Rudlowski et 
al and Kim et al.15-17 The occurrence of glycogen is linked to 
cellular maturation of squamous epithelium and disappears 
with loss of differentiation during neoplastic transformation. 
In well differentiated tumours, greater accumulation of 
glycogen in keratin pearls has inversely correlated with 
GLUT-1 immunoexpression, suggesting that differentiation 
and mature cells present in keratinized regions lack GLUT-
1 expression. In poorly differentiated tumours, it has been 
proposed that hypoxia driven GLUT-1 stimulation creates 
an antistromal staining pattern in area devoid of squamous 
differentiation/keratinization.16,17

In the present study, percentage and intensity of GLUT-
1 increased significantly from normal oral mucosa to oral 
epithelial dysplasia and to different grades of oral squamous 
cell carcinoma. These results were similar to the study 
carried out by Angadi et al.15 The intracellular location of 
GLUT-1 expression in our study changed significantly from 
membranous to cytoplasmic location then to a combination 
of both membranous and cytoplasmic positivity during 
the transition from normal oral mucosa to oral epithelial 
dysplasia and to different grades of oral squamous cell 
carcinoma. These findings were in agreement with the study 
done by Angadi et al15 and Vasconcelos et al18 but Harshaniet 
al19 evaluated that GLUT-1 expression was predominantly 
membranous in all grades of OSCC.Anti-GLUT-1 antibody 
typically identifies membrane bound proteins on epithelial 
cells. GLUT-1 induction ensuing hypoxia includes a 
sequence of changes to its intrinsic activity, kinetics and 
expression. Initially, there is “unmasking” of the protein 
which increases its affinity for glucose. Further stimulation 
results in translocation of existing glucose transporters 

Figure-1: Photomicrograph showing GLUT-1 expression in A) Positive control, B) Normal oral mucosa, C) Oral epithelial dysplasia, D) 
Well-differentiated oral squamous cell carcinoma, E) Moderately-differentiated oral squamous cell carcinoma and F) Poorly- differentiated 
oral squamous cell carcinoma (100X)
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from cytoplasmic vesicles to the plasma membrane, and an 
eventual increase in the synthesis of GLUT-1 mRNA.20 Ariely 
et alexaminedthat cytoplasmic and membranous expression 
of GLUT-1 in tumors was associatedwith the duration and 
extent of hypoxia present in different areas. They proposed 
that co-localization of GLUT-1 with the Golgi leads to 
combined membrane and cytoplasmic expression.20

CONCLUSION

The expression of GLUT-1 wasincreasedfrom oral epithelial 
dysplasia to varying grades of oral squamous cell carcinoma. 
The enhanced expression of this protein determined increased 
glycolytic activity of the tumor cells due to high energy 
requirement with an increase in the grade of the tumor. 
Glut-1 can be used as a prognostic marker in OSCC. Further 
studies on larger samples need to be conducted in order to 
clarify the role of GLUT-1 in oral epithelial dysplasia and 
oral carcinogenesis from a clinical, biological and molecular 
point of view.
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Introduction
Ameloblastomas	 are	 the	 odontogenic	
tumors	 generally	 present	 in	 the	 jaw	
bones.	 They	 begin	 as	 a	 painless	 swelling	
of	 the	 jaws	 and	 gradually	 cause	 facial	
deformity,	 mobility,	 displacement,	 and	 root	
resorption	 of	 the	 involved	 teeth.[1]	 Most	 of	
the	 lesions	 occur	 in	 mandible	 ascending	
ramus	 and	 cause	 grotesque	 deformities.	
Radiologically,	 it	 appears	 as	 a	 mixed	
radiopaque‑radiolucent	 lesion	with	well‑	 or	
ill‑defined	 margins	 having	 unilocular	 or	
multilocular	appearance.[2]

The	most	common	types	of	ameloblastomas	
are	 the	 follicular	 and	 plexiform	 types	
also	 called	 the	 “classic/conventional	
types,”	 followed	 by	 acanthomatous	 and	
granular	 cell	 types.	 In	 1987,	 Waldron	 and	
El‑Mofty	 presented	 a	 distinctive	 variant	 of	
ameloblastoma,	 which	 was	 called	 hybrid	
ameloblastoma	 displaying	 capricious	
combination	 of	 the	 histological	 features	 of	
desmoplastic	 ameloblastoma	 along	 with	
conventional	 ameloblastoma.[3]	 Being	 a	
rare	 entity,	 only	 a	 few	 cases	 of	 hybrid	
ameloblastomas	have	been	reported	globally,	
accounting	 for	 about	 1.1%–4.3%	 of	
ameloblastomas.	 The	 literature	 also	 reports	
clinically	 and	 histologically	 different	
benign	 and	 locally	 invasive	 malignant	
lesions	 with	 some	 similar	 radiological	
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features,	 thereby	 mimicking	 each	 other.[4‑6]	
This	 diagnostic	 dilemma	 can	 be	 simplified	
by	 detailed	 three‑dimensional	 imaging	
modalities	 such	 as	 cone‑beam	 computed	
tomography	 (CBCT).	 Our	 case	 of	 hybrid	
ameloblastoma	 is	 by	 far	 the	 first	 of	 its	
kind	 owing	 to	 its	 inimitable	 combination	
of	 follicular,	 plexiform,	 and	 desmoplastic	
variants	 and	 involvement	 of	 anterior	
maxilla	 which	 is	 a	 very	 unusual	 site	 for	
ameloblastoma	 of	 any	 kind.	 The	 objective	
of	 this	 paper	 is	 to	 report	 histologically	
established	 hybrid	 ameloblastoma	 with	
areas	 of	 misdiagnosed	 as	 periapical	 cyst.	
It	 further	 reviews	 the	 clinicoradiological	
features	 and	 immunohistochemical	markers	
of	 hybrid	 ameloblastoma	 and	 presents	 a	
systematic	 review	 of	 clinicopathologic	
features	of	hybrid	ameloblastoma.

Methodology
The	 present	 systematic	 review	 was	
conducted	 according	 to	 the	 guidelines	
provided	 by	 the	 PRISMA	 statement.	
A	bibliographic	search	was	performed	in	the	
main	 databases:	 PUBMED	 (www.pubmed.
gov);	 ScIELO	 (www.scielo.org),	 Google	
Scholar	(www.	scholar.google.com.br),	BVS	
(http://bvsalud.org/)	e	LILACS	(http://lilacs.
bvsalud.org),	 which	 we	 collected	 papers	
along	 with	 cross‑references	 that	 were	
published	 from	 1984	 to	 2018.	 It	 included	
laboratory	 studies,	 case	 reports,	 and	
systematic	 reviews	 as	 well	 as	 literature	
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that	 were	 developed	 in	 the	 human	 species.	 Articles	
with	 cases	 of	 peripheral,	 malignant,	 metastatic,	 and	
recurrent	 ameloblastoma	 were	 excluded	 from	 the	
study.	 Through	 the	 bibliographic	 research,	 85	 articles	
were	 selected,	 all	 of	 which	 were	 extracted	 from:	
PUBMED	 (www.pubmed.gov);	 ScIELO	 (www.scielo.org),	
Google	Scholar	 (www.scholar.google.com.br),	BVS	 (http://
bvsalud.org/)	 e	 LILACS	 (http://lilacs.bvsalud.org),	
previously	 reported.	 Keywords	 included	 a	 combination	
of	 “hybrid	 ameloblastoma”	 and/or	 “hybrid	 odontogenic	
tumours”	([MeSH	Terms]).

Results
The	 paper	 reviews	 a	 total	 of	 49	 cases.	 Clinical,	
radiological,	 and	 histopathological	 characteristics	 of	 each	
reported	 case	 have	 been	 identified	 and	 analyzed	 from	
papers	 published	 in	 the	 English	Medical	 literature.	These	
clinicoradiological	 and	 histopathological	 features	 are	
described	in	Tables	1	and	2.

Case Report
A	 35‑year‑old	 female	 	 patient	 reported	 to	 our	 department	
of	 Oral	 Medicine	 and	 Radiology	 complaining	 of	 pain	
in	 the	 upper	 front	 tooth	 region	 for	 the	 past	 six	 months.	
Patient	 revealed	 a	 past	 history	 of	 trauma	 in	 the	 same	
region	10	years	back.	Her	previous	medical	 and	 familial	
history	 was	 noncontributory.	 Extraorally,	 no	 swelling,	
no	 facial	 deformity,	 or	 expansion	 of	 cortical	 bone	 was	
observed.	 Cervical	 lymph	 nodes	 were	 not	 palpable.	
Intraoral	 hard	 tissue	 examination	 revealed	 intact	
maxillary	anterior	teeth.	Soft‑tissue	examination	revealed	
vestibular	 obliteration	 and	 tenderness	 present	 in	 relation	
to	 left	 maxillary	 anterior	 teeth;	 however,	 overlying	
mucosa	 was	 intact	 with	 no	 signs	 of	 infection	 and	
sinus	 tract	 formation	 [Figure	 1].	 Based	 on	 history	 and	
clinical	 features	a	provisional	diagnosis	of	 radicular	cyst	
was	 given	 and	 the	 patient	 was	 subjected	 for	 chairside	
investigations	 such	 as	 tooth	 vitality	 and	 fine‑needle	
aspiration	 cytology	 (FNAC).	 Pulp	 vitality	 tests	 were	

performed	 for	 21,	 22,	 and	 23	 and	 the	 teeth	 did	 not	
respond	 to	 electric	 and	 thermal	 stimuli	 and	 were	 found	
to	be	nonvital.	FNAC	was	nonproductive.	Hematological	
findings	were	within	normal	 limits.

Patient	 was	 advised	 for	 panoramic	 radiograph	 to	 visualize	
the	 extent	 of	 the	 lesion	 before	 surgical	 management	
could	 be	 planned.	 The	 panoramic	 radiograph	 revealed	
well‑defined	 radiolucency	 extending	 from	 mesial	 to	
21	 involving	 22	 up	 to	 distal	 of	 23.	 The	 border	 of	 the	
radiolucency	 was	 not	 corticated	 and	 internal	 structure	
revealed	 unclear	 radiolucency.	 There	 was	 no	 resorption	 of	
involved	teeth	with	the	radiolucency	and	no	involvement	of	
maxillary	sinus	on	the	left	side	[Figure	2].	A	nonproductive	
FNAC,	 unclear	 superioinferior	 margins	 of	 the	 lesion	
and	 unclear	 internal	 structure	 of	 the	 lesion,	 raised	 doubts	
overdiagnosis	 of	 lesion,	 and	 patient	 was	 subjected	 for	
CBCT	to	uncover	these	doubts.

CBCT	 multiplanar	 and	 axial	 sections	 [Figure	 3],	 with	
three‑dimensional	 reconstructed	 image	 [Figure	4],	 revealed	
solitary,	oval,	ill‑defined,	unilocular,	complete	radiolucency,	
with	 nonsclerotic	 border,	 surrounding	 the	 apical	 aspect	 of	
root	 of	 21,	 22,	 23	 causing	 complete	 destruction	 of	 labial	
plate	 at	 coronal	 aspect	 extending	 toward	 alveolar	 crest	 in	
21,	22	region	and	superiorly	leading	to	destruction	of	nasal	
floor,	 medially	 up	 to	 nasal	 septum,	 and	 distally	 till	 the	
distal	 aspect	 of	 root	 of	 23.	 The	 lesion	 is	 measuring	 about	
19.8	 mm	 mesiodistally,	 13.6	 mm	 superioinferiorly	 and	
15	mm	buccolingually.	Blunting	 or	 root	 of	 21	 and	 22	was	
noted.	Thinning	 of	mesial	 aspect	 of	 the	 nasopalatine	 canal	
was	 also	 noted.	 The	 radiographic	 diagnosis	 of	 infected	
radicular	cyst	of	21	and	22	was	given.	Surgical	enucleation	
of	the	lesion	was	performed	and	the	surgical	specimen	was	
sent	to	histopathological	examination.

Microscopic	 examination	 of	 the	 hematoxylin	 and	
eosin‑stained	 slides	 reveal	 mature	 densely	 collagenized	
connective	 tissue	 stroma	 showing	 odontogenic	
epithelial	 cells	 forming	 a	 network	 of	 interconnecting	
strands	 [Figure	 5].	 These	 strands	 are	 bounded	 by	 a	 layer	
of	 columnar	 cells	 resembling	 ameloblast‑like	 cells	 in	 the	

Figure 1: Clinical preoperative picture showing vestibular obliteration in 
the left maxillary anterior region

Figure 2: Panoramic radiograph with well‑defined radiolucency extending 
from 21, 22, and 23
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Table 1: Clinicoradiological and pathological features of hybrid ameloblastoma
Authors Age 

(years)
Sex Location Locularity Borders Radiodensity Tooth 

resorption
Tooth 

displacement
Histopathological 
features

Waldron	et al.	(1987) 25‑82 Female Max	P NA NA NA NA NA Des	+	Fol
Female Mand	P NA NA NA NA NA Des	+	Fol
Female Mand	P NA NA NA NA NA Des	+	Fol
Male Mand	P NA NA NA NA NA Des	+	Fol
Male Mand	P NA NA NA NA NA Des	+	Fol

Higuchi	et al.	(1991) 70 Male Mand	P Multiloc Ill RL NA NA Des	+	Amel
58 Male Mand	A	

+	P
Multiloc Ill RL NA NA Des	+	Amel

Hong	SP	(1991) NA NA NA Multiloc Ill RL NA NA Amel	+	CCOT
Tajima	(1992) NA NA NA Multiloc Well Mixed NA NA Amel	+	CCOT
Philipsen	et al.	(1992) 55 Male Mand	A	

+	P
Multiloc NA Mixed Yes NA Des	+	Fol	+	Plex

Ashman	et al.	(1993) 53 Male Mand	A Multiloc Well Mixed NA NA Des	+	Plex
Raubenheimer	(1995) NA NA NA Uniloc Ill Mixed NA NA Amel	+	CCOT	+	

AOT
Takata	et al.	(1999) 48 Male Mand	A	

+	P
Multiloc Ill RL NA NA Des	+	Fol

Wakoh	et al.	(2002) 35 Female Mand	A	
+	P

Multiloc Well Mixed NA NA Des	+	Fol

Li	TJ	(2003) NA NA NA NA Ill Mixed NA NA Amel	+	CCOT
Ide	F	(2005) NA NA NA NA Ill Mixed NA NA Amel	+	CCOT
Hirota	et al.	(2005) 17 F Max	A	+	P Uniloc Well RL NA NA Des	+	Plex	+	Acant	

+	Basal	cell	pattern	
with	desmoplasia

Seim	et al.	(2005) 53 Male Max	P Uniloc NA NA NA NA Foll	+	Plex	+	CEOT
dos	Santos	(2006) 36 Male Mand	A	

+	P
Uniloc Ill RL No NA Des	+	Fol

Desai	et al.	(2006) 32 Male Mand	P Uniloc Well RL No NA Des	+	Fol
Zhang	W	et al.	(2006) NA NA NA NA NA NA NA NA Amel	+	CCOT	+	

AOT
Jivan	V	(2007) NA NA NA NA NA NA NA NA Amel	+	CCOT	+	

AOT
Nosrati	K	(2009) NA NA NA NA NA NA NA NA Amel	+	CCOT
Shivapathasundaram	
(2009)

31 Female Mand	A	
+	P

Uniloc Well Mixed NA NA Des	+	Fol

40 Male Max	A	+	P Uniiloc Ill Mixed NA NA Des	+	Fol
Yazdi	et al.	(2009) 48 Female Mand	A Multiloc Ill Mixed No NA Des	+	Fol
Etit	et al.	(2010) 62 Female Max	P NA NA NA NA NA Fol	+	Plex	+	CEOT
Brooks	et al.	(2010) 66 Female Mand	A Multiloc Well Mixed NA NA Des	+	Acant
Gade	et al.	(2010) 35 Female Max	A Uniloc Well Mixed Yes NA Des	+	Fol
Vardhan	et al.	(2011) 29 Female Mand	A	

+	P
NA Well RL NA NA Des	+	Amel

Lawal	et al.	(2011) 50 Female Mand	A Multiloc Well Mixed NA Yes Des	+	Amel
29 Male Mand	A Multiloc Well RL NA NA Des	+	Amel

Acharya	et al.	(2011) 50 Male Mand NA NA NA NA NA Des	+	Fol
Angadi	et al.	(2011) 64 Female Max	A	+	P NA Ill Mixed No NA Des	+	Fol
Mahadesh	
et al.	(2011)

46 Male Mand	P Multiloc Well RO NA NA Fol	+	Acanth		+		+		
Des

Bavle	et al.	(2013) 28 Female Mand	A NA Ill Mixed NA NA Desmoplasia	with	
osteoplasia	+	Fol	+	
Acanth	+	Basaloid

Effiom	et al.	(2013) 50 Female Mand	A	
+	P

NA NA Mixed NA NA Des	+	Fol	with	
osteoplasia

Rastogi	et al.	(2013) 34 Female Mand	A NA NA Mixed NA NA Des	+	Fol
Contd...
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Table 1: Contd...
Authors Age 

(years)
Sex Location Locularity Borders Radiodensity Tooth 

resorption
Tooth 

displacement
Histopathological 
features

Yamazaki	
et al.	(2013)

31 Female Mand	P Uniloc Mixed Amel	+	CEOT	+	
AOT

Chaubey	SS	
et al.	(2014)

17 Male Mand	P Uniloc Ill Mixed Yes Yes CCOT	+	Plex

Raj	rai	(2014) 50 Female Max	A	+	P Uniloc NA Mixed NA NA Des	+	Plex
Joshi	PS	et al.	(2014) 55 Female Max	A NA Ill Mixed No Yes Des	+	Acant	+	

Osteoplasia
Wadhwan	V	(2015) 65 Female Max	P NA NA RO NA NA Plex	+	CEOT
Chaitanya	B	
et al.	(2016)

50 Female Mand	A	
+	P

Multiloc Well Mixed NA NA Des	+	Foll

Lakshmi	et al.	(2016) 40 Male Max	A	+	P Multiloc Well RL No No Des	+	Fol	+	Acant
Gupta	S	et al.	(2016) 38 Male Mand	P Multiloc Well Mixed NA NA Des	+	Fol
Iwase	et al.	(2017) 40 Male Mand	P Multiloc Well Mixed Yes No Des	+	Fol
Rai	HK	et al.	(2017) 55 Male Mand	P Uniloc Well NA NA NA Adenoid	Amel	+	

Dentinoid
Present	case 35 Female Max	A Uniloc Ill RL No No Des	+	Fol	+	Plex
NA:	Not	applicable;	Max	P:	Maxilla	posterior;	M	and	A:	Mandible	anterior;	M	and	P:	Mandible	posterior;	Multiloc:	Multilocular;	
Uniloc:	Unilocular;	RL:	Radiolucent;	RO:	Radiopaque;	Ill:	Ill	defined;	Well:	Well	defined;	Des	+	Fol:	Desmoplastic	and	follicular;	
Des	+	Plex:	Desmoplastic	and	plexiform;	Fol	+	Plex	+	Ade:	Follicular;	plexiform	and	adenomatoid	odontogenic	tumor;	Am	+	CCOT:	
Ameloblastoma	and	calcifying	cystic	odontogenic	tumor;	Am	+	AOT:	Ameloblastoma	and	adenomatoid	odontogenic	tumor;	Am	+	CEOT:	
Ameloblastoma	and	calcifying	epithelial	odontogenic	tumor;	Am	+	CCOT	+	AOT:	Ameloblastoma;	adenomatoid	odontogenic	tumor	and	
calcifying	cystic	odontogenic	tumor

Figure 3: Multiplanar view illustration in sagittal, coronal, and axial sections 
from cone-beam computed tomography

Figure 4: Three dimensional illustration of pathology present from different 
views in different aspects

periphery	with	 nuclei	 arranged	 away	 from	 the	 basal	 region	
of	 the	 cell	 showing	 reverse	nuclear	 polarity.	Between	 these	
layers,	stellate	reticulum‑like	cells	are	present.	Fibrous	stoma	
along	 with	 blood	 vessels	 is	 enclosed	 between	 the	 network	
of	 odontogenic	 cells	 and	 appears	 to	 be	 compressing	 or	
squeezing	the	odontogenic	cell	network	[Figures	6	and	7].	In	
another	section,	small‑to‑medium‑sized	discrete	compressed	
follicles	 of	 tumor	 cells	 with	 few	 areas	 of	 cystic	
degeneration	 can	 also	 be	 seen.	 The	 compressed	 follicles	
are	 surrounded	 by	 hyalinized	 stroma	 in	 various	
areas	 [Figures	 8	 and	 9].	 Myxomatous	 degeneration	 is	
also	 appreciable	 in	 certain	 areas.	 These	 findings	 were	
consistent	 with	 desmoplastic‑plexiform‑follicular	 (hybrid)	
ameloblastoma.

Discussion
Clinical and histopathological features of hybrid 
ameloblastoma

According	to	Waldron	and	El‑Mofty,	hybrid	ameloblastoma	
is	 a	 rare	 variant	 of	 ameloblastoma	 which	 shows	 a	 unique	
combination	 of	 the	 histological	 features	 of	 desmoplastic	
ameloblastoma	along	with	conventional	ameloblastoma.[7]

As	per	the	reported	cases,	the	mandible	is	the	most	common	
site	for	involvement	of	hybrid	ameloblastomas	as	compared	
to	 the	 maxilla.[8‑10]	 Moreover,	 if	 the	 tumor	 occurs	 in	 the	
maxilla,	 then	 the	 posterior	 region	 is	 the	most	 affected.[11,12]	
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Figure 5: Interlacing strands of odontogenic epithelium in the connective 
tissue stroma showing plexiform pattern (H and E, ×4)

Figure 6: Connective tissue stroma undergoing desmoplastic 
changes (H and E, ×10)

Figure 7: Desmoplastic changes at higher magnification (H and E, ×40)Whereas	 in	 the	 present	 case,	 the	maxillary	 anterior	 region	
was	found	to	be	involved	making	it	a	highly	unique	entity.

Philipsen	 et al.	 proposed	 that	 the	 hybrid	 variant	 was	 a	
transitional	 form	 of	 the	 desmoplastic	 type,	 comprising	
the	 microscopic	 features	 of	 both	 desmoplastic	 and	
classic	 follicular	 or	 plexiform	 variants	 which	 is	 in	

accordance	 to	 the	 histological	 features	 present	 in	 this	
case.

Radiographically,	 it	 mimics	 fibro‑osseous	 diseases	
and	 odontogenic	 cysts	 and	 tumors	 with	 mixed	

Table 2: Summary of data on 36 compiled cases of 
hybrid ameloblastoma

Percentage
Patient	age:	Mean	age	(years) 36.6
Site
Maxillary	anterior 4.0
Maxillary	posterior 10.2
Mandible	anterior 14.2
Mandible	posterior 24.4
Mandible	anterior	and	posterior 20.4
Maxillary	anterior	and	posterior 10.2

Gender
Male 38.7
Female 44.8

Radiographic	features
Periphery	and	shape
Multilocular 34.6
Unilocular 22.4
Ill	defined 30.6
Well	defined 24.4

Effect	on	surround
Root	resorption 8.16
Structure	‑	tooth	displacement 8.16

Internal	structure
Radiolucent 20.4
Radiopaque 4.0
Mixed 46.9

Histopathologic	features
Desmoplastic	and	follicular 40.8
Desmoplasia	and	ameloblastoma 10.2
Ameloblastoma	and	calcifying	cystic	odontogenic	
tumor

10.2

Desmoplastic,	follicular,	and	plexiform 4.08
Desmoplastic	and	plexiform 4.08
Ameloblastoma,	adenomatoid	odontogenic	tumor,	
and	calcifying	cystic	odontogenic	tumor

8.16

Desmoplastic,	plexiform,	acanthomatous,	basal	
cell	pattern	with	desmoplasia

2.04

Follicular,	plexiform,	and	calcifying	epithelial	
odontogenic	roconvulsive	therapy	tumor

4.08

Desmoplastic	and	acanthomatous 2.04
Desmoplastic,	follicular,	and	acanthomatous 4.08
Plexiform	and	calcifying	cystic	odontogenic	tumor 2.04
Plexiform	and	calcifying	epithelial	odontogenic	
tumor

2.04

Desmoplastic,	acanthomatous,	and	osteoplasia 2.04
Desmoplastic	and	follicular	with	osteoplasia 2.04
Follicular,	acanthomatous,	desmoplasia	with	
osteoplasia,	and	basaloid

2.04
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radiolucent‑radiopaque	 internal	 structure	 such	 as	 ossifying	
fibromas,	fibrous	dysplasia,	osteoblastomas,	osteosarcomas,	
calcifying	 epithelial	 odontogenic	 tumors,	 and	 calcifying	
odontogenic	cysts.[8‑10]

The	 hybrid	 variant	 appears	 such	 as	 mixed	 radiolucent	
and	 radiopaque	 lesions	 with	 irregular	 borders	 similar	 to	
common	 radiological	 pattern	 observed	 in	 the	 desmoplastic	
variant	or	fibro‑osseous	 lesions	or	malignant	 tumors	owing	
to	 high	 infiltrative	 nature.[11,12]	 While	 few	 cases	 of	 hybrid	
ameloblastomas	 exhibit	 a	 multilocular	 radiolucent	 pattern,	
which	is	similar	to	that	of	conventional	ameloblastomas,	as	
was	seen	in	our	patient.

The	 incidence	 of	 desmoplastic	 variant	 ranges	 from	 4%	
to	 13%	 making	 it	 an	 extremely	 rare	 entity.[13,14]	 The	
intriguing	 relationship	 of	 the	 desmoplastic	 variant	 with	
the	 conventional	 variants	 is	 the	 center	 of	 interest	 of	many	
researchers	 worldwide.	 The	 simultaneous	 occurrence	 of	
desmoplastic	variant	with	an	additional	variant	in	the	hybrid	
lesion	 is	 enigmatic.[15,16]	 It	 is	 still	 unclear	 whether	 the	
already	 existing	 desmoplastic	 variant	 transforms	 into	 the	
conventional	 variant	 or	 vice	 versa.	 Few	 researchers	 even	
consider	it	to	be	a	collision	tumor.[17,18]

However,	 the	 histopathological	 features	 shown	 in	 our	 case	
are	 in	 agreement	 with	Waldron	 and	 El‑Mofty’s	 diagnostic	
criteria	 because	 it	 showed	 the	 synchronized	 occurrence	
of	 desmoplastic	 variant	 along	 with	 other	 variants	 such	 as	
follicular	and	plexiform.[19,20]

Immunohistochemistry of hybrid ameloblastoma

As	 a	 result	 of	 tumoral	 modulation	 in	 hybrid	 lesions	
immunohistochemically,	expressions	of	extracellular	matrix	
proteins,	 tenascin,	 fibronectin,	 and	 type	 I	 collagen,	 in	 a	
hybrid	ameloblastoma	lesion,	have	been	reported.[21]

Treatment

With	 limited	 understanding	 of	 its	 behavior	 and	 prognosis,	
the	 proper	 treatment	 strategies	 for	 hybrid	 ameloblastoma	

are	 not	 entirely	 defined	 so	 far.	 Based	 on	 the	 present	
knowledge,	 the	 WHO	 recommends	 to	 apply	 the	 same	
treatment	 modality	 as	 for	 solid	 ameloblastoma	 which	
includes	 complete	 resection	 as	 enucleation	 or	 curettage	
might	 result	 in	 its	 recurrence,	 however,	 small	 lesions	 can	
easily	be	enucleated	in	toto.[22‑24]

Conclusion
Hybrid	 ameloblastoma	 has	 a	 variable	 clinical,	
radiological,	 and	 histopathological	 presentation.	 The	
biologic	 comportment	 of	 the	 lesion	 is	 still	 arguable.	
Immunohistochemical	markers	may	act	as	an	adjunct	in	the	
accurate	diagnosis	of	this	lesion.	Thus,	many	more	clinical,	
radiological,	 and	 histopathological	 data	 are	 required	 to	
clearly	demonstrate	this	pathologic	entity.
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Introduction

The standard of  practice in endodontics is characterized as the 
acceptable degree of  execution or a desire for expert intercession, 

defined by expert associations dependent on current logical 
learning and clinical skill. The recent improvements in the 
innovative technology gives good prognosis, even though the 
innovative technology requires proper understanding of  the 
disease process which is the basic prerequisite to conquer the 
art of  learning the new standard of  learning from the improved 
technology. The utilization of  microscopy for apex locator 
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with ultrasonic tips for retrofilling[1] represents improved 
innovation and the present standard of  training in endodontics. 
In this manner, apical retrograde reclamations ought to be 
performed with biocompatible materials, for example, mineral 
trioxide total (MTA).[2] Nowadays root canal treatment (RCT) 
is considered as an exceptionally predominant treatment 
alternative in the quickly developing dental practice.[3] Fruitful 
endodontic treatment relies upon getting a liquid-tight seal that 
is accomplished by sufficient readiness and obturation of  the 
root canal system.[4] The recent improvements in the innovative 
technology gives good prognosis, even though the innovative 
technology requires proper understanding of  the disease process 
which is the basic prerequisite to conquer the art of  learning the 
new standard of  learning from the improved technology. For 
improved morale and standard clinical practice, a base degree 
of  capability and an enthusiasm for continued learning must 
be empowered in the alumni during their preparation period in 
dental schools.[5] Systemic diseases like diabetes, hypertension, and 
coronary artery diseases (CADs) can complicate RCT results.[6,7] 
Moreover, the life threatening conditions like uncontrolled 
hypertension and diabetes can be detected by estimating the 
blood pressure and blood sugar levels and also at the time of  root 
canal treatment also.[8,9] However, the significance of  this appears 
to be overlooked in the dental field.[10,11] This inconsistency in the 
success rate may mirror a distinction in the specialized quality 
of  the endodontic treatment performed. A few studies have 
explored the learning and demeanors of  dentists toward RCT 
systems. All of  the investigations referred here have detailed that 
the majority of  general dental practitioners (GDPs) do not pursue 
the rules for standard RCT. Therefore, the present study was 
done among general dental specialists to investigate their insight, 
demeanor, and practice toward following legitimate guidelines of  
endodontic practice and utilization of  most recent innovation.

Materials and Methods

The present study is a cross-sectional, descriptive questionnaire 
study conducted among GDPs working in private clinics in 
Dehradun city, India. The study was conducted from January 
to February 2019.

The city was divided into five directions, namely, north, south, 
east, west, and central. From each direction, 20 dental clinics 
were selected randomly. Only those GDPs, who performed 
RCT in their clinics by themselves, were included in the study. 
In selected clinics, consent was availed, and those who gave the 
consent were included in the study. If  at the time of  the survey 
because of  patient appointment the practitioner did not take up 
the survey, the questionnaire was given to the assistant to be filled 
by the dentist and collected later. The survey was conducted in 
100 dental clinics among 156 GDPs.

A pilot survey was conducted before the main survey on 20% 
of  the total study participants to test the validity and reliability 
of  questionnaire. The reliability of  the questionnaire was 
determined by using Test–Retest reliability and the values 

measured came out to be Kappa (k) = 0.91 and weighted 
Kappa (kw) = 0.88. The internal consistency of  questionnaires 
was measured by applying Cronbach’s Alpha (α) and the value 
of  α = 0.89 was measured.

In the present study, a close-ended interview schedule was 
prepared to test the knowledge, attitude, and practice (KAP) of  
GDPs. It consisted of  four parts. The first part consisted of  the 
demographic details of  the dentists. The second part consisted 
of  the use of  various instruments and technology by study 
participants in various steps of  RCT.

The third part consisted of  questions related to knowledge 
regarding proper standards of  endodontic practice, such as what 
is standard care in endodontics, what is 3D radiography in endodontics is 
called, and which one of  them is not the use of  an operating microscope in 
endodontics.

The fourth part consisted of  questions regarding the attitude 
of  GDPs toward following proper standards of  endodontic 
practice and the use of  latest technology, which included 10 
questions and the answers were rated on a 5‑point Likert scale 
ranging from “Totally Agree” to “Totally Disagree.” Taking case 
history in details is not much help in endodontic diagnosis, Every radiolucency 
at the apical region of  any tooth can easily be treated by nonsurgical RCT.

The fifth part of  the questionnaire included questions 
regarding the practice of  study participants toward following 
proper standards of  endodontic practice and use of  latest 
technology. It included seven questions and answer to these 
questions were divided according to 3-point Likert scale into 
“Disagree,” “Partly Agree,” and “Agree.” I always use apex locator 
and IOPA for determination of  working length, A proper time and method 
with latest instruments were used by me for cleaning and shaping of  root 
canal.

Each correct answer to knowledge questions had 1 point and 
incorrect answer had 0 points; therefore, the knowledge score 
varied from 0–6 points. Answer to attitude questions held 1 
point for each option on the Likert scale, with increase in score 
showing a more positive attitude. Attitude score ranged from 
5–50. Positive practice scores increased with increase in scores, 
ranging from 3–21.

Statistical analysis
After entries of  data in Microsoft Excel 2014, the IBM Statistical 
Package for the Social Sciences (SPSS) software version 21.0 was 
used to analyze the data. The descriptive statistics were used to 
determine the demographic details of  the study participants. 
Correlation analysis was performed to find association between 
KAP and  proper following of  endodntic standards and 
Chisquare test was performed to determine the association 
between the use of  various instruments and latest technology 
and demographic profile of  the study participants.
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Table 4 on applying Pearson’s correlation it was determined that the 
knowledge of  the study participants was significantly (P ≤ 0.05*) 
associated with the practice of  study participants.

In Table 5 it was reported that the age group of  study participants 
was significantly P ≤ 0.05*, (Significant) associated with the 
attitude of  dental practitioners while years of  experience was 
significantly associated with knowledge P ≤ 0.01**, (Highly 
Significant) and practice P ≤ 0.00***, (Highly Significant) of  
the study participants.

Discussion

As mentioned in the previous study,[12] it was stated that the 
GDPs do not follow proper standards of  endodontic practice, the 
present study was conducted to explore their KAP. In the present 
study, years of  experience of  majority of  study participants were 
ranging from 6–10 years while in the study by Al-Nahlawi et al.[13] 
it was reported that work experience of  dental practitioners was 
more than 10 years. Contrasting results were shown in a study by 
Bogari et al.[14] in which majority of  the study participants were 
newly graduated.

About 44.87% of  GDPs made the diagnosis by only recording case 
history and 37.08% of  them also took radiographs while only 11.53% 
performed pulp vitality test along with case history and radiograph. 
In a study by Bogari et al.,[14] 82% of  GDPs recorded case history 
while 89.9% took intra oral periapical radiograph (IOPA) and 42.8% 
performed a cold test. In a study by Al-Nahlawi et al.,[13] only 26.6% 
of  GDPs recorded radiographs.

In the present study, 79% of  GDPs used saliva ejector with 
cotton rolls isolation and only 14.10% used rubber dam while 
in a study by Al-Nahlawi et al.,[13] 93.1% of  the study participants 
used saliva ejector with cotton rolls isolation and 6.9% of  GDPs 
used rubber dam. In another study conducted by Shrestha et al.[15] 
among GDPs in Kathmandu, only 1.4% of  the practitioners 
used a rubber dam. Contrasting results were reported in a study 
by Bogari et al.,[14] in which 56.3% of  the participating dentists 
were applying rubber dam isolation when performing RCT. In 
the present study, 45.51% of  the study participants used apex 
locator for determination of  working length while 21.91% of  
study participants used both apex locator and radiograph for 
determining the same. In a study by Bogari et al.,[14] 33.1% of  the 
study participants were using conventional radiographs, whereas 
14.4% reported using electronic apex locators (EALs) and 52.1% 
were using a combination of  both radiography and EAL. In a 
study conducted by Shrestha et al.,[15] the apex locator was used 
by 36.36% respondents while radiograph with instrument in the 
canal was used by 88 (80%) of  the study participants. Contrasting 
results were seen in a study by Al-Nahlawi et al.,[13] in which both 
X‑ray film and apex locator were used by only 8% of  the GDPs 
and the apex locator was used by 10.6% of  the GDPs.

In the present study, rotary NiTi files were used by the majority of  
the study participants, followed by hand ProTapers. While in study 

Table 1: Demographic details of study 
participants (n=156)

Demographic Variables Number (n) Percentage (%)
Age in years 21-30 29 18.56

31-40 68 43.58
41‑50 28 17.94
More than 50 31 19.92
Total 156 100%

Gender Male 89 57.05
Female 67 42.95
Total 156 100%

Years of  experience 1‑5 years 35 22.43
6-10 years 71 45.51
11‑15 years 32 20.51
More than 15 
years

18 11.55

Total 156 100%
The average number 
of  patients per month

1-20 43 27.56
21-40 82 52.56
41-60 21 13.46
More than 60 10 6.42
Total 156 100%

The average number 
of  RCTs per month

1-10 65 41.66
11-20 51 32.69
21-30 38 24.35
More than 30 02 1.30
Total 156 100%

RCTs=Root canal treatments

Results

Most of  the GDPs (71[45.51%]) were having experience ranging 
from 6 to 10 years [Table 1]. In most of  the clinics’ average number 
of  patients per month was in the range of  21–40 patients and 
majority of  the study participants (65 [41.66%]) performed an 
average of  1–10 RCTs per months.

Table 2 shows for the diagnosis most of  the study participants 
(70 [44.87%]) used case history. For access cavity opening, 
most of  the practitioners (91 [58.33%]) use airotor with 
normal light. Apex locator was used by 71 (45.51%) of  the 
study participants for working length determination. Among 
all study participants, 58 (37.17%) dental practitioners used 
rotary nickel–titanium (NiTi) files with normal saline and 
preheated disinfectants for cleaning and shaping of  the 
root canal. The single cone technique was the commonest 
technique (101 [64.74%]) used for the obturation of  the root 
canal by most of  the study participants.

Table 3 from this it was determined that knowledge of  the majority 
of  dental practitioners was fair [37.17%]) with score ranging 
from 2–4. Attitude scores (5‑20) as reported poor among 39.1% 
participants and practice scores (3-9) was also reported poor among 
39.10% majority of  patients. Attitude toward following proper 
standards of  endodontic practice and use of  latest technology was 
poor among 61 (39.10%) dental practitioners. Among majority of  
the study participants (64 [41.02%]) practice was poor.
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et al. study,[14] in which most of  the dentists were using traditional 
technique of  root canal preparation.

Fair knowledge with poor attitude and practice were reported 
among participants, regarding proper standards of  endodontic 
practice and use of  latest technology among GDPs. Dissimilar 
results were reported by Bogari et al.,[14] which showed poor 
knowledge and attitude among the participants.

The utilization of  most recent innovation and armamentarium 
has an advantageous impact on the anticipation of  the treatment, 
these helps in avoiding disappointment and improving the 
life span of  the treatment done, and avoiding post operative 
complication, hence helps in prevention of  further cascade of  
complications associated.

Conclusion

From the present study, it was concluded that a very few GDPs 
use the latest technology in endodontics. Knowledge was fair 
while attitude and practice were poor among study participants 
regarding following proper standards of  endodontic practice and 
use of  latest technology.

Table 2: Use of various instruments and the latest technology by study participants in various steps of RCT
Phases of  RCT Instruments and latest technology n (n) Percentage (%)
Diagnosis Case history 70 44.87

Case history + radiograph 58 37.08
Case history + radiograph + pulp vitality test 18 11.53
Case history + radiograph + pulp vitality test + digital imaging 10 6.52
Total 156 100%

Access cavity opening Simple airotor, normal light, Saliva ejector with cotton rolls isolation 91 58.33
Simple airotor, constant magnification, and lighting, Saliva ejector with cotton rolls isolation. 32 20.51
Simple airotor, constant magnification and lighting and with rubber dam isolation 22 14.10
Simple airotor, constant magnification, and lighting, with rubber dam isolation and operating 
microscope.

11 7.06

Total 156 100%
Working length determination Tactile sensation 18 11.53

X‑ray film 33 21.15
Apex locator 71 45.51
Both X‑ray film and apex locator 34 21.91
Total 156 100%

Cleaning and shaping Stainless steel hand files with normal saline 08 5.12
Hand ProTapers with normal saline and nonactivated disinfectants 58 37.17
Rotary NiTi files with normal saline and preheated disinfectants 61 39.10
In a combination of  above 29 18.61
Total 156 100%

Methods of  Cleaning and shaping Step-back technique 34 21.78
Crown-down technique 39 25.00
Combination of  both 83 53.28
Total 156 100%

Obturation Normal gutta percha 11 7.05
Single-cone technique 101 64.74
Thermoplastic gutta percha with latest obturating material 30 19.23
All the above 14 8.98
Total 156 100%

RCT=Root canal treatment

Table 3: KAP scores toward following proper standards 
of endodontic practice and use of the latest technology

Variables Number of  subjects Percentage of  subjects n (%)
Knowledge 0-1 (poor) 41 (26.28%)

2-4 (fair) 58 (37.17%)
5‑6 (good) 57 (36.55%)
Total 156 (100%)

Attitude 5‑20 (poor) 61 (39.10%)
21‑ 35 (fair) 55 (35.25%)
36‑50 (good) 40 (25.65%)
Total 156 (100%)

Practice 3-9 (poor) 64 (41.02%)
10‑15 (fair) 56 (35.89%)
16-21 (good) 36 (23.09%)
Total 156 (100%)

KAP=Knowledge, attitude, and practice

by Shrestha et al.,[15] most of  the respondents were using stainless 
steel hand files followed by NiTi files. In a study by Al‑Nahlawi 
et al.,[13] majority of  the study participants were using ProTapers.

Majority of  the respondents used a combination of  both 
crown-down and step-back technique for cleaning and shaping 
of  the root canal. Contrasting results were reported by Bogari 
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Table 5: Correlation analysis of demographic variables 
with following proper standards of endodontic practice 
and use of latest technology among study subjects by 

using Chi-square test
Demographic variables Knowledge Attitude Practice

Χ2 P Χ2 P Χ2 P
Age group 2.090 0.89 0.067 0.05* 1.102 0.78
Gender 0.121 1.22 0.190 0.24 3.700 1.10
Years of  experience 1.223 0.00*** 3.800 1.12 0.601 0.05*
Number of  patients per 
month

2.210 0.11 1.005 0.98 1.900 0.01**

Number of  RCTs per 
month

0.098 0.01** 0.230 0.11 0.710 1.69

P≤0.05*, P≤0.01**, P≤0.00***. RCTs=Root canal treatments
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Introduction

The Americans with Disabilities Act (ADA) defines the term 
“evidence-based dentistry (EBD),” as an approach to oral 

health care that requires the judicious integration of  systematic 
assessments of  clinically relevant scientific evidence, relating 
the patient’s oral and medical condition and history, with the 
dentist’s clinical expertise and the patient’s treatment needs and 
preferences.[1] The term EBD was advanced from proof-based 
prescription, which is another worldview yet the primary 
standards of  the subject previously existed for a long time, 
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AbstrAct
Background: Evidence-based practice is the cornerstone of dentistry and especially endodontics. Diagnosis, treatment planning, and 
treatment with recent advancement based on evidence would be a great help for the patent satisfaction and treatment prognosis; 
hence, the aim of present study was to explore difference between perception, knowledge, and practice of endodontists and general 
dental practitioners (GDPs) towards evidence-based practice and factors associated with it. Materials and Methods: The present 
study is a cross-sectional descriptive questionnaire study conducted among specialists in the subject of conservative and endodontic 
dentistry and GDPs working in private clinics in Modinagar city, Uttar Pradesh. The study was conducted in October 2019. In the 
present study, a close-ended questionnaire was prepared to determine the perception and practice of dental specialists. Results: The 
majority of endodontists (31 [35.22%]) belonged to the age group of 36–45 years of age while most of the GDPs (32 [36.36%]) belonged 
to 25–35 years of age group. The majority of endodontists were females (56[63.64%]) and most of the GDPs were males (50 (56.81]). 
More endodontists (47 [53.42]) had a positive perception of evidence-based practice than GDPs (15[16.42]). Practice toward evidence 
was fair among most of the endodontists (49 [55.68%]) and GDPs (54 [61.36%]). Conclusion: There was a more positive perception 
regarding evidence-based practice among endodontists than GDPs, knowledge was high among endodontists regarding evidence-based 
practice and practice was also good among endodontists. Factors associated with perception, knowledge, and practice among 
endodontists and GDPs were age in years, gender, year of practice, number of endodontic patients treating per month.
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as la de ernard set  the tili ation of  logical strategy in 
medicine

n the ebb and ow time, clinicians are relied on to stay aware 
of  the progressions in dental treatments, materials, investigate, 
and clinical s ggestions  There is a wealth of  research based and 
even reco nted roof  s orting different arts of  dentistry  
The two clinicians and atients have re ared access to a wide 
range of  online data tili ing internet browsers from the solace 
of  their wor laces or homes  t is in this manner basic for 
s ecialists and atients to tili e online assets for a fast est 
and to lan for the  and coming medicinal dental visit  Albeit 
online data is an extraordinary asset, it is frequently hard for the 
clinicians and all the more so for the patients to assess the broad 
writing accessible as far as legitimacy, nature of  information, and 
nwavering ality of  information

There is a develo ing need to overcome any iss es among 
exploring and clinical dental practice and to streamline the data 
accessible to clinicians and atients  This need can to some degree 
be met by fig ring roof based clinical r les for best ractices 
that the dental specialists can allude to with basic seat side and 
even atient well dis osed variants  ince both the o laces are 
as of  now tili ing on the web assets, it is of  intrig e that the 
correct sort of  assets o ght to be made accessible to them  t 
is additionally important that these assets must be gotten from 
to notch roof based research, which can be tili ed to b ild 

 the best benchmar s for clinical care

n the field of  endodontics, it is significant as consistently 
most recent therapeutic materials and strategies are coming 

 Tragically, as of  late, a few ca tio s investigations of  the 
logical reason for the techniques we apply in endodontics 
have e hibited broad shortcomings  The circ mstance 
is stressing for analytic and treatment systems just as for 
the eval ation of  the after effects of  o r strategies  There 
is an absence of  logical proof  to show which treatment 
conventions are the best and res lt in root filled teeth 
with the insignificant danger of  repetitive side effects, 

eria ical aggravation, or tooth misfort ne  n the ast, no 
investigation has looked at the distinction in the impression 
of  endodontists and general dental e erts  Accordingly, the 
present research was led to investigate the contrast between 
perception, knowledge, and practice of  endodontists and 
general dental s ecialists ( D s) toward evidence based 

ractice and factors related to it

Materials and Methods

The resent st dy is a cross sectional descri tive estionnaire 
study conducted among specialists in the subject of  conservative 
and endodontic dentistry and D s wor ing in rivate clinics 
in odinagar city  The ethical clearance to cond ct the st dy 
was obtained from the institutional ethical review board on 
e tember  The st dy was cond cted in ctober 

The city was divided into five directions north, so th, east, 
central, and west  rom each direction,  dental clinics were 
selected owned by endodontists and  dental clinics owned by 

D s randomly  n selected clinics consent was availed from 
dental practitioners, and those given consents were included in 
the st dy  f  dental ractitioners ref se to give his or her consent, 
another clinic was incl ded in the st dy  f  at the time of  the 
survey due to patient appointment dental professional does not 
take up the survey, the questionnaire was given to the assistant 
to be filled and collected later  The s rvey was cond cted among 

 ndodontists and  D s

A pilot survey was conducted, before the main survey on some 
of  the total study participants to test the validity and reliability 
of  the estionnaire  The reliability of  the estionnaire was 
determined by sing test retest and the val es of  meas red 
a a ( )   weighted a a ( w)   nternal consistency 

of  estionnaires was meas red by a lying ronbachs al ha (α) 
and the value of  α   was meas red  Those estions with 
less validity and reliability were removed

n the resent st dy, a close ended estionnaire was re ared 
to determine the erce tion and ractice of  Dental s ecialists  
t consists of  fo r arts  The first art consists of  demogra hic 

details of  patients which include age, gender, socioeconomic 
status, designation, year of  practice, endodontic patients treated 

er month

The second art consists of  estions related to nowledge 
of  endodontists and D s regarding evidence based ractice  
The third art consists of  estions regarding the erce tion 
of  ndodontists and D s regarding evidence based ractice  
The fo rth art consists of  estions regarding the ractice of  
evidence based ractice among st dy artici ants

egarding nowledge, on each correct answer  oint given 
and  for the wrong answer or don t now  The score for 
nowledge ranges from  to  with  oor nowledge,  

fair nowledge,  good nowledge  erce tion of  st dy 
artici ants meas red on i ert scale  tarting from strongly 

disagree, disagree,  agree, strongly agree  The score for 
erce tion ranges from  to , with  negative erce tion, 

 ne tral erce tion,  ositive erce tion  ractice 
score was meas red as  given to no and  given yes answer, 

ractice scores range from  to  with  oor ractice,  
fair ractice, and  good ractice

Statistical analysis
After entry of  data in icrosoft cel   version  
is sed to analy e the data  Descri tive statistics are sed to 
determine demographic details and knowledge, perception, and 

ractice scores of  st dy artici ants regarding evidence based 
ractice  hi s are test is sed to find the association between 

demographic details and perception, knowledge, and practice of  
st dy artici ants regarding evidence based ractice
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Results

Table  shows that the ma ority of  endodontists (  ) 
belonged to the age gro  of   years of  age gro  while 
most of  the D s (  ) belonged to  years of  
age gro  a ority of  endodontists were females  ( )  
and most of  the D s were males (  )  ears of  

ractice for most of  the endodontists (  ) were 
 years  hile for D s (  ) it was  years  ost 

of  the endodontists (  ) and D s ( ) 
belonged middle class   ( ) of  endodontists treat abo t 
an average of   endodontic cases er month while most 
of  the D s (  ) treat average  atients er 
month  n regards to nowledge of  endodontists and D s 
toward evidence based ractice ma ority,  ( ) and 

 ( ) of  them have moderate nowledge  A n mber 
of  endodontists (  ) had ositive erce tion toward 
evidence based ractice than D s ( )  ractice 
toward evidence based ractice was fair among most of  the 
endodontists (  ) and D s (  ) Table  

n a lying the hi are test it was determined that among 
ndodontists age in years was significantly (P  ) associated 

with the ractice  ears of  ractice was significantly associated 
with knowledge (P  ) and erce tion (P  ) regarding 
evidence based ractice  A n mber of  endodontic atients 
treating er month were significantly associated (P  ) with 

ractice  Among D s, ender was significantly (P  ) 
associated with nowledge regarding evidence based ractice  
A number of  endodontic patients treating per month were 
significantly (P  ) associated with ractice Table 

Discussion

The resent st dy was cond cted to determine the erce tion, 
nowledge, and ractice of  endodontists and D s toward 

evidence based ractice and factors associated with it

n the resent st dy, nowledge and ractice of  endodontists 
and D s toward evidence based ractice were com ared  
n contrast to this in the st dy by athod  et al  in which 
erce tion of  dental staff  and st dent were com ared  n the 

present study females, respondents were more in number than 
males  The same res lts were seen st dy by amali   et al  
in which females res ondents were than males  ontrasting 
res lts were shown in a st dy by a ago alachari  et al  and 

bal A  in which most of  the res ondents were male  The 
majority of  study participants in the present study belonged to 
the age gro  of   years  n contrast to this, in a st dy by 

a ago alachari  et al.  and amali   et al ,  age range of  
st dy artici ants was  years

n the resent st dy, ma ority of  st dy, artici ants were having 
years of  clinical ractice ranging from  years to  years  
n contrast to these res lts in the st dy by a ago alachari  

et al  and bal A  majority of  study participants had the 
clinical e erience of  more than  years  n the resent st dy, 

both ndodontists and D s were  while in a st dy by 
a ago alachari  et al  eneral dentists ( D ) constit ted 

abo t  and the rest of  them were s ecialists  n a st dy by 
amali   et al ,   were s ecialists while  were general 
ractitioners  t is sometimes also noted that dental e erts 

probably going to have different observations towards clinical 
dental rules, particularly with respect to their viable execution 
into everyday ractice, advantages and obstr ctions

n the resent st dy, there was a more ositive erce tion 
regarding evidence based ractice among endodontists than 

D s, nowledge was high among endodontists regarding 
evidence based ractice and ractice was also good among 

Table 1: Demographic details of endodontists (n=88) and 
general dental practitioners (GDPs) (n=88)

Demographic Variables n (%)
Endodontists GDPs Total

Age in years  years  ( )  ( )  ( )
 years  ( )  ( )  ( )
 years  ( )  ( )  ( )
 years  ( )  ( )  ( )

Total  ( )  ( )  ( )
Gender ale  ( )  ( )  ( )

emale  ( )  ( )  ( )
Total  ( )  ( )  ( )

Year of  practice  years  ( )  ( )  ( )
 years  ( )  ( )  ( )
 years  ( )  ( )  ( )
 years  ( )  ( )  ( )

Total  ( )  ( )  ( )
ocioeconomic 

class
Upper  ( )  ( )  ( )

iddle  ( )  ( )  ( )
ower  ( )  ( )  ( )

Total  ( )  ( )  ( )
Average number 
of  endodontic 
patients treating 
per month

 ( )  ( )  ( )
 ( )  ( )  ( )

ore than  ( )  ( )  ( )
Total  ( )  ( )  ( )

Table 2: Perception, knowledge, and practice scores 
evidence-based practice among study participants

Variables Number of  
subjects

n (%)
Endodontists GDPs Total

Perception  (negative)  ( )  ( )  ( )
 (ne tral)  ( )  ( )  ( )
 ( ositive)  ( )  ( )  ( )

Total  ( )  ( )  ( )
nowledge  (low)  ( )  ( )  ( )

 (moderate)  ( )  ( )  ( )
 (high)  ( )  ( )  ( )

Total  ( )  ( )  ( )
Practice  ( oor)  ( )  ( )  ( )

 (fair)  ( )  ( )  ( )
(good)  ( )  ( )  ( )

Total  ( )  ( )  ( )
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ndodontists  The same res lts were re orted in a st dy 
by a ago alachari et al.  in which specialists having more 
nowledge than general dentists  n the same st dy  more 
ositive erce tion towards evidence based dentistry was 

re orted more general dentists  n a st dy by amali   et al  it 
was reported that dental specialists generally had a higher level of  
awareness regarding D com ared with general ractitioners

n the resent st dy, years of  ractice were significantly associated 
with erce tion and nowledge among endodontists  The same 
res lts were seen in a st dy by a ago alachari et al  in which 
a positive attitude was seen with dentists having more clinical 
e erience

n the resent st dy, no significant association was determined 
between socioeconomic status and Perception, knowledge and 

ractice among ndodontists and D s towards evidence 
practice in compared to the study by Yamalik et al  in which 
socioeconomic stat s was a significant factor associated with 
evidence based dentistry

The res lts of  the resent st dy sho ld be viewed in the light 
of  limitation as only one city of  Uttar Pradesh was taken in the 
study, hence the non representativeness of  the sample makes the 
res lts non generali able to the whole co ntry, nonetheless, the 
st dy rovides a latform for the nationwide m lticentric st dy

Dental ractitioners sho ld wor  in accordance with 
evidence based dentistry and with the recent develo ment in 
the field of  dentistry which co ld hel  the dentists to do wor  
at a faster ace and with favorable rognosis  The ractice of  
evidence based dentistry wo ld revent many com lications and 
treatment fail re and ma es the atients satisfied and im roves 
the shelf  life of  dentition

Conclusion

rom above it was concl ded that there was more ositive 
erce tion regarding evidence based ractice among endodontists 

than D s, nowledge was high among endodontists regarding 
evidence based ractice and ractice was also good among 
endodontists  actors associated with erce tion, nowledge, and 
ractice among endodontists and D s were age in years, gender, 

year of  ractice, n mber of  endodontic atients treating er month
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Introduction

Regenerative endodontic strategies can be characterized 
as organically based systems intended to supplant harmed 
structures, including dentin and root structures, as well as cells of  

Knowledge, attitude, and practice toward regenerative 
endodontics and factors affecting its practice among 
dental practitioners in Ajmer city: A cross-sectional 

study
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AbstrAct
Background: Regenerative methods, which regenerate the damaged structures, are one of the treatment methods in endodntics. 
This conservative approach helps to generate cells that may produce the lost structure. Thus, the aim of this study was to explore 
the knowledge, attitude, and practice among dental practitioners toward regenerative endodontics and factors affecting their 
knowledge, attitude, and practice. Materials and Methods: It was a cross-sectional questionnaire study conducted in the month of 
June–August 2018 in Ajmer city. Permission to conduct the study was obtained from JLN Medical College and Hospital, Department 
of Dentistry. A total of 100 clinics were visited and face-to-face interview schedule was conducted. A total of 123 dental practitioners 
were interviewed. A 26 item questionnaire was generated to measure knowledge, attitude, and practice of dental professionals 
regarding regenerative endodontics. Results: 63% of study participants had poor knowledge scores. Majority of study participants 
83 (67%) had poor attitude scores. On applying Pearson’s correlation, it was determined that the knowledge regarding regenerative 
endodontics was significantly (P ≤ 0.001) ** correlated to the attitude among study participants. On applying Chi‑square test, it was 
assessed that the knowledge and practice among study participants were significantly (P = 0.041*) and (P = 0.001**) associated with 
gender of study participants. Conclusion: From above results, it is concluded that study participants have poor knowledge, attitude, 
and practice regarding regenerative endodontics. The knowledge regarding regenerative endodontics was significantly associated 
with the attitude of study participants. Participants with Masters of Dental Surgery (MDS) degree had a significant effect on the 
knowledge regarding the regenerative endodontics. Endodontic specialty has a significant effect on the attitude of study subjects.

Keywords: Dental, endodontics, factors, regenerative

Original Article

Access this article online
Quick Response Code:

Website:  
www.jfmpc.com

DOI:  
10.4103/jfmpc.jfmpc_560_19

Address for correspondence: Dr. Rahul Puri Goswami, 
Department of Dentistry, Barmer Medical College and Hospital, 

Barmer, Rajasthan, India. 
E-mail: chints.dr@gmail.com

How to cite this article: Goyal AR, Goswami RP, Ganapathy SK, 
Ojha R, Singhal K, Ahluwalia Y. Knowledge, attitude, and practice toward 
regenerative endodontics and factors affecting its practice among dental 
practitioners in Ajmer city: A cross-sectional study. J Family Med Prim 
Care 2019;8:3225-9.

This is an open access journal, and articles are distributed under the terms of  the Creative 
Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to 
remix, tweak, and build upon the work non-commercially, as long as appropriate credit is 
given and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

Received: 19-07-2019 Revised: 22-08-2019 Accepted: 09-09-2019



Goyal, et al.: Regenerative endodontics and dental practitioners

Journal of Family Medicine and Primary Care 3226 Volume 8 : Issue 10 : October 2019

the mash dentin complex. Regenerative dental methodology has 
a long history, beginning around 1952, when Dr. B. W. Hermann 
gave an account of  the application of  Ca (OH) 2 for a situation 
report of  crucial mash amputation.[1] Subsequent regenerative 
dental techniques incorporate the advancement of  guided tissue 
or bone recovery techniques and diversion osteogenesis;[2] the 
use of  platelet-rich plasma for bone augmentation,[3] Emdogain 
for periodontal tissue regeneration,[4] and recombinant 
human bone morphogenic protein (rhBMP) for bone 
augmentation;[5] and preclinical preliminaries on the utilization 
of  fibroblast development factor 2 (FGF2) for periodontal tissue 
regeneration.[6] Despite these impressive development, there has 
not been noteworthy interpretation of  any of  these treatments 
into clinical endodontic practice.

The targets of  regenerative endodontic methodology are to 
recover mash like tissue, preferably, the mash dentin complex; 
recover harmed coronal dentin, for example, following a carious 
introduction; and recover resorbed root, cervical or apical 
dentin.[7]

As of  late, there has been an expanding enthusiasm for applying 
the idea of  tissue building to endodontics. The creation and 
conveyance of  new tissues to supplant unhealthy, missing, 
or damaged mash is alluded to as regenerative endodontics.[8] 
Potential advancements for regenerative endodontics incorporate 
root waterway revascularization, mash embed, and quality 
therapy.[9] Ongoing case reports from various creators bolster the 
possibility of  such regenerative endodontic strategies.[10-12] The 
future utilization of  regenerative and tissue-designing techniques 
to dentistry holds gigantic potential for gathering an assortment 
of  patient needs.[13]

Regenerative endodontics is one of  the fields that hasn’t been 
explored in detail and factors that impact its decision. Till 
now, relatively, few examinations were led to investigate the 
information, disposition, and routine regarding dental specialists 
toward regenerative endodontics. Accordingly, the present 
examination is led to investigate the learning, frame of  mind, 
and practice among dental professionals toward regenerative 
endodontics and variables affecting their insight, demeanor, 
and practice.

Materials and Methods

It was a cross-sectional questionnaire study conducted in the 
month of  June–August 2018 in the city of  Ajmer. The study 
participants include dental practitioners having their clinics. 
The city was divided into 5 parts: east, west, south, north, and 
central. From each direction, 20 clinics were randomly selected, 
and interview was conducted among the dental practitioners of  
these clinics. Ethical approval was obtained from independent 
ethical committee of  JLN Medical College and Hospital. Written 
informed consent was also obtained from participants. Dental 
professionals including bachelors and specialist running his or 
her private practice for more than 1 year in Ajmer city and who 

gave the informed consent were included in the study. A total of  
100 clinics were visited and face-to-face interview was conducted. 
Among those clinics, if  dental professional was busy, then 
questionnaire was left to be filed by the professional. A total of  
123 dental practitioners were interviewed. The questionnaire was 
pretested in a pilot survey comprising of  10% of  total participants. 
The proforma was tested for reproducibility by test-retest. 
Reliability of  the questionnaire was assessed by using Test-Retest 
and the values of  measured Kappa (κ) = 0.81, weighted 
Kappa (κw) = 0.78. Internal consistency of  questionnaires was 
assessed by applying Chronbachs-Alpha (α), and the value of  
α = 0.74 was measured. A 26-item questionnaire was generated to 
measure knowledge, attitude, and practice of  dental professionals 
regarding regenerative endodontics. This questionnaire consists 
of  four parts. First part consists of  5 questions on demographic 
details. Second part consists of  questions related to knowledge 
of  the study participants regarding regenerative endodontics. 
To all these questions, 5 marks were given for correct answer, 
whereas 0 mark was for wrong answer. The total marks range 
from 0 to 35 for knowledge questions. Third part consists of  
attitude questions. Answers to these questions were judged on 
Likert scale ranging from “agree to disagree.” Score ranges 
from 1 to 4. Total score to these 8 questions ranges from 8 
to 32. Fourth part consists of  questions on practice regarding 
regenerative endodontics. Answer to these 5 questions was in 
yes or no. Yes was given 1 mark, whereas no was given 0 mark. 
Total score of  this part ranges from 0 to 5. Total score of  all 3 
parts (21 questions) ranges from 1 to 72 marks.

Statistical analysis
Demographic details of  study participants and their knowledge, 
attitude, and practice scores were analyzed using descriptive 
statistics. Pearson’s correlation was used to analyze correlation 
between knowledge, attitude, and practice among study 
participants and correlation between demographic variables with 
knowledge, attitude, and behavior about regenerative endodontics.

Results

Table 1 shows demographic details of  the study participants. 
The most of  the study participants [52 (42%)] were between 36 
and 45 years of  age. 87 (71%) of  participants were male. The 
majority of  study participants [91 (74%)] were MDS. Among the 
study participants, most of  them were done their master’s degree 
in endodontists. From all the study participants, [78 (63%)] were 
having experience of  less than equal to 5 years.

Table 2 shows knowledge, attitude, and practice scores among 
study subjects. 63% of  study participants had poor knowledge 
scores, whereas only 11% of  study participants had good 
knowledge scores regarding regenerative endodontics. The 
majority of  study participants had poor attitude scores, that 
is 83 (67%), whereas only 17 (14%) of  study participants had 
good attitude scores. Only 5 (4%) of  study participants had 
good practice scores, whereas 98 (79%) of  study participants 
had poor practice scores.
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Table 3 on applying Pearson’s correlation, it was determined 
that knowledge regarding regenerative endodontics was 
significantly (P ≤ 0.001)** correlated to the attitude among 
study participants.

Table 4 on applying Chi-square test, it was assessed that 
knowledge and practice among study participants were 
significantly (P = 0.041*) and (P = 0.001**) associated with 
gender of  study participants. The degree of  study participants 
was significantly (P = 000***) associated with the knowledge 

among study participants regarding regenerative endodontics. 
Years of  experience was significantly (0.05*) associated with the 
attitude of  study participants.

Table 5 on applying multiple logistic regression test, it has been 
determined that age more than 45 years of  study subjects and 
MDS Degree have significant (P = 0.002*) and (P ≤ 0.001***) 
impact on good knowledge toward regenerative endodontics. 
Study subjects who had done their master’s degree in subjects 
of  endodontics have significant (P ≤ 0.01**) impact on good 
attitude toward regenerative endodontics. Years of  experience 
more than 5 years has significant (P ≤ 0.05*) impact on good 
practice of  regenerative endodontics.

Discussion

The revelation of  the mash of  permanent and deciduous teeth 
raised the captivating plausibility of  utilizing dental mash for 
tissue engineering.[14] Recent progresses in the distinguishing 
proof  and portrayal of  dental immature microorganisms, and 
in dental tissue-designing techniques, recommend that inside the 
decayed teeth, bioengineering methodologies may effectively be 
utilized to recover dental tissues and entire teeth.[11] In request 
for this methodology to arrive at clinical pertinence in human, 
sufficient intrigue is required; learning supported by research 
among administration is the prime essential. The discovery of  
stem cells in the pulp of  permanent and deciduous teeth raised 
the intriguing possibility of  using dental pulp stem cells for 
tissue engineering, which could be of  further help in primary 
prevention of  most common oral diseases like periodontal 
diseases and dental caries.[13] The regenerative treatment will 

Table 1: Demographic detail of study participants
Demographic details N (%)
Age 

25–35 Years 39 (26)
36–45 Years 52 (42)
More Than 45 42 (32)
Total 123 (100)

Gender
Male 87 (71)
Female 36 (29)
Total 123 (100)

Degree
BDS 32 (26)
MDS 91 (74)
Total 123 (100)

Specialty
Orthodontics 10 (11)
Oral Medicine 09 (10)
Oral Surgery 12 (13)
Endodontics 20 (22)
Prosthodontic 14 (15)
Periodontics 08 (9)
Oral Pathology 08 (8)
Public Health Dentistry 10 (11)
Total 91 (100)

Year of  experience
Less than equal to 5 years 78 (63)
More than 5 years 55 (27)
Total 123 (100)

Table 2: Knowledge, attitude, and practice scores among 
study subjects

Variables Number 
of  subjects

Percentage of  
subjects (%)

Knowledge 0–11 (poor) 78 63
12–24 (Fair) 32 26
25–35 (Good) 13 11
Total 123 100

Attitude 8–14 (poor) 83 67
15–24 (Fair) 23 19
25–32 (Good) 17 14
Total 123 100

Practice Less than 1 (poor) 98 79
2–4 (Fair) 20 17
More than 4 (Good) 05 4
Total 123 100

Table 4: Correlation analysis of demographic variables 
with knowledge, attitude, and behavior about regenerative 

endodontics among study subjects by using Chi-square 
test

Demographic 
variables

Knowledge Attitude Practice
χ2 P χ2 P χ2 P

Age −0.236 0.221 4.101 1.10 −0.178 0.87
Gender 2.344 0.041* −0.209 0.411 0.181 0.001**
Degree 3.565 0.000*** −0.401 1.207 −0.018 0.219
Specialty −3.870 0.761 3.901 1.222 0.392 0.603
Year of  
experience

0.289 1.290 2.332 0.05* 0.900 1.233

*Significant at 0.05 percent level of  significance. **Significant at 0.001 percent level of  significance. 
***Significant at 0.000 percent level of  significance

Table 3: Correlation analysis of knowledge, attitude, 
and behavior among study subjects by using Pearson’s 

correlation
Knowledge Attitude Practice
R P r P r P

Knowledge - - 0.390 0.001**

Attitude −0.245 0.673 - - 2.671 0.345
Practice 0.222 1.234 −0.200 1.234 - -
*Significant at 0.05 percent level of  significance. **Significant at 0.01 percent level of  significance. 
***Significant at 0.001 percent level of  significance 
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reform endodontics with the synergistic intersection of  advances 
in flagging pathways hidden morphogenesis and ancestry of  
stem/ancestor cells by morphogens. However, to practically 
apply regenerative endodontics, adequate knowledge, positive 
attitude, and practice are needed.

In the present study, knowledge, attitude, and practice of  
dental practitioners and factors affecting their opinion toward 
regenerative endodontics were explored. The past many 
studies[9,15-18] have conducted to determine opinion of  dental 
practitioners toward regenerative endodontics, but none of  the 
studies has not assessed the factors affecting their judgment.

In the present study, the knowledge of  dental practitioners 
regarding regenerative endodontics was tested, whereas the 
studies conducted in the past on this topic had only explored 
the opinion of  the study participants.

In the present study, 63% of  study participants has experience of  
less than or equal to 5 years compared to the Dental Residents’ 
Expectations for Regenerative Endodontics study by Manguno 
et al.[18] where 96.8% of  study participants had experience of  
0–10 years.

In the present study, 57% of  study participants agree or partially 
agree with the statement that it will take more than 20 years 
to take for some regenerative stem cell therapies to be used in 
dentistry, whereas in the study by Manguno et al.[18] about 92% 
of  study participants agree with the statement. The same result 
was reposted in the study by Utneja et al.[15] and Epelman et al.[16] 
in which 91% and 98% of  study participants reported the same, 
respectively. The recent technique developed in regenerative 
endodontics is controlling of  odontogenic differentiation 
through involvement of  Yes-associated protein.[17]

In the present study, only 31% of  study participants were willing 
to do regenerative dental treatment to save teeth and dental 
tissue, whereas in the study by Utneja et al.,[15] 87.5% of  study 
participants were willing to do the procedure. In the study by 
Epelman et al.[16], 84% of  study participants were willing for 
doing the procedure in the future. Manguno et al.[18] in his study 

reported that about 96% of  study participants were willing to 
perform the procedure of  regenerative endodontics.

In the present study, the majority of  study participants were 
having poor knowledge regarding the regenerative endodontics. 
Different results were seen in the study by Utneja et al.[15] in 
which most of  study participants had good knowledge regarding 
regenerative endodontics.

In the present study, poor attitude was seen in the majority of  
study participants compared to the study by Utneja et al. in which 
most of  study participants were optimistic about regenerative 
endodontics, whereas in the study by Epelman et al.[16], there was 
no clarity about the enthusiasm of  dental professionals regarding 
regenerative endodontics.

In the present study, the most of  the study participants had not 
performed the procedure of  regenerative endodontics nor had 
they undergone any CDE program on the same, whereas in 
the study by Epelman et al.[16], 50% of  study participants were 
performing the regenerative endodontic procedure.

Outcomes from the present study must be looked by 
considering its limitations also. Participants of  the present 
study were from only one city. Hence, the results of  the study 
cannot be extrapolated to the entire dental student population. 
Questionnaire studies are susceptible to social desirability and 
faking bad biases.

Conclusion

From above results, it is concluded that the majority of  study 
participants’ knowledge, attitude, and practice regarding 
regenerative endodontics were poor. The knowledge regarding 
regenerative endodontics was significantly associated with the 
attitude of  study participants. MDS degree had a significant 
effect on the knowledge regarding regenerative endodontics. 
Endodontic specialty has a significant effect on the attitude of  
study participants toward regenerative endodontics. The more 
the experience, the better the practice regarding the regenerative 
endodontics.

Table 5: Multiple logistic regression to show the impact of various independent variables taking knowledge, attitude, 
and practice toward regenerative endodontics as the dependent variable among study subjects

Demographic 
variables

Knowledge Attitude Practice
Sig. Exp (B) OR (95% CI) Sig. Exp (B) OR (95% CI) Sig. Exp (B) OR (95% CI)

Age (More Than 45) 0.002* 0.294 134–0.645 0.394 1.334 0.688–2.586 0.638 0.735 0.204–2.645
Gender (Male) 0.194 1.619 0.783–3.347 0.290 1.981 1.900–1.999 0.233 1.784 1.701–1.810
Gender (female) 0.892 1.0 0.080 1.0 0.781 1.0
Degree (MDS) 0.001** 0.810 0.722–0.790 1.201 1.822 1.700–1.888 0.710 1.201 0.981–1.322
Specialty (Endodontics) 0.432 0.456 0.400–0.532 0.000* 0.290 0.234–0.322 0.120 0.603 0.546–0.681
Specialty (Oral surgery) 0.211 1.320 1.101–1.421 0.131 0.509 0.422–0.562 0.911 0.721 0.689–0.799
Specialty (orthodontics) 0.039 1.0 0.035 1.0 0.031 1.0
Year of  experience
(More than 5 years)

1.100 0.109 0.013–0.198 0.221 1.781 1.600–1.722 0.050* 0.207 0.131–0.289

*Significant at 0.05 percent level of  significance. **Significant at 0.001 percent level of  significance. ***Significant at 0.000 percent level of  significance
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Aims and Objectives:	 Intracanal	medication	 plays	 an	 important	 role	 in	 disinfecting	
the	 root	 canal	 from	various	microorganisms.	There	 are	 various	 intracanal	medication	
frequently	 used	 by	 practitioners	 based	 on	 the	 efficacy	 of	 the	 same,	 therefore	 to	
compare	 antimicrobial	 activity	 of	 a	 triple	 antibiotic	 paste	with	 chlorhexidine	 gel	 and	
calcium	hydroxide	against	microorganisms	in	the	root	canal	used	as	irrigating	solution.
Materials and Methods:	 The	 present	 study	 was	 conducted	 on	 88	 single	 rooted	
(central	and	 lateral	 incisors),	asymptomatic,	nonvital,	and	necrotic	 teeth.	 Individuals	
included	 were	 between	 the	 ages	 of	 12–15	 years	 with	 no	 systemic	 complications.	
Overall,	88	 teeth	were	divided	 randomly	 into	 four	groups	on	 the	basis	of	 treatment	
they	were	given,	with	each	group	having	22	 teeth.	Each	group	was	assigned	 to	one	
intervention	 group	 namely	 2%	 chlorhexidine	 gel	 group,	 calcium	 hydroxide	 group,	
triantibiotic	paste	group,	and	the	normal	saline	group.	Triantibiotic	paste	was	prepared	
from	 ciprofloxacin	 Hydrochloride	 500	 mg+	 Metronidazole	 400	 mg+	 Tetracycline	
500	mg.	Two	samples	were	 collected	 from	 individual	 tooth	 to	 assess	 the	 change	 in	
the	extent	of	total	colony	forming	units.
Results:	 Mean	 log10	 bacterial	 count	 among	 the	 triantibiotic	 paste	 was	 5.222	
preirrigation	which	was	decreased	to	0.653.	Maximum	percentage	of	log10	bacterial	
count	 was	 decreased	 among	 triantibiotic	 paste	 group	 of	 87.20%	 while	 control	
group	 of	 normal	 saline	 has	 recorded	 a	 decrease	 of	 54.65%	 in	 bacterial	 count.	
Among	all	the	four	groups,	there	was	a	decrease	of	73.51%	of	bacterial	count.
Conclusion:	 From	 the	 above	 results,	 it	 was	 concluded	 that	 triantibiotic	 paste	
demonstrated	 the	 highest	 efficacy	 against	 bacterial	 pathogen	 when	 used	 as	
irrigating	solution.

Keywords: Antibiotics, immature tooth, root canal
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are	 strongly	 associated	 with	 the	 etiology	 of	 the	 lesions	
of	 the	 pulp	 and	 periapical	 areas.	 The	 toxin	 from	
the	 microorganisms	 causes	 pulpal	 necrosis,	 and	 this	
outcome	 can	 be	 attributed	 due	 to	 consistent	 persistence	
of	 these	 microorganisms	 in	 the	 root	 canal	 system	 even	

Original Article

IntroductIon

Since	 centuries,	 microbial	 interaction	 has	 influenced	
the	 outcome	 of	 endodontic	 treatment.	 Surgical	

or	 nonsurgical	 endodontic	 treatment	 essentially	 is	
chemomechanical	 debridement	 of	 the	 canal	 to	 disrupt	
and	 remove	 this	 microbial	 ecosystem	 associated	
with	 the	 disease	 process.[1]	 Once	 the	 root	 canal	 is	
infected	 coronally,	 the	 infection	 progresses	 apically	
until	 bacterial	 products	 or	 bacteria	 themselves	 are	 in	
a	 position	 to	 stimulate	 the	 periapical	 tissues,	 thereby	
leading	to	apical	periodontitis.	Microorganisms	and	their	
products	 in	 the	 form	 of	 toxins	 (endotoxins)	 especially	
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after	endodontic	 treatment	and	 these	are	also	capable	of	
inducing	 periapical	 inflammatory	 reaction.	 Root	 canals	
with	 primary	 infections	 contain	 high	 bacterial	 load,	
chemo‑mechanical	 root	 canal	 preparation	 has	 proven	 to	
reduce	 bacterial	 counts	 by	 at	 least	 95%.[2,3]	Appropriate	
use	 of	 root	 canal	 irrigants	 can	 be	 beneficial	 and	 has	
proved	 to	 be	 vital	 in	 endodontic	 treatment	 as	 they	 help	
in	 disinfecting	 and	 lubricating	 the	 root	 canal,	 flush	
out	 debris	 from	 the	 canal,	 and	 dissolves	 organic	 and	
inorganic	tissues.[2,4]

Sodium	 hypochlorite	 is	 the	 most	 commonly	 used	 root	
canal	 irrigant.[5,6]	 It	 is	 antimicrobial	 and	 effectively	
dissolves	 pulpal	 remnants,	 collagen,	 necrotic	 and	 vital	
organic	 tissue.[5‑7]	 However,	 it	 has	 an	 unpleasant	 taste,	
is	 toxic	 and	when	 used	 in	 isolation,	 is	 unable	 to	 remove	
the	 smear	 layer.	 Root	 canal	 system	 has	 organic	 and	
inorganic	 material	 and	 for	 the	 complete	 cleaning	 of	 the	
system	 requires	 complete	 dissolution	 of	 such	 material,	
chemicals,	 like	 ethylenediaminetetraacetic	 acid	 (EDTA),	
can	 be	 of	 great	 help	 to	 completely	 remove	 the	 smear	
layer	 and	 the	 dentin	 debris.[5,7]	Chlorhexidine	 digluconate	
has	 antimicrobial	 activity	 but	 has	 no	 tissue	 dissolving	
capability.[5,7]	 However,	 it	 is	 biocompatible	 and	 does	 not	
possess	 some	 of	 the	 undesired	 characteristics	 of	 sodium	
hypochlorite,	 for	 example,	 the	 bad	 smell.[5]	 Calcium	
hydroxide	is	a	slowly	working	antiseptic.	In	the	literature,	
it	is	shown	that	direct	contact	experiments in vitro require	
a	 24	 h	 contact	 period	 for	 completely	 killing	 enterococci	
microorganism.	Calcium	hydroxide	not	only	kills	bacteria,	
but	 it	 also	 reduces	 the	 effect	 of	 the	 remaining	 cell	 wall	
material	 lipopolysaccharide.	 Calcium	 hydroxide	 may	 be	
mixed	with	sterile	water	or	saline,	but	this	formula	is	also	
available	 commercially	 from	 a	 number	 of	 manufacturers	
in	 a	 sterile	 single‑dose	 packages.	 It	 should	 be	 mixed	 to	
a	 thick	 mixture	 to	 carry	 as	 much	 calcium	 hydroxide	
particles	 as	 possible.	 This	 slurry	 is	 best	 applied	 with	
a	 lentulo	 spiral.	 Saturated	 calcium	 hydroxide	 solution	
mixed	with	a	detergent	is	an	effective	antimicrobial	agent	
suitable	for	irrigation	of	root	canal.[8]

Besides	 drilling	 and	 filling	 of	 the	 tooth	 to	 control	
the	 bacterial	 infections,	 the	 valuable	 conjunct	 can	 be	
antibiotics	 as	 they	 act	 as	 imperative	 totaling	 to	 the	
armamentarium	 available	 to	 health	 care	 practitioners.	
Undoubtedly,	 these	 antibiotics	 have	 proved	 very	 useful	
and	 have	 saved	 the	 life	 of	 millions	 and	 will	 continue	
to	 do	 so.	 For	 several	 decades,	 antibiotics	 have	 been	
prescribed	 in	 different	 disciplines	 of	 medicine	 and	
dentistry.[8,9]	 In	 endodontics	 and	 dental	 traumatology,	
antibiotics	 may	 be	 applied	 systemically	 (oral	 or	
parenteral)	and	locally	(intradental).[8]

Irrigation	 is	 a	 vital	 step	 of	 root	 canal	 treatment	
as	 it	 disinfects	 the	 root	 canal	 from	 all	 kinds	 of	

microorganisms.[9]	 Various	 common	 irrigant	 solution	
used	 in	 routine	 practice	 are	 citric	 and	 phosphoric	 acids,	
chelating	 agent	 (EDTA),	 proteolytic	 enzymes,	 alkaline	
solutions	 (sodium	 hypochlorite,	 sodium	 hydroxide,	
urea,	 and	 potassium	 hydroxide),	 oxidative	 detergent	
agents	 (hydrogen	 peroxide	 and	 Gly‑Oxide),	 local	
anesthetic	 solutions,	 and	 normal	 saline.	 Two	 new	 root	
canal	 irrigants,	 mixture	 of	 tetracycline,	 citric	 acid	 and	
detergent	 and	 tetraclean,	 containing	 antibiotics	 have	
recently	been	introduced.[10]

Varieties	 of	 existing	 antibiotics	 such	 as	 tetracycline,	
ornidazole,	 metronidazole,	 ciprofloxacin,	 penicillin,	
and	 minocycline	 have	 recently	 been	 used,	 and	 there	
is	 evidence	 in	 the	 database	 regarding	 the	 antibacterial	
efficacy	 of	 individual	 antibiotics.[11]	 The	 use	 of	 these	
antibiotics	 as	 intracanal	 medicament	 also	 been	 explored	
in	 various	 studies.[12‑15]	 In	 the	 Indian	 scenario,	 there	 are	
no	 studies	 done	 which	 could	 explore	 the	 use	 of	 these	
antibiotics	in	combination	as	an	irrigating	solution	except	
or	 one	 study	 where	 few	 of	 these	 antibiotics	 were	 used	
as	 an	 irrigant	 solution.[16]	 The	 combination	 of	 various	
antibiotics	 such	 as	 ciprofloxacin,	 metronidazole,	 and	
tetracycline	 and	 its	 use	 and	 efficacy	 has	 not	 yet	 been	
researched	 yet.	 Hence,	 the	 aim	 of	 the	 present	 study	
was	 to	 compare	 the	 antibacterial	 activity	 of	 triantibiotic	
paste,	 2%	 chlorhexidine	 gel,	 and	 calcium	 hydroxide	 on	
microorganisms	in	the	root	canal	of	nonvital	teeth.

MAterIAls And Methods

The	 present	 study	 was	 conducted	 on 	 88	 single	
rooted	 (central	 and	 lateral	 incisors),	 asymptomatic,	
nonvital,	 and	 necrotic	 teeth.	 The	 sample	 size	 was	
calculated	by	comparing	the	mean	difference	of	previous	
articles	 with	 keeping	 confidence	 interval	 (two‑sided)	
95%	with	a	power	of	study	at	80%	along	with	this	group	
ratio	of	sample	size	as	1:1.	After	calculation,	 the	desired	
sample	 size	 was	 88.	 Individuals	 included	 were	 between	
the	 ages	 of	 12–15	 years	 were	 having	 necrosed	 central	
or	 lateral	 incisors	 and	 with	 no	 systemic	 complications.	
Individuals	 who	 had	 undergone	 antibiotic	 treatment	
during	 the	 past	 6	 months	 were	 not	 a	 part	 of	 the	 study.	
Furthermore,	 any	 other	 related	 symptoms	 such	 as	 oral	
sinus	 (intraoral	 or	 extraoral),	 presence	 of	 any	 abscess	 or	
soft‑tissue	swelling	at	a	location	which	involves	the	tooth	
of	interest	were	excluded	from	the	study.

Written	 informed	 consent	 was	 obtained	 from	 the	
participants.	 Ethical	 clearance	 from	 the	 Ethical	
Committee	 of	 Seema	 Dental	 College	 (OR	 SDO98/018)	
was	 obtained	 to	 carry	 the	 study.	 The	 teeth	 of	 the	 study	
participants	 were	 divided	 randomly	 into	 four	 groups	 of	
22	each	on	the	basis	of	irrigant	received.	Each	group	was	
assigned	 to	 one	 intervention	 group,	 triantibiotic	 paste	
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group,	 2%	 chlorhexidine	 gel	 group,	 calcium	 hydroxide	
group,	or	the	normal	saline	group.

Triantibiotic	 paste	 was	 prepared	 from	 ciprofloxacin	
Hydrochloride	 500	 mg	 (Tablet	 ciplox‑500,	 cipla	 Ltd.	
Kumrek,	 Rangpo	 Sikkim)	 +	 Metronidazole	 400	 mg	
(Tablet	 Unique’s	 metrogyl	 400,	 J	 B	 Chemicals	 and	
Pharmaceuticals,	Vapi)	+	Tetracycline	500	mg	(Resteclin	
500	 mg	 Cap,	 Abbott	 Healthcare	 Pvt.	 Ltd.).	 This	 was	
mixed	with	colloidal	silicon	dioxide	0.5	mg	which	act	as	
a	 stabilizer	 and	 to	 give	 paste‑like	 consistency	 propylene	
glycol	 is	 added	 in	 the	 ratio	 of	 8:4	 powder/propylene	
glycol.	A	 packet	 containing	 10	 g	 of	 powder	 formulation	
was	 made	 to	 dissolve	 in	 60	 mL	 of	 distilled	 water;	 the	
resultant	mixture	was	adjusted	 to	90	mL	with	 the	use	of	
distilled	water.	Now	following	this	the	formulation	which	
got	 prepared	 was	 stored	 in	 airtight	 container	 and	 used	
within	24	h	of	its	reconstitution.

A	 volume	 of	 10	 g	 calcium	 hydroxide	 paste	 (RC	 Cal,	
Primeera	 Healthcare	 Private	 Limited	 Lonikand,	 Pune,	
Maharashtra,	 India)	 is	 mixed	 with	 20	 mL	 of	 detergent	
solution	 called	 Tween	 80	 (0.5%	 polysorbate	 80	
detergent)	 (Polysorbate	 80,	 Akhil	 Healthcare	 Private	
Limited)	which	decreases	it	surface	tension	and	resulting	
formulation	can	be	used	as	irrigant	solution.

microbial Sample collection

Following	 the	 administration	 of	 local	 anesthesia	
(2%	 lignocaine	 hydrochloride	 with	 adrenaline	
1:200,000),	 the	 tooth	 which	 was	 involved	 was	 isolated	
with	 the	 help	 of	 rubber	 dam.	The	 region	 in	 and	 around	
the	tooth,	clamp	and	the	rubber	dam	was	sanitized	using	
povidone	iodine	in	solution	form.	After	the	access,	cavity	
was	prepared	using	sterile	burs,	minimal	instrumentation	
using	K	files	 starting	 from	 10	 number	 file,	 followed	 by	
extirpation	of	pulp	with	a	 sterile	broach	without	 the	use	
of	any	irrigant.	To	get	a	preirrigation	sample	(sample	A),	
sterile	 paper	 point	 of	 compatible	 length	 and	 diameter	
with	 that	 of	 the	 root	 canal	 was	 introduced	 into	 the	 full	
length	 of	 the	 canal	 for	 60	 s	 for	 the	 obtaining	 the.[10,11]	
The	 sterile	 paper	 point	 was	 removed	 from	 the	 canal	
and	 immediately	 placed	 in	 normal	 saline.	 The	 canal	
was	 then	 irrigated	 with	 the	 allotted	 irrigant	 ensuring	
a	 contact	 time	 in	 the	 canal	 of	 5	 min.	 Postirrigation	
sample	 (sample	 B)	 was	 collected	 using	 sterile	 paper	
point	 of	 appropriate	 length	 and	 diameter	 similar	 to	
collection	 procedure	 of	 sample	 A.	 Root	 canal	 was	 not	
filled	from	inside	as	it	was	empty,	but	it	was	temporarily	
sealed	 with	 intermediate	 restorative	 material	 after	 the	
placement	 of	 sterile	 cotton	 pellet.	 The	 samples	 were	
then	incubated	at	37°C	for	approximately	24	h	following	
which	individual	sample	was	inoculated	on	sterile	sheep	
blood	 agar	 medium	 using	 0.04	 mm	 sterile	 inoculation	
loops.	 The	 growth	 was	 evaluated	 after	 48	 h	 following	

aerobic	 incubation	 at	 37°C	 and	 total	 Colony	 Forming	
units	 (CFU)	 were	 counted	 using	 colony	 counter.	 The	
count	per	milliliter	was	recorded	and	multiplied	with	the	
dilution	 factor.[15,16]	 The	 viable	 organisms	 were	 counted	
as	 CFU	 per	 milliliter.	 All	 the	 values	 of	 CFU	 were	
converted	to	Log10	for	the	ease	of	comparison.

After	 postirrigation,	 samples	 were	 collected	 from	 the	
teeth.	 In	 the	 next	 appointment,	 intermediate	 restoration	
was	 removed,	 and	 biomechanical	 preparation	 by	
crown‑down	technique	with	Dentsply	ProTaper	Universal	
System	 NiTi	 rotary	 files	 (SX‑F3)	 were	 attached	 to	
an	 X‑Smart	 endo	 motor	 (Maillefer	 Corp.,	 Ballaigues,	
Switzerland).with	 a	 speed	 of	 300	 rpm	 and	 0.6	 N/cm	
torque	 was	 performed.	 The	 teeth	 were	 obturated	 with	
single	 cone	 technique	 using	 Diadent	 Gutta	 Percha	
Points	no.	30	with	6%	taper	and	Resino‑seal	 (Ammdent,	
New	Delhi,	India).

The	formula	used	here	was:[11]

CFU No  of Colonies  Dilution Factor
Volume Inoculated= !.

Two	samples	were	collected	or	each	tooth,	this	is	done	to	
evaluate	the	change	in	the	level	of	the	total	CFU.

Sample	a	–	preirrigation	(after	pulp	extirpation	but	before	
irrigation.).

Sample	b	–	postirrigation	(after	irrigation).

StatiStical analySiS

Log10	bacterial	count	 in	 the	sample	before	the	irrigation	
and	 after	 the	 irrigation	 among	 the	 four	 groups	 was	
measured	 by	 applying	 descriptive	 analysis.	 Intragroup	
comparison	 between	 the	 four	 groups,	 in	 preirrigation	
and	 postirrigation	 samples	 were	 measured	 by	 using	
Wilcoxon	 signed‑rank	 test.	 Intergroup	 comparison	
of	 pre‑	 and	 post‑irrigation	 bacterial	 count	 of	 and	
for	 saline	 and	 chlorhexidine	 solution,	 calcium	
hydroxide,	 and	 triantibiotic	 paste	 was	 measured	 using	
Mann–Whitney	U.

results

In	 Table	 1,	 descriptive	 analysis	 shows	 that	 mean	 log10	
bacterial	 count	 (CFU)	 was	 decreased	 in	 each	 group.	
Mean	 log10	 bacterial	 count	 among	 the	 triantibiotic	
paste	 was	 5.222	 preirrigation	 which	 was	 decreased	
to	 0.653.	 Table	 2	 shows	 that	 among	 microbial	 count	
preirrigation	 and	 postirrigation	 among	 2%	 chlorhexidine	
gel	 (0.03*)	 and	 triantibiotic	 paste	 (0.000***)	 was	
statistically	significant.	In	Table	3,	intergroup	comparison	
showed	 that	 statistically	 significant	 result	 was	 seen	
between,	 Group	 2	 and	 Group	 4	 postirrigation,	 Group	 3	
and	 Group	 2	 postirrigation,	 Group	 4	 and	 Group	 1	
postirrigation,	 Group	 4	 and	 Group	 2	 postirrigation,	
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Group	 4	 and	 Group	 3	 postirrigation	 (P	 =	 0.000***).	
The	 maximum	 percentage	 of	 log10	 bacterial	 count	 was	
decreased	 among	 triantibiotic	 paste	 group	 of	 87.20%.	
While	 the	control	group	of	normal	 saline	has	 recorded	a	
decrease	of	54.65%	in	bacterial	count	[Table	4].

dIscussIon 
Among	 all	 the	 steps	 of	 root	 canal	 treatment,	 the	 most	
important	 step	 for	 success	 is	 proper	 cleaning	 and	
through	 debridement	 of	 the	 root	 canal.	 In	 search	 of	
a	 perfect	 irrigating	 solution,	 many	 researches	 were	
conducted	 in	 the	 past	 to	 discover	 new	 uses.	 In	 all	 those	
studies,	 those	 irrigant	 solutions	were	 broadly,	 they	were	
designed	 for	 detecting	 bacteria	 from	 the	 root	 canals	
of	 eight	 teeth,	 but	 on	 long‑term,	 it	 was	 seen	 that	 the	
microorganism	(bacteria)	survived	 in	seven	 teeth	 in	spite	
of	treatment	on	five	successive	occasions.

In	 the	 present	 study,	 triple	 antibiotic	 paste	 showed	 a	
considerable	 decrease	 in	 microbial	 pathogens	 from	
root	 canal	 of	 the	 sample	 teeth,	 the	 results	 of	 the	
present	 study	 were	 concordance	 with	 various	 studies	
conducted	 in	 the	 past.[12‑14,17‑19]	 In	 a	 study	 conducted	 on	
dog	 teeth	 (immature)	 affected	 with	 apical	 periodontitis	
by	 Windley	 et	 al.[19]	 shows	 a	 considerable	 decrease	 in	
bacterial	pathogen	from	root	canal.

In	 the	 present	 study,	 intracanal	 medicament	 such	 as	
calcium	 hydroxide	 and	 triantibiotic	 paste	 were	 used	
as	 irrigant	 which	 was	 done	 in	 very	 less	 number	 of	
studies.[16]	 As	 told	 in	 study	 by	 Chong	 and	 Pitt	 Ford[20]	
high	 concentration	 of	 these	 can	 competently	 get	 rid	 of	
residual	 bacteria,	 the	 reason	 could	 be	 that	 penetration	
of	 cytotoxic	 vapor	 forming	 medicaments	 such	 as	
formaldehyde	 penetrates	 deep	 into	 the	 periodontium	
and	 can	 kill	 the	 bacteria,	 but	 it	 is	 also	 accompanied	 by	
undesirable	 consequences	 as	 it	 gets	 distributed	 widely	

Table 1: Log10 bacterial count in the sample, before the 
irrigation and after the irrigation among the four groups

Samples n Mean (SD) SE
Microbial	
count	before	
irrigation

Saline	(control) 22 5.389	(0.378) 0.233
2%	chlorhexidine	gel 22 5.681	(1.023) 0.456
Calcium	hydroxide 22 5.410	(1.563) 0.222
Triantibiotic	paste 22 5.222	(0.289) 0.532
Total 88 5.430	(1.871) 0.348

Microbial	
count	after	
irrigation

Saline	(control) 22 2.445	(0.176) 0.111
2%	chlorhexidine	gel 22 1.236	(0.249) 0.510
Calcium	hydroxide 22 1.111	(0.401) 0.200
Triantibiotic	paste 22 0.653	(0.290) 0.156
Total 88 1.444	(0.230) 0.297

SD=Standard	deviation,	SE=Standard	error

Table 2: The intragroup comparison between the four 
groups, pre‑ and post‑irrigation

Microbial 
count pre‑ and 
post‑irrigation 
(normal saline)

Microbial 
count pre‑ and 
post‑irrigation 

(2% 
chlorhexidine 

gel)

Microbial 
count pre‑ and 
post‑irrigation 

(calcium 
hydroxide)

Microbial 
count pre‑ and 
post‑irrigation 
(triantibiotic 

paste)

Z 4.246 −3.782 −2.398 −5.011
P 0.762 0.03* 1.231 0.000***
*P≤0.05,	***P≤0.000

Table 3: Inter group comparison of pre‑ and post‑irrigation bacterial count of and for saline and chlorhexidine 
solution, calcium hydroxide and triantibiotic paste

Microbial count 
pre (Group 1/2)

Microbial count 
post (Group 1/2)

Microbial count 
pre (Group 1/3)

Microbial count 
post (Group 1/3)

Microbial count 
pre (Group 1/4)

Microbial count 
post (Group 1/4)

Mann–Whitney	U 167.03 91.11 173.19 129.56 198.22 213.22
Z −0.231 −4.344 −0.675 −0.209 −0.167 −0.566
P 1.22 0.03* 0.34 0.89 2.22 1.81

Microbial count 
pre (Group 2/1)

Microbial count 
post (Group 2/1)

Microbial count 
pre (Group 2/3)

Microbial count 
post (Group 2/3)

Microbial count 
pre (Group 2/4)

Microbial count 
post (Group 2/4)

Mann–Whitney	U 178.02 131.23 123.24 56.04 187.24 23.78
Z −0.451 −0.230 −0.189 −5.490 −0.845 −6.340
P 2.33 0.24 1.56 0.05* 0.37 0.001**

Microbial count 
pre (Group 3/1)

Microbial count 
post (Group 3/1)

Microbial count 
pre (Group 3/2)

Microbial count 
post (Group 3/2)

Microbial count 
pre (Group 3/4)

Microbial count 
post (Group 3/4)

Mann–Whitney	U 231.45 24.67 132.56 67.29 234.66 149.56
Z −0.342 −1.267 −0.349 −3.875 −0.821 −0.431
P 1.56 0.91 0.67 0.000*** 1.39 0.40

Microbial count 
pre (Group 4/1)

Microbial count 
post (Group 4/1)

Microbial count 
pre (Group 4/2)

Microbial count 
post (Group 4/2)

Microbial count 
pre (Group 4/3)

Microbial count 
post (Group 4/3)

Mann–Whitney	U 121.34 12.34 119.41 19.45 190.45 34.21
Z −0.566 −9.342 −0.233 −3.781 −0.257 −6.788
P 0.45 0.000*** 1.24 0.000*** 0.53 0.001**
*P≤0.05,	**P≤0.01,	***P≤0.000
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in	 the	body.	Therefore,	 to	eliminate	 this	 shortcoming	 the	
contact	 time	 of	 the	 antibiotic	 paste	 was	 reduced	 in	 the	
present	study	and	hence	can	be	used	as	an	irrigant	in	this	
study.

In	 the	 previous	 studies,[16]	 it	 was	 determined	 that	
triantibiotic	 paste	 has	 decreased	 the	 pathogenic	 paste	 in	
maximum	 level.	 Same	 was	 determined	 in	 the	 present	
study,	 but	 the	 significance	 level	 of	 results	 was	 more	 in	
the	present	study	as	compared	to	study	in	the	past.

In	 the	 present	 study,	 triantibiotic	 paste	 is	 prepared	 from	
ciprofloxacin	 Hydrochloride	 500	mg	 (Tablet	 ciplox‑500,	
cipla	 Ltd.,	 Kumrek,	 Rangpo	 Sikkim)	 +	 Metronidazole	
400	mg	(Tablet	Unique’s	metrogyl	400,	J	B	Chemicals	and	
Pharmaceuticals,	Vapi)	+	Tetracycline	500	mg	(Resteclin	
500	 mg	 Cap,	Abbott	 Healthcare	 Pvt.	 Ltd)	 as	 compared	
to	 study	 by	 Jain	 et	 al.[16]	 in	 which	 triantibiotic	 paste	
was	 prepared	 by	 1%	 Ornidazole,	 1%	 Ciprofloxacin	 and	
1%	 Tetracycline	 in	 100	 mL	 of	 water.	As	 in	 the	 present	
study,	 metronidazole	 was	 used	 in	 the	 composition	 of	
triantibiotic	paste	due	to	its	effective	antibacterial	activity	
against	 anaerobic	 cocci	 as	 well	 as	 Gram‑negative	 and	
Gram‑positive	bacilli.[21]

In	 the	 present	 study,	 triantibiotic	 paste	 demonstrated	
maximum	 decrease	 in	 bacterial	 pathogen	 followed	 by	
calcium	 hydroxide	 followed	 by	 2%	 chlorhexidine	 in	
decreasing	 bacterial	 pathogens	 and	 least	 normal	 saline.	
In	 few	 of	 the	 previous	 to	 studies,[16,22]	 triantibiotic	 past	
demonstrated	 maximum	 efficacy	 like	 the	 present	 study	
but	 2%	 chlorhexidine	 was	 more	 effective	 than	 calcium	
hydroxide.

In	 the	 present	 study,	 on	 applying	Wilcoxon	 signed‑rank	
test	 to	measure	 intragroup	 comparison	 between	 the	 four	
groups,	in	preirrigation	and	postirrigation	samples,	it	was	
assessed	 that	 statistically	 significant	 result	 was	 shown	
by	 triantibiotic	 paste	 and	 2%	 chlorhexidine	 group	 as	
compared	 to	 study	by	 Jain	et	al.[16]	 in	which	 statistically	
significant	results	were	shown	by	all	three	groups	(normal	
saline,	2%	chlorhexidine	and	triantibiotic	paste).

In	the	present	study,	on	measuring	intergroup	comparison	
of	 pre‑	 and	 post‑irrigation	 bacterial	 count	 for	 saline	
and	 chlorhexidine	 solution,	 calcium	 hydroxide,	 and	
triantibiotic	 paste,	 statistically	 significant	 results	

were	 shown	 by	 Group	 3	 and	 Group	 2	 postirrigation,	
Group	 4	 and	 Group	 1	 postirrigation,	 Group	 4	 and	
Group	 2	 postirrigation,	 and	 Group	 4	 and	 Group	 3	
postirrigation	 (P	 =	 0.000***)	 As	 compared	 to	 the	
present	 study	 by	 Jain	 et	 al.,[16]	 statistically	 significant	
results	 were	 demonstrated	 between	 postirrigation	
Group	 1	 and	 Group	 2,	 Group	 1	 and	 Group	 3	
postirrigation	(P	=	0.001***).

As	 the	 present	 study	 is	 conducted	 in	 the	 clinical	
conditions	 in	 the	 oral	 cavity	 of	 patients,	 it	 can	 give	 the	
exact	 idea	 of	 the	 effect	 of	 the	 irrigant	 involved	 in	 the	
study.

limitation of Study

As	 a	 small	 amount	 of	 mechanical	 instrumentation	 has	
been	performed	in	this	study	on	study	samples.	The	final	
decrease	 in	 the	 pathologic	 microorganism	 can	 also	 be	
attributed	to	the	instrumentation	also.

future implication of the Study

As	 disinfection	 of	 the	 root	 canal	 is	 one	 of	 the	 most	
important	 parts	 of	 root	 canal	 treatment.	 And	 with	
improvement	 in	 technology	 and	 quality	 of	 root	 canal	
treatment,	 by	 this	 study,	 we	 tried	 to	 find	 newer	
irrigant	 with	 better	 efficacy	 of	 disinfection	 of	 root	
canal	 which	 further	 adds	 to	 improvement	 in	 success	
of	root	canal.

More	 studies	 in	 future	 should	 be	 conducted	 with	 other	
and	 newer	 irrigant	 solutions,	 and	 effect	 of	 mechanical	
instrumentation	 in	 combination	 with	 the	 use	 of	 irrigant	
with	 better	 efficacy	 should	 be	 tried	 so	 to	 the	 effect	 of	
both	 mechanical	 instrumentation	 and	 chemical	 agents	
should	be	assessed.

conclusIon

From	 above	 results,	 it	 was	 concluded	 that	 Triantibiotic	
paste	 demonstrated	 the	 highest	 efficacy	 against	 bacterial	
pathogen	in	root	canal	followed	by	2%	chlorhexidine	and	
calcium	 hydroxide.	 Normal	 saline	 had	 shown	 the	 least	
antibacterial	activities	among	four	groups.	Future	studies	
are	 warranted	 to	 measure	 other	 properties	 of	 these	
irrigant	solutions.
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ABSTRACT: 
When the maintenance of tooth in vital condition is no longer possible, the conventional treatment philosophy advocates the endodontic 
treatment to retain it in a functional state. A paradigm shift of this thinking manifested with revascularization/regenerative procedures. 
Regenerative endodontics is the creation and delivery of tissues to replace diseased, missing, and traumatized pulp. This review provides 
an overview of regenerative endodontics and possible techniques that will allow regenerative endodontics to become a reality. These 
potential techniques include root- canal revascularization, postnatal (adult) stem cell therapy, pulp implant, scaffold implant, three- 
dimensional cell printing, injectable scaffolds, and gene therapy. These regenerative endodontic techniques will possibly involve some 
combination of disinfection of infected root canal systems with apical enlargement to permit revascularization and use of stem cells, 
scaffolds, and growth factors. Although the challenges of introducing endodontic tissue engineering therapies are substantial, the 
potential advantages to patients and the profession are equally ground breaking. Patient demand is staggering both in scope and expense, 
because tissue engineering therapy offers the chance of restoring natural function instead of surgical placement of an artificial prosthesis. 
Key words: Regenerative endodontics, revascularization, pulp stem cells, tissue engineering, scaffolds, growth factors. 
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INTRODUCTION 
“Regenerative endodontics” is a branch of regenerative 
medicine and has been defined as biological procedures 
designed to replace damaged, diseased, or missing dental 
structures, including dentine and root as well as cells of the 
pulp-dentin complex, with living, viable tissues, preferably 
of the same origin, that restore the normal physiological 
functions of the pulp-dentin complex.[1] Regenerative 
dental procedures have a long history, originating around 

1952, when Dr. B. W. Hermann reported on the application 
of Ca(OH)2 in a case report of vital pulp amputation.[2] 
The goals of regenerative endodontics procedures are: 
 

Primary goal: Elimination of symptoms & evidences of 
bony healing.  

 
Secondary goal: Elimination root wall thickness &/or 
increased root length.  
 

Tertiary goal: Positive response to vitality testing.[3] 
 
The concept of the endodontic therapy has started with the 
idea of retrieving the vitality of dental pulp as a potential 
treatment option. It focuses on substituting injured and 
diseased pulp with functional pulp tissue with the use of 
biologically based procedures which restores the normal 
function of pulp-dentin structure. Though the outcomes are 
difficult to predict, deposition of hard tissue and continued 
root development are expected to occur under ideal 
conditions after this treatment. By providing an overview 
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of the methodological issues required to develop potential 
regenerative endodontic therapies, we hope to present a call 
for action to develop these approaches for clinical use. 
 
Counterarguments 
The counter argument to the development of regenerative 
endodontic procedures is that the pulp in a fully developed 
tooth plays no major role in form, function, or esthetics, and 
thus its replacement by a filling material in conventional 
root canal therapy is the most practical treatment but in 
terms of esthetics, there is a potential risk that endodontic 
filling materials and sealers may discolor the tooth crown. 
In addition, it has been retrospected that endodontically 
treated human teeth found the long-term intracanal 
placement of calcium hydroxide may reduce the fracture 
resistance of root dentin. It has also been noted that 
although root canal therapy prolonged tooth survival, the 
removal of pulp in a compromised tooth may still lead to 
tooth loss in comparison with teeth with normal tissues. On 
the other hand, although the replacement pulp has the 
potential to revitalize teeth, it may also become susceptible 
to further pulp disease and may require retreatment. The 
implantation of engineered tissues also requires enhanced 
microbiological control methods required for adequate 
tissue regeneration.[4] 

 

Tissue engineering 
The concept of tissue engineering was introduced by 
Charles Vacanti & Robert Langer[5] that applies principles 
of engineering and life sciences towards development of 
biological substitutes that restore, maintain or improve 
tissue function. MacArthur and Oreffo[6] defined tissue 
engineering as “understanding the principles of tissue 
growth, and applying this to produce functional 
replacement tissue for clinical use.” The principles of 
regenerative medicine can be applied to endodontic tissue 
engineering. Regenerative endodontics comprises research 
in adult stem cells, growth factors, organ- tissue culture, 
and tissue engineering materials.[4] [Fig.1] 

  
Figure 1. Regenerative endodontic procedures comprises 
research in stem cells, growth factors, organ, tissue 
culture and tissue engineering materials. 

 
Stem cells 
Stem cells are the ones that continuously divide and 
produce progeny cells and can differentiate into various 

other types of cells or tissues.[7] They can be pluripotent or 
multipotent in nature and are located in specialized regions 
within tissue termed as stem cell niches.[3] Niches are 
variable, containing different cell types depending on the 
need of its environment. The niche may be thought of as an 
anchor for a particular stem cell that generates extrinsic 
factors that control stem cell numbers and their fate.[1] 
Oral stem cells come under the post-natal stem cell 
category & includes: Dental pulp stem cells (DPSCs), Stem 
cells of apical papilla SCAP), Inflammatory periapical 
progenitor cells (iPAPCs), Periodontal ligament stem cells 
(PDLSCs), Stem cells from human exfoliated deciduous 
teeth (SHED), Dental follicle stem cells (DFSCs)[7] These 
cells have the capability of differentiating into odontoblast-
like cells facilitating a progressive repopulation of the 
radicular pulp space, promoting organized tissue repair, 
angiogenesis & reinnervation.[3] 

 
Growth factors: 
Growth factors are extracellularly secreted proteins/signals 
that bind two receptors on the cell signals 
morphogenesis/organogenesis during epithelial-
mesenchymal interactions. They regulate the specialization 
of stem cells to the desirable cell type & mediates key 
cellular events in tissue regeneration including cell 
proliferation, differentiation chemotaxis & matrix 
synthesis[7] Currently, a variety of growth factors have been 
identified with specific functions that can be used as a part 
of stem cell & tissue engineering therapies.[4] Common 
growth factors are bone morphogenic proteins (BMP), 
fibroblast growth factor I or II(FGF), insulin like growth 
factor I or II, colony stimulating growth factor (CSF), 
epidermal growth factor (EGF), interleukin IL-1, IL- 13, 
transforming growth factor α, β(TGF α & β), vascular 
endothelial growth factor (VEGF), platelet-derived growth 
factor (TGDF) & nerve growth factor (NGF).[7] 
 
SCAFFOLD: 
Scaffold is a three dimensional structure that contains 
growth factors. It perform functions like it supports cell 
organization & vascularization, aids stem cell proliferation 
& differentiation, leads to improved & faster tissue 
development, contains nutrients to promote cell survival & 
growth, may contains antibiotics to prevent bacterial in 
growth in the canal systems, also show some mechanical & 
biological functions.[8] 
 
Classification of Scaffolds 
(I) Natural: collagen, platelet-rich plasma, fibrin and 

GAGs 
(II) Synthetic: polylactic acid, polyglcolic acid(PGA), and 
poly (lactic-co-glycolic) acid (PLGA).  
 
Natural polymers offer good biocompatibility and 
bioactivity while synthetic polyers elaborate 
physiochemical features such as dehydration rate, 
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microscopic and mechanical strength.[3] The choice of a 
scaffold is critical in tissue regeneration. Most scaffolds are 
organic in nature and used to provide surfaces on which 
cells may adhere, grow, and organize. Scaffolds chosen for 
laboratory studies are diverse, including natural or 
synthetic polymers, extracellular matrices (EMCs), self-
assembling systems, hydrogels, and bioactive ceramics. 
Recently, a synthetic polymer polycaprolactone was 
successful in growing increasing numbers of stem cells 
from apical papilla stem cells with apparent identification 
of NOTCH signaling expression. The use of a self- 
assembling peptide system that allows a “bottom-up” 
approach of generating EMC materials, offering high 
control at the molecular level, will be a major step forward 
in constructing future scaffolds.[1] Scaffold-based 
approaches have the potential for rapid formation of a 
functional tooth of the correct shape and in the desired 
location but it has to overcome challenges associated with 
attachment to the jaw, infection, repetitive movement, and 
ability to withstand load during maturation.[8] 
 

Regenerative procedural approach in Endodontics 
 

1. Root canal revascularization via blood clotting: 
Iwaya and associates[9] were the first to coin the term 
“revascularization” in their endodontic treatment of an 
immature permanent tooth with apical periodontitis and a 
sinus tract.[10] Revascularization of pulp can be defined as 
growth of undifferentiated stems cells of periapical region 
into the empty sterile/disinfected root canal space.[7] 
The possible mechanisms by which revascularization 
takes place are as follows: 
A few vial pulp cells remaining the apical end of root canal 
might proliferate into the newly formed matrix and 
differentiate into odontoblasts. This may happen under 
the influence of cells of HERS which are quite resistant to 
destruction, even in the presence of inflammation. 
Atubular dentin is laid down by odontoblasts at the apical 
end of canal and on the lateral aspects of dentinal walls of 
root canal. This leads to apexogenesis and reinforcing and 
strengthening of root respectively. 
Continues root development could be due to multipotent 
dental stem cells, which are present abundantly in the 
immature permanent teeth. These cells from apical end 
might be seeded on to the existing dentinal walls and 
might differentiate into odontoblasts and deposit tertiary or 
atubular dentin. Stem cells in the periodontal ligament 
can proliferate and grow into apical end and within the 
root canal. They may deposit hard tissue both at the apical 
end and on the lateral root walls. The evidence in support 
of this hypothesis is presented by documentation of 
cementum and sharpey’s fibers in the newly formed 
tissues. The fourth possible mechanism of root 
development could be attributed to SCAP or to the bone 
marrow. Instrumentation beyond the confines of the root 
canal to induce bleeding can also transplant mesenchymal 
stem cells from the bone into the canal lumen. These cells 

have extensive proliferating capacity.[3] An important 
aspect of these cases is the use of intracanal irrigants 
(NaOCl and chlorhexdine) with placement of antibiotics 
(e.g. a mixture of ciprofloxacin, metronidazole, and 
minocycline paste) for several weeks. This particular 
combination of antibiotics effectively disinfects root canal 
systems and increases revascularization of avulsed and 
necrotic teeth, suggesting that this is a critical step in 
revascularization.[4] 
 

Size of apical foramen: 
The size of apical foramen appears to be a major concern 
in the regenerative endodontic therapy. It was suggested 
that an apical foramen of atleast 1.1 mm in diameter was 
necessary to promote vascularization and to maintain 
initial cell viability via nutrient diffusion.[10] 
 

Advantages: 
Foremost, this approach is technically simple and can be 
completed using currently available instruments and 
medicaments without expensive biotechnology. 
Subsequently, the regeneration of tissue in root canal 
systems by a patient’s own blood cells avoids the 
possibility of immune rejection and pathogen 
transmission from replacing the pulp with a tissue 
engineered construct. Plasma-derived fibrin clots are 
being used for development as scaffolds as a useful aspect 
of this approach. 
 

Limitations: 
However, there is a critical limitation to a blood clot 
revascularization approach, because tissue engineering is 
found on the delivery of effective concentrations and 
compositions of cells to restore function; it is possible that 
variations in cell concentration and composition, 
particularly in older patients (where circulating stem cell 
concentrations may be lower) may lead to variations in 
treatment outcome.[4] 

 

2. Postnatal stem cell therapy 
This method involves placement of postnatal stem cells 
into the disinfected root canal for regeneration of lost 
dental tissue. The first postnatal stem cell therapy in 
medicine was done for the treatment of severe combined 
immune deficiency. Postnatal stem cells may be sourced 
from umbilical cord blood, peripheral blood, bone 
marrow, body fat, and other body tissues, like the pulp 
tissue of teeth. The drawbacks of postnatal stem cell 
therapy include low survival rates of injected cells, 
minimal chance of cells to migrate to different parts 
within the body, which may lead to aberrant patterns of 
mineralization and difficulty in isolating the cells.[7] 

 

3. Pulp Implantation 
This concept seeks to renovate the two dimensional cell 
cultures to a three-dimensional structure by growing the 
cells in biodegradable membrane filters. Bohl et al.,[11] 
reported the formation of tissue with high cell density 
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similar to the natural pulp when pulp cells are cultured in 
vitro on polyglycolic acid (PGA). Buurma et al.,[12] 
observed extracellular matrix to be expressed in 
immunecompromised mice when PGA was seeded with 
pulp cells and implanted into subcutaneous spaces. 
Angiogenesis occurred through PGA implants after three 
weeks of implantation. The pulp stem cells must be 
organized in such a way that it should support cell 
organization and vascularization. Growing dental pulp 
cells on collagen matrix was not successful and matrices 
like vitronectin and laminin require further investigation. 
The advantage of this philosophy is the ease of growing 
cells on filters within the laboratory and their existence as 
collective sheets which are a more stable than 
unconnected cells and can be easily injected into empty 
disinfected root canal systems. However, the drawback of 
this technique is that there is a need for specialized 
procedures to ensure proper adherence of cells to root canal 
walls and handling fragile filters.[7] 

 

4. Scaffold Implantation 
Pulp stem cells may be ordered into a three dimensional 
arrangement that can sustain cell organization and 
vascularization. This can be consummate using a porous 
polymer scaffold which is seeded with pulp stem cells. A 
scaffold should contain growth factors that aid 
proliferation and differentiation of stem cells, leading to 
enhanced and more rapid tissue development. The 
scaffolds that are used for this procedure are either 
synthetic or natural. Synthetic scaffolds include polyester 
materials like polycaprolactone (PCL), polyglycolic acid 
(PGA) and polylactic acid (PLA). Natural scaffolds may 
be collagen, chitosan, fibrin or glycosamino glycans. 
Dentin chips have been reported to stimulate reparative 
dentin bridge formation in teeth with exposed pulp. 
Dentin chips will be a reservoir of growth factors thereby 
acting as a matrix for pulp stem cell attachment.[7] 

 
5. Injectable Scaffold Delivery 
Rigid tissue engineered scaffold structures provide 
excellent support for cells used in bone and other body 
areas where the engineered tissue is required to provide 
physical support. However, in root canal systems a tissue 
engineered pulp is not required to provide structural 
support of the tooth. This will allow tissue engineered 
pulp tissue to be administered in a soft three-dimensional 
scaffold matrix, such as a polymer hydrogel. Hydrogels 
are injectable scaffolds that can be delivered by syringe. 
Hydrogels have the potential to be noninvasive and easy 
to deliver into root canal systems. In theory, the hydrogel 
may promote pulp regeneration by providing a substrate 
for cell proliferation and differentiation into an organized 
tissue structure.[4] 

 
6. Three-Dimensional Cell Printing 
In theory, an ink-jet-like device is used to dispense layers 

of cells suspended in a hydrogel to recreate the structure 
of the tooth pulp tissue. The three-dimensional cell 
printing technique can be used to precisely position cells, 
and this method has the potential to create tissue 
constructs that mimic the natural tooth pulp tissue 
structure. The ideal positioning of cells in a tissue 
engineering construct would include placing into cleaned 
odontoblastoid cells around the periphery to maintain and 
repair dentin, with fibroblasts in the pulp core supporting 
a network of vascular and nerve cells. However there is a 
disadvantage of using the three-dimensional cell printing 
technique theoretically that careful orientation of the pulp 
tissue construct according to its apical and coronal 
asymmetry would be required during placement and 
shaped root canal systems. However, early research has 
yet to show that three-dimensional cell printing can create 
functional tissue in vivo.[4] 

 

Gene therapy 
Gene therapy is a relatively new field in regenerative 
endodontics where preliminary attempts focuses on 
delivering genes that are capable of matrix formation and 
mineralization into pulp space to promote tissue repair 
using vectors. Its practicality, potential health hazards and 
ethical concerns are much demanding, which accounts to 
the limited exploration of the technique in endodontics. 
Once successful, this technique could be a landmark 
development in the field of regenerative endodontics.[4] 
[Table-1] 

 
 
Challenges in regenerative endodontics 
 
A. Disinfection of root canal and discolouration of 

crown: 
One of the biggest challenges encountered in endodontics 
is inadequate disinfection of infected root canals. NaOCl 
is the most widely recommended irrigant (concentration ≤ 
1.5%) . 17 % EDTA is another chemical agent that is 
recommended in regeneration procedure as it helps in the 
dissolution and release of impregnated growth factors in 
root dentin during dentinogenesis. These growth factors 
enhance the stem cell survival and its proliferation. EDTA 
is also useful in reversing the detrimental effect of high 
concentration of NaOCl. Regarding intracanal 
medicaments, Triple Antibiotic Paste (TAP) is difficult to 
remove from the root canal and causes discoloration of 
the crown portion over a period of time due to presence 
of minocycline in it that binds with calcium of dentin 
forming insoluble complexes.[7] To avoid staining while 
using TAP, the pulp chamber should be sealed with dentin 
bonding agent and ensure that TAP remains below CEJ. 
Besides this, Calcium hydroxide also has deleterious 
effect like weakening the root dentin, with a potential for 
fracture.[4] 
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Table1: Summarized table for regenerative procedural approaches in endodontics 
 

Technique name Procedure Figure 
Root canal revascularization Open up tooth apex to 1mm to allow bleeding into 

root canals 

 
Stem cell therapy Autologous or allogenic stem cells are delivered to 

tooth via injectable matrix 

 
Pulp implantation Pulp tissue is grown n the laboratory in sheets and 

implanted surgically 

 
Scaffold implantation Pulp cells are seeded onto a 3-D scaffold made of 

polymers and surgically implanted 

 
 
3-D cell printing 

 
Ink-jet like device dispenses layers of cells in a 
hydrogel which is surgically implanted. 

 
 

Injectable scaffolds Polymerizable hydrogels, alone or containing cell 
suspension are delivered by injection 

 
 
 
 
 
 

Gene therapy Mineralizing genes are transfected into vital pulp 
cells of necrotic and symptomatic teeth. 
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A. Removal of smear layer 
Even though there is minimal instrumentation of the root 
canal in regenerative procedure, there is limited smear 
layer formation. This prevents stem cells from adhering 
on to root canal walls, contributing to failure of treatment. 
A 17% solution of EDTA as final rinse in the root canal 
will aid in removal of smear layer as well as enhance the 
attachment of the stem cells by providing a better surface 
on the root dentin for their survival. Other chemicals used 
for this purpose are doxycycline, citric acid and MTAD.[7] 

 

B. Developing an ordered functional pulp tissue 
Developing a functional tissue is still a problem in 
regeneration. Despite best efforts to recreate lost tissue, 
the type of tissue is still unknown. The development of the 
normal harmony and spatial arrangement of dentin pulp 
complex is still in research. The 3D cell printing will be a 
possible solution in the near future, but the problem with 
this technology is the difficulty in exact placement and 
positioning inside root canal. Only by achieving such a 
balanced spatial oriented cell lineage in the root canal 
through regeneration can this method be deemed 
successful.[7] 

 

C. Appropriate coronal seal 
A leakage-free coronal restoration is mandatory in 
regenerative endodontics as well as in subsequent 
restorative procedures. The material that provides such 
seal should be biocompatible, have to maintain cell 
viability of the regenerated pulp, should minimize 
microleakage and provide adequate adhesion to the 
overlaying restorative material. The materials under 
consideration are calcium silicate based cements like 
mineral trioxide aggregate (MTA) and biodentine.[7] 

 

Future prospective 
Regenerative endodontic strategies are continuously being 
updated and improved to benefit dentistry in every possible 
way. American Association of Endodontists Foundation 
has recently awarded a grant of $1.7 million[13] to evaluate 
the effectiveness of two regenerative approaches 
(REGENDO and REVASC) compared with the 
conventional MTA apexification. The trial will be carried 
out in collaboration with Loma Linda University, 
University of Texas Health Science Center at San Antonio 
and the University of Maryland School Of Dentistry and is 
estimated to complete in December 2019. Iohara et al.[14] 
aims to use pulp stem cells with granulocyte-colony 
stimulating factor (G-CSF) for pulp/dentin regeneration to 
fully restore the tooth instead of filling, capping or 
extracting it. Misako Nakashima (Japan) said that a clinical 
trial of pulp regeneration has already been initiated with the 
permission of the Japanese Ministry of Health, Labor and 
Welfare. Recently, PRF box has been announced[15] to 
produce homogenously thickened hydrated exudate rich in 
platelets, vitronectin, leukocytes, and fibronectin expressed 
from the fibrin clots that have improved the issues 

regarding the handling of the platelet-rich fibrin (PRF) clot. 
It is likely that the next advance in regenerative dentistry is 
the availability of regenerative dental kits, which will 
enable the dentists the ability to deliver regenerative 
therapies locally as part of routine dental practice.[8] 
 
Conclusion 
Regenerative endodontics holds promise of restoring pulp-
dentin complex in teeth with immature roots and necrotic 
pulps. This procedure has potential advantages versus 
traditional treatment procedures of increasing root wall 
thickness and root length while maintaining immune 
competency. Still significant scientific hurdles need to be 
overcome with continued growth in knowledge and 
armamentarium.[3] 
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Objective: The	 aim	of	 this	 study	 is	 to	 prepare	 and	 obturate	 the	 curved	 canals	 of	
the	mesiobuccal	 root	 of	maxillary	first	molar	with	 four	 different	 file	 systems	 that	
is	protaper	hand	files,	rotary	pro	taper	(RP)	files,	heroshaper	hand	files,	and	rotary	
hero	shapers	files	and	 to	evaluate	 the	adaptation	of	 their	 single‑cone	Gutta‑percha	
by	cone	beam	computed	tomography	(CBCT).
Materials and Methods: Eighty	 teeth	 were	 selected	 and	 were	 divided	 into	 two	
groups	(G1A1,	G1A2	and	G2A1,	G2A2	as	hand	and	RP	file	system,	G1A3,	G1A4	
and	G2A3,	G2A4	as	hand	and	rotary	hero	shaper	files	system)	of	fourth	teeth	each.	
After	access	opening	working	length	of	the	mesiobuccal	canal	was	established.	The	
distobuccal	and	palatal	roots	of	the	samples	were	removed	using	the	diamond	disc	
at	 the	 furcation	 level.	 “Endoanalyser”	 software	was	 used	 to	measure	 Schneider’s	
angle	 on	 the	 preoperative	 radiograph.	 This	 angle	 was	 measured	 by	 drawing	 two	
lines‑one	parallel	to	the	long	axis	of	the	canal,	in	the	coronal	third,	and	the	second	
line	from	the	apical	foramen	to	intersect	the	point	where	the	first	line	left	the	long	
axis	 of	 the	 canal.	The	 canals	 of	 each	 group	were	 then	 prepared	 according	 to	 the	
manufacturer’s	instructions	for	protaper	hand	files,	RP	files,	heroshaper	hand	files,	
and	 rotary	 hero	 shapers	 files	 systems.	Direct	 digital	 radiography	 image	 of	 all	 the	
samples	was	 obtained.	And	 then,	 the	 samples	were	 exposed	 to	CBCT	 to	 evaluate	
their	 single‑cone	 adaptations.	 The	 data	 were	 analyzed	 using	 SPSS	 20,	 IBM,	
Armonk,	NY,	United	States	of	America.
Results: The	null	hypothesis	 that	 there	will	not	be	any	gap	area	 in	 the	adaptation	
of	 their	 single‑cone	 of	 different	 file	 system	 was	 rejected.	Minimal	 gap	 area	 was	
seen	 in	 rotary	 hero	 shapers	 file	 system	 (0.001	mm2)	 and	 was	 maximum	 in	 hand	
protaper	(HP)	file	system	(0.015	mm2).
Conclusion: CBCT	 is	 a	 useful	 tool	 in	 detecting	 the	 gap	 area	 after	 obturation	 in	
curved	canals.	The	HP	single‑cone	adaptation	showed	 the	maximum	gap	area	and	
rotary	heroshaper	single‑cone	adaptation	showed	the	minimum	gap	area.

Keywords: Canals, obturation, protaper, system
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tissues.	 Failure	 of	 the	 three‑dimensional	 seal	 results	
in	 the	 microleakage	 between	 the	 root	 canal	 and	 the	

Original Article

Introduction

T he	 purpose	 of	 root	 canal	 obturation	 is	 to	 create	 a	
complete,	 three‑dimensional	 seal	 of	 the	 root	 canal	

system,	 with	 the	 aim	 of	 preventing	 the	 recurrence	 of	
bacterial	 infection.	 This	 procedure	 should	 also	 entomb	
any	 surviving	 microorganisms	 in	 the	 root	 canal	 walls	
and	deprive	them	of	nutrients.[1]	This	would	also	prevent	
toxic	 bacterial	 products	 from	 entering	 the	 periapical	
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periapical	tissues	and/or	oral	cavity.	Numerous	materials	
and	 techniques	 have	 been	 developed	 for	 filling	 root	
canals	 three‑dimensionally.	 Gutta‑percha	 (GP)	 has	 been	
the	 material	 of	 choice	 since	 the	 middle	 1800s,	 and	 it	
remains	 the	most	 popular	material	 for	 obturation	 owing	
to	its	biologic,	chemical,	and	physical	properties.[2]

GP	 is	 suitable	 to	 be	 used	 with	 many	 obturation	
techniques,	 including	 lateral	 condensation,	 warm	
lateral	 condensation,	 warm	 vertical	 condensation,	
continuous	 wave,	 and	 injectable	 techniques.	 Because	 of	
its	 limitations	 in	 the	 physical	 and	 chemical	 properties,	
GP	 alone	 cannot	 create	 a	 perfect	 seal.	 In	 fact,	 a	 sealer	
is	 required	 to	 fulfil	 the	 requirements	 of	 a	 perfect	 seal.	
Similarly,	as	 the	physical	properties	of	 root	canal	sealers	
alone	 are	 inadequate,	 vertical,	 or	 lateral	 compaction	 of	
GP	is	required	to	ensure	that	the	GP	occupies	most	of	the	
space	 of	 the	 root	 canal,	whereas	 the	 thin	 layer	 of	 sealer	
provides	the	seal.[3]

A	 variety	 of	 new	 rotary	 files	 systems	 with	 their	
corresponding	 single	 cones	 have	 been	 developed	 which	
are	a	boon	to	modern	endodontics.[4]

The	 protaper	 files	 system	 (Dentsply	 Maillefer	
Switzerland)	and	the	heroshaper	file	system	(MicroMega,	
France)	 are	 specially	 designed	 to	 provide	 superior	
flexibility	 and	 efficiency,	 and	 greater	 safety.[5]	 The	
protaper	system	is	designed	to	provide	the	fewest	number	
of	 instruments	 that	 can	 efficiently	 and	 safely	 prepare	 a	
fully	tapered	canal.

The	 hero	 shaper	 (micro	 mega)	 is	 a	 modification	 of	
hero	 642	 (The	 first	 rotary	 Ni	 ti	 instrument	 designed	
without	 radial	 lands).	 It	 also	 has	 the	 same	 triple	 helix	
cross‑section	 as	 hero	 642.[6]	 The	 key	 modification	 in	
this	 instrument	 involves	 the	 pitch	 of	 the	 blade	 and	 the	
length	 of	 the	 cutting	 portion,	 which	 vary	 depending	 on	
the	taper.
The	 efficiency	 of	 this	 rotary	 system	 in	 postulating	 the	
adaptability	 of	 their	 single	 cones	 in	 canals	 had	 always	
been	 quizzed	 so	 to	 assess	 the	 efficacy	 of	 single‑cone	
adaptation	 several	 apical	 microleakage	 studies	 were	
embarked	in	bygone,	by	several	authors.[7‑9]	These	studies	
concluded	that	the	apical	microleakage	in	the	single	cone	
was	equal	to	that	of	lateral	condensation	technique.

In	 the	 studies	 conducted	 in	 the	 past,	 there	 were	
inadequate	 revisions	 on	 the	 adaptability	 of	 protaper	 and	
heroshaper	 single‑cone	 GP.	 protaper	 and	 heroshaper	 are	
also	available	as	hand	file	system,	but	most	of	the	studies	
are	 only	 on	 rotary	 systems.	Moreover,	 very	 few	 studies	
have	been	observed	in	the	dental	literature	on	cone	beam	
computed	tomography	(CBCT)	which	has	become	a	most	
valuable	 adjunct	 to	 the	 endodontist’s	 armamentarium	 to	
evaluate	the	three‑dimensional	obturation	at	all	the	levels	

of	 the	 curved	 root	 canal.	 Hence,	 CBCT	 was	 used	 in	
this	 study	 to	 gauge	 the	 gap	 area	 created	 by	 single‑cone	
obturation	 in	 canal	 walls	 prepared	 and	 obturated	 by	
protaper	 (hand	 and	 rotary)	 and	 heroshaper	 (hand	 and	
rotary)	 system	 in	 mesiobuccal	 canals	 of	 maxillary	 first	
molars.	 Therefore,	 the	 present	 study	 is	 conducted	 to	
determine	 the	 area	 filled	 by	 GP	 and	 sealer	 at	 three	
different	levels	of	curvature	of	the	root	canal	shaped	with	
protaper	 and	heroshaper	 system	and	obturated	with	 their	
respective	single‑cone	technique.

Materials and Methods
This	 ex vivo	 study	 was	 conducted	 in	 the	 postgraduate	
department	 of	 conservative	 dentistry	 and	 endodontics,	
Teerthanker	 Mahaveer	 Dental	 College	 and	 Research	
Centre,	Moradabad	in	coordination	with	the	Department	of	
Oral	Maxillofacial	surgery.	The	main	purpose	of	this	study	
was	to	evaluate	using	CBCT	the	adaptation	of	single	cone	
GP	in	curved	canals	prepared	and	obturated	with	hand	and	
rotary	protaper	(RP)	and	heroshaper	systems.

saMple selection

Human	 maxillary	 first	 molar	 was	 obtained	 from	 the	
Department	 of	 Oral	 and	 Maxillofacial 	 Surgery.	 Ethical	
clearance	 was	 obtained	 from	 the	 ethical	 committee	 of	
Teerthanker	 Mahaveer	 Dental	 College	 and	 Research	
Centre,	 Moradabad	 (OR/TNU065).	 They	 were	 stored	
in	 sterile	 solution	 at	 room	 temperature	 until	 use.	 The	
teeth	 surfaces	were	 cleaned	by	 the	ultrasonic	 scaler.	The	
inclusion	and	exclusion	criteria	are	as	follows:

inclusion criteria

•	 Maxillary	 right	 and	 left	 first	 molars	 with	 the	 patent	
mesiobuccal	canal

•	 Roots	with	mature	apices
•	 Curvature	of	mesiobuccal	roots	between	5°	and	30°
•	 Noncarious	teeth
•	 Unrestored	teeth
•	 Teeth	without	root	resorption.

exclusion criteria

•	 Roots	with	incompletely	formed	apices
•	 External	root	resorption
•	 Roots	with	the	bayonet	curve	or	an	apparent	curve	in	

more	than	one	direction
•	 Very	 narrow,	 calcified	 canals	 that	 would	 make	

identification	impossible
•	 Teeth	with	large	apical	foramen
•	 Cracks	on	the	root	surface
•	 Grossly	carious.

arMaMentariuM

The	 following	 materials,	 instruments	 and	 equipments	
were	used	in	this	study:	[Figure	1]

1.	 Eighty	extracted	Maxillary	First	Molars



Ahluwalia, et al.: Adaptation of single-cone Gutta-percha in curved canals obturated with protaper and heroshaper systems

187Journal of International Society of Preventive and Community Dentistry ! Volume 9 ! Issue 2 ! March-April 2019

Figure 2:	Cleaning	of	tooth	samples	with	ultrasonic	scalers

Figure 1:	Armamentarium

Figure 3:	80	teeth	samples

2.	 10%	Formalin	Solution	(Pragati	Enterprises,	India)
3.	 Diamond	Cutting	Disc
4.	 Ultrasonic	Scalers
5.	 K‑	Flex	Hand	Files	(Dentsply,	Switzerland)
6.	 	Software	“Endoanalyser”	version.

(software	 which	 evaluates	 the	 root	 canal	 curvature	 by	
measuring	the	Schneider’s	angle)	
•	 Endomotor	 X	 Smart	 for	 rotary	 preparation	 with	

Protaper	files	(Dentsply,	Switzerland)
•	 Micromega	 Contra‑angle	 Hand	 Piece	 for	 rotary	

preparation	 with	 HeroShaper	 files.(Micromega,	
Besancon,	France)

•	 Hand	 Protaper	 file	 system	 (SX,	 S1,	 S2,	 F1,	 F2	
(Dentsply,	Switzerland)

7.	 Rotary	Protaper	Files	(SX,	S1,	S2,	F1,	F2)	(Dentsply,	
Switzerland)

8.	 Hand	 HEROShaper	 file	 system.	
(6%yellow,	 4%	 yellow,4%red,	 4%	 blue)	
(Micromega,Besancon,France)

9.	 Rotary	 HEROShapers	 Files.(6%yellow,	 4%	 yellow,	
4%	red,	4%	blue)	(Micromega,	Besancon,	France)

10.	3%	Sodium	Hypochlorite	(Prevest	Denpro	Ltd,	India)
11.	Ethalene	 Diamine	 Tetra	 Acetic	 Acid	 (Dentsply,	

Switzerland)
12.	AH‑plus	sealer.	(Dentsply,	Switzerland)
13.	Protaper	gutta	percha	(F2)	(Dentsply,	Switzerland)
14.	HEROShaper	 gutta	 percha	 4%(30	 number	 4%	 gutta	

percha	 cone)	 (Meta	 Biomed,	 Besancon,	 France)	
Calculus	 on	 the	 root	 surface	 of	 selected	 eighty	
teeth	 was	 removed	 by	 ultrasonic	 scalers	 and	 then	
was	 stored	 in	 10%	 formalin	 at	 room	 temperature	
[Figure	2].

study design

This	 experimental	 randomized	 controlled	 trial	 was	
conducted	 with	 a	 sample	 size	 of 	 80	 teeth	 (n	 =	 80)	
[Figure	3].	The	sample	size	was	calculated	by	comparing	
the	 mean	 difference	 of	 previous	 articles	 with	 keeping	
confidence	 interval	 (2‑sided)	 95%	 with	 power	 of	 the	
study	 at	 80%	 along	 with	 this	 ratio	 of	 sample	 size	
(Group	 2/Group	 1)	 as	 1.	 After	 calculation,	 the	 desired	
sample	size	was	80.	According	to	the	canal	curvature,	the	
roots	were	randomly	divided	into	two	groups	to	consider	
the	 importance	 of	 the	 influence	 of	 curve	 on	 quality	 of	
obturation:

•	 G1	group	(n	=	40):‑having	a	curvature	of	<10°	and
•	 G2	group	(n	=	40):‑having	a	curvature	of	>10°
•	 The	 two	 groups	 (G1	 and	 G2)	 were	 further	 divided	

into	 four	 groups	 each	 as	 shown	 in	 Figure	 4.	All	 the	
protaper	 and	 heroshaper	 samples	 were	 prepared	 as	
recommended	by	the	manufacturer,	i.e.,

•	 In	protaper	system	(both	hand	and	rotary)	all	samples	
were	 prepared	 till	 F2	 (i.e.,	 0.25	mm	with	 8%	 taper).	
In	 heroshaper	 system	 (both	 hand	 and	 rotary),	 the	
yellow	sequence	was	used.

Calculus	 on	 the	 root	 surface	 of	 selected	 eighty	 teeth	
was	 removed	 by	 ultrasonic	 scalers	 and	 then	 was	 stored	
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Figure 4:	80	teeth	divided	into	4	groups

Figure 6:	CBCT	patient	positioning	patient	protocol

Figure 5:	Dental	radiograph	of	obturated	teeth

in	 10%	 formalin	 at	 room	 temperature.	 Endo‑analyzer	
software	 was	 used	 to	 measure	 the	 Schneider’s	 angle	 of	
mesiobuccal	roots	of	maxillary	first	molars.

Preparation	 of	 root	 canals	 with	 hand	 and	 RP	 file	
system	(Groups	G1‑A1,	G1‑A2,	G2‑A1,	and	G2‑A2)	was	
done,	 whereas	 preparation	 of	 root	 canals	with	 hand	 and	
rotary	 hero	 shaper	 files	 (Groups	G1‑B1,	G1‑B2,	G2‑B1,	
and	 G2‑B2).	 Both	 hand	 and	 rotary	 files	 were	 used	 in	
the	 below‑mentioned	 sequence.	 For	 rotary	 preparation,	
X‑mart	 endo	 motor	 was	 used.	 The	 instruments	 were	
set	 into	 rotations	 at	 a	 speed	 of	 300	 rpm	 and	 a	 torque	
of	 2.5	 Nm.	 An	 F2	 protaper	 Ni‑Ti	 rotary	 instrument	 is	
used	 for	 the	 canal	 preparation	 in	 a	 clockwise	 (CW)	
and	 counter	 CW	 (CCW)	 movement	 for	 both	 hand	 and	
rotary	 preparation.	 The	 F2	 is	 used	 in	 conjunction	 with	

a	16:1	 reduction	 ratio	 contra‑angle	 connected	 to	 an	ATR	
Vision	 (ATR,	 Pistoia,	 Italy)	 motor	 which	 allows	 the	
reciprocating	movement.	The	CW	and	the	CCW	rotations	
are	 set	 on	 the	 motor	 at	 four‑tenth	 and	 two‑tenths	 of	 a	
circle.	 The	 rotational	 speed	 is	 set	 at	 400	 rpm.	 The	 F2	
instrument	 is	 used	 in	 the	 canal	 with	 a	 slow	 pecking	
motion	 and	 an	 extremely	 light	 apical	 pressure	 until	
resistance	 is	 encountered	 (i.e.,	 until	 more	 pressure	 is	
needed	to	make	the	F2	advance	further	in	the	canal).

All	 teeth	 were	 prepared	 in	 crown	 down	 sequence	 to	 an	
apical	size	of	25	mm	(F2).

For	rotary	preparation,	X‑mart	endo	motor	was	used.	All	
teeth	were	prepared	in	crown	down	sequence	to	an	apical	
size	of	 25	mm	 (F2).	Obturation	of	 the	 samples	prepared	
with	 protaper	 groups	 G1‑A,	 G1‑B,	 G2‑A,	 and	 G2‑B	
and	 hero	 shaper	 groups	 G1‑C,	 G1‑D,	 G2‑C,	 and	 G2‑D	
was	 done.	A	 size	 F2	 GP	 cone	 (Dentsply	 maillefer)	 was	
prefitted	 into	 the	 root	 canal	 at	 the	 working	 length,	 and	
fit	 of	 the	 cone	 was	 evaluated	 by	 direct	 digital	 images.	
Then,	 the	 canal	 was	 dried	 with	 paper	 points	 (Meta,	
Meta	 Dental	 Co.,	 Seoul,	 South	 Korea)	 and	 A	 size	 25	
lentulo	 spiral	 (Mani,	 Tochigi‑ken,	 Japan)	 was	 placed	 in	
a	 slow‑speed	 handpiece	 and	 coated	 with	 AH	 plus	 root	
canal	 sealer	 (Dentsply	Maillefer).	The	 lentulo	 spiral	was	
introduced	into	the	root	canal	to	a	location	3–4	mm	short	
of	 the	 working	 length	 and	 then	 slowly	 withdrawn	 from	
the	 canal,	 with	 continuous	 rotation.	 Then,	 the	 cone	 was	
lightly	 coated	 with	 the	 sealer	 and	 placed	 into	 the	 canal	
to	 the	working	 length.	The	 excess	GP	was	 removed	 and	
condensed	 vertically	 with	 a	 heated	 endodontic	 plugger,	
and	the	canal	orifice	was	sealed	with	Cavit‑G	(3M	ESPE,	
Seefeld,	Germany).

Imaging	 was	 performed	 using	 the	 CBCT‑scan	
(Quantitative	 Radiology,	 HATFIELD,	 USA)	 set	 applied	
for	 this	 project	 with	 a	 high	 resolution,	 planmeca	
Promax	 three‑dimentional	 type	 CBCT	 system.	 Then,	
the	 obturation	 of	 all	 the	 samples	 was	 evaluated	
with	 direct	 digital	 radiography	 [Figure	 5],	 after	 the	
satisfactory	evaluation	of	all	the	radiographs,	the	samples	
were	 evaluated	 under	 CBCT	 (USA,	 HATFIELD)	
[Figures	6	and	7].

data analysis

The	data	were	analyzed	using 	 	SPSS	Version	20	(IBM	
Corp.,	Armonk,	 NY).	 Given	 the	 data,	 we	 see	 that	 we	
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have	 5	 independent	 variables	 or	 factors.	Moreover,	 as	
such,	we	 shall	 consider	 a	 5‑way	fixed‑effects	 factorial	
ANOVA	 (extended	 version	 of	 3‑way	 fixed‑effects	
factorial	ANOVA).	We	consider	the	same	as	a	factorial	
ANOVA	 because	 in	 this	 case,	 due	 to	 the	 presence	
of	 higher	 number	 of	 factors,	 there	 shall	 also	 be	
interaction	 effects	 between	 the	 said	 variables,	 which	
we	 shall	 consider	 as	 the	 interaction	 between	 two	
factors,	 three	 factors,	 and	 four	 factors.	 In	 case	 any	
of	 the	 main	 effects	 of	 either	 of	 the	 factors	 or	 higher	
order	 interaction	 effects,	 we	 shall	 also	 consider	 post 
hoc	analysis	(Tukey’s	test)	to	determine	or	break	down	

each	 simple	 effect	 for	 different	 levels	 of	 the	 other	
factors.

Results
Table	 1	 shows	 the	 mean	 calculated	 value	 of	 all	 the	
samples.	 Hand	 Protaper	 shows	 maximum	 gap	 area	 at	
the	 level	 of	 curvature.	 There	 is	 maximum	 gap	 area	
seen	 in	 both	 the	 Hand	 and	 Rotary	 Protaper	 samples.	
There	 is	 minimum	 gap	 area	 seen	 in	 both	 the	 Hand	 and	
Rotary	 HeroShaper	 samples.	 In	 case	 of	 interaction	
effect	 between	 level	 of	 curvatures	 (above,	 AT	 and	
below)	 and	 protaper	 and	 heroShaper	 samples,	 at	 the	
level	 of	 curvature	 above	 gap	 area	 values	 in	 protaper	
samples	 is	 more	 as	 compared	 to	 heroshaper	 sample	
values	 at	 the	 level	 of	 curvature	 above	 (P	 <	 0.05).	Also	
level	 of	 curvature	 at	 AT,	 in	 protaper	 samples	 is	 more	
as	 compared	 to	 heroshaper	 sample	 values	 at	 the	 level	
of	 curvature	 at	 (P	 <	 0.01).	 Level	 of	 curvature	 at	 below,	
in	 protaper	 samples	 has	 more	 gap	 area	 as	 compared	 to	
heroshaper	 sample	 values	 at	 the	 level	 of	 curvature	 at	
below	 (P	 <	 0.05).	 This	 means	 that	 the	 gap	 area	 values	
at	 all	 the	 level	 of	 curvatures,	 is	 higher	 in	 the	 protaper	
samples	as	compared	 to	 the	heroshaper	samples.	Table	2	
shows	 that	 in	hand	samples	 (irrespective	of	protaper	and	
hero	shaper)	above	 (0.008)	and	below	curvature	has	 less	
values	 as	 compared	 to	 values	 at	 (0.013)	 curvature.	 No	
significant	 difference	 at	 all	 curvatures	 in	 rotary	 samples.	
From	 the	 Table	 3	 we	 see	 that	 in	 case	 of	 interaction	

Figure 7:	Measurement	of	gap	in	obturation

Table 1: The mean calculated values of all the samples
Curvature Protaper samples Heroshaper samples

Hand Rotary Hand Rotary
<10°
ABOVE
Buccal 0.15 0.39 0.021 0.00
Lingual 0.060 0.10 0.013 0.03
Axial 0.10 0.19 0.001 0.08

AT
Buccal 0.20 0.067 0.0398 0.01
Lingual 0.81 0.031 0.02 0.02
Axial 0.54 0.13 0.0545 0.01

BELOW
Buccal 0.20 0.02 0.01 0.00
Lingual 0.12 0.01 0.0021 0.00
Axial 0.28 0.112 0.100 0.001

>10°
ABOVE
Buccal 0.23 0.041 0.171 0.01
Lingual 0.27 0.04 0.031 0.012
Axial 0.23 0.21 0.0111 0.100

AT
Buccal 0.28 0.06 0.002 0.0165
Lingual 0.34 0.032 0.004 0.01
Axial 0.60 0.18 0.042 0.00

BELOW
Buccal 0.28 0.032 0.0023 0.00
Lingual 0.20 0.0021 0.0039 0.00
Axial 0.31 0.100 0.0265 0.004

Table 2: Interaction effect between level of curvatures (ABOVE, AT and BELOW) and protaper and heroshaper 
samples

B (ABOVE, AT 
and BELOW)

(I) D (J) D (protaper and 
heroshaper)

Mean difference 
(I-J)

SE Significantb 95% CI for differenceb

Lower bound Upper bound
1.00
(ABOVE)

1.00
2.00

2.00
1.00

0.128*
−0.128*

0.028
0.028

0.010
0.010

0.051‑0.204 0.204‑0.051

2.00
(AT)

1.00
2.00

2.00
1.00

0.253*
−0.253*

0.028
0.028

0.001
0.001

0.177‑0.330 0.330‑0.177

3.00
(BELOW)

1.00
2.00

2.00
1.00

0.126*
−0.126*

0.028
0.028

0.010
0.010

0.049‑0.202 0.202‑0.049

bSignificant	level	P≤0.05,	*The	mean	difference	is	significant	at	the	0.05	level.	CI=Confidence	interval,	SE=Standard	error
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effect	 between	 level	 of	 curvatures	 (above,	 AT,	 below),	
and	hand	and	 rotary	preparation	 samples	 (irrespective	of	
protaper	 and	 hero	 shaper),	 at	 the	 level	 of	 curvature	AT,	
has	more	 values	 in	 hand	 prepared	 samples	 as	 compared	
to	the	ROTARY	prepared	samples	(P	<	0.01)	At	the	level	
of	 curvature	 below,	 have	 more	 values	 in	 hand	 prepared	
samples	as	compared	to	the	rotary	prepared	samples	(P	<	
0.05).	This	means	 that	 at	 the	 level	of	 curvature	gap	area	
values	at	AT	and	below,	are	different	amongst	themselves	
in	 hand	 preparation	 samples.	 In	 hand	 prepared	 samples	
(irrespective	 of	 protaper	 and	 hero	 shaper)	 at	 the	 level	
of	 curvature	AT	 and	 below	 have	 higher	 gap	 area	 values	
in	 hand	 prepared	 samples	 as	 compared	 to	 the	 rotary	
prepared	 samples.	 From	 the	Table	 4	we	 see	 that	 in	 case	
of	 interaction	 effect	 between	 protaper	 and	 hero	 shaper	
systems	 and	 hand	 and	 rotary	 preparation	 groups	 and	 at	
the	 levels	 of	 curvatures	 (above,	 AT,	 below),	 protaper	
hand	 preparation	 groups	 have	 higher	 values	 at	AT	 level	
of	 curvature	 as	 compared	 to	 the	 levels	 of	 curvature	 at	
above	and	below	 (P	<	0.01).	Protaper	 rotary	preparation	
groups	 have	 higher	 values	 at	 above	 level	 of	 curvature	
as	 compared	 to	 the	 levels	 of	 curvature	 at	AT	 and	 below	
(P	 <	 0.05).	 Table	 5	 shows	 From	 the	 above	 tables	 we	
see	 that	 in	 case	 of	 interaction	 effect	 between	 between	
protaper	 and	 hero	 shaper	 systems	 and	 hand	 and	 rotary	

preparation	 groups,	 protaper	 hand	 preparation	 groups	
(0.001)	 have	 higher	 gap	 area	 values	 as	 compared	 to	
rotaryprotaper	 preparation	 groups	 (P <	 0.01).	 There	 is	
no	 significant	 difference	 between	 hero	 shaperhand	 and	
rotary	preparation	groups.

Discussion 
Over	 the	 last	 few	 years,	 endodontics	 has	 undergone	
a	 complete	 revolution	 with	 the	 introduction	 of	 the	
Nickel‑Titanium	 alloy	 for	 the	 manufacture	 of	 hand	
instruments	 initially	 and	 then	 rotary	 endodontic	
instruments.	 The	 superelasticity	 has	 furthermore	 made	
it	 possible	 to	 carry	 out	 extremely	 conservative	 shapes,	
better	 centered,	 with	 less	 canal	 transportation	 and	
therefore	 with	 more	 respect	 for	 the	 original	 anatomy.	
To	 improve	 working	 safety,	 shorten	 preparation	 time	
and	 create	 a	 continuously	 tapered,	 conical	 flare	 of	
preparations	 advanced	 instrument	 designs	 with	 their	
respective	 single	 cones	 have	 been	 developed.	 This	
technique	 uses	 larger	 and	 thicker	 master	 cones	 that	
best	 match	 the	 geometry	 of	 the	 nickel‑titanium	 rotary	
systems.	The	single‑cone	obturation	technique	speeds‑up	
the	root	canal	filling	while	minimizes	the	wedging	forces	
applied	to	the	root	canal	walls.

Table 3: Interaction effect between level of curvatures (ABOVE, AT, and BELOW) and hand and rotary samples
E (hand and 
rotary)

(I) B (J) B (ABOVE, AT 
and BELOW)

Mean difference 
(I-J)

SE Significantb 95% CI for differenceb

Lower bound Upper bound
1.00	(hand) 1.00 2.00

3.00
−0.137*
−0.021

0.028
0.028

0.008
0.496

−0.213
−0.097

−0.061
0.056

2.00 1.00
3.00

0.137*
0.117*

0.028
0.028

0.008
0.013

0.061
0.040

0.213
0.193

3.00 1.00
2.00

0.021
−0.117*

0.028
0.028

0.496
0.013

−0.056
−0.193

0.097
−0.040

2.00	(rotary) 1.00 2.00
3.00

0.053
0.076

0.028
0.028

0.127
0.050

−0.023
−5.845E‑005

0.129
0.153

2.00 1.00
3.00

−0.053
0.023

0.028
0.028

0.127
0.443

−0.129
−0.053

0.023
0.100

3.00 1.00
2.00

−0.076
−0.023

0.028
0.028

0.050
0.443

−0.153
−0.100

5.845E‑005
0.053

bSignificant	level	P≤0.05,	*The	mean	difference	is	significant	at	the	0.05	level.	CI=Confidence	interval,	SE=Standard	error

Table 4: Interaction effect between level of curvatures (ABOVE, AT, and BELOW) and hand and protaper samples
B (ABOVE, AT and 
BELOW)

(I) E (J) E (hand and 
protaper)

Mean difference 
(I-J)

SE Significantb 95% CI differenceb

Lower bound Upper bound
1.00
(ABOVE)

1.00
2.00

2.00
1.00

0.007	
−0.007

0.028
0.028

0.812
0.812

−0.069	
−0.083

0.083
0.069

2.00
(AT)

1.00
2.00

2.00
1.00

0.197*
−0.197*

0.028
0.028

0.002
0.002

0.121	
−0.273

0.273	
−0.121

3.00
(BELOW)

1.00
2.00

2.00
1.00

0.104*
−0.104*

0.028
0.028

0.019
0.019

0.028
−0.180

0.180	
−0.028

bSignificant	level	P≤0.05,	*The	mean	difference	is	significant	at	the	0.05	level.	CI=Confidence	interval,	SE=Standard	error
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Previously,	 many	 studies	 have	 been	 shepherded	 to	
evaluate	 the	 effectiveness	 of	 single	 cone	 obturation	
like	 the	 quality	 of	 the	 obturation	 in	 root	 canals	 filled	
with	 single‑cone	 techniques	 was	 evaluated	 by	 several	
authors[5,9,10]	 they	 concluded	 single	 cone	 showed	 better	
results.	 Wu	 et	 al.[10]	 and	 Hörsted‑Bindslev	 et	 al.[11]	
evaluated	 the	obturation	quality	 in	curved	 root	canals	by	
using	 bidirectional	 radiographs	 and	 the	 method	 of	 fluid	
transportation.	They	evaluated	the	single‑cone	and	lateral	
condensation	 techniques	 obturation	 had	 a	 similar	 quality	
in	 curvatures	 of	 the	 root	 canals.	 The	 association	 of	 a	
single	GP	point	in	canals	shaped	with	protaper	and	Mtwo	
rotary	 systems	may	provide	a	 sealing	capacity	 similar	 to	
all	obturation	techniques	(Tasdemir	et al.	2007).[5]

In	 the	present	 study,	 two	file	 systems	were	compared	 in	
curved	 canals	 and	 adaptation	 of	 GP	 is	 determined.	 In	
the	 present	 study,	 no	 criteria	 for	 cone	 adaptation	 were	
included	 in	 the	 study	 as	 compared	 to	 the	 study	 by	 de	
Vasconcelos	 et	 al.[12]	 in	 which	 cone	 adaptation	 criteria	
was	 set	 according	 to	 the	 type	 of	 instrumentation.	 This	
may	 be	 due	 that	 in	 the	 present	 study	 no	 different	
instrumentation	 was	 used	 therefore	 no	 criteria	 can	 is	
applied	in	the	present	study.

Clinically,	 the	 adaptation	 of	 GP	 was	 proposed	 to	 be	
inspected	 by	 the	 feeling	 of	 “tug‑back”	 during	 GP	 cone	
selection.[13]	 In	 the	 present	 study,	 cone	 adaptation	 is	
assessed	 by	 CBCT	 technique	 and	 degree	 of	 tug‑back	
is	 not	 considered	 as	 compared	 to	 the	 study	 by	 Jamleh	
et	 al.[14]	 in	 which	 degree	 of	 tug‑back	 is	 determined	 to	
assess	 the	 adaptation	 along	 with	 the	 radiograph.	 The	
reason	 for	 this	 that	 CBCT	 is	 an	 advanced	 technology	
can	give	a	complete	idea	of	an	adaptation	of	GP.

Adaptability	of	single	cone	have	been	demonstrated	using	
methods	 such	 as	 stereomicroscope	 (Goracci	 et	 al.	 in	
1991),[15,16]	dissecting	microscope 	Ardila	CN	et	al.	2003,[17]	
Scott	et al.	1993,[18]		linear	dye	penetration	(Portmann	and	
Wesselink[19]	 in	1994),	computerized	fluid	filtration	meter	
Nimet	 and	 Hasan	 2007,[20]	 image	 analysis	 software[21]	
bacterial	 leakage	study,[22]	 spiral	CT,	etc.,	However,	none	
of	 these	 techniques	 used	 were	 precise	 in	 evaluating	 the	
adaptability	of	the	single	GP	cone.

As	 there	 are	 limited	 studies	 comparing	 protaper	 system	
with	 these	 newer	 heroshaper	 systems,	 the	 present	 study	
was	 conducted	 to	 evaluate	 the	 adaptability	 of	 single	
cones	 of	 protaper	 and	 heroshaper	 in	mesiobuccal	 canals	
of	maxillary	first	molars	 as	 they	provide	 condition	 close	

Table 5: Interaction effect between level of curvatures (ABOVE, AT and BELOW), hand and protaper samples and 
protaper and heroshaper

D (protaper and 
heroshaper)

E (hand and 
rotary)

(I) B (J) B (ABOVE, 
AT, BELOW)

Mean difference 
(I-J)

SE Significantb 95% CI for differenceb

Lower bound Upper bound
1.00	(protaper) 1.00 1.00 2.00 −0.288* 0.039 0.002 −0.396 −0.180

3.00 −0.058 0.039 0.208 −0.166 0.050
2.00 1.00 0.288* 0.039 0.002 0.180 0.396

3.00 0.230* 0.039 0.004 0.122 0.338
3.00 1.00 0.058 0.039 0.208 −0.050 0.166

2.00 −0.230* 0.039 0.004 −0.338 −0.122
2.00 1.00 2.00 0.079 0.039 0.114 −0.030 0.187

3.00 0.116* 0.039 0.041 0.008 0.224
2.00 1.00 −0.079 0.039 0.114 −0.187 0.030

3.00 0.037 0.039 0.392 −0.071 0.145
3.00 1.00 −0.116* 0.039 0.041 −0.224 −0.008

2.00 −0.037 0.039 0.392 −0.145 0.071
2.00	(heroshaper) 1.00 1.00 2.00 0.014 0.039 0.734 −0.094 0.122

3.00 0.017 0.039 0.682 −0.091 0.125
2.00 1.00 −0.014 0.039 0.734 −0.122 0.094

3.00 0.003 0.039 0.942 −0.105 0.111
3.00 1.00 −0.017 0.039 0.682 −0.125 0.091

2.00 −0.003 0.039 0.942 −0.111 0.105
2.00 1.00 2.00 0.027 0.039 0.521 −0.081 0.135

3.00 0.037 0.039 0.397 −0.071 0.145
2.00 1.00 −0.027 0.039 0.521 −0.135 0.081

3.00 0.010 0.039 0.819 −0.099 0.118
3.00 1.00 −0.037 0.039 0.397 −0.145 0.071

2.00 −0.010 0.039 0.819 −0.118 0.099
bSignificant	level	P≤0.05,	*The	mean	difference	is	significant	at	the	0.05	level.	CI=Confidence	interval,	SE=Standard	error
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to	 the	 clinical	 situation	 as	 compared	 to	 simulated	 canal	
using	resin	blocks.

CBCT,	 one	 of	 the	 spanking	 noninvasive	 and	 reliable	
impending	 tool	with	 innovation	of	 tomographic	 imaging	
systems	 have	 been	 used	 in	 very	 few	 studies.[23]	 CT	
images	 actually	 provide	 a	 radiographic	 appearance	 of	
the	 sample	 and	 do	 not	 determine	 the	 boundaries	 of	 the	
gap	 with	 100%	 accuracy.	 Therefore,	 in	 this	 study,	 to	
address	 this	 problem,	 we	 increased	 image	 contrast	 to	
differentiate	 the	 filling	 and	 then	 magnify	 the	 gap	 area,	
which	 was	 analyzed	 by	 the	 software.	 Furthermore,	
no	 histological	 staining	 or	 sectioning	 of	 samples	 are	
required	to	perform	this	technique.
With	 the	 contraction	 of	 these	 up‑to‑the‑minute	 NITi	
instruments,	 the	 most	 conjoint	 problem	 of	 negotiation	
of	 the	curved	 root	canals	has	been	deciphered.	As	 some	
degree	of	canal	curvature	 is	present	 in	most	of	 the	 teeth	
of	 human	 dentition.	 This	 curvature	 makes	 endodontic	
preparation	 of	 the	 root	 canal	 system	 difficult.	 Canal	
curvature	 was	 initially	 appreciated	 by	 Schneider67	
in1971	 by	 simply	 categorizing	 roots	 as	 straight	
(5°	 and	 less),	 moderately	 (10°–20°)	 or	 severely	 (>20°)	
curved.	 It	 has	 been	 reported	 that	 instruments	 with	
progressive	 taper	 can	 shape	 canals	 more	 quickly	 than	
constant	taper	instruments.[12]

The	 present	 ex vivo	 study	 findings	 suggest	 that	 file	
design	is	the	key	factor	for	triumphing	fruitful	obturation	
with	 their	 respective	 single	 cones.	 Heroshaper	 with	 a	
helix	 angle	 which	 increases	 from	 the	 tip	 to	 the	 shank,	
and	 this	 had	 been	 claimed	 to	 reduce	 threading,	 while	
the	 pitch	 varies	 according	 to	 the	 taper	 with	 a	 reported	
increase	 in	 efficiency,	 flexibility,	 and	 strength	 with	
their	 corresponding	 single	 cones	 in	 tallying	 with	 their	
progressive	 taper	 succors	 to	 maintain	 the	 original	
anatomy	 of	 canal	 and	 paraded	 greatest	 adaptation	 of	
their	single	cones	to	the	canal	wall	stemming	in	virtuous	
obturation.[24]

In	 our	 study,	 curvature	 (<	 and	 >10°)	 has	 no	 effect	 on	
adaptation	 of	 single‑cone	 GP	 similar	 results	 were	 also	
reported	by 	Sonntag	and	Lohmann	2003.[25]

In	 our	 study,	 curvature	 (<	 and	 >10°)	 has	 no	 effect	 on	
adaptation	 of	 single‑cone	 GP	 similar	 results	 were	 also	
reported	by	Sonntag	and	Lohmann[26]	2003.

While	 comparing	 single‑cone	 adaptation	 in	 both	 HP	
and	 RP,	 RP	 was	 less	 adapted	 as	 compared	 to	 HP	 at	
above	 the	 level	of	 curvature	 (Stats	Table	3 P <	0.01).	
This	 difference	 in	 the	 adaptation	 of	 single	 cone	 in	
RP	 at	 above	 the	 level	 of	 curvature	 may	 be	 due	 to	
increased	 torque	 in	 RP	 as	 compared	 to	 HP	 tends	 to	
transport	 toward	 the	 furcation	 in	 the	 coronal	 part	 of	
the	 canal.[27]	 The	 fact	 that	 canal	 transportation	 occurs	

with	 protaper	 file	 may	 be	 because	 of	 variable	 taper	
along	 the	cutting	surface	of	 these	files	 in	combination	
with	sharp	cutting	edges	because	of	their	cross‑section	
design.

While	 comparing	 single	 cone	 adaptation	 in	 both	 HP	
and	 RP,	 HP	 was	 not	 properly	 adapted	 at	 below	 the	
level	 of	 curvature.	 This	 difference	 may	 be	 due	 to	 the	
difference	 in	 the	 instrument	 design,	 i.e.,	 progressive	
taper.	 In	 the	 progressive	 protaper	 system	 (Dentsply	
Maillefer,	Ballaigues,	Switzerland),	 the	 shaping	files	 (S)	
have	 an	 increasing	 taper	 from	 tip	 to	 coronal,	 whereas	
the	 finishing	 files	 (F)	 have	 a	 decreasing	 taper.[28]	 The	
increasing	taper	 instruments	have	enhanced	flexibility	 in	
the	middle	region	and	at	 the	 tip,	and	 that	 the	decreasing	
taper	 instruments	provide	a	 larger	 taper	 in	 the	 important	
apical	 region	 but	 make	 them	 stiff.	 The	 large	 taper	 of	
the	 instrument	 increases	 the	 stiffness	 of	 the	 tip,	 and	
hence	 the	 use	 of	 larger	 and	 greater	 taper	 instruments	 in	
moderately	to	severely	curved	canals	results	in	more	gap	
area	of	the	canal.[29]

future iMplication of tHe study

As	 adaptation	 of	 GP	 is	 very	 important	 to	 the	 success	
of	 root	 canal	 treatment	 and	 to	 avoid	 root	 canal	
contamination	 which	 is	 a	 challenge	 to	 a	 practitioners	
in	 curved	 canals;	 therefore,	 the	 present	 study	 helps	 in	
improving	 the	 quality	 and	 success	 rate	 of	 treatment	
provided	to	patients	and	with	the	use	of	advance	systems	
decreases	 the	 complications	 associated	 with	 root	 canal	
treatment.

liMitation of study

1.	 The	 present	 study	 is	 an in vitro study	 done	 on	
extracted	 teeth.	 Therefore,	 the	 results	 of	 the	 study	
may	differ	in	the	oral	cavity

2.	 Only	 two	 systems	 (protaper	 hand	 files,	 RP	 files)	 is	
compared	 in	 the	present	study,	various	other	systems	
when	compared	can	give	better	results.

Future	 studies	 can	 be	 conducted	 with	 various	 other	
file	 system	 and	 setting	 criteria	 of	 cone	 adaptation	 with	
different	 instrument	 techniques	 and	 keeping	 in	 mind	
other	 factors	 such	 as	 canal	 cross‑section	 (ovoid,	 oval,	
etc.,),	the	degree	of	tug‑back.

Conclusion
This	 ex vivo	 study,	 conducted	 to	 evaluate	 the	 adaptation	
of	single‑cone	GP	in	curved	canals	prepared	and	obturated	
with	 protaper	 and	 heroshaper	 systems	 by	 using	 CBCT,	
revealed	 that	 no	 significant	 difference	 in	 adaptation	 of	
single	 cones	 of	 all	 the	 four	 groups	 (protaper	 hand	 and	
rotary	 and	 heroshaper	 hand	 and	 rotary)	 was	 seen	 with	
respect	 to	 change	 in	 canal	 curvatures,	 i.e.,	 <10	 or	 >10°.	
Above	the	level	of	curvature	minimum	adaptation	of	single	
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cone	was	seen	in	RP	group	as	compared	to	HP	group	and	
hand	 heroshaper	 and	 rotary	 heroshaper	 groups.	 AT	 and	
below	the	level	of	curvature	minimum	adaptation	of	single	
cone	was	seen	in	HP	group	as	compared	to	RP	group	and	
hand	 heroshaper	 and	 rotary	 heroshaper	 groups.	 In	 HP	
group	 and	 RP	 group,	 significant	 difference	 was	 observed	
in	 the	 adaptation	 of	 their	 respective	 single	 cones	 at	 all	
the	 level	 of	 curvatures.	 (above	AT	 and	 below)	Both	 hand	
heroshaper	group	and	rotary	heroshaper	group	revealed	the	
greatest	 adaptation	 of	 their	 respective	 single	 cones	 at	 all	
the	level	of	curvatures.	(above,	AT,	and	below).
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Nasopalatine duct cyst: A case report 

 
Dr. Ritesh Garg, Dr. Abhishek Rathi, Dr. Gaurav Mittal, Dr. Siddharth 
Sharma, Dr. Anmol Agarwal and Dr. Pratiksha Dwivedi 
  
Abstract 
The Nasopalatine duct cyst (NPDC) is an intraosseous, developmental, epithelial, non-neoplastic cyst 
that is considered to be the most common non-odontogenic cyst of the midline of the anterior palate. It is 
accounting for between 3 and 12% of operated cysts of the jaw with maximum incidences are seen in 
adult males. This cyst mainly develops from the epithelial remnants of the naso-palatine ducts within the 
incisive canals. Radiographically NPDC is well defined round or roughly heart shaped. Enucleation is 
preferred treatment plan for removal of NPDC. The presented report deals with diagnosis and 
management of NPDC in a 24 year old male who complained of swelling and pain in the anterior 
maxillary region. 
 
Keywords: Nasopalatine duct cyst, epithelial remnants, radiographically, enucleation 
 
Introduction 
The nasopalatine duct cyst (NPDC) was first described by Meyer in 1914. When cyst occurs in 
the soft tissues of the palate, at the opening of the canal, it is called the ‘cyst of the palatine 
papilla’ [1-5]. The term ‘nasopalatine duct cyst’ is most popular than other synonyms such as 
‘incisive canal cyst’, “anterior middle cyst”, “anterior middle palatine cyst”, and “incisor duct 
cyst” [6]. Nasopalatine duct cyst develops from the epithelial remnants of the oro-nasal ducts 
within the incisive canals. The majority of the cases occur between 4th and 6th decades of life. 
Men are affected more often than women – ratio 3:1. Nasopalatine cysts are believed to 
develop from epithelial remnants of paired embryonic nasopalatine ducts within the incisive 
canal. The etiological factors include local trauma in denture wearing patients, bacterial 
infection and genetic factors [1, 7]. 
Lesions are normally asymptomatic. Involvement of inflammation leads to palatine growth or 
expansion. The most commonly reported clinical symptom is swelling on the anterior part of 
the palate but in rare cases patients have complained burning sensation in the anterior part of 
the maxilla that occasionally radiates into the bridge of the nose and the orbits [1, 8].  
The radiographic appearance of cysts of the incisive canal often consists of a round, bilateral 
symmetric radiolucency which is sometimes heart-shaped; because of the super-imposition of 
the nasal spine on the radiolucent area. The margin is corticated, provided infection has not 
developed [7]. 
The differential diagnosis must be established with other conditions such as an enlarged 
nasopalatine duct, central giant cell granuloma, a root cyst associated to the upper central 
incisors, a supernumerary tooth follicular cyst (normally mesiodens), primordial cyst, naso-
alveolar cyst, osteitis with palatal fistulization, and bucco-nasal and/or bucco-sinusal 
communication [9]. 
Treatment of nasopalatine duct cyst includes complete removal of the lesion by combination of 
both palatal and labial approaches and only palatal or labial approach [10]. 
 
Case Report 
A twenty four year old male patient reported with chief complaint of loosening of teeth in 
upper front region since one month. Physical examination revealed a moderately built and 
nourished male with mild hypertension. The swelling had remained asymptomatic. Neither any 
history of trauma was elicited nor any systemic infections. There was no history of any 
discharge.  
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On extra-oral examination no apparent finding or evidence of 
lesion were seen. On intra-oral examination there was diffuse 
non-tender solitary swelling was present on the anterior mid 
palatal region posterior to palatine papilla. The swelling was 
about 4x3 cm in size extended from 14 to 24 tooth region 
Figure 1(a). The swelling was non-compressible, hard in 
consistency, non- pulsatile, non- reducible, regular and 
covered by normal appearing mucosa with no fluctuation and 
sensation over palatine mucosa. No restricted tongue 
movements. Lymph nodes were not palpable. Mesial 
inclination of crown of both central incisors was present 
Figure 1(b). 
 

  
 

Fig 1(a): Intra oral photograph depicting cyst in mid palatal region 
(b) frontal view 

 
Maxillary occlusal view revealed a well-circumscribed 
unilocular radiolucency in anterior maxilla between central 
incisors which was round and measured 4 ×3 cm involving 13 
to 23 region posterior to anterior nasal spine and has 
corticated margins. Superiorly it extends into palatal vault 
causing expansion and resorption of nasal floor (Figure 2). 
The shadow of nasal spine is superimposed on the 
radiolucency giving it a heart shape. There was divergence of 
the central incisors roots with no root resorption. Panoramic 
radiograph showed well defined corticated radiolucent lesion 
in anterior maxilla. The lesion is roughly heart-shaped. It 
extends from root of canine crossing the midline to mesial 
aspect of roots of left premolar. There was distal displacement 
of the roots of central incisors associated with radiolucency. 
 

  
 

Fig 2: Maxillary occlusal view and ortho pantomograph showing a 
well-defined roughly heart shaped radiolucent lesion 

 
Routine heamogram and urine examination were normal. On 
the basis of clinical and radiological examination a 
provisional diagnosis of nasopalatine duct cyst was made.  
Complete blood examination revealed no abnormality. 
 
Treatment 
The possibility of tooth avulsion or extractions of incisors 
were explained to the patient, and informed consent was 
obtained. Enucleation of the lesion followed by aggressive 
curettage was performed under general anesthesia. 
Endodontic therapy was previously performed with respect to 
11,12,21,22 and 23. Intraoraly crevicular incision was given 
on anterior maxillary region from 14 to 24. Mucoperiosteal 
trapezoidal flap was raised. Cystic lining was enucleated 
followed by careful and thorough curettage of the residual 
bone cavity. Apicoectomy of respective teeth 11, 21, 22 and 
23 were done. Mineral trioxide aggregate was placed in the 
root apices. Absorbable gelatin sponge (ABGEL) was packed 

inside bony cavity. Surgical site was closed with vicryl by 
placing interpapillary sutures (Figure 3& 4).The specimen 
was sent for histopathological examination.  
 

  
 

Fig 3(a): Raised flap and b) Excised specimen 
 

  
 

 
 

Fig 4(a): Enucleation of cyst b) Apicoetomy c) Cavity filled with 
Ab-gel 

 
Discussion 
According to the classification of the World Health 
Organization (WHO) it is regarded as one of the commonest 
type of fissural, non-odontogenic, intraosseous, 
developmental, epithelial, non-neoplastic cyst in the incisive 
canal at the midline of the anterior palate including or non-
including palatine papilla is called a nasopalatine duct cyst. It 
is accounting for between 3 and 12% of operated cysts of the 
jaw. Adults are more affected than children with higher 
incidence among males than females [9, 11-13]. However it has 
been suggested that in young African Caribbean’s, NPDC 
appears to be more clinically aggressive with larger and 
symptomatic lesions than in other ethnic groups [14]. 
Many authors suggest a spontaneous proliferation theory for 
NPDCs’ origin. Previously they were considered as fissural 
cysts, originated from the epithelium trapped during the 
fusion of embryological process, but this concept has been 
discarded7. Now many authors suggest that NPDCs develop 
from the epithelial remnants of the oro-nasal ducts (naso-
palatine ducts) within the incisive canals that are a 
communication through the bone into the hard palate linking 
the oral and nasal passages [1, 15, 16]. The incisive canal also 
contains blood vessels, nerves and glandular structures. 
Epithelium from Jacobson's organs that are located at the base 
of the nasal septum or in the roof of the mouth has also been 
proposed as a possible cause of cysts [12]. 
The stimulus for cyst formation from the epithelial remnants 
of the nasopalatine canal is uncertain. Local trauma during 
mastication or ill fitting dentures, bacterial infection, 
spontaneous proliferation and blockage of glandular ducts as 
well as racial or genetic factors are possible causes [1]. 
Study shows that 87% of the cases are asymptomatic and 
found only during routine clinical and radiographic 
examination [17]. The cyst may produce bulging of the floor of 
the nose or sometimes communication with the nasal cavity. 
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Usually patients complain of a small asymptomatic swelling 
just posterior to palatine papilla, as happened in above 
mentioned case. In rare cases, the swelling is associated with 
a burning sensation probably due to pressure on 
sphenopalatine nerve [23]. Pain is not a frequent complaint but 
it can be due to pressure on the nasopalatine nerves or if the 
cyst becomes secondarily infected [5]. Drainage may be 
mucoid, in which the patients describe a salty taste, or it may 
be purulent. Patients may complain of a foul taste, 
periodontaly compromised tooth, nasal obstruction, or 
discharge into the nasal cavity or oral cavity [18-23]. The 
vitality of nearby teeth due to performed endodontic therapy 
as in above reported case all maxillary incisors were 
undergone through root canal treatment. Root resorption 
though uncommon has been reported [24]. 
Radiographically, nasopalatine ducts cysts are usually well-
circumscribed round, ovoid, or heart-shaped radiolucency of 
the anterior maxilla, apical to the roots of the maxillary 
incisors. Heart shape due to the superimposition of the nasal 
spine [16, 18]. The clinician may have some difficulty in 
distinguishing between a large incisive foramen and a small 
asymptomatic incisive canal cyst on the basis of radiographic 
evidence alone. Some studies say that radiolucency of the 
incisive canal measuring less than 0.6 cm in diameter should 
not be considered cystic in the absence of other symptoms [5, 

25]. Cysts range in size, with an average diameter of 
approximately 1.5 cm and incisive foreman is not expected to 
exceed 6 mm in diameter. The absence of the lamina dura and 
enlargement of the periodontal space around the apex of the 
central incisor indicates an inflammatory lesion. Resorption of 
bone is more common than expansion of bone. In above 
reported case, the cyst had completely eroded the buccal bone 
plate. Nasopalatine duct cyst should be differentiated from the 
normal nasopalatine fossa. Shear and Speight have reported 
that the mean size of the nasopalatine fossa was as high as 
10.19 + 3.24 mm antero-posteriorly and 4.79 + 1.33 mm in 
width [24].  
The differential diagnosis should be established with the 
following conditions such as lateral radicular cyst, lateral 
periodontal cyst, odontogenic keratocyst, ameloblastoma, 
odontogenic myxoma, central giant tumor, brown tumor of 
hyperparathyroidism, central hemangioma. A through 
differential diagnosis must be established in order to avoid 
unnecessary endodontic procedures in vital permanent upper 
central incisors [26, 27]. 
The treatment of choice is enucleation to avoid relapse and 
postoperative long term follow-up is essential. 
Marsupialization is considered in large lesions followed by 
second stage enucleation [16, 21, 22, 28-30]. According to some 
studies recurrence rate is low and ranges from 0% to 11%. 
When branches of nasopalatine nerve are removed during 
surgery, paraesthesia of anterior palate may occur [9, 18, 31, 32]. 
Palatal approach along with autogenous bone graft has also 
been done in reported literature [9, 33]. Post-operatively 
extensive radiological investigation shows complete bone 
regeneration in a high proportion of cases. The incisive canal 
had probably been eliminated or become so minute that it 
cannot be seen on the X-ray films [34]. Bodin, Isaacson, and 
Julin advised for surgical exploration if the size of the 
radiolucency exceeds 8 mm, or if it shows asymmetric 
bulging [18, 24]. Small considered that surgery should not be 
undertaken until the radiolucency of the suspected cyst has 
reached a diameter> 6 mm and/or until symptoms appear [2]. 
Different treatment modalities of anterior maxillary swelling 
have been recommended. Ficarra et al. proposed the treatment 

as complete enucleation and fixation of the surrounding bone 
with Carnoy’s solution. Bhatt et al. proposed conservative 
treatment [35, 36]. In our case we performed complete 
enucleation and packing of bony cavity with Ab-gel.  
Absorbable gelatin sponge (Ab-gel) can be placed dry or after 
moistening it with saline or thrombin, conforms easily to 
wounds making and reported to induce a better quality clot 
than other cellulose products [37, 38]. 
 
Conclusion  
Nasopalatine duct cysts are the most common 
nonodontogenic cyst of the oral cavity seen in the general 
population and must be distinguished from other maxillary 
anterior radiolucency on the basis of clinical and radiographic 
examinations. Vitality test of teeth adjacent to cyst-like lesion 
is mandatory and the final diagnosis could only be decided 
after histopathological analysis. The treatment of choice is 
surgical exeresis of the cyst, although some authors propose 
Marsupialization of large NPDCs followed by enucleation. 
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ABSTRACT		

Unicystic	ameloblastoma	is	a	unique	variant	of	conventional	ameloblastoma	which	has	considerably	less	
recurrence	rate	than	its	counterpart.	Unlike	conventional	ameloblastoma	which	mostly	requires	aggressive	
management,	unicystic	ameloblastoma	has	different	treatment	modalities	which	can	be	conservative	or	ag-
gressive	depending	upon	the	histological	nature	of	the	tumor.	We	report	five	cases	of	unicystic	ameloblas-
toma	with	different	treatment	modalities	with	long	term	follow	up	and	satisfactory	results.	 	 	
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INTRODUCTION	

One	of	the	most	common	tumor	of	odontogenic	origin	
is	ameloblastoma	which	develops	from	epithelial	cell	
remnant	during	development.	This	tumor	is	consid-
ered	to	be	aggressive	in	nature	and	warrants	aggres-
sive	treatment	approach.	It	is	reported	to	have	high	
recurrence	 rate	 following	 conservative	 treatment.	
Unicystic	ameloblastoma	is	a	distinct	variant	of	con-
ventional	 ameloblastoma	with	 considerably	 less	 re-
currence	rate.	Unicystic	ameloblastomas	are	less	ag-
gressive	 than	 the	 multicystic	 variant.[1,2]	 These	 le-
sions	show	clinical	and	radiological	characteristic	of	
an	odontogenic	cyst	but	histologically	a	typical	ame-
loblastomatous	lining	part	of	the	cyst	cavity	with	or	
without	 luminal	 or	mural	 proliferation	 is	 seen.	 The	

goal	of	treatment	of	ameloblastoma	is	to	achieve	com-
plete	excision	and	appropriate	reconstruction.	How-
ever,	for	unicystic	ameloblastoma,	because	of	its	pro-
pensity	for	less	recurrence,	conservative	treatments	
like	enucleation,	curettage	etc	have	been	suggested.	
Aggressive	 variants	 demand	 radical	 treatment	 like	
resection.	 The	 choice	 of	 treatment	 depends	 on	 the	
histo-pathological	 picture	 as	 suggested	 by	 Acker-
mann	et	al[3]	in	1988	who	reclassified	UA	into	three	
types	with	prognostic	 and	 therapeutic	 implications.	
Type	I	&	II	are	usually	managed	by	conservative	treat-
ment	like	enucleation	and	curettage,	while	type	III	le-
sion,	due	to	aggressive	nature	necessitates	an	aggres-
sive	approach	like	resection.	However,	following	con-
servative	management	 long	term	follow	up	 is	advo-
cated.	We	 report	 five	 cases	 of	 unicystic	 ameloblas-
toma	 with	 different	 treatment	 modalities	 and	 long	
term	follow	up.		

Case	Series	

Case	1	

A	25	year	old	male	patient	 reported	 to	our	depart-
ment,	with	a	swelling	 in	 the	 left	angle	region	of	 the	
mandible.	The	swelling	had	gradually	increase	in	size	
over	a	period	of	one	year	and	was	not	associated	with	
any	pain,	or	discharge.	On	examination	 there	was	a	
marked	distortion	over	the	lower	third	of	the	face	due	
to	increased	size	of	the	swelling,	extending	from	the	
lower	border	of	the	mandible	to	the	ala	-tragus	line.	
Intra-oral	examination	revealed	bicortical	expansion	
extending	 from	 the	 lower	 left	 retromolar	 region	 to	
the	second	premolar	region.	Radiographic	examina-
tion	 Figure 1	 showed	 a	 unilocular	 expansile	 lesion	
with	scalloped	margins	extending	from	36	to	38	re-
gion.	Resorption	of	roots	was	noted	in	relation	to	36,	
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37	and	impacted	38.	The	lower	border	was	intact.	Im-
pacted	38	had	migrated	distally.	A	blood	tinged	straw	
coloured	fluid	was	noted	on	aspiration.	Incisional	bi-
opsy	confirmed	a	unicystic	ameloblastoma.	Following	
Ackermann’s	criteria,	 the	 lesion	was	enucleated	un-
der	 general	 anesthesia	 along	 with	 removal	 of	 im-
pacted	tooth,	followed	by	electrocauterization	of	the	
bony	cavity	Figure 2.	The	excised	lesion	was	sent	for	
histopathological	 examination	 which	 showed	 pres-
ence	of	cystic	space	lined	by	a	thin	epithelium	overly-
ing	 fibrocellular	 connective	 tissue	 stroma.	 The	 epi-
thelium	was	non	uniform	with	focal	areas	of	thicken-
ing	 along	with	 flat	 epithelial	 lining.	 The	 epithelium	
was	2-3	cell	layer	thick,	cells	of	basal	layer	were	co-
lumnar	 in	 shape	with	 hyperchromatic	 nuclei,	 along	
with	 nuclear	 palisading	 and	 polarization.	 Prolifera-
tion	at	few	places	within	the	lumen	was	noted.	Histo-
logical	features	were	confirmatory	of	unicystic	ame-
loblastoma.	 Patient	 has	 been	 followed	 up	 till	 date	
(31months)	with	no	evidence	of	recurrence.	

 
Figure 1: Preoperative OPG of Case 1 

 
Figure 2: Intraoperative view of Case 1	

Case	2	

A	29	year	old	female	patient	reported	to	our	depart-
ment	with	a	swelling	in	the	lower	anterior	mandibu-
lar	region	of	1	week	duration,	associated	with	numb-
ness	of	the	lower	lip	on	the	same	side.	On	examina-
tion,	mild	asymmetry	of	 the	chin	was	noted	and	 in-
traorally	a	firm	swelling	extending	from	32-37	region	
was	 noted	 with	 grade	 II	 mobility	 of	 32-34.	 Radio-
graphic	examination	Figure 3	showed	unilocular	ra-
diolucency	with	sclerotic	border,	extending	from	37	
to	 46	 region,	with	 associated	 root	 resorption	 of	 in-
volved	teeth	on	left	side.	A	pale	straw-coloured	fluid	
was	aspirated.	Based	on	the	clinical	and	radiographic	
findings	 provisional	 diagnosis	 of	 dentigerous	 cyst	

was	 arrived	 at.	 Histopathological	 examination	 re-
vealed	intraluminal	mass	arising	from	the	cyst	wall.	
This	major	cystic	space	was	lined	by	thin	epithelium	
showing	 basal	 palisading	 and	 spongiotic	 changes,	
characteristics	 of	 unicystic	 ameloblastoma.	 The	 le-
sion	was	 enucleaed	under	 general	 anaesthesia,	 and	
the	cavity	was	filled	with	iodoform	gauge	packing	to	
facilitate	 healing	 with	 secondary	 intention.	 Histo-
pathological	evaluation	Figure 4	of	the	excisional	bi-
opsy	specimen	confirmed	features	of	unicystic	ame-
loblastoma.	 The	 patient	 has	 been	 followed	 till	 date	
(26	months)	without	any	evidence	of	recurrence.	

 
Figure 3: Preoperative OPG of Case 2 

 
Figure 4: Histopathological Picture (10 X) of Case 2 

Case	no.	3	

A	40	years	old	male	patient	reported	to	us	with	pain-
ful	 swelling	of	11	month	duration,	 in	 the	 left	 lower	
mandibular	region	extending	from	ear	lobe	to	the	an-
gle	 of	 mandible.	 On	 examination	 there	 was	 gross	
asymmetry	of	the	face,	and	intraorally	grade	III	mo-
bility	 of	 36	was	noted.	 Intraorally	 bicortical	 expan-
sion	was	noted,	extending	from	35	to	37	region.	Blood	
tinged	pus	like	fluid	was	noted	on	aspiration.		

 
Figure 5: Preoperative OPG of Case 3 
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Radiographic	examination	Figure 5	 showed	a	 large,	
well-defined	unilocular	 radiolucency	with	scalloped	
margin	extending	from	the	35	region	to	the	 level	of	
sigmoid	notch.	Resorption	of	the	roots	of	35,	36	was	
noted.	Incisional	biopsy	confirmed	characteristic	fea-
tures	 of	 unicystic	 ameloblastoma.	 Considering	 the	
size	and	histopathological	nature	of	the	lesion	based	
on	 Ackermann’s	 criteria,	 marsupialisation	 was	 car-
ried	 out	 Figure 6	 under	 general	 anaesthesia.	 After	
marsupialisation,	 a	 pre-fabricated	 obturator	 was	
used	to	keep	the	window	of	the	lesion	open.	Patient	
has	been	regularly	reviewed	till	date	(6	months)	and	
there	have	been	no	signs	of	recurrence.	Patient	is	due	
to	have	enucleation	of	the	lesion	in	the	near	future.	

 
Figure 6: Intraoperative view of Case 3 

Case	no.	4		

A	30	year	old	female	was	referred	to	our	department	
with	 a	 chief	 complaint	 of	 pain	 and	 swelling	 in	 the	
lower	 left	 mandibular	 region	 for	 6	 months.	 Ex-
traorally,	a	swelling	in	the	left	mandibular	angle	re-
gion	extending	from	the	corner	of	mouth	to	the	pre	
auricular	 region	 was	 noted.	 Intraorally	 a	 firm	 ul-
ceroproliferative	 swelling	 extending	 from	 the	 left	
mandibular	first	molar	area	to	the	ascending	ramus	
was	noted.		

 
Figure 7: Preoperative OPG of Case 4 

Radiographic	 examination	Figure 7	 revealed	 a	well	
defined,	radiolucent	lesion	extending	from	lower	left	
canine	to	ramus	of	the	mandible.	Aspiration	showed	
a	 blood	 tinged	 pus	 like	 material.	 Histopathological	
evaluation	of	the	incisional	biopsy	specimen	showed	
characteristic	infiltration	of	fibrous	wall	of	the	lesion	
by	 suggestive	 of	 mural	 unicystic	 ameloblastoma	
(Ackermann’s	 Type	 III).	 Under	 general	 anaesthesia	
surgical	resection	of	the	tumor	mass	with	a	2cm	rim	
of	uninvolved	bone	was	carried	out,	sparing	the	con-
dyle	 (Figure	 8).	 Histopathological	 evaluation	 of	 the	

resected	tumor	mass	confirmed	mural	variant	of	uni-
cystic	ameloblastoma.	The	follow	up	of	the	patient	for	
past	44	months	has	been	uneventful.	

 
Figure 8: Postoperative OPG of Case 4 

Case	no.	5	

A	17year	old	female	patient	reported	to	our	depart-
ment	with	swelling	over	the	right	side	of	the	face	for	
one	and	a	half	year,	extending	from	right	corner	of	the	
mouth	 to	 the	 angle	 region.	 Extra	 oral	 examination	
showed	moderate	asymmetry	of	the	right	side	of	the	
mandible	Figure 9.	 Intra	orally	the	swelling	was	ex-
tending	from	43	to	48	region.	Radiographic	examina-
tion	 showed	 a	 typical	 osteolytic	 unilocular	 radiolu-
cency	extending	to	43	to	48	region.	A	straw	coloured	
fluid	was	 aspirated.	Histopathological	 evaluation	 of	
the	incisional	biopsy	specimen	revealed	presence	of	
invasive	islands	of	ameloblastomatous	epithelium	in	
the	connective	tissue	of	the	cyst,	suggestive	of	Acker-
mann’s	Type	III.	Wide	reaction	was	carried	out	under	
general	anesthesia.	A	transport	distractor	was	placed	
to	 achieve	 reconstruction	 of	 the	 resected	 segment	
Figure 10.	But	unfortunately	in	this	patient	following	
consolidation	phase	of	distraction	osteogenesis	there	
was	collapse	of	the	alveolar	arch	on	the	resected	side	
compromising	 the	 aesthetics.	 Osteotomy	 was	
planned	but	 the	patient	declined	 further	 treatment.	
There	has	been	no	evidence	of	recurrence	in	a	follow	
up	period	of	45	months.	

 
Figure 9: Preoperative Extraoral View of Case 5 

 
Figure 10: Postoperative OPG of Case 5 
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DISCUSSION	

WHO	in	1992	defined	ameloblastoma	as	benign	but	
locally	invasive	polymorphic	neoplasm	consisting	of	
proliferating	odontogenic	epithelium,	which	usually	
has	a	follicular	or	plexiform	pattern	lying	in	a	fibrous	
stroma.	Robinson	defined	ameloblastoma	as	Unicen-
tric	non	 functional	 intermittent	 in	 growth	anatomi-
cally	benign	and	 clinically	persistent.	Robinson	and	
Martinez[1]	in	1977	described	a	distinct	entity	called	
unicystic	ameloblastoma,	known	 for	 less	aggressive	
behavior	as	compared	to	solid	ameloblastoma.	It	has	
been	termed	variously	as	cystic	ameloblastoma4,	in-
tracystic	 ameloblastoma[5],	 cystogenic	 ameloblas-
toma6	 and	 mural	 ameloblastoma[7].	 WHO	 in	 2017	
classified	ameloblastoma	into	4	types:	Conventional	
(solid/multicystic)	 type	 ameloblastoma,	 Unicystic	
ameloblastoma,	Peripheral/extraosseous	ameloblas-
toma,	and	Metastasising	(malignant)	ameloblastoma.	
In	 this	 new	 classification,	 a	 uniform	 terminology	of	
unicystic	ameloblastoma	was	accepted[8].	Macroscop-
ically	unicystic	ameloblastoma	is	cystic	in	nature	but	
on	histological	examination,	 shows	a	 typical	amelo-
blastomatous	 epithelium	 lining	 part	 of	 cyst	 cavity	
with	or	without	luminal	and	or	mural	tumor	growth	
and	most	important	is	its	less	aggressive	biologic	be-
havior	and	low	recurrence	rate	than	the	classic	solid	
or	multicystic	 ameloblastoma.	 It	 accounts	 for	 10	 to	
15%	 of	 all	 intraosseous	 ameloblastoma	 in	 various	
studies	and	more	than	90	percent	of	these	lesions	are	
found	in	mandible	usually	posterior	region	which	are	
often	 asymptomatic,	 although	 large	 lesions	 may	
cause	a	painful	swelling	of	the	jaw.	Most	of	the	ame-
loblastomas	are	 chance	 finding	as	 it	 initially	 causes	
mild	 facial	 deformity	which	may	 go	 unnoticed.	 The	
mean	age	range	of	the	patients	at	the	time	of	diagno-
sis	is	25.5	years	according	to	Li	et	al.	46%	of	the	cases	
occur	 in	 the	 second	 decade	 with	 an	 age	 range	 be-
tween	6-79	years[9].	However	in	our	case	series	4	out	
of	5	cases	were	below	30	years	with	3	patients	falling	
in	the	third	decade.	This	is	suggestive	that	unicystic	
ameloblastoma	 occur	 considerably	 earlier	 than	 the	
solid	multicystic	ameloblastoma.	Literature	suggests	
95.4%	 cases	 affected	 the	 mandible	 with	 a	 distinct	
predilection	for	the	posterior	mandible.	This	study	is	
similar	to	our	case	series	where	in	4	out	of	5	patients	
had	posterior	mandible	involvement.	

According	to	Li	et	al[9]	55%	of	the	cases	were	males.	
However	in	our	case	series	there	was	a	female	predi-
lection	with	a	ratio	of	4:1.	Classical	clinical	presenta-
tion	of	unicystic	ameloblastoma	is	swelling	of	the	af-
fected	 jaw.	 Pain	may	 be	 present	 at	 a	 later	 stage	 or	
when	 secondarily	 infected.	 In	 our	 case	 series	 3	 pa-
tients	had	initial	complaint	of	only	swelling	however	
2	patients	complained	of	pain	associated	with	swell-
ing	 in	which	 swelling	was	noticed	prior	 to	onset	of	
pain.		

Radiographically	 unicystic	 ameloblastoma	 presents	
typical	 unilocular	 radiographic	 appearance	 of	 cir-
cumscribed	 radiolucency	 with	 peripheral	 sclerotic	

border	 that	 frequently	 surrounds	 the	 crown	 of	 an	
unerupted	mandibular	molar.	Rarely	the	borders	can	
be	scalloped	 indicating	 the	aggressive	nature	of	 the	
lesion.	Radiographic	appearance	of	all	unicystic	ame-
loblastoma	has	been	divided	into	two	main	patterns,	
unilocular	 and	 multilocular,	 with	 a	 clear	 predomi-
nance	 of	 the	 unilocular	 configuration	 in	 all	 studies	
where	features	was	evaluated.[6]	In	all	our	cases	also	
we	found	a	well	defined	typical	unilocular	expansile	
radiolucency	having	a	scalloped	margin	causing	root	
resorption	of	the	involved	tooth	and	displacement	of	
the	involved	crown	by	the	cystic	tumor.	

The	 histopathological	 features	 of	 unicystic	 amelo-
blastomas	have	been	established	by	several	authors,	
all	of	whom	recognize	various	subtypes	determined	
by	the	pattern	and	extent	of	ameloblastomatous	pro-
liferation	 in	 relation	 to	 the	cyst	wall.[7]	Features	 in-
clude	thin,	nonkeratinized	epithelium,	basal	palisad-
ing,	 spongiosis,	 epithelial	 invaginations	 and	 subepi-
thelial	hyalinization.	

Histopathologically	 in	 1988,	 Ackermann	 et	 al[3]	 re-
classified	 UA	 into	 three	 types	 with	 prognostic	 and	
therapeutic	implications.		

In	Type	1,	the	tumor	is	confined	to	luminal	surface	of	
cyst	with	a	lining	of	ameloblastomatous	epithelium.		

Type	2	is	characterized	by	epithelial	nodules	arising	
from	the	cystic	lining	and	projecting	into	the	cyst	lu-
men.	There	is	no	evidence	of	infiltration	of	the	fibrous	
cystic	wall	in	either	type	of	lesion.	

	In	Type	3,	the	fibrous	wall	of	cyst	is	infiltrated	by	a	
trabecular	pattern	that	resembles	the	plexiform	pat-
tern	seen	in	conventional	ameloblastoma.	In	addition,	
it	is	characterized	by	a	basal	layer	of	columnar	cells	
with	hyperchromatic	 nuclei.	 These	 cells	 are	 loosely	
cohesive	and	resemble	stellate	reticulum	epithelium.		

Treatment	 of	 unicystic	 ameloblastoma	 depends	 on	
the	 histological	 picture	 of	 the	 lesion.	 In	 cases	 of	
Ackermann	 type	 I	&	 II,	 conservative	 treatment	mo-
dalities	like	enucleation	and	curettage	etc	are	usually	
advocated,	where	as	for	Ackermann	type	III	lesions,	
considering	its	aggressive	nature	literature	suggests	
aggressive	approach	with	resection	 followed	by	ap-
propriate	 reconstruction.	 In	 the	 literature,	 recur-
rence	 after	 conservative	 treatment	 of	 conventional	
ameloblastoma	 ranges	 from	 50%	 to	 90%[10].	 How-
ever	for	unicystic	ameloblastoma	it	is	reported	to	be	
between	10%	&20%;	whereas	conservative	manage-
ment	of	a	lesion	with	mural	invasion	has	recurrence	
rate	upto	43%.	

In	our	case	series,	2	patients	who	had	a	histopatho-
logical	picture	similar	to	type	III	had	undergone	re-
section	and	reconstruction	with	reconstruction	plate	
(case	 4)	 and	 distraction	 osteogenesis	 (case	 5).	 Fol-
lowing	transport	distraction	we	encountered	compli-
cation	in	the	form	of	arch	collapse	especially	on	the	
resected	side	thereby	compromising	the	esthetics	of	
the	patient.	In	other	patient	following	reconstruction	
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with	 reconstruction	 plate	 denture	 was	 fabricated	
with	satisfactory	results.	These	two	patients	who	had	
Ackermann	type	III	unicystic	ameloblastoma,	did	not	
show	any	signs	of	recurrence	even	after	a	mean	fol-
low	up	period	of	44	months.	

According	to	Norifumi	Nakamura	et	al11,	marsupiali-
sation	 was	 effective	 in	 young	 patients	 and	 varied	
from	4	months	to	9	years	and	6	months.	In	our	case	
series	1	patient	had	undergone	marsupialisation	as	
the	lesion	was	considerably	big	and	was	involving	the	
major	anatomical	structures.	In	this	patient,	radiolog-
ically	there	was	scalloped	margin	with	an	Ackermann	
type	II	lesion.	Considering	the	tumor	extent,	we	had	
opted	for	marsupialisation.	

In	1961	Seldin[12]	reported	the	usefulness	of	marsu-
pialisation	 as	 a	 treatment	 for	 unicystic	 ameloblas-
toma.	This	procedure	aids	 in	minimizing	 the	 tumor	
volume	and	limits	the	extent	of	surgery	to	an	extent.	
It	simplifies	the	second	surgery	or	at	times	eradicates	
the	tumor	in	toto.	In	our	case	following	6	months	the	
lesion	has	reduced	in	size,	but	has	not	completely	re-
solved.	Marsupialisaion	 has	 potential	 for	 new	 bone	
formation	which	 is	mainly	 influenced	by	 the	 age	of	

the	patient	and	hence	it	seems	to	be	more	useful	 in	
young	patients.	

Unicystic	ameloblastoma	is	a	tumor	which	is	more	of-
ten	treated	as	a	cyst	especially	Ackermann	type	I	&	II	
because	of	less	chances	of	recurrence	and	hence	con-
servative	 management	 especially	 enucleation	 has	
been	 widely	 advocated	 for	 its	 management.	 When	
enucleation	can	be	achieved	in	toto,	chances	of	recur-
rence	are	considerably	lesser.	However	Marx	et	al13	
had	demonstrated	that	ameloblastic	tumor	cells	can	
extend	2.3	to	8	mm	beyond	the	radiographic	margins	
of	the	tumor	and	thus	the	enucleation	followed	by	the	
application	 of	 carnoy’s	 solution	 or	 electrocautery	
would	help	 in	minimizing	 the	 recurrence	of	 the	 tu-
mor.		

Carnoy’s	solution	(chloroform	3	ml,	absolute	alcohol	
6	ml,	glacial	acetic	acid	1	ml,	ferric	chloride	1	gm)	is	a	
powerful	 fixative,	 first	 described	 by	 Culter	 and	
Zollinger[14],	can	penetrate	bone	upto	1.54mm[15]	

In	our	case	series,	in	case	number	1	we	opted	for	enu-
cleation	 followed	 by	 thermal	 coagulation	 of	 all	 the	
raw	bony	margins	which	gave	us	satisfactory	results	

Table 1: Summary of the cases 

Case Important Observations 
Histopatho-
logical Diag-

nosis 
Treatment 

Done Follow Up 

1 

3rd Decade Of Life 
Gradually increasing swelling in the poste-
rior mandible showing bicortical expansion, 

straw coloured aspirate and 
unilocular radiolucency 

Unicystic 
Ameloblas-

toma 

Curettage 
+ Electrocau-
terization + 

Primary Clo-
sure 

31 months without any 
signs and symptoms of 

recurrence 

2 

3rd Decade Of Life 
Gradually increasing swelling in the anterior 

mandible showing bicortical expansion, 
straw coloured aspirate and 

unilocular radiolucency 

Unicystic 
Ameloblas-

toma 

Enucleation 
+ 

Iodoform 
Gauge Packing 

26 months without any 
signs and symptoms of 

recurrence 

3 

4th Decade Of Life 
Gradually increasing swelling in the poste-
rior mandible showing bicortical expansion, 

blood tinged pus as aspirate and 
unilocular radiolucency 

Unicystic 
Ameloblas-

toma 

Marsupialisa-
tion 
+ 

Obturator 

6 months with signifi-
cant reduction in the 

size of the tumor 

4 

3rd Decade Of Life 
Gradually increasing swelling in the poste-
rior mandible showing blood tinged pus as 

aspirate and 
unilocular radiolucency 

Unicystic 
Ameloblas-

toma 

Resection 
+ 

Reconstruction 
with Recon 

Plate 

44 months without any 
signs and symptoms of 

recurrence 

5 

2nd Decade Of Life 
Gradually increasing swelling in the poste-
rior mandible showing straw coloured aspi-

rate and 
unilocular radiolucency 

Unicystic 
Ameloblas-

toma 

Resection 
+ 

Reconstruction 
with Recon 

Plate 
+ 

Distraction Os-
teogenesis 

45 months without any 
signs and symptoms of 

recurrence 
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with	a	follow	up	period	of	31	months	without	any	re-
currence.	In	case	number	2	following	enucleation	we	
applied	 carnoy’s	 solution	 to	 the	bony	margins	with	
cotton	applicators	for	three	minutes.	Following	sur-
gery	packing	of	the	bony	cavity	was	done	with	iodo-
form	 gauze	 to	 aid	 in	 healing	with	 secondary	 inten-
tion[16].	This	patient	is	been	followed	up	for	past	26	
months	without	any	sign	of	recurrence.	

There	is	no	universally	accepted	treatment	modality	
for	ameloblastoma.	Our	approach	to	management	of	
these	lesions	is	not	significantly	different	to	that	ad-
vocated	 in	 literature.	 In	 our	 follow	up	 series,	 cases	
where	resection	was	done	have	been	followed	up	for	
a	maximum	 time	period	without	 any	 sign	 of	 recur-
rence	Table 1: Summary of the cases.	The	treatment	
plan	for	unicystic	ameloblastoma	should	be	tailored	
to	individual	patients	depending	upon	their	age,	signs	
and	symptoms	and	histopathological	picture.	

CONCLUSIONS	

The	diagnosis	of	unicystic	ameloblastoma	is	based	on	
clinical,	 histopathologic	 and	 CT	 features.	 Conserva-
tive	treatment	for	unicystic	ameloblastoma	seems	to	
be	 justified	 in	 preference	 to	mutilating	 radical	 sur-
gery,	 especially	 in	 cases	 of	 Ackermann	 type	 1	 and	
type	2.	In	cases	of	recurrence,	resection	with	normal	
bone	margin	 is	 advocated.	 However,	 for	 Ackerman	
type	3	unicystic	 ameloblastoma	or	 any	 type	of	 uni-
cystic	ameloblastoma	in	the	posterior	maxilla	(where	
there	is	ominous	potential	for	recurrence	and	infiltra-
tion	 into	 adjacent	 structures)	 resection	 in	 form	 of	
partial	maxillectomy,	marginal	resection	or	segmen-
tal	resection	of	mandible	is	necessary.	Unicystic	ame-
loblastoma	is	a	tumor	with	a	high	rate	of	recurrence	
especially	 when	 the	 ameloblastic	 focus	 penetrates	
the	adjacent	tissues	from	the	wall	of	the	cyst.	The	abil-
ity	to	predict	this	potential	occurrence	prior	to	per-
forming	a	particular	therapeutic	strategy	would	defi-
nitely	 reduce	 the	recurrence	 incidence.	 Irrespective	
of	 the	 treatment	 modality,	 long	 term	 follow-up	 is	
mandatory,	as	recurrence	of	unicystic	ameloblastoma	
may	be	long	delayed.		
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ABSTRACT		

Nasopalatine	duct	 cyst	 (NPDC)	also	known	as	nasopalatine	cyst	 is	 a	developmental,	 epithelial,	non-neo-

plastic	cyst,	considered	to	be	one	of	the	most	common	developmental	cysts	in	oral	and	maxillofacial	region.	

It	is	the	most	common	non	odontogenic	cyst	of	the	oral	cavity.	Nasopalatine	cysts	are	ususally	asymptomatic	

and	are	noticed	during	routine	clinical	or	radiological	evaluation.	This	article	reports	five	cases	of	NPDC	

managed	by	different	treatment	modalities.	 	 	
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INTRODUCTION	

Nasopalatine	duct	cyst	has	been	known	as	incisive	ca-
nal	cyst,	incisive	duct	cyst,	anterior	middle	cyst,	max-
illary	midline	cyst,	anterior	middle	palatine	cyst	and	
fissural	cyst	in	the	past	[1,2]	It	was	first	described	by	
Meyer	in	1914	[3,4,5,6]	as	“supernumerary	nasal	sinus”	
[7].	It	is	believed	to	arise	from	the	embryological	rem-
nants	 of	 nasopalatine	 duct	 connecting	 the	 oral	 and	
nasal	cavities	in	the	areas	of	incisive	canal	[6,8,9,10,11].	
Trauma	or	bacterial	infections	have	been	mentioned	
as	possible	triggers,	but	there	is	very	little	evidence	
to	 support	 such	 hypotheses.	 Although	 aetiology	 of	
this	lesion	is	still	uncertain,	the	NPDC	most	likely	rep-
resents	 a	 spontaneous	 cystic	 degeneration	 of	 rem-
nants	of	the	nasopalatine	duct	[12,13,14,15]	and	some	ge-
netic	 determinants	 have	 been	 suggested	 [15,16].	 The	
nasopalatine	duct	gradually	narrows	during	the	fetal	

development	 until	 one	 or	 two	 central	 clefts	 are	
formed	on	the	maxillary	midline.	Nasopaltine	neuro-
vasculature	 is	 present	 in	 the	 intrabony	 trajectories	
which	 emerges	 from	 nasopalatine	 foramen.	 There	
may	be	six	different	such	foraminas	that	possess	ex-
clusively	vascular	elements	emerging	separately	and	
are	 termed	 as	 Scarpa’s	 foramina	 [17,18,19].	 NPDC	 oc-
curs	in	1out	of	every	100	persons	with	a	slight	male	
predilection,	 the	 mean	 age	 being	 42.5	 years	 [17,20]	
though	there	have	been	reports	of	NPDCS	in	pediatric	
patients	up	to	8	years	of	age	[19].	NPDC	occurs	in	me-
dian	of	palate	usually	anterior	to	1st	molars	and	are	
located	 behind	 the	 maxillary	 central	 incisors	 in	 or	
near	the	incisive	canal	which	can	be	seen	in	close	ap-
proximation	 of	 apices	 of	 the	 incisors	 or	 canine	 de-
pending	on	the	size	of	the	lesion.	It	rarely	causes	root	
resorption	 [6,21].	Patent	or	partially	patent	nasopala-
tine	ducts	occur	in	three	clinical	forms:	central,	uni-
lateral,	and	bilateral	[19,22].	Usually	it	is	asymptomatic	
unless	secondarily	infected,	but	sometimes	they	may	
produce	an	elevation	or	swelling	in	the	anterior	max-
illa	[5].	They	are	rarely	associated	with	either	pain	or	
purulent	 discharge,	 and	 sometimes	 present	 with	
burning	 sensation	 in	 anterior	maxilla,	 radiating	 till	
the	bridge	of	the	nose,	along	with	numbness	over	the	
palatal	mucosa	[7,23,24,25].	NPDC	may	be	confused	with	
the	median	palatine	cyst	or	other	palatine	cysts	and	
are	 preferably	 managed	 with	 surgical	 enucleation	
[23,7,15,17,24]	where	 the	defect	can	be	 filled	with	bone	
regenerating	materials	like	PRF	mixed	with	or	with-
out	allograft,	or	autograft.	

Case	1	

A	24	year	old	male	patient	presented	with	swelling	in	
the	anterior	region	of	upper	jaw,	which	gradually	in-
creased	in	size	over	6	to	7	months.	On	examination,	
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the	swelling	was	nontender,	nonfluctuant,	nonpulsa-
tile,	but	was	firm	with	no	bruit	on	auscultation.	Swell-
ing	measured	2.5	cm	x	3	cm	extending	from	Right	ca-
nine	to	left	canine	of	maxilla.	Anteriors	appeared	to	
be	vital	on	pulp	vitality	testing.	Slight	mobility	with	
the	 central	 incisors	 was	 noticeable	 that	 eventually	
malaligned	with	the	maxillary	arch	due	to	the	inclina-
tion	 of	 the	 roots.	 Protrusion	 of	 the	 central	 incisors	
was	seen	labially.		The	palatal	mucosa	was	soft	in	con-
sistency	where	rugae	appeared	to	be	comparatively	
flattened.	Occlusal	 radiograph	revealed	a	unilocular	
heart-shaped	 radiolucent	 lesion	 with	 well-defined	
sclerotic	borders	measuring	2.5	cm	x	3	cm,	extending	

from	13	to	23	(Figure 1).	Considering	clinical	and	ra-
diographic	 examination,	 provisional	 diagnosis	 of	 a		
Nasopalatine	duct	cyst	was	arrived	at	and	treatment	
was	 planned	 accordingly.	 Intentional	 RCT	 for	 both	
the	central	incisors	was	carried	out,	and	apicectomy	
and	Enucleation	was	performed	under	local	anesthe-
sia	(fig	no.2	and	3).	The	friable	cystic	lining	from	bony	
walls	was	sent	 for	histopathological	analysis,	which	
confirmed	squamous	and	respiratory	cell	types,	infil-
trated	by	the	inflammatory	cells,	suggestive	of	a	na-
sopalatine	duct	cyst.	24	week	follow	up	has	been	un-
eventful.	

 
Figure 1: Preoperative occlusal radiograph	

Case	2	

A	30	year	old	lady	presented	with	a	swelling	associ-
ated	 with	mild	 pain	 and	 burning	 sensation	 for	 2-3	
months	in	upper	anterior	region.	Swelling	measured	
about	2	cm	x	1.5	cm.	Pulp	vitality	test	was	positive	for	
12,11,21,22.	Occlusal	radiograph	revealed	a	well	de-
fined,	 unilocular	 heart	 shaped	 corticated	 radiolu-
cency	between	the	roots	of	central	 incisors	that	ap-
peared	to	be	diverging.	Surgical	enucleation	through	
a	 palatal	 approach	 under	 local	 anesthesia	 was	
planned	after	a	provisional	diagnosis	of	nasopalatine	
duct	cyst.		Thorough	curettage	and	irrigation	was	car-
ried	out	and	the	defect	was	filled	with	PRF	mixed	with	
alloplastic	 granules.	 There	 were	 no	 signs	 of	 recur-
rence	6	months	post	op.		

Case	3	

A	36	year	old	female	patient	presented	with	swelling	
and	pain	during	mastication	in	upper	anteriors	for	4	
months.	Clinical	examination	showed	a	non-pulsatile,	
non-fluctuant,	 tender	 swelling	 extending	 palatally	

from11	 to	 22.	 Swelling	 measured	 about	 3cmx3cm.	
11,21	and	22	were	vital	on	pulp	vitality	testing.	Radi-
ographically,	a	unilocular	heart	shaped	central	radio-
lucency	 with	 well	 defined	 corticated	 borders	 was	
seen.	Surgical	Enucleation	was	performed	under	local	
anaesthesia.	 Thorough	 irrigation	 of	 the	 defect	 was	
carried	out	and	cavity	was	filled	with	PRF	mixed	with	
alloplastic	 granules.	Histopathological	 evaluation	 of	
the	specimen	confirmed	a	Nasopalatine	duct	cyst.	A	
21	week	follow	up	has	been	uneventful.	

Case	4	

A	42	year	old	male	patient	was	referred	from	the	de-
partment	of	conservative	dentistry	for	evaluation	of	a	
possible	 sinus	 tract	 in	 the	palatal	 region	of	21.	The	
tooth	 was	 asymptomatic.	 Past	 history	 revealed	
trauma	to	the	tooth	21	years	ago	and	an	incomplete	
endodontic	 treatment.	 On	 clinical	 examination,	 a	
2x2mm	ovoid	depression	was	noted	over	the	palatal	
region	of	the	incisive	papilla,	with	a	flap	of	tissue	cov-
ering	 the	 defect.	 Occlusal	 radiographic	 evaluation	
confirmed	 a	 well	 circumscribed	 heart	 shaped,	
periradicular	 radiolucent	 lesion.	 	11	was	 root	 canal	
treated		and	surgical	enucleation	of	the	cystic	lesson	
was	 carried	 out,	 along	 with	 apicectomy	 and	 retro-
grade	root	filling	for	11.		After	thorough	irrigation	of	
the	defect,	PRF	mixed	with	alloplastic	granules	was	
filled	 and	 primary	 closure	 was	 done.	 Periodontal	
pack	was	given	and	patient	was	prescribed	a	course	
of	 antibiotics	 and	 analgesics.	Histopathology	 report	
confirmed	a	nasopalatine	duct	cyst.	A	28	week	follow	
up	has	been	uneventful.	

Case	5	

A	50	year	old	male	patient	with	pressure	and	burning	
sensation	in	the	upper	anterior	jaw	region,	radiating	
to	the	nasal	bridge.	Clinically,	a	bluish	circular	swell-
ing	was	noticed	posterior	to	the	palatine	papilla	in	the	
midline.	 Swelling	 was	 non-pulsatile,	 non-fluctuant,	
tender,	 	without	 any	 associated	discharge.	 Swelling	
measured	3x2	cm	extending	from13	to	23.	Pulp	vital-
ity	test	was	positive	for	11,12,13,	21,22	and	23.	Plain	
radiographic	evaluation	showed	a	well-	defined,	cor-
ticated,	 unilocular	 radiolucency	 anteriorly	 between	
apical	thirds	of	the	11	ad	21,		extending	laterally	till	
13,	23.		Root	canal	treatment	was	carried	out	for	up-
per	central	incisors,	lateral	incisors	and	canines.	Enu-
cleation	 of	 the	 cystic	 lesion	 along	 with	 apicectomy	
and	retrograde	filling	for	the	RCT	treated	teeth	was	
carried	 out.	 Defect	was	 then	 filled	with	 PRF	mixed	
with	 alloplastic	 granules,	 and	 primary	 closure	 was	
achieved.	 	 	One	year	follow	up	was	completely	une-
ventful.	

DISCUSSION	

Nasopalatine	 duct	 cyst	 show	 a	 significantly	 higher	
frequency	of	occurrence	in	men	then	that	of	woman,	
the	ratio	being	2.5:1	[15,20,24,25,26,27,28].	It	is	usually	no-
ticed	 between	 fourth	 and	 sixth	 decades	 of	 life	 [3,5],	
though	 there	are	 few	case	 reports	 in	paediatric	pa-
tients	[1,17].	Our	series		has	an	age	range	of	20-60	years	
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with	a	slight	male	predilection.	Clinically	all	the	cases		
presented	with	a	midline	palatal	swelling,	except	one	
which	was	associated	with	a	palatal	sinus.		Plain	radi-
ographic	evaluation	showed	typical;	solitary,	uniloc-
ular,	midline	heart	shaped	radiolucency	with	well	de-
fined	sclerotic	borders,	in	most	of	the	cases.	In	all	the	
cases,	 the	 surgical	 defect	 was	 managed	 with	 PRF	
mixed	with	 alloplastic	 granules,	 for	 bone	 regenera-
tion	and	better	healing.		

There	is	no	conclusively	proven	pathogenesis	for	this	
lesion,	although	embryological	remnants	of	epithelial	
cells	are	noticed	in	the	nasopalatine	duct;	which	is	a	
communication	between	the	anterior	maxilla	and	the	
nasal	cavity	[29,30].	It	gradually	narrows	due	to	the	fu-
sion	of	palatal	plates	resulting	in	the	formation	of	the	
incisive	canals	carrying	nerves,	vessels	and	epithelial	
rests	 from	 degenerated	 nasopalatine	 ducts.	 Within	
the	jaw	bone,	it	 is	commonly	occurring	pathological	
processes	but	is	unique	in	that	it	develops	in	a	single	
location-	in	the	midline	anterior	maxilla.	As	the	cyst	
is	usually	asymptomatic,	it	may	be	detected	only	on	
routine	radiographs	[31].		

Plain	 radiographs	 like	 OPG,	 periapical	 and	 occlusal	
views,	as	well	as	a	CT	when	needed	are	recommended	
for	evaluation	of	the	cyst	and	the	surrounding	struc-
tures	[4,18,25,32].		

Differential	diagnosis	includes	enlarged	nasopalatine	
duct,	central	giant	cell	granuloma,	radicular	cyst	that	
is	 associated	 with	 upper	 central	 incisors,	 follicular	
cyst	 associated	 with	 the	 mesiodens,	 nasoalveolar	
cyst,	 primordial	 cyst,	 osteitis	 with	 palatal	 fistulisa-
tion,	 bucconasal	 or	 buccosinusal	 communication	
[18,19].	Surgical	excision	and	marsupialisation	are	the	
treatment	modalities	[8,20].	The	neurovasculature	can	
cause	 profuse	 bleeding	 if	 inadvertently	 sectioned,	
and	electrocoagulation	may	be	needed	in	such	cases	
[23,18].	 In	small	defects,	blood	clot	 is	replaced	by	 im-
mature	bone	within	few	weeks	but		larger	defects	are	
filled	from	periphery	that	may	take	months	[5,35].		

In	the	case	series,	PRF	was	combined	with	alloplastic	
material	is	for	its	angiogenic,	proliferative,	and	differ-
entiation	effects	due	to	the	transforming	growth	fac-
tor-beta	(TGF-beta)	and	the	Platelet-derived	growth	
factor	(PDGF)	that	are	present	in	high	concentrations.	
In	addition,	 it	promotes	wound	healing,	growth	and	
bone	 maturation	 [36,37].	 The	 combination	 with	 PRF	
stabilizes	 bone	 grafting	 and	 promotes	 hemostasis	
and	better	handling	of	the	graft	material	[37].	There	is	
little	cancellous	bone	in	the	maxilla	that	can	contrib-
ute	 to	 endosteal	 osteogenesis	 and	 the	 likelihood	 of	
complete	bony	repair	may	be	reduced	in	large	cavi-
ties	 when	 both	 cortical	 plates	 are	 perforated	 [35].	
Other	osteogenic	materials	used	for	managing	cystic	
defects	are;	A	combination	of	Bioplast_	fibrin	powder,	
thrombin,	patients	blood	and	antibiotics	[38,5],	Platelet	
rich	 fibrin	 [39],	 Xenograft	 bone	 with	 aspirate	 bone	
marrow	 [40],	 Recombinant	 bone	 morphogenic	 pro-
tein—2	 (rh	 BMP-2)	 in	 conjunction	 with	 rib	 graft	
[41,42].	Other	substances	capable	of	delivering	BMPs	to	

tissues	for	longer	periods,	such	as	fibrin	and	collagen	
sponges,	hydroxyapatite,	calcium	sulphates	and	syn-
thetic	materials	 like	 copolymers	have	been	used	 as	
carriers	in	most	studies.	They	are	believed	to	increase	
the	osteoinductive	capacity	of	BMPs	[5].	

The	 histological	 study	 of	 NPDCs	 normally	 only	 re-
veals	 squamous	 cell	 epithelium	 (in	 40%	 of	 cases),	
though	 in	 some	 cases	 the	 latter	 is	 combined	 with	
other	 types	of	 epithelium	such	as	 ciliary	 cylindrical	
cells	 [18,20].	 A	 reported	 71.8%	 of	 nasopalatine	 duct	
cysts	 have	 squamous,	 columnar,	 cuboidal,	 or	 some	
combination	of	these	epithelial	types.	Respiratory	ep-
ithelium	is	seen	in	only	9.8%	[8].	The	cyst	lumen	usu-
ally	 contains	 an	 abundant	 inflammatory	 infiltrate	
with	 a	 great	 variety	 of	 polymorphonuclear	 leuko-
cytes,	secondary	to	chronic	 inflammation	 [20].	Cystic	
lesions	of	the	maxillae	warrant	thorough	evaluation,	
precise	 treatment	 and	 histological	 diagnosis,	 since	
some	of	them	may	be	aggressive	and	incorrect	diag-
nosis	and	treatment	can	result	in	recurrence	[18,43].	In	
Swawnson’s	analysis	of	334	NPDC	cases,	 the	 recur-
rence	 rate	was	 2	%	 (7).	 It	 is	 generally	 agreed	 that	
NPDCs	have	a	low	recurrence	rate	ranging	from	0%	
to	11%.	[26]				

	

	

 
Figure 2: Exposure, curettage of the lesion	
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CONCLUSIONS	

Nasopalatine	duct	cyst	usually	presents	as	an	asymp-
tomatic	 swelling,	 and	 it’s	 finding	 on	 radiographic	
evaluation	is	incidental.	NPDC	should	be	considered	
in	the	differential	diagnosis	of	anterior	midline	max-
illary	swellings.	Definitive	 treatment	 involves	surgi-
cal	excision,	and	the	recurrence	rate	is	usually	low.	
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ABSTRACT		

Aim:	To	find	out	a	simple,	standardized	method	to	measure	intra-operative	blood	loss	during	major	oral	
surgical	procedures	which	alerts	the	clinicians	to	manage	untoward	outcomes	in	time.		

Materials	&	Method:	Patients	who	underwent	 surgical	 intervention	 for	various	dentofacial	deformities,	
maxillofacial	pathologies,	maxillofacial	trauma	under	general	anesthesia	via	an	intra	oral	approach	from	Jan	
2014	–	Aug	2015	were	included	in	the	study.	Thirty	such	patients	belonging	to	the	above	entities	were	ran-
domly	categorized	into	2	groups	of	15	each	based	on	the	method	of	measuring	the	intra	op	blood	loss.	In	
Group	A	the	blood	loss	was	measured	by	Sahlis	method	and	in	Group	B,	the	blood	loss	was	measured	by	
cyanomethemoglobin	method.	All	the	procedures	were	performed	via	an	intra	oral	approach	under	general	
anesthesia.		

Results:	The	amount	of	intra	operative	blood	loss	measured	through	Sahli’s	method	appeared	to	be	insen-
sitive	and	not	standardized.	However,	the	one	measured	through	Cyanomethemoglobin	method	was	more	
accurate,	standardized	and	easy	to	perform.		

Conclusion:	Cyanomethemoglobin	method	is	an	accurate,	reliable,	chair	side,	inexpensive,	easy	to	perform,	
standardized	technique	to	measure	the	intra	operative	blood	loss	in	the	recent	times.	 	 	

Keywords:	Intraoperative	blood	loss;	Sahli’s	method;	Cyanomethemoglobin	method.	
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INTRODUCTION	

Of	many	battles	a	surgeon	encounters	during	years	in	
practice,	none	 is	more	demoralizing	or	critical	 than	
uncontrolled	hemorrhage.	It	is	a	medical	emergency,	
frequently	 encountered	 by	 surgeons	 during	 major	
and	minor	surgical	procedures	and	when	it	comes	to	
Oral	 and	 maxillofacial	 surgery	 it	 becomes	 further	

more	challenging	into	the	site	of	procedure[1].	Defini-
tive	data	regarding	surgical	blood	loss	was	unavaila-
ble	until	1924.	Prior	to	this	time,	surgeons	had	relied	
on	physical	signs	such	as	skin	color	and	pulse	rate	to	
indicate	impending	shock.	The	blood	loss	associated	
with	Oral	 and	maxillofacial	 surgery	was	 first	meas-
ured	by	Gores,	Royer	and	Mann	in	1955.[2]	

Although	there	are	very	few	reports	published	which	
dealt	with	different	techniques	to	measure	intra	op-
erative	blood	loss,	various	methods	have	been	tried	
to	predict	 these.	The	aim	of	 the	present	 study	 is	 to	
come	out	with	a	standardized	method	 in	predicting	
the	amount	of	intraoperative	blood	loss	which	can	be	
simple,	short,	definitive	and	facilitate	the	clinician	to	
manage	the	consequences	well	in	time.	

MATERIALS	&	METHOD		

This	study	was	undertaken	in	30	subjects	belonging	
to	the	age	group	18-60	years.	After	obtaining	ethical	
committee	 clearance	 and	 informed	 consent,	 all	 the	
subjects	were	randomly	allocated	into	2	groups	of	15	
each	based	on	method	of	measuring	the	intra	opera-
tive	blood	loss	from	Jan	2014	–	August	2015.	Group	A	
included	15	subjects	where	the	blood	loss	was	meas-
ured	by	Sahli’s	method	and	Group	B	included	15	sub-
jects	where	 in	 the	 blood	 loss	was	measured	 by	 cy-
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anomethemoglobin	method.	Portable	suction	cathe-
ter	was	 connected	 and	 intraoperatively	 blood	with	
the	irrigating	solutions	were	collected	into	collection	
jar.	At	the	end	of	the								procedure,	10ml	of	fluid	was	
collected	 from	 the	 portable	 suction	 jar	 and	 was	
placed	into	the	haemoglobinometer	for	estimation	of	
Hb.	Thereby,	the	amount	of	blood	loss	is	calculated	by	
comparing	 the	 concentration	 of	 Hb	 in	 the	 patient's	
whole	blood	pre	operatively,	with	the	concentration	
of	Hb	in	fluid	collected	from	portable	suction	jar	mul-
tiplied	by	the	volume	of	aspirated	blood.	

Volume	of	blood	lost	=	Hb	recovered	/	Hb	whole	
blood	x	volume	of	aspirated	blood.	

RESULTS	

Descriptive	analysis	has	been	carried	out	with	mean	
and	 standard	 deviation	 being	 compared.	 SPSS	 ver-
sion	16	 software	has	been	used	 and	 comparison	of	
categorical	values	was	done	using	Standard	t	test	to	
detect	 any	 statistical	 significant	 difference	 between	
the	variables.	The	mean	age	of	 the	patients	was	34,	
3years.	Out	of	30	subjects	enrolled	 in	 the	study,	17	
were	male,	13	were	female.	The	blood	loss	measured	
by	Sahlis	method	and	cyanomethemoglobin	method	
are	shown	in	table	1.	

Table 1: Sahlis method Cyanomethemoglobin method 
Pre	op(gm%)	 Post	op(gm%)	 Pre	op(gm%)	

10.1	 9.3	 10.6	
11.6	 10.0	 11.3	
12.6	 11.0	 12.6	
13.2	 12.1	 13.2	
10.3	 10.0	 13.6	
11.4	 10.1	 11.5	
11.0	 10.3	 10.6	
12.4	 10.1	 11.6	
11.3	 10.5	 12.7	
10.0	 9.2	 11.3	
12.3	 11.6	 12.8	
11.0	 9.8	 13.1	
11.4	 10.2	 11.3	
10.2	 9.8	 10.4	
11.3	 10.2	 10.3	

DISCUSSION		

Despite	the	tremendous	innovation	in	field	of	medical	
science	 and	 technology;	 intraoperative	 hemorrhage	
remains	 one	 of	 the	 major	 surgical	 complications	
encountered	 in	 day-to-day	 surgical	 practice.	 The	
morbidity	 and	 mortality	 associated	 with	 surgical	
hemorrhage	 are	 considerable	 and	 it	 remains	 a	
restraining	 factor	 for	 advanced	 surgical	
procedures[1].	 Intra	 operative	 hemorrhage	 may	
sometime	 cause	 significant	 complications	 and	 may	
even	lead	to	alarming	events.	Hemorrhage	associated	
with	 surgery	 is	 a	 common	problem	which	 requires	
proper	 management.	 We	 are	 aware	 of	 different	
methods	 of	 estimating	 intraoperative	 hemorrhage	
thereby	 addressing	 the	 need	 for	 immediate	
replacement	 of	 lost	 blood,	 especially	 in	 medically	

compromised	 patients.	 This	 includes	 accurate	
determination	 of	 blood	 loss,	 establishment	 of	
effective	 haemostasis,	 and	 replacement	 of	 fluids	
when	 indicated[2].	 There	 have	 been	 many	
assessments	made	 for	 blood	 loss	 during	 surgery	 in	
literature.	Gatch,	Little	et	al[3]	in	1924	were	the	first	
to	 report	 the	 measurement	 of	 blood	 loss	 by	 acid	
hematin	method.3	Various	methods	have	been	tried,	
most	popular	have	been	the	gravimetric,	volumetric,	
colorimetric	methods	 and	measuring	 the	difference	
between	pre-	and	post-operative	plasma	volumes.	An	
adult	 human	 has	 4-7	 liters	 of	 blood	 in	 his/her	
circulation;	 thus,	 the	 loss	 of	 350-500	 ml	 of	 blood	
might	be	negligible.	However,	when	loosing	30%	(or	
more)	 of	 the	 blood	 volume,	 symptoms	 of	 hypo-
volemic	shock	might	develop[4].	Any	new	method	to	
be	 introduced	 in	 estimating	 the	 intra	 op	blood	 loss	
should	 be	 simple	 ,easy	 to	 perform	 ,save	 time	
,expenditure	and	should	be	validated.	Sahli’s	method	
which	is	routinely	used	in	hospital	settings	has	inbuilt	
disadvantages	 such	 as	 subjective	 to	 visual	 colour	
comparison,	 need	 for	 accurate	 pipetting,	 fading	 of	
comparator,	poor	sensitivity	and	reliability[5].	Sahli's	
method,	 the	graduated	 tube	provided	 is	 filled	up	 to	
the	20	mark	with	a	solution	of	O.IN	HC1	A	sample	of	
0.02	ml.	 of	 whole	 blood	 taken	with	 a	 standardized	
manual	 pipette	 is	 added	 to	 this	 solution	 and	 the	
pipette	rinsed	in	the	solution.	This	is	allowed	to	stand	
exactly	for	five	minutes.	The	standard	provided	with	
the	kit	is	placed	by	the	side	of	the	dilution	tube,	and	
distilled	water	is	added	with	a	dropper	until	the	acid	
solution	matches	the	standard.	The	Hb	concentration	
is	 read	off	 from	 the	 graduations	on	 the	 tube	and	 is	
given	 as	 a	 percentage[6].	 In	 order	 to	 overcome	 the	
above	 mentioned	 disadvantages,	 various	 methods	
have	 been	 discussed	 in	 the	 literature	 of	 which	
cynamomethemoglobin	 was	 the	 most	 accurate	
method.	The	cyanomethemoglobin	recommended	by	
the	 Technical	 Subcommittee	 of	 the	 International	
Council	for	Standardization	in	Hematology7	was	used	
for	 the	 determination	 of	 blood	 loss.	 The	
cyanmethemoglobin	 method	 (HiCN)	 works	 on	 the	
principle	 of	 conversion	 of	 hemoglobin	 to	
cyanmethemoglobin	 by	 the	 addition	 of	 potassium	
cyanide	 and	 ferricyanide	 whose	 absorbance	 is	
measured	 at	 540	nm	 in	 a	photoelectric	 calorimeter	
against	a	standard	solution[8,9].	This	method	is	highly	
accurate	and	is	the	most	direct	analysis	available	for	
total	hemin	or	hemoglobin	 iron.	 Its	disadvantage	 is	
the	 use	 of	 cyanide	 compounds,	 which,	 if	 handled	
carefully,	 should	 present	 little	 hazard.	 The	 present	
study	compared	the	blood	 loss	using	Sahlis	method	
and	 cynamethemoglobin	 method.	 The	 amount	 of	
blood	 loss	measured	 through	 cyanomethemoglobin	
method	 appears	 to	 be	 accurate.	 Amongst	 all	 the	
methods	 enlisted,	 volumetric	 and	 colorimetric	
methods	can	be	considered	better	than	the	others,	as	
volumetric	method	is	easy	to	perform,	cost	effective,	
does	not	require	any	technique	and	is	more	accurate			
than	 the	 other	 methods	 and	 cyanomethemoglobin	
technique	 being	 the	 standardized	 one.	 Possible	
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sources	of	error	in	measurement	of	blood	loss	using	
the	cyanomethemoglobin	comparison	technique	are	
blood	 lost	 into	 the	 tissues,	 gastrointestinal	 system	
due	 to	 swallowing	which	 cannot	 be	 recovered.	 The	
amount	of	anesthetic	used	during	the	procedures	was	
the	variable	most	correlated	to	amount	of	blood	loss.	
However,	this	could	be	attributed	to	the	necessity	for	
using	 more	 anaesthetic	 to	 control	 bleeding	 and	
discomfort	 during	 the	 longer	 surgeries.	 Its	
disadvantage	is	the	use	of	cyanide	compounds,	which,	
if	 handled	 carefully,	 should	 present	 little	 hazard.	
However,	non-cyanide	methods	like	alkaline	hematin	
method	 and	 alkaline	 borate	 method	 also	 have	
advantages	 from	 safety	 standpoint	 as	 well	 as	 cost	
when	compared	to	the	standard	cyanide	method[10].	
Comparison	of	Sahli’s	with	cyanmethemoglobin	has	
shown	that	latter	is	more	sensitive	and	accurate	for	
estimation	 of	 intra	 operative	 blood	 loss	 and	
management	of	untoward	complications.[5]	

CONCLUSIONS	

In	the	last	few	decades,	a	number	of	studies	have	been	
carried	out	to	apprehend	the	best-suited	method	for	
estimating	 the	 intraoperative	 blood	 loss	 during	
surgical	procedures.	However,	there	is	only	exiguous	
literature	 accounting	 for	methods	measuring	 blood	
loss	 during	 oral	 surgical	 procedures.	 Based	 on	 the	
available	 research	 it	 is	 observed	 that	 there	 is	
insufficient	literature	to	consider	one	specific	method	
as	 ideal	 over	 the	 other.	 In	 this	 review	we	 conclude	
that	 cyanomethemoglobin	 method	 is	 simple,	
accurate,	 reliable,	 chair	 side,	 inexpensive,	
standardized,	 easy	 to	 perform	 in	 the	 recent	 times.	
However,	 further	 studies	 and	 innovations	 in	
techniques	for	estimating	blood	loss	are	warranted.	
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ABSTRACT		

Adenoid	cystic	carcinoma	(ACC)	is	a	rare,	slow	growing	malignant	salivary	gland	tumor	that	is	characterized	
by	indolent,	locally	invasive	growth	with	high	propensity	for	local	recurrence	and	distant	metastasis.	It	has	
a	propensity	to	invade	the	perineural	space.	Upto	50%	of	these	tumors	occur	in	the	intraoral	minor	salivary	
glands,	usually	in	the	hard	palate.	Buccal	mucosal	tumors	are	relatively	rare.	The	purpose	of	this	article	is	to	
discuss	an	unusual	case	of	adenoid	cystic	carcinoma	of	the	buccal	mucosa	and	review	the	pertinent	litera-
ture.	 	 	
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INTRODUCTION	

Adenoid	 cystic	 carcinoma	 (ACC),	 first	 described	 as	
“cylindroma”	 by	 Billroth	 in	 1859.	 It	 accounts	 for	
about	10%	of	all	salivary	neoplasms[1]	and	for	about	
40%	of	all	malignancies	of	the	major	and	minor	sali-
vary	glands,	palate	being	its	most	common	location	in	
the	oral	 cavity.[2,3]	 They	 are	 clinically	 innocuous	 le-
sions,	 usually	 characterized	 by	 small	 size	 and	 slow	
growth	with	an	encouraging	 five-year	survival	 rate.	
However,	 they	 are	 generally	 associated	with	 exten-
sive	subclinical	invasion	and	distant	metastasis.[4]	Ad-
enoid	 cystic	 carcinoma	has	 two	unique	 characteris-
tics.	It	has	protracted	natural	history	even	with	local	
recurrence	 or	 distant	 metastasis[5].	 Patients	 are	

known	to	survive	for	10	to	15	years	despite	pulmo-
nary	metastases.	 It	 also	 has	 a	 propensity	 to	 spread	
along	peri-neural	lymphatics[6].	In	the	present	article	
we	report	a	unique	case	of	ACC	in	the	right	buccal	mu-
cosa,	an	unusual	site	for	the	lesion	and	enlightening	
the	importance	of	diagnosing	it	from	the	more	com-
mon	benign	lesions	of	the	oral	cavity.	

Case	Report		

A	42yr	old	 female	patient	presented	 to	our	depart-
ment	with	pain	in	the	right	cheek	region	for	3	months.	
She	first	noticed	it	as	a	small	peanut	sized	lump	in	the	
right	 cheek,	 that	 slowly	 increased	 in	 size.	 She	 had	
multiple	 courses	of	 analgesics,	over	 the	 course	of	3	
months.	 Medical	 history	 was	 unremarkable.	 Extra	
oral	 examination	 showed	 a	 solitary,	 well-defined,	
oval	lump	measuring	about	4x3	cm,	posterior	to	the	
right	 corner	 of	 mouth.	 Intra	 oral	 examination	 con-
firmed	the	extraoral	findings.	(Figure 1).		

 
Figure 1: Lesion over the right buccal mucosa	
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Mucosa	overlying	the	lump	was	normal	with	out	any	
evidence	 of	 bleeding	 on	probing,	 visible	 pulsations,	
pus	 discharge	 or	 sinus	 tract	 opening.	On	palpation,	
the	lump	was	firm	and	tender	without	any	fixation	to	
the	underlying	tissues.	Provisional	diagnosis	was	of	a	
benign	lesion.	Surgical	excision	of	the	lump	was	car-
ried	out	under	local	anesthesia,	and	the	specimen	was	
sent	 for	 histopathological	 evaluation.	 H&	 E	 section	
showed	 numerous	 duct	 like	 structures	 of	 varying	
shapes	 and	 sizes,	 comprising	of	 darkly	 staining	mi-
crocystic	 spaces.	 Eosinophilic	 hyaline	 like	 material	
was	seen	in	few	areas.	Few	areas	of	connective	tissue	
show	 elongated	 tubular	 arrangement	 of	 the	 darkly	
stained	cells	(Figure 2).	Report	was	suggestive	of	ad-
enoid	cystic	carcinoma	with	clear	margins.	

 
Figure 2: Histopathological evaluation depicting duct 

like structures	

The	 results	 and	 prognosis	were	 discussed	 in	 detail	
with	the	patient,	as	well	as	further	treatment	options.	
The	patient	opted	for	a	wait	and	watch	policy,	and	has	
been	under	our	regular	review	for	more	than	an	year,	
without	and	evidence	of	recurrence.	

DISCUSSION		

Although	the	buccal	mucosa	is	an	uncommon	site,	the	
relatively	indolent	growth	pattern	of	the	lesion	in	the	
patient	is	typical	for	adenoid	cystic	carcinoma.	These	
tumors	have	a	 slight	 female	predilection	 (female	 to	
male	ratio	3:2)	and	majority	of	the	patients	are	diag-
nosed	in	the	4th-6th	decades	of	life.[7]	ACC	comprises	
less	than	1%	of	all	malignancies	of	the	head	and	neck	
and	is	the	fifth	most	common	malignancy	of	salivary	
gland	origin,	representing	10%	of	salivary	gland	ma-
lignancies.[8,9]	The	parotid	and	submandibular	glands	
are	 the	 two	most	common	sites	 for	ACC	accounting	
for	55%	of	the	cases.	Among	the	major	glands	the	pa-
rotid	 is	 the	 most	 common	 site	 of	 occurrence.	 In-
traorally	50%	of	ACCs	occur	on	the	palate	with	other	
less	common	sites	of	involvement	like	the	lower	lip,	
retromolar-tonsillar	 pillar	 region,	 sublingual	 gland,	
buccal	mucosa,	and	floor	of	mouth.[10]	Adenoid	cystic	
carcinoma	characteristically	displays	an	indolent,	but	
persistent	and	recurrent	growth	pattern,	long	clinical	
course,	and	delayed	onset	of	metastases.	In	contrast	
to	other	types	of	carcinomas,	distant	hematogenous	
metastases	 are	 far	 more	 frequent	 than	 regional	
lymph	node	metastases	and	most	commonly	the	lung,	

bone,	and	soft	tissues[10]	are	involved.	Distant	metas-
tases	often	develop	despite	 local	 control	of	disease.	
Distant	 metastases	 from	 ACCs	 of	 minor	 salivary	
glands	have	been	reported	to	have	a	worse	prognosis	
that	those	of	the	major	salivary	glands.[11,12]	This	may	
be	explained	by	the	fact	that	tumors	of	the	minor	sal-
ivary	glands	can	more	readily	infiltrate	extraglandu-
lar	 soft	 tissues	 and	 bone	 thereby	 allowing	 for	 in-
creased	dissemination	of	the	tumor,	rendering	com-
plete	elimination	of	the	pathology	more	problematic.	

The	 histopathology	 of	 the	 present	 case	 showed	 a	
cribiform	growth	pattern	suggestive	of	an	intermedi-
ate	grade	lesion.	The	histopathologic	differential	di-
agnosis	of	 adenoid	 cystic	 carcinoma	can	 include	ei-
ther	 polymorphous	 low-grade	 adenocarcinoma	
(PLGA)	or	epithelial-myoepithelial	carcinoma	(EMC).	
Adenoid	cystic	carcinoma,	PLGA,	and	EMC	have	a	bi-
phasic	population	of	luminal	epithelial	and	abluminal	
myoepithelial	cells.	 In	addition,	both	PLGA	and	ACC	
have	 a	 propensity	 to	 infiltrate	 around	 peripheral	
nerves.[7]	

CONCLUSIONS	

Buccal	mucosa	being	an	uncommon	site	for	adenoid	
cystic	carcinoma.The	treatment	of	choice	for	adenoid	
cystic	carcinoma	is	wide	surgical	excision	and	post-
operative	 radiation	 therapy	 for	 the	 best	 chance	 of	
long-term	survival.[11,12,13]	Perinueral	invasion	(PNI)	
is	 not	 a	 discriminator	 of	 high	 grade	ACC.[14]	Micro-
scopic	PNI	would	warrant	a	 thorough	clinico-radio-
logical	 investigation	 of	 regional	 nerve,	 particularly	
where	a	named	nerve	could	provide	a	route	 for	the	
tumor	to	progress	to	the	base	of	skull.	This	would	en-
able	planning	of	the	extent	of	surgery,	and	if	neces-
sary,	to	identify	the	anatomical	structures	which	need	
to	be	included	within	the	field	of	post-operative	irra-
diation.	
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IntRoductIon

A tooth that fails to erupt and will not eventually assume its 
anatomical arch relationship beyond its chronological eruption 
date is believed to be impacted.[1] This situation could arise due 
to multiple factors but mainly occurs due to the presence of a 
physical barrier in the path of eruption of a tooth or ectopic 
positioning of the tooth itself. The prevalence of impacted lower 
third molar is estimated to be as high as 25%,[2] whereas the 
corresponding figure for impacted second molars is just 0.03%.[3] 
Maxillary canine tooth was the most frequent nonthird molar 
impaction identified, followed by mandibular premolars with 
an incidence of 0.92% and 0.38%, respectively.[4] Occasionally, 
these impacted teeth assume interesting patterns such as kissing 
molars or rosette teeth. Cuddling of teeth is one such peculiar 
pattern which describes 2 or >2 impacted teeth found in close 
approximation with either the roots or the crowns facing each 
other.

When two molars are unerupted with occlusal surfaces 
contacting each other in the same follicular space and the 
roots in opposing direction, they are called “kissing molars” 
as was proposed by Robinson et al.[5,6] which is particularly 
applicable to second and third molars only. A situation in which 
unerupted teeth assume a pattern wherein their roots converge 
and contact each other with their occlusal surfaces diverging, 
representing a rosette formation are called “rosette teeth”.[7] 
However, the quest for a term to describe any other pattern of 
impacted teeth in close proximity still remains unanswered.

We discovered such different pattern of impacted teeth in 
close approximation such as canines and premolars impacted 
together, one partially impacted molar and other completely 
impacted molar in close approximation or two impacted 
molars approximating each other with the lateral surfaces. It 
is clear from the literature that such patterns cannot be frankly 
classified under the old terminologies such as kissing molars 
or rosette teeth. To find a solution to this issue and broadly 
classify varied patterns of impacted teeth in close proximity, 
we recommend to device a new terminology “cuddling teeth” 
which in general can cover varied patterns of impacted teeth 
in close proximity along with kissing molars as well as rosette 
teeth. To describe the same, we report four cases of cuddling 
teeth, presenting in varied patterns of approximation.

case RePoRts

Case 1
A 35-year-old male  patient reported to our unit complaining 
of pain in the lower right back jaw region for 2 years which 
is intermittent, mild aching type, increased on chewing and 
subsides spontaneously without any associated symptoms. 
On clinical examination, 47 and 48 were found missing 
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without any history of undergoing removal of the same. An 
orthopantomogram [Figure 1] was ordered which revealed 
impacted 47 and 48 in cuddling position. The patient was 
subjected to surgical removal of these cuddling molars under 
general anesthesia. Due to the proximity of the inferior 
alveolar nerve (IAN), utmost care was taken intraoperatively 
to avoid injury to the nerve. Hemostasis was achieved and 
primary closure was done. The postoperative phase of 
healing was uneventful, and the patient is asymptomatic 
till date.

Case 2
A 29-year-old male patient reported to our unit complaining of 
pain and abnormal sensation in the lower right back teeth region 
from the past 9 to 10 months. Pain is intermittent, sudden, and 
shooting in nature, which subsides after taking unknown over-
the-counter painkillers. Clinical examination revealed missing 
mandibular second molar on the right side without any history 
of extraction. An orthopantomogram [Figure 2] was ordered 
which showed impacted 47 in cuddling position with 48. The 
patient was advised surgical removal of these cuddling molars 
which was performed uneventfully under general anesthesia. 
Postoperatively, the patient complained of sensitivity in 46 but 
unfortunately did not return for further management.

Case 3
A 40-year-old male patient reported to our unit complaining of 
pain and swelling in the upper right cheek region for 15 days. 
He was apparently normal 15 days back when he first noticed 
a swelling associated with mild aching pain. He used some 
unknown medication prescribed by a local chemist by got 
no relief. However, pain and swelling increased gradually 
with time. Hence, he visited our unit seeking treatment. On 
examination, there was a gross facial asymmetry secondary 
to the swelling on the right cheek region which was 
extending from the malar region to the nasolabial area, soft in 
consistency, and tender on palpation with localized increase in 
temperature. Intraorally, the swelling obliterated the vestibule 
in 13–16 region associated with a draining sinus having 
purulent discharge. Clinically, 13, 14, and 15 were found 
missing. Orthopantomogram [Figure 3] revealed the presence 
of impacted cluster of teeth in the cuddling position associated 
with well-circumscribed radiolucency. Based on the clinical 
and radiological examination, it was provisional diagnosis as a 
dentigerous cyst associated with impacted teeth and the patient 
was taken up for surgery for surgical enucleation. The excised 
lesion was sent for histopathological examination that turned 
out to be an infected radicular cyst. Thereafter, the patient is 
asymptomatic. Follow-up for 17 months showed no signs of 
recurrence till date.

Case 4
A 44-year-old female patient reported to our unit complaining 
of vague pain and heaviness in the lower right back teeth 
region for past many years. On clinical examination, teeth 
46 and 47 were found missing with a history of extraction of 
one tooth. An orthopantomogram [Figure 4] was done which 

revealed impacted 47 in cuddling position and missing 46. 
The patient was advised to undergo surgical extraction of 47 
and 48, but the patient did not agree for the same and did not 
return back.

dIscussIon

Impaction of teeth is a very commonly occurring dental 
phenomenon but occasionally, these impacted teeth show 
some interesting arrangement patterns. Few such patterns 
such as kissing molars or rosette teeth were described in 
the past. The condition kissing molars was first reported 
by R. F. Van Hoof in 1973, but the term was proposed 
by  Robinson et al.[5,8] It has been suggested that the absence 
of contact between the two impacted molars discounts them 
from being classified as kissing molars and these can be 
grouped into “rosette teeth”.

The basic difference between these two patterns lies in the 
fact that either the crowns of these teeth are in approximation 
or else the roots, but in some situations, these teeth are 
found holding each other in an affectionate manner like the 
way humans cuddle each other. To describe such a clinical 
scenario, a common terminology needs to be devised, and in 
this context, the authors would like to put forth a new broad 
terminology, namely, “cuddling teeth” under which different 
patterns of these impacted teeth can be explained better either 
when only the crowns of such teeth are placed together, 
or only roots are positioned together or a combination of 
these, this will facilitate better understanding of the clinical 
presentations of these multiple impacted teeth and can also 
aid in the treatment planning to some level if the patient is 
symptomatic.

Many theories were suggested to explain the exact etiology for 
altered tooth position but none of them were universally accepted. 
Few suggested mucopolysaccharidosis as a possible etiological 
factor for multiple tooth impactions.[7] Radiographically, there may 
be evidence of follicular enlargement or widespread radiographic 
abnormality.[9] Normal pericoronal radiolucency is considered to 
be in the range of 2–3 mm; however, an increase in the space can 
raise suspicion.[10] Unerupted or impacted teeth have the propensity 
to form developmental odontogenic cysts with dentigerous cyst 
being the forerunner.[11] Radiographical differential diagnosis 
may include a unicystic ameloblastoma, odontogenic keratocyst, 
adenomatoid odontogenic tumor, and hyperplastic dental follicle.[12] 
A recent report suggested a genetic tendency for the possibility of 
an enlarged dental follicle. A possible presence of calcifications in 
these hyperplastic dental follicles was also suggested.[13] Multiple 
impacted teeth and enlarged dental follicle with calcifications 
within the jaws are extremely rare.[9]

So far, there is no evidence in the literature describing the 
orthodontic guidance of permanent second molars into 
ideal occlusal position. Literature advocates odontectomy 
as a decisive form of treatment even for these unusual 
impactions.[9] Accurate assessment of surgical difficulty plays 
a crucial role in the surgical removal of such impacted teeth. 
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Factors such as the relative depth, relationship of the impacted 
tooth to the vital structures such as the maxillary sinus and 
inferior alveolar canal, number of impacted teeth with their 
angulation and form of roots and the lack of periodontal 
membrane space, all need to be carefully evaluated since they 
influence the final outcome.

Clinical examination often reveals a nontender, diffuse 
swelling over multiple impacted teeth with an egg-crackling 
consistency to palpation.[12] We had no signs of egg-crackling 
consistency to palpation in both the cases; however, buccal 
cortical expansion and swelling over the alveolar ridge in 
the lower second molar region was evident. Radiological 
evaluation plays an adjunctive role in treatment planning. 
Radiographs in our cases showed the classical rosette pattern 
and kissing molar pattern. The case showing kissing molars 
had enlarged follicular space, whereas the case showing rosette 
teeth had calcifications within the follicle.

Removal of asymptomatic impacted tooth poses a considerable 
surgical challenge. However, considering the bigger risks 
associated with retaining these impacted teeth, it is advisable to 
remove them. Impacted teeth are removed by the transalveolar 
method of extraction either under local or general anesthesia. In 
our cases, we chose to operate under  General Anesthesia and 
great attention was paid in avoiding IAN damage and iatrogenic 
jaw fracture as far as possible. Microscopic picture of both 
the lesions revealed a normal dental follicle. Some authors 
suggest bone grafting to augment the weakened mandible, but 
we chose not to use a bone graft as this would only increase 
donor site morbidity.

conclusIon

Presently, the term “cuddling teeth” is limited to the already 
documented patterns of multiple impacted teeth, namely, 
kissing molars and rosette teeth, but definitely more and more 
case reports need to be studied and documented in future to 
increase the horizon of this new terminology.
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ABSTRACT		

Sialolithiasis	is	commonly	found	in	middle	age	patients	though	to	some	extent	have	been	reported	in	chil-
dren	also.	It	is	the	most	common	disease	of	salivary	gland,	the	symptoms	of	which	develop	as	a	consequence	
of	obstruction	of	the	duct	secreting	the	saliva.	It	involves	the	submandibular	gland	predominantly	though	
other	major	gland	involvement	has	been	reported.	Management	of	the	sialolithiasis	usually	entails	exfolia-
tion	via	milking,	invasion	of	the	duct	of	the	associated	gland	or	complete	excision	of	the	involved	gland.		
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INTRODUCTION	

Sialolithiasis	is	a	formation	of	calcific	concretions	in	
the	 salivary	duct	 or	 glands,	most	 frequently	 associ-
ated	with	the	submandibular	gland.	In	most	cases	di-
agnosis	is	made	following	an	acute	obstructive	or	in-
flammatory	episode,	which	must	be	treated	appropri-
ately[1].	 Once	 the	 acute	 stage	 subsides,	 definitive	
treatment	can	be	instituted.	Generally,	symptomatic	
stones	are	removed	surgically.	However,	some	nonin-
vasive	 techniques	have	been	used	 in	 selected	 cases	
such	as	shock	wave	lithotripsy	and	endoscopic	laser	
lithotripsy[2,	3].	Occasionally,	spontaneous	exfoliation	
of	the	stone	through	the	ductal	orifice	may	occur,	but	
uncommon	 paths	 of	 exfoliation	 have	 also	 been	 re-

ported[4].	If	these	treatments	fail,	especially	if	the	cal-
culus	is	located	in	the	gland	itself,	extirpation	of	the	
gland	is	the	treatment	of	choice[5].		

Case	Reports	

Case	1	

A	69	year	old	male	reported	to	the	department	of	Oral	
and	Maxillofacial	Surgery	with	chief	complaint	of	dull,	
intermittent	aching	pain	since	10	to	12	months.	The	
phenomenon	 occurred	 7-8	 times	 per	 week,	 during	
meals.	He	also	complained	of	dry	mouth	and	swelling	
on	the	left	side	of	the	neck	occurring	with	meals.	On	
extra	oral	 examination	 there	was	no	palpable	mass	
found.	 Intraoral	 examination	 revealed	 presence	 of	
soft,	edematous,	tender	swelling,	bimanual	palpation	
revealed	a	hard	mass	in	floor	of	the	mouth	on	the	left	
side.	Exudation	of	pus	from	the	orifice	of	the	duct	was	
also	appreciated.		

 
Figure 1: Case 1	

Radiographic	 examination	 included	 a	 panorex	 view	
which	revealed	an	oval	shaped	radiopacity	extending	
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from	premolar	region	to	the	body	of	mandible	on	left	
side	(Figure	1).	On	clinical	co	relation	a	diagnosis	of	
intraductal	sialolithiasis	was	made.	

Under	local	anesthesia,	the	calculus	was	excised	via	a	
transoral	approach	where	an	 incision	was	made	di-
rectly	onto	the	stone	parallel	to	the	Wharton’s	duct.	
Two	stay	sutures	were	tied	and	the	floor	of	the	mouth	
was	raised.	No	closure	was	done	and	the	duct	was	left	
open	for	drainage.	A	cylindrical,	hard,	dark	yellowish	
in	 colour,	 about	 3.5	 cm	 in	 length	 and	 around	 1	 cm	
across	was	obtained	(Figure	2).	It	was	also	grainy	in	
appearance	as	well	as	rough	on	palpation.	The	speci-
men	 was	 sent	 for	 histopathological	 examination	
which	on	decalcification	revealed	concentric	lamellar	
arrangement	with	varying	thickness	and	diagnosis	of	
sialolith	was	confirmed.	

Case	2	

Patient	aged	39	years	reported	to	the	department	of	
oral	and	maxillofacial	surgery	with	a	chief	complaint	
of	feeling	of	hardness	below	the	tongue	and	mild	pain	
during	eating	since	3	months.	Examination	of	the	area	
revealed,	what	appeared	 to	be	a	calcification	perfo-
rating	the	floor	of	the	mouth	on	the	right	side	along	
with	inflammation	in	the	perilesional	area	(Figure	2)	
which	was	tender	on	palpation	and	the	calcification	
was	 stony	 hard.	Milking	 of	 the	 region	 revealed	 ob-
structed	salivary	flow	along	with	mild	pain.	OPG	re-
vealed	 well	 defined	 radiodensification	 extending	
from	the	 lateral	 incisor	up	 to	 the	 first	molar	region	
which	was	 decayed.	 The	 size	 of	 the	 lesion	was	 ap-
proximated	to	be	around	3x2	cms.	The	megalith	was	
forcefully	milked	out	of	the	Wharton’s	duct	without	
any	undue	complication	and	the	patient	was	put	un-
der	pharmacotherapy	to	manage	appropriate	post	op	
symptoms.	3	month	follow	up	revealed	no	effect	on	
salivary	function	or	remission	of	reported	symptoms.	

 
Figure 2: Case 2	

Case	3	

A	40	year	old	male	patient	reported	to	us	complaining	
of	severe	pain	and	pus	discharge	in	relation	to	buccal	
mucosa	adjacent	to	the	right	upper	1st	&	2nd	molar	
region.	 History	 reveled	 that	 pain	 usually	 increases	
during	meal	time	and	lasts	for	a	short	duration	and	
subsides	 on	 its	 own	 after	 meals.	 On	 examination	
there	 was	 acute	 inflammation	 with	 suppuration	 in	

the	region	of	right	parotid	duct,	intraorally	there	was	
a	 swelling	 around	 the	 parotid	 duct	which	was	 firm	
and	tender	on	palpation	&	there	was	also	marked	hal-
itosis	 with	 generalized	 periodontitis,	 OPG	 revealed	
no	positive	findings,	however	posterior-anterior	(PA)	
view	of	skull	revealed	a	well	circumscribed	round	ra-
diopaque	mass	measuring	10	mm	diameter	located	in	
the	excretory	duct	(Figure	3).	Under	Local	anesthesia,	
and	preoperative	medication	for	management	of	in-
fection	the	sialolith	was	identified	and	was	immobi-
lized	with	a	suture	just	behind	it	in	order	to	prevent	
it	from	slipping	posteriorly.	Following	this	a	C	shaped	
incision	was	made	around	the	duct	in	order	to	dilate	
the	duct	and	with	simultaneous	counter	pressure	the	
delivery	of	 the	 sialolith	measuring	1	 x	1.5	 cms	was	
done.	The	margins	were	managed	to	prevent	oblite-
ration	of	the	duct.	Patient	is	been	followed	up	till	date	
with	complete	remission	and	an	effective	salivary	dis-
charge	and	normal	function	of	the	parotid	gland.	

 
Figure 3: Case 3	

Case	4	

A	44	year	old	male	patient	reported	to	us	with	a	chief	
complaint	of	pain	&	swelling	during	meal	time	along	
with	pus	discharge	 from	below	 the	 tongue.	He	 also	
complained	 of	 dryness	 of	 mouth	 with	 tendency	 to	
drink	more	water.		

 
Figure 4: Case 4	

Examination	 revealed	 inflammation	 in	 the	 left	 pa-
rotid	duct	region	and	a	large	swelling	below	the	same	
side	of	the	tongue	extending	from	region	of	36	to	41	
involving	the	floor	of	mouth.	On	palpation	there	was	
tenderness	over	the	left	parotid	duct	and	the	floor	of	
mouth.	OPG	revealed	normal	findings	where	as	in	PA	
skull	radiograph	round	radiopaque	mass	measuring	
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around	8	mm	diameter	in	the	parotid	duct	was	seen	
(Figure	4).	Milking	of	the	duct	was	done	along	with	
symptomatic	 treatment.	 After	 10	 days	 patient	 re-
ported	back	with	pain	 in	 the	 concerned	 region	 and	
the	 duct	 was	 dilated	 along	 with	 a	 c	 shape	 incision	
along	 the	 opening	 and	 the	 sialolith	 was	 exfoliated.	
This	area	was	explored	&	debrided	thoroughly	&	pa-
tient	was	started	on	antibiotics	&	analgesic	for	a	pe-
riod	of	7	days	following	up	for	the	last	4	months.	

DISCUSSION		

Sialolithiasis	refers	to	existence	of	hardened	intralu-
minal	deposit	in	the	ductal	system	of	a	salivary	gland.	
Etymologically	 standing	 for	 salivary	 stone	 in	 Greek	
terminology,	 there	 presence	 can	be	within	 the	 sali-
vary	gland	itself	or	the	duct,	and	can	either	solitary	or	
multiple	in	number	most	commonly	affecting	the	sub-
mandibular	 gland	 or	 Wharton’s	 Duct[6,16].	 Salivary	
calculi	are	usually	small	and	measure	from	1	mm	to	
less	 than	1	 cm.	They	 rarely	measure	more	 than	1.5	
cm[7,8]	Mean	size	is	reported	as	6	to	9	mm[9,10].	Ten-
dency	for	salivary	calculi	or	formation	of	salivary	cal-
culi	is	termed	as	sialolithiasis.	Approximately	85%	of	
sialoliths	occur	in	submandibular	gland,	10%	in	pa-
rotid	&	5	%	in	sublingual	gland.	The	long	tortuous	up-
ward	path	of	the	submandibular	duct	and	thicker	mu-
coid	secretion	of	this	gland	may	be	responsible	for	its	
greater	 tendency	 for	 formation	 of	 salivary	 calculi,	
where	as	in	parotid	gland	the	secretion	is	serous	and	
path	of	the	duct	is	almost	straight	with	a	slight	bend	
at	 the	 anterior	 border	 of	 masseter	 and	 moreover	
there	is	advantage	of	gravity[11].		

There	are	several	theories	about	the	origin	of	salivary	
calculi[13],	 which	 contain	 hydroxyapatite;	 carbohy-
drate;	 amino	 acids;	 and	 traces	 of	 magnesium,	 car-
bonate,	and	ammonia[14].	They	are	formed	by	precip-
itation	of	calcified	structure	around	a	nucleus	that	is	
made	 up	 of	 foreign	 bodies	 in	 the	 gland.	 These	 can	
range	 from	 desquamated	 epithelial	 cells	 to	 the	 de-
graded	 proteins	 of	 bacteria.	 Calcified	 structures	 in-
clude	calcium	carbonate	and	soluble	salts	present	in	
stone	in	addition	to	organic	element	and	water16.	The	
formation	of	stones	in	the	salivary	glands	has	been	at-
tributed	to	slow	salivary	flow,	salivary	stagnation	and	
unknown	metabolic	events[17].	At	times	sialolith	can	
also	be	present	 in	the	substance	of	the	gland	which	
causes	fibrosis	and	calcification	of	the	entire	salivary	
gland,	warranting	its	removal[12].	

Diagnostic	tools	vary	from	routine	radiographs	to	di-
rect	visualization	via	sialoendoscopic	technique.	The	
“ball	in	hand”	presentation	of	sialolithiasis	is	a	classic	
presentation	on	routine	radiograph	post	injection	of	
a	 radiodense	 dye	 via	 the	 orifice	 of	 the	 associated	
gland	 duct.	 However,	 these	methods	 were	 no	 indi-
cated	as	 the	 size	of	 the	 lesion	 this	 case	 series	dealt	
with	is	larger	than	reported	by	most	of	the	literature.	
However	 a	 putting	 together	 a	 vivid	 clinical	 picture	
complemented	 with	 routine	 radiograph	 suffices	 to	
establish	a	definitive	diagnosis	as	was	the	case	in	re-
ported	series.		

Out	of	four	cases	2	were	in	parotid	while	the	other	2	
involved	 submandibular	 gland	 in	parotid.	The	 loca-
tion	of	the	sialolith	and	its	size	determined	the	extent	
of	invasion	of	the	procedure	which	was	selected	for	
each	case.	In	case	1	the	duct	was	present	midway	to	
the	orifice	and	the	gland	and	hence	the	duct	was	ex-
posed	and	the	entity	removed	from	the	spot	after	ty-
ing	the	distal	and	the	proximal	ends	with	suture	in	vi-
cinity	of	the	sialolith.	In	case	2	the	sialolith	was	clini-
cally	present	at	 the	orifice	and	milking	of	 the	gland	
resulted	in	smooth	exfoliation.	In	cases	where	the	si-
aloliths	were	present	in	vicinity	to	parotid	glands	the	
opening	of	duct	was	enlarged	by	giving	a	C	shaped	in-
cision	and	subsequent	milking	resulted	in	exfoliation	
of	the	entities.	

All	 cases	 were	 males	 between	 the	 ages	 of	 30	 -50	
years.	All	 patients	were	male,	 as	well	 as	both	 sides	
that	is	left	and	right	side	seem	to	be	involved	equally	
in	context	with	the	reported	cases.	Although	rare,	bi-
lateral	 involvement	 of	 glands	 and	 also	 in	 young	 fe-
male	has	been	reported[17].	In	case	the	sialolith	is	pre-
sent	 in	or	near	 the	gland,	or	are	multiple	 in	no.	 the	
suggested	course	 for	 treatment	 involves	removal	of	
the	gland.	The	resort	is	such	because	retaining	the	af-
flicted	gland	or	the	sialolith	may	result	in	seemingly	
innocuous	symptoms	like	mild	pain	or	swelling	which	
my	exacerbate	leading	to	acute	presentation	like	pus	
exudation	and	subsequent	necrosis	of	the	floor	of	the	
mouth	 and	 even	 cutaneous	 involvement	 leading	 to	
formation	of	extraoral	fistula	which	nonetheless	are	
distressing	to	the	patient[4,5].		

CONCLUSION	

The	diagnosis	and	management	of	sialoliths	of	a	re-
markable	 size	 are	 challenging	 for	 the	 clinician.	 In	
most	cases,	the	diagnosis	is	made	following	acute	ob-
structive	 or	 inflammatory	 episode	 which	 must	 be	
treated	 appropriately.	 Clinical	 approaches	 in	 the	
management	of	such	lesions	should	consider	the	ex-
tent	of	recurrence	and	extent	of	morbidity	with	a	par-
ticular	employed	technique.	Post	op	follow	up	is	war-
ranted	in	order	to	rule	out	complications	e.g.	stricture	
of	 the	 affected	 duct,	 alteration	 of	 salivary	 flow	 and	
subsequent	 involvement	of	 the	entire	glandular	pa-
renchyma.	
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ABSTRACT
Introduction: Anatomic disfigurement caused by zygomatic fracture warrants intervention tore establish facial 
symmetry. It is most predictably restored to pre morbid condition by ORIF. 
Aim: To evaluate the efficacy of 2 point fixation in Zygomaticomaxillary complex fractures.
Material and Method: 20 patients with established ZMC fractures were operated using two point fixation method and 
followed up for upto 3 months.
Results: 2 point fixation revealed satisfactory functional and esthetic results.
Conclusion: 2 point fixation offers  efficient outcome as compared to other modalities of management of ZMC.

Keywords: Orbitozygomatic fracture, two‑point fixation, zygomatic complex fracture

INTRODUCTION

Fractures of the facial bones have been recognized for a long 
time, and attempt to treat such fractures has been recorded 
as far back as 25–30 centuries BC. Zygomaticomaxillary 
complex (ZMC) fractures are common after maxillofacial 
injuries. The various causes of fractures are trauma due to 
road traffic accidents, assaults, falls, sports-related injuries, 
and the civilian warfare.[1] The zygomatic arch, a laterally 
positioned element of the craniofacial skeleton comprised 
the zygoma and temporal bone, is susceptible to local trauma. 
Isolated zygomatic arch fractures comprise about 10% of all 
zygomatic fractures and result in noticeable depression at 
the arch fracture site. There may be impingement of the 
fractured arch on the coronoid process, resulting in limited 
mouth opening.[2]

Precise repair of fracture of the orbital zygomatic complex 
requires four essential features: a thorough understanding 
of the regional anatomy, an accurate and precise diagnosis, 
an unimpeded exposure, and a rigid fixation of fracture to 

restore premorbid form. Although the zygomatic arch may be 
fractured in isolation, more commonly it is associated with 
complex orbital maxillary zygomatic and midface fractures. If 
the horizontal and vertical buttresses of the orbital ZMC and 
orbital floor are not properly aligned, a variety of sequelae can 
occur, including enophthalmos, diplopia, rotational zygomatic 
displacement, orbital dystopia, and midface widening. All of 
these conditions are difficult to address with revision.[3]

Efficacy of two‑point fixation in the management of 
zygomatic complex fractures – A prospective clinical 
study
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A comprehensive management should aim at achieving 
high-quality reduction and adequate and stable fixation 
of the fractured zygomatic complex fractures. Three-point 
fixation is associated with more extensive periosteal stripping, 
extreme retraction of bone edges, and requirement of 
expert assistance for the application of miniplate across the 
zygomaticomaxillary buttress. In addition, longer operative 
time, presence of more hardware, and increase in the cost 
of surgery are some disadvantages. After reviewing the 
advantages and limitations of various fixation techniques, 
a sincere effort has been made in the form of a prospective 
clinical study to manage ZMC fractures with this technique and 
its efficacy is evaluated in the larger interest of the patients.

MATERIALS AND METHODS

This study was conducted to evaluate the efficacy of 
two-point rigid internal fixation using conventional 
miniplates and screws for ZMC fractures. Fixation will be done 
at the frontozygomatic suture and zygomatic buttress region 
using lateral eyebrow and intraoral approach, respectively. 
After both clinical and radiological verification of fractures 
at the frontozygomatic, zygomatic buttress and infraorbital 
rim, miniplates will be applied at the two points as decided. 
Subsequently, both clinical and radiological assessment was 
performed for functional stability and alignment of fracture 
fragments respectively.

A prospective clinical study was carried out on twenty patients 
with confirmed clinical and radiographical diagnosis of ZMC 
fracture reported to the Department of Oral and Maxillofacial 
Surgery, Institute of Dental Studies and Technologies, 
Kadrabad, Modinagar, Uttar Pradesh, India. Patients with 
comminuted zygomatic fracture or compromising medical 
history were excluded from the study. Postoperatively, 
follow-up was recorded at the 1st, 3rd, and 6th weeks. An 
informed consent was taken from each of them. Patients were 
assessed clinically and radiographically at different intervals. 
All the data were analyzed by SPSS version 19 statistical 
package, and Shapiro–Wilk test was used for assessing the 
distribution of all parameters.

The following parameters were focused on:
•	 Malar	height	analysis:	Preoperatively,	malar	height	was	

measured from vertex view of a patient comparing 
fractured site with normal site and measuring with a 
Vernier caliper. For measurement of malar height, a single 
reference point (intersection point of the midsagittal 
line with the intercanthal line) will be taken and the 
second point will be taken at the maximum height of 
malar region as viewed from vertex view of a patient, 

and distance will be measured between these two points 
preoperatively and postoperatively

•	 Vertical	 dystopia	 analysis:	 Vertical	 dystopia	will	 be	
measured preoperatively and postoperatively as 
difference in the level of bony orbits indicated by 
palpation and comparing with normal side measured by 
a scale on paranasal sinus view using a tracing paper to 
outline the infraorbital margin.

Surgical approach
Under general anesthesia, nasal intubation was done after 
standard painting and draping, local anesthesia was infused 
into the upper buccal sulcus in the region of the second 
molar tooth, and a horizontal incision was made in the 
buccal vestibule for a distance of approximately 4 cm over 
the zygomatic buttress. A Howarth’s periosteal elevator was 
passed supraperiosteally under the zygoma which helps 
in exposure of fracture site. At times, cautery was used 
during dissection to achieve a bloodless field. The fracture 
type, pattern, and displacement were assessed both in the 
zygomatic buttress reason and the infraorbital rim. Then, 
a local anesthesia with a vasoconstrictor was injected into 
the subcutaneous tissues over the lateral orbital rim to 
aid in hemostasis. Lateral eyebrow incision was placed, 
and then, the fracture site was visualized and assessed 
in the frontozygomatic region. Adequate exposure of the 
fracture segments was obtained. A Howarth's periosteal 
elevator was then placed under the zygomatic bone and 
manipulated in order to achieve anatomical reduction 
which was verified again by palpating the infraorbital 
margin and the frontozygomatic suture. Then, 1.5-mm 
stainless steel miniplate was placed along fracture line at 
the frontozygomatic suture region followed by 2.0-mm 
L-shaped stainless steel miniplate placed along fracture 
line at the zygomatic buttress region [Figure 1]. The area 
was irrigated with povidone-iodine and saline. Wound was 
closed in layers followed by application of an adhesive 
nonpressure bandage at the lateral eyebrow region. The 
intraoral incision was closed with resorbable sutures. 
Postoperatively, intravenous antibiotics were prescribed 
to a patient for 5 days. Submentovertex view was taken on 
the immediate postoperative day to check the adequacy 
of reduction and fixation. The patients were usually 

Figure 1: L-shaped miniplate with 2 mm × 6 mm screw and four holes with 
gap miniplate with 1.5 mm × 6 mm screw and armamentarium for open 
reduction and internal fixation of zygomaticomaxillary complex fractures
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discharged on the 3rd postoperative day and were recalled 
on the 1st, 3th, and 6th postoperative weeks, respectively.

RESULTS

In our study, all the patients were treated with open reduction 
and internal fixation under general anesthesia with two-point 
fixation using the stainless steel miniplate of size 2.0-mm 
thickness on zygomaticomaxillary buttress and 1.5-mm miniplate 
on frontozygomatic suture. This study was assessed by various 
clinical parameters such as vertical dystopia and malar height.

This study was conducted on twenty patients with clinical 
and radiographically confirmed diagnosis of frontozygomatic 
suture and zygomaticomaxillary buttress fractures who 
reported to the Department of Oral and Maxillofacial Surgery, 
Institute of Dental Studies and Technologies, Modinagar, Uttar 
Pradesh, India, and was assessed according to the set criteria. 
All the data were analyzed by  IBM SPSS Statistics version 19 
(IBM, Trialware, Stanford, California, USA) statistical package, 
and Shapiro–Wilk test was used for assessing the distribution 
of all the parameters.

Mean malar height
Preoperatively, mean malar height ± standard deviation of 
the patients recorded was 66.45 ± 4.67. Postoperatively, at 
the 1st week, value recorded was 69.55 ± 4.24, but in the 
3rd and 6th weeks, it was the same, i.e. 69.10 ± 4.35 [Figure 2]. 
There was a significant increase in malar height 
postoperatively (P < 0.0001).

Mean vertical dystopia
Preoperatively, mean vertical dystopia ± standard deviation 
of patients recorded was 2.85 ± 1.27. At the 1st, 3rd, and 

Figure 2: Comparison of change in mean malar height of affected side at 
different time intervals

6th weeks postoperatively, 0.28 ± 0.55 value recorded was the 
same [Figure 3]. Postoperative resolution of vertical dystopia 
was statistically significant (P<0.0001).

DISCUSSION

Two-point fixation has been quoted by many authors in the 
English literature, but very few have applied it clinically and 
have highlighted its advantages. Two-point fixation has been 
used sporadically by few surgeons predominantly for fixation 
of the ZMC region at frontozygomatic suture and zygomatic 
buttress. The aim of this study was to examine the long-term 
results of primary repair of ZMC fractures and to develop the 
useful guidelines for treatment plan based on this experience. 
Thereby using various parameters at definite intervals, we 
intended to assess the efficacy and the stability of two-point 
fixation in the management of isolated unilateral displaced 
ZMC fractures.

Reduction and anatomically correct realignment of displaced 
fragments are most easily accomplished before the onset of 
early bone healing (fibrosis). Delay past the time that allows 
for osseous malunion means that a refracture or osteotomy 
will be needed for movement of the displaced skeletal 
segments. Configuration of soft tissue is dependent on the 
position of underlying or adjacent bone. The anatomically 
realigned facial skeleton returns the soft-tissue structures to 
their normal configuration and supports them during healing. 
Healing over untreated or incompletely reduced fractures 
may result in critical contracture with permanent thickening, 
shortening, and displacement of the soft-tissue structures. 
Delayed or secondary repair of both bony and soft-tissue 
defects is more challenging and its results are less satisfying 
than primary reconstruction owing to the consequences 

Figure 3: Comparison of change in mean vertical dystopia scores at different 
time intervals
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of allowing the natural healing process to proceed before 
repair is completed. Reoperation through scar tissue that 
has resulted from previous surgical approaches increases 
the risk of iatrogenic complications such as lid retraction 
or ectropion. The benefits of early, comprehensive surgical 
intervention may be outweighed by complicating factors 
including ocular and central nervous system injuries or an 
overall unstable medical condition in a patient with the 
multiple traumas. After 3 weeks of trauma, bone healing 
and resorption begin to take place and this period has been 
referred to as gray time zone.[4]

The surgical treatment of zygomatic fracture varies from 
surgeon to surgeon and also depending on the type of 
fracture and circumstance. The intraoral maxillary vestibular 
approach and lateral eyebrow were used in this particular 
study.

According to a study done by Ellis and Kittidumkerng who 
studied a variety of surgical approaches, the maxillary 
vestibular approach was used more frequently, either 
alone or in combination with other approaches. The 
next frequently used approach was through the lower 
eyelid. Complications associated with maxillary vestibular 
approach were not significant, and approximately 20% of 
those having lower eyelid approach had some amount of 
scleral show.[5]

In our study, the lateral brow incision was the second approach 
used after exposing the fracture site in zygomaticomaxillary 
buttress region. It provided a supportive role for maxillary 
vestibular approach in the management of ZMC fractures, 
by aiding in exposure, reduction, and stabilization of the 
displaced ZMC.

In a study conducted by Pozatek et al., the predominant 
approach was through the lateral eyebrow approach. In this 
study, various surgical approaches to the fractured zygomatic 
complex were discussed. According to their data many fractures 
were unstable after reduction. They concluded that the lateral 
eyebrow approach with internal wire fixation if necessary 
was used as the initial surgical approach in the management 
of zygomatic complex fractures.[6] Chuong and Kaban in 
their study recommended the lateral eyebrow approach for 
the initial access to the zygomatic complex fractures as it 
has the advantage of producing an inconspicuous scar and 
providing direct access to the zygomaticofrontal region for 
fracture reduction and fixation. No specific complications were 
reported and it provided a better long-term esthetic result.[7] 
This was similar to our study where lateral eyebrow was the 
second prime approach in 100% of cases.

Parasher in his study compared three-point fixation versus 
two-point fixation and found that in addition to longer 
operative time, the presence of more hardware and 
the increase in the cost of surgery are also some of the 
disadvantages associated with fixation across an additional 
point.[8]

In 1990, Davidson et al.[9] analyzed different methods of 
internal fixation of simple displaced fractures of the zygoma 
in an attempt to define the simplest method of achieving 
postreduction stability. In their report, the three-point 
fixation (frontozygomatic suture, inferior orbital rim, and 
zygomaticomaxillary buttress) using either miniplates alone 
or interfragmentary wiring conferred the greatest stability. 
In addition, they proposed that the two-point fixation using 
miniplate alone conferred a degree of stability comparable 
to most methods of three-point fixation regardless of the 
site in which the miniplates were applied.[10]

The results of study conducted by O’Hara et al. confirmed 
that the best site for rigid fixation is the zygomaticomaxillary 
buttress since this is the direct antagonist to pull of the 
masseter muscle along with the fact that fixation placed was 
deep and plates were rarely felt in that area, and therefore, 
a longer and stronger fixation plate could always be used 
in this site. The infraorbital rim though one of the points 
of fracture that requires reduction is the least important 
site for fracture fixation. Similarly, frontozygomatic suture 
line represents very thick bone which was ideal for rigid 
fixation.[11] Hence, we conducted a study on two-point 
fixation to further evaluate the treatment outcome in terms 
of esthetics, function, stability, and incidence of complication.

Vertical dystopia was measured as difference in the level 
of bony orbits while malar height was measured from 
vertex view comparing fractured site with normal site. 
According to Parashar et al., the mean vertical dystopia 
in Group 1, i.e. two-point fixation was 2.05 mm and in 
Group 2, i.e. three-point fixation was 0.81 mm, which 
was statistically significant, while the mean deficit in 
malar height in Group 1 patients was 3.74 mm while this 
parameter in Group 2 patients was 1.68 mm, which was also 
statistically significant.[8] A similar study was conducted by 
Rana et al. with average malar height in two-point fixation 
being 66.72 ± 3.62 mm with minimum and maximum value 
of 59 mm and 75 mm, respectively, while average malar 
height in three-point fixation being 68.26 ± 3.76 mm 
with minimum and maximum value of 60 mm and 74 mm, 
respectively. Average vertical dystopia in two-point fixation 
was 3.18 ± 1.003 mm with a range of 4 mm and in three-point 
fixation, average vertical dystopia was 2.36 ± 1.102 mm 
with a range of 3 mm.[12] In our study, preoperatively, mean 
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malar height was 66.45 ± 4.67 mm, while postoperatively, 
mean malar height was 69.10 ± 4.35 mm, which was 
significantly increased postoperative. Preoperatively, mean 
vertical dystopia was 2.85 ± 1.27 mm, while postoperatively, 
mean vertical dystopia was 0.28 ± 0.55 mm, which was also 
statistically significant.

The management of facial trauma has undergone a revolution 
in last decade because of the introduction of improved 
surgical approaches and the plating systems(.) Similarly 
management of ZMC fracture has evolved from multiple 
point fixation to single point fixation. Choice of fixation 
being single- or multiple-point fixation depends on the 
surgeon expertise. The disadvantage of doing single-point 
fixation is that it fails to address the three-dimensional 
rotation in ZMC fractures, and on the other hand, three-point 
fixation has complication of potential infection, scar, and 
nerve palsy.[8]

CONCLUSION 

In our study, all twenty patients were treated with two-point 
fixation, and results were satisfactory in terms of both 
esthetics and function. This technique also served an 
additional advantage over the elimination of external scar 
at infraorbital rim and complication associated with it. Our 
study provides a basis for more research with larger samples 
and long follow-ups to further prove the efficacy of two-point 
fixation over single- and three-point fixation techniques.
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ABSTRACT
Aim: The present study was aimed to evaluate the efficacy of hybrid implants in replacement of missing teeth in either jaw.

Materials and Methods: Twenty hybrid implants were placed in maxilla and mandible and the implants were assessed for pain,implant 
exposure, mobility, infection and wound dehiscence at first, third and sixth month postoperatively.

Results: According to our study the statistical data showed that all the parameters which were seen clinically were nonsignificant.

Conclusion: Hybrid implants being a new option in this field, our study provides a platform for further research with larger sample size with 
longer follow ups to be judgemental on their efficacy.

Keywords: Hybrid implants, residual ridges, sinus lift
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INTRODUCTION

Replacement of missing tooth has evolved from removable 
partial dentures to fixed prosthesis and recently to dental 
implants.[1] In an edentulous patient, the ultimate aim is the 
replacement of missing teeth to restore function and to certain 
extent esthetics as well. Dental implants eliminate the need of 
deriving support for a stable denture base from an otherwise 
dynamic mucosa also, in partially edentulous cases where one 
or more teeth may require replacement; it tends to avoid the 
adjacent teeth and focuses on deriving the support from the 
underlying bone mimicking as a close replica of natural tooth. 
As they gather momentum in rehabilitation, various authors 
have come across obstacles’ significant enough to discourage 
the use of an otherwise efficient modality and resort to 
conventional means. In the maxilla and mandible, there is 
resorption of alveolar bone region due to postextraction 
pneumatization, and in mandible, there is sometimes close 
approximation to inferior alveolar nerve which might present 
as a challenge for dental implant placement.[1] The proposed 
hybrid implant overcomes the risk of damage to the anatomic 
structures in mandible as it is a subperiosteal implant and 
also overcomes sinus lifting procedure in maxilla which is a 
very technique sensitive procedure. Lack of primary stability 

is a surgical complication that should be dealt with at the 
time of implant surgery. However, in hybrid implant, it is not 
an issue as the implant is stabilized using screws buccally or 
palatally/lingually in maxilla and mandible. Taking all these 
points into consideration, hybrid implants were used for the 
replacement of teeth in the edentulous areas of maxilla and 
mandible in our study.

MATERIALS AND METHODS

Research design
A prospective research was designed which included 
placement of twenty hybrid implants over a period of 1 

Efficacy of hybrid implants in oral and maxillofacial 
surgery: A clinical prospective study
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year with a follow up of 6 months postoperatively (1st, 
3rd, and 6 months). Its efficacy was assessed by various 
parameters clinically that includes pain, implant exposure, 
mobility, infection, and wound dehiscence. Prosthetic 
rehabilitation was done after 3 months after the implant 
placement. All the data were analyzed by SPSSV 19 version 
(IBM Corporation) statistical package and Shapiro–Wilk test 
was used for assessing the distribution of all parameters. A 
duly consent form was signed from all the patients included 
in this study.

Procedure of implant placement
Under local anesthesia, crestal incision was given followed 
by a vertical releasing incision [Figures 2 and 3]. A triangular 
mucoperiosteal flap was elevated, and the alveolar bone was 
exposed. The implant blade [Figure 1] was molded according 
to the arch shape and fixed using titanium screws on both 
buccal and palatal/lingual cortices in maxilla and mandible 
in such a way that the abutment was only part projecting 
occlusally in the oral cavity [Figures 4 and 5]. Primary closure 
was done such that abutment only remained exposed 
[Figures 6 and 7]. The closure was done with 3–0 silk suture. 
Prosthetic rehabilitation was done after 3 months of implant 
placement [Figures 8 and 9]. The design of hybrid implant is 
shown is Figure 1.

RESULTS

Twenty hybrid implants were placed, and its efficacy was 
assessed by various clinical parameters that include pain, 
implant exposure, mobility, and infection and wound 
dehiscence.
1. Pain – visual analog scale (0–10) [Figure 10]
2. Mobility – Grade (0–5)[1] during the 1st, 3rd, and 6th month 

postoperatively [Figure 11]
3. Infection – infection criteria[2] [Figure 12]
4. Implant exposure [Figure 13]
5. Wound dehiscence [Figure 14].

DISCUSSION

The evidences of implant placements are present even in 
the prehistoric times. The first dental implant system was 
proposed by Gustav Dahl[3] in 1937 and later on placed by 
Aaron[4] in 1948. It consisted of a metal framework placed 
underneath the soft tissue above the alveolus with an 
abutment emerging from the surface to carry denture. 
Many clinicians modified the technique and design of 
subperiosteal implants. Later on in 1981, Branemark[5] 
proposed the endosseous implants and did a 15-year 
study on osseointegrated dental implants in the treatment 

AQ5

AQ10

of edentulous jaw and concluded various aspects about 
osseointegration and stability of osseointegrated dental 
implants. When an endosseous implant is placed, there are 
many limiting factors. For successful implant, the need of 
sufficient bone around the endosseous implant is critical 
for the placement and success of the implant. In the maxilla, 
there is a reduction of alveolar bone height in sinus region 
due to postextraction pneumatization, and in mandible 

Figure 1: Design of hybrid implant

Figure 3: Incision for site exposure in maxilla AQ9

Figure 2: Incision for site exposure in mandible
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resorption, alveolar ridge poses a close approximation to 
inferior alveolar nerve which sometimes might present as a 
challenge for dental implant placement.

Keeping in mind the above-said difficulties, Mani et al.[1] 
developed a new implant system in 2014 called the “HYBRID 
IMPLANT SYSTEM” which will be cost-effective and easy 
to use with adequate strength to support prosthesis. 
According to Mani et al.,[1] the hybrid implant system is 

a versatile implant which has got both subperiosteal and 
endosseous components.[1] In our study, we have placed 
twenty hybrid implants in the maxilla and mandible, and 
its efficacy and success was assessed by various clinical 
parameters that include pain, implant exposure, mobility, 
infection, and wound dehiscence at 1st, 3rd, and 6th month 
postoperatively.

Figure 4: Placement of hybrid implant in maxillaAQ9

Figure 6: Final closure in mandibleAQ9 Figure 7: Final closure in maxilla AQ9

Figure 8: Postoperative OPG showing all implants after 1 monthAQ9

Figure 5: Placement of hybrid implant in mandible AQ9

Figure 9: Prosthetic rehabilitation AQ9
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The prerequisites of a successful dental implant are the 
achievement and maintenance of implant stability. Implant 
stability may be well defined as the lack of clinical mobility 
that is also described as osseointegration. Implant instability 
might lead to fibrous encapsulation, resulting in failure. 
Being mechanical phenomenon, primary implant stability 
is connected to local bone quantity and quality, the kind of 
implant, and its placement method used. In our study, we 
have observed mobility in five hybrid implants. Obwegeser[6] 
(1956) also reported mobility of five subperiosteal dental 
implants. According to them, reasons of mobility might be 
due to an inflammation, pressure, or lateral stress or the 
bone resorption may be merely a physiologic process. In 
1983, Young et al.[7] also evaluated 25 patients and reported 
a 5-year survival rate of about 90% and 6-year survival rate of 
about 75%. They also evaluated the subperiosteal implants 
for mobility and found lateral mobility present in one of the 
implants, and the reason they mentioned for this mobility was 
bone loss. In our study, mobility was present mesiodistally 
and buccolingually after the prosthetic rehabilitation of the 
hybrid implants, and the possible reason was that the hybrid 
implant could not bear the masticatory load and forces in 
these particular patients.

AQ7

Implant exposure should certainly be considered as major 
criteria in terms of longevity/success of implant. As hybrid 
implant is a subperiosteal implant, the framework of implant 
may be exposed primarily because of rupture of the suture 
or a hematoma, or it may become exposed gradually. In 
some cases of hybrid implants, implant exposure was also 
seen followed by screw exposure buccally in the maxilla 
and mandible. It was recorded 10% in 1st month, 11.1% in 
2nd month, and 13.3% in the 3rd month postoperatively. 
Obwegeser[6] in 1956 also reported in his study implant 
exposure in six patients and they mentioned that implants 
may be exposed primarily. Peev and Stefan[8] in 2013 placed 
93 subperiosteal implants and observed implant exposure in 
29.5% patients, and they mentioned that implant exposure 
was because of bone resorption. Bailey et al.[9] in 1988 
reported in their study implant exposure in 33.3% patients, 
and the possible reasons they mentioned were bone 
resorption, occlusal wear, or flexure of the mandible. In our 
study, we observed that implant exposure could be because 
of improper suturing, insufficient flap for closure, and closure 

Figure 10: Graph depicting pain scoresAQ9

Figure 11: Graph depicting mobility AQ9

Figure 12: Graph depicting infectionAQ9

Figure 13: Graph depicting implant exposure AQ9
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done in tension.

Ahead of implant exposure, the next major complication, 
which might hamper the implant success would be wound 
dehiscence, which sometimes occurs during the first 
10 days. Contributing factors of wound dehiscence include 
flap tension, continuous mechanical trauma or irritation 
associated with the loosening of the screws, incorrect 
incisions, and formation of sequestration of bone debris. 
We have found 10% of patients having wound dehiscence. 
Linkow[10] in 1970 also mentioned in his study poor suturing 
of the mucoperiosteal tissue immediately after the implant is 
inserted can cause wound dehiscence, and the suturing should 
not be too tight or too loose, and there should be sufficient 
exposure of the alveolar bone beyond the borders of the metal 
framework. Obwegeser[6] in their study in 1956 also reported 
wound dehiscence in their patients, and they mentioned it was 
because of insufficient vascularization, inadequate suturing, or 
infection of the wound margins. In our cases, dehiscence that 
was seen could be because of improper suturing, insufficient 
flap for closure, and closure done in tension.

Infection represents one of other factors contributing to 
the failure of any dental implant. At present, no single 
microorganism has been closely associated with colonization 
or infection of any implant system. Failing dental implants are 
associated with a microbial flora traditionally associated with 
periodontitis. Staphylococcus aureus has been demonstrated 
to have the ability to adhere to titanium surfaces. This may 
be significant in the colonization of dental implants and 
subsequent infections. The main cause of late-stage infection is 
contamination of recently inserted implants by the pathogenic 
microflora of natural teeth. Contamination of the implants may 
be favored by the presence of necrotic and traumatized bony 
tissue or impaired host defense mechanisms. Characteristic 
clinical features are edema, swelling, purulent exudate, pain 
on palpation, or fistulae. In our study, all the implants were 

AQ7

assessed clinically for infection according to surgical site 
infection criteria, of which two implants had the signs of 
infection; there was the presence of abscess in one of the 
implants followed by purulent discharge in other implants 
during the 1st and 3rd month postoperatively. Young et al. in 
1983[7] in his study also reported infection in one patient, 
and he mentioned it was because of swelling, suppuration, 
pain, and heat. In hybrid implants, we found out that it was 
because of poor patient oral hygiene.

Pain is always associated with any type of surgical 
intervention postoperatively. In our study, all the patients 
were evaluated for pain using visual analog scale (0–10). 
All the patients complained of mild-to-moderate pain 
immediately postoperatively which lasted for 1 week. No 
patient had pain on subsequent follow-ups. Bailey et al.[9] in 
1988 also reported pain and inflammation in 57% patients 
and it also gradually decreased with time in intensity.

Garefis[11] in 1978 suggests that placement of subperiosteal 
implant is a very long procedure and it cannot be done under 
local anesthesia and it has to be carried out in two different 
phases. However, in our study, we have performed it under 
local anesthesia with a mean time of 45 min.

Bodine et al.[12] in 1974 reported that the permanent fixation 
of the subperiosteal implant occurs by dense, collagenous, 
fibrous tissue encapsulation around the framework. In our 
study, the implant gains its stability by the cortical screws 
and by bone formation around the plate and screws.

In hybrid implants, we found difficulty in adjusting the 
implant on the mandible because of the narrow and knife 
edge ridges as compared to maxilla. However, the survival 
rate was more in mandible as compared to maxilla. In 1978 
Golec[13] also evaluated 100 cases of subperiosteal implant and 
got a 4-year survival rate of 100%, 5-year survival rate of 96%, 
6-year survival rate of 92%. He also concluded that the success 
rate is less in maxillary arch compared to mandibular arch.

Linkow[10] in 1970 put forward a new design endosseous 
implant to meet the functional demands that are placed 
on implants, especially in completely or near completely 
edentulous maxilla and to reduce the problems encountered 
in knife edge ridges. He called the design as blade-vent 
implant. According to him, the new design serves well in 
withstanding lateral forces that are placed upon them. In 
our study, the hybrid implant that was used has got both 
subperiosteal and endosseous components which is similar 
to blade-vent implants, and it is aimed to very well handle 
atrophic maxilla without sinus lift and grafting procedures, 

AQ7

Figure 14: Graph depicting wound dehiscenceAQ9
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and there is no risk of involvement of anatomical structures 
in mandible.

In the maxillary posterior, the proximity of the sinuses can 
create a problem for dental implants if there is minimal 
residual crestal bone (5 mm) for stability.[14,15] Ardekian 
et al.[16] found that maxillary sinus membrane perforations 
were more common in areas with a minimal amount (5 mm) 
of residual alveolar bone, so there is a need of sinus lifting 
procedure. Jung et al.[17] also reported the risk of maxillary 
sinus complications in implants which penetrated the bone 
and mucous membrane of the sinus floor at 2, 4, and 8 mm 
extensions if sinus lifting is not done. However, in our 
study, hybrid implant being a subperiosteal implant adapts 
over the cortical bone and hence alleviating the need of 
technique-sensitive sinus lift procedure.

When placing implants in the mandible, proper radiographs 
and pretreatment planning are done to ensure complete 
aversion of the inferior alveolar, mental, incisive, or 
lingual nerves so that a minimum distance of 2 mm is 
maintained.[18] Bartling et al.[19] observed 405 mandibular 
endosseous implants placed in 94 patients to determine 
the incidence of altered sensation using standard neurologic 
tests over a 6-month period. He found that nerve injury 
was present in 9% of patients. van Steenberghe et al.[20] also 
reported a similar incidence rate of 6.5% for altered sensation 
at 1 year after mandibular implant placement. Ellies and 
Hawker[21] also found an altered nerve sensation incidence 
of 36% in their patients. However, in our study, there was no 
incidence of nerve alteration or nerve injury to any patient.

According to Parel and Thayer,[22] potential problems that 
can complicate the placement of screws for fixation of the 
subperiosteal implants are:
1. Unless the screw is in total intimate contact with dense 

cortical bone, some types of resorptive process will occur
2. The chrome cobalt screws, which were used for fixation, 

may break
3. The screw can penetrate the sinus or the canal.

In case of hybrid implants, the worry for the proper adaptation 
of the framework is avoided as the plate component of the 
implant is malleable and can be adapted in close contact with 
the surface of the alveolar bone. None of the patients in our 
study experienced any sinus infection or nerve deficit after 
placement of the implant.

CONCLUSION

Hybrid implant system is a newer system for the rehabilitation 
of edentulous spaces with inadequate bone which is 

cost-effective and less technique sensitive and its design and 
placement technique allows its use in thin resorbed ridges 
without doing sinus lift and alveolar canal modification, and 
it requires minimum armamentarium for implant placement. 
Till date, no literature or evidence is available on the success 
of hybrid implants. Our study provides a basis for further 
research work on this system with larger samples and long 
follows-ups to prove their efficacy to widen the horizon 
for the use of hybrid implants in oral rehabilitation with 
confidence.
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A bstr act  :  Indirect bonding is a simple and 

effective technique of bonding brackets on 

both labial and lingual surfaces of teeth. 
D ifferent methods have been employed by 

severa l  c l in i c ians  for improv ing th is  

technique. The present systematic review 

intends to discuss several different methods of 
indirect bonding techniques.
In t r oduct ion:  The need of bonding the 

brackets on the tooth surface with accuracy 

and prec ision has been a need and 

requirement of every orthodontist soon after 

appliance like Pre adjusted edgewise was 

introduced.  A  simp lif ied and effect ive 

technique was required by the orthodontists 

to accurately place the brackets on the tooth 

surface without any deviational errors. This 

need of accurately bonding the bracket on the 

tooth surface led to the introduction of 
indirect bonding technique n the year 1972 

by Silverman and Cohen. Silverman and 

Cohen had introduced this technique as “ A 

universal direct bonding system for both 

metal and plastic brackets” in which the 

brackets were first positioned accurately on 

the working models of the patient's dentition 

followed by transfer of brackets was carried 

out on the patient's dentition using a transfer 

tray. Since the introduction of this technique, 
there have been many changes and 

modification. O ne of the earliest material 
which was used for tacking the bracket on the 

patient working models was Carmel candy 

which has now been replaced to much better 

reforms like light activated composites. The 

contemporary ways of making the transfer 

trays have also been transformed from the 

use of Polyvily siloxane impression material 
to 3D printed and Steriolithographic transfer 

trays. The present article intends to cover 

different techniques and materials which are 

used for carrying out indirect bonding 

technique.
H istor ica l B ack gr ound: The first time 

when indirect bonding technique was used a 

pit and fissure sealant Caulk NuvaL ight was 

used for bonding the brackets which was used 

for prevention of carries. The sealant had 

components like  B isphenol A , G lycidyl 
Methacrylate, Methyl Methacrylate monomer 

and Benzoin Methyl Ether. For making the 

transfer trays plastic wafers were used 

(F igure-1). The only problem which was faced 

by the authors while conducting this trial, was 

special care was taken to prevent entry of the 

bonding agent in the inter-proximal areas 

which could have resulted in bridging of the 

teeth and inhibited tooth movement after 

wire engagement. Another drawback of this 

technique was that some of the brackets 

became loose after completion of the 

procedure, but this technique resulted in more 

than 90 percent of attachment of the brackets 

1

post completion of the procedure.
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In the year 1977 another trial was conducted 

by Kambiz Moin and  and Leon Dogon in 

which adhesive like B is GMA was used for 

indirect bonding techn ique .  B is G M A  

adhesive was used in place of Methyl 
Methcrylate cement so as to resist more 

stresses which are produced by the arch 

wires. Both low and high viscosity adhesives 

were used to bond the brackets. For placing 

the brackets on the working models sticky 

wax was used (F igurre-2).  Po ly ether 

impression material was used for making the 

2transfer trays in this study.

Soon after the trial done by Kambiz And Moin 

another trial was conducted in the year 1978 

by Zachrisson And Brobakken in which 

Carmel candy, an edible candy and sticky in 

consistency was used to attach brackets on 

the working models of the patient. Silicone 

impression material was used for making 

transfer trays in this technique (F igure-3).  A  

trial which was aimed to compare direct 
bonding and indirect bonding technique was 

done by Zachrisson and Brobakken in the 

3same year 1978 .  A  study was done to 

compare and evaluate both indirect and direct 
bonding technique in which parameters like 

bracket placement, bond strength, rate of 
failure and total time required to bond in both 

the procedures were evaluated. In this trial the 

indirect bonding technique proved to be more 

superior than direct bonding technique. It was 

also noted that the time required for bonding 

t he  bra c ke ts  usi ng i nd ire c t  bond i ng 

technique, was significantly less than that of 
4

direct bonding procedure.  

In the year 1987 light activate resin was used 

by Read and O  Brian for attaching the 

brackets on the tooth surface (F igure-4). 
Using U ltra V iolet light made the technique of 
ind irec t  bond ing muc h simp ler.  T he 

advantages of using light activated resin for 

indirect bonding were 1 . Less chair side time, 
2 . Uniform and consistent amount of resin 

was used for bonding of brackets, 3 . F lash 

seeping out from the borders of the bracket 
5

bases could be easily removed.  Comparing 

light activated resing with chemically cured 

resin in the year 1990 a comaparative study 

was conducted by Read and O  Brian. In this 

study it was observed that unequal figure 

pressure on the transfer tray led to weakening 

of bond strength of brackets. Another 

observation of this study was that using 

chem ica lly activated resin could cause 

inclusion of air bubbles between the bracket 
6

and resin interface.
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A  new approach of using c lear and 

transparent transfer trays made with Traid 

VL C® by Densply® was used by Kasrovi PM , 
Sheri T, Shen A  in the year 1997 , for their 
trial. The advantage of using this approach of 
clear transfer tray was it enabled the operator 

to remove excessive amount of flash from the 

brackets which was not possible by chemically 

7cured resin.  Another initiative of using light 
cure adhesive for indirect bonding technique 

was taken by Michael JF, Pearson A I in the 

year 1998 . In this trial a silicon based 

®impression material Memosile C D  was used 

for making the transfer trays. This material 
was transparent which enabled the operator 

to use light activated resin for bonding the 

brackets. O n the other hand using Memosile 

C D® provided more ease in making the 

transfer trays as the consistency of the 

material was of medium viscosity which 

helped in covering all the possible surfaces of 
8the brackets and the working models.  

I n d i r e c t  B o n d i n g  i n  L i n g u a l  

O r thodontics :  The introduction of lingual 
orthodontics enabled the orthodontists to 

align and correct the malocclusion without 
making the brackets visible, as the brackets 

were bonded on the lingual aspect of the 

teeth. The enticing method of lingual 
orthodontics proved to be a difficult task for 

several operators as this technique required 

accurate posit ion ing of bonding.  A ny 

deviation of brackets from their prescribed 

position resulted in change in the orientation 

of the tooth following Orthodontic treatment 
other drawback of this technique was lack of 
accessibility and visibility, especially in the 

posterior aspect of the dentition. To 

overcome these shortcom ings indirect  
bonding technique was started as a technique 

of choice for bonding the brackets on the 

lingual surface. In the year 1999 an initiative 

was taken by Geron S to use a special device 

which consisted of Jigs for bracket transfer on 

the lingual surface of the dentition. This jig 

was specially designed for transferring the 

brackets on the lingual aspect with six sets of 
jigs in the anterior aspect and a universal jig 

which could be helpful in transferring the 

brackets in the posterior surface.9 In the year 

H ong, K im and Young also attempted to use 

indirect bonding for bonding the brackets on 

the lingual surface of the patients dentition. A  

special type of approach was used for making 

the transfer trays. In their technique BIR 

(Bracket Index Resin) and TIR (Tooth Index 

Resin) was used( F igure- 5).

The first step was to block the bracket with 

plaster and covering the surface of the 

bracket using quick cure resin, this index was 

duplicated with the help of silicone material 
and was filled with light activated composite 

10for completion of the transfer tray.  A  new 

technique of making indirect bonding easy 

was formulated by K im T et al in which they 

used convertible resin core system for making 

the transfer trays. In this method while 
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making the transfer tray a part of tooth 

surface and the slot of the bracket was 

blocked partially with elastomeric ligature and 

base plate wax. This gap created between the 

transfer tray and the bracket prevented any 

deviation of bracket during transfer (F igure-
11

6).

Another article which was aimed to produce 

accurate transfer of brackets using indirect 
bonding techn ique was introduced by 

Toshiaki H iro et al. In their technique of 
indirect bonding the arch wire was made 

according to the treatment need of the 

patient's arch and it was carefully set on the 

working setup using dowel pin. The use of the 

dowel pins was to prevent change of the wire 

position after repeated removal and insertion 

in the setup . In this method an individualized 

transfer tray was fabricated for each tooth 

using light activated composite and self cure 

resin (F igure-7). This method of making 

individua lized transfer tray he lped the 

operator in positioning the brackets without 
much difficulty and with more precision on 

12

each tooth.  The drawback of using this 

technique was to remove the individualized 

tray made with the resin was difficulty in 

separating it from the tooth surface after the 

brackets were bonded on the tooth surface as 

the elastic ligature had to be removed.

To overcome this shortcoming a new method 

of indirect bonding was introduced by 

Matsuno et al in which a hybrid core resin was 

introduced for making the indirect bonding 

transfer tray. In this method the inner part of 
the transfer tray was made using silicon and 

the outer part of the tray was fabricated using 

resin which contained both the bracket and 

the silicon part of the tray enclosing the labial 
incisal tip of the tooth. The advantage of 
using this method of making the transfer tray 

was the ease of detachment of the transfer 

tray from the bracket after the bonding was 

completed. The author demarcates the soul 
use of this technique only in the incisors and 

no evidence of the use of trays on the 

p r e m o l a r  a n d  m o l a r  r e g i o n  w a s  

mentioned.13 A study was concluded in the 

year 2007 by Shpack et al did a comparative 

study in which four different types of bonding 

procedures were undertaken. In this trial 
bonding was done on labial and lingual 
surfaces of teeth using both indirect and direct 
method. The direct bonding was done with 

the help of Boons Guage whereas the indirect 
bonding was done with the help of specially 

designed “L ingual bracket jig''(F igure-8). The 

L ingual bracket jig was specially designed for 

indirect bonding purpose. It was found that 
the bonding accuracy of brackets using 

Indirect bonding with L ingual bracket jig was 
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more that the direct bonding method.

A d v a n c e s  i n  I n d i r e c t  B o n d i n g  

Technique: There have been many changes 

and modification in the technique after its 

i n t r o d u c t i o n ,  b u t  t e c h n o l o g i c a l  

advancements have made this technique 

more precise and less time consuming. Use of 
computerized software and technology like 

C A D / C AM (Computer A ided Design and 

Computer A ided Manufacturing) has made 

the job of dentists much easier. D ifferent 
me thods o f  carry ing out  orthodon t ic  

treatment like Incognito, has made the 

bonding procedure complexly based on the 

c o m pu t er  a ided so f t ware .  In c ogn i t o  

technique comprises of individual trays which 

are helpful in transferring the brackets on the 

teeth. These trays are designed in the 

computerized software according to the 

desired treatment goal. Incognito treatment 
procedure is used in lingual orthodontics. The 

drawback of using indirect bonding technique 

is the error which can be present in the tray at 
the time of designing, leading to deviation of 
the bracket from the desired position. 
Another treatment method which comprises 

of indirect bonding is Insignia system. Insignia 

system uses full sets of arches with pre-
determined bends for accomplishing the 

treatment objectives. In this system computer 

aided design and manufacturing is used for 

making transfer trays. These trays are used 

for bonding the brackets on the desired 

15

position of the tooth surface.  Indirect 
bonding was carried out using computer 

aided design and manufacturing by C iuffolo et 
al, in which the transfer trays were specially 

designed using Rapid prototyping technique. 
In this C iuffolo et al method high quality 

models of the patient's dentition were first 
scanned using h igh reso lut ion op t ica l 
scanner. The scanned models were used in 

the computerized software to select and 

position the brackets on the virtual setup 

(F igure-9). . Using the software indirect 
bonding transfer trays were made designed in 

the software which were further manufacture 

using computer aided manufacturing These 

trays were used to transfer the brackets on the 

16

patient's dentition.

Frost LB and F illon D used indirect bonding 

technique for carrying out bonding of 
brackets using lingua l orthodontics.  A  

s p e c i a l i z e d  j i g  w e r e  d e s i g n e d  a n d  

manufactures using computerized software 

for indirect bonding. Fabrication of transfer 

jigs were done using computer a ided 

manufacturing.17 E l T imamy AM et al used 

Steriolithographic transfer trays for indirect 
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bo nd i ng  w h i c h  w ere  de s i gn ed  a nd  

manufactured by using computer aided 

design and computer aided manufacturing.18

Kyoung-Hui et al also used indirect bonding 

technique with computer aided design and 

manufacturing for designing indirect bonding 

transfers trays (F igure-11).19 A  comparative 

study was conducted by Schmid et al in the 

year 2018 in which the bracket transfer 

accuracy between two indirect bonding 

transfer trays was assessed with the help of 
intra oral scanner of TRIOS® Color-P13 

S h a d e ,  3 S h a p e  D e n t a l  S y s t e m s ,  

Copenhagen, Denmark. In this trial the 

brackets were transferred using silicon and 

vacuum form transfer trays, and the accuracy 

of these trays were evaluated.20

For achieving more accuracy of bracket 
transfer Duarte et al used 3 Shape scanner to 

scan the patient's dentition. A fter the 

dentition was scanned brackets were adjusted 

on the virtual set in the computerized 

software (F igure-12). This information was 

used to design 3D printed transfer trays 

(F igure-13).21

For achieving more accuracy of bracket 
transfer Duarte et al used 3 Shape scanner to 

scan the patient's dentition. A fter the 

dentition was scanned brackets were adjusted 

on the virtual set in the computerized 

software (F igure-12). This information was 

used to design 3D printed transfer trays 

(F igure-13).21

C O N C LU SI O N

Bonding of brackets with accuracy and 

precision is the key of producing excellent 
results in orthodontic patients. Indirect 
bonding has proved to be one of the most 
effective techniques of bonding the brackets 

w i t h prec ision and ac curacy .  L a test  

technology like 3D printing and Computer 

A ided Design and Manufacturing may be 
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helpful in further modification of this 

technique for achieving excellent treatment 
outcomes.
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A bstr act :  Early childhood caries is a 

complex disease involving maxillary primary 

incisors and readily spreads to involve other 

deciduous teeth erupted in the oral cavity of a 

child1 . Restoring the form and function of 
such decayed teeth is of utmost importance to 

a pediatric dentist2 . Conventional stainless 

steel crown is a preferred treatment modality 

for such cases which has aesthetics and 

expertise as drawbacks. The aim of this study 

is to provide an alternative and improved 

remedy which provides a chair side in-mouth 

crown preparation in an 8 year old male child 

post pulpectomy evaluated on intervals of 3 

and 6 month time period under USP HS alpha 

criteria.
Keywords:  Early childhood caries, stainless 

stee l  crown ,  cha ir side in – mouth 

preparation.
In t r oduct ion: Maintaining the form and 

function of a decayed tooth along with 

restoration of its masticatory function with 

special consideration of articulation and 

aesthetics is the requirement of a dental 
prosthesis. This applies not only to definitive 

treatment but also to temporary restorations 

which can be produced chair side by a dentist. 
No other factor plays an important role in 

pediatric dentistry than the restoration of 
primary teeth until their natural exfoliation.
Stainless steel crowns are considered as the 

best for primary teeth with extensive carious 

lesions if esthetics are not taken into 

consideration. During past years, a higher 

esthetic standard is expected by the parents. 
W ith this in mind the right material which is 

able to satisfy the growing demand of 
aesthetics and function will be given priority 

in the present day to day practice. zirconia 

and luxa crown are the favored substitutes 

among which luxa crown is more preferred 

due to its cost effectiveness, availability and in 

–mouth chair side manipulation.
C ase Re p or t :  An 8 year male patient 
reported to the Department O f Pediatric And 

Preventive Dentistry, Guru Nanak Dev Dental 
College And Research Institute, Sunam, with 

the chief complaint of pain in the right lower 

back tooth region. The past medical and 

dental history was not significant. O n the 

basis of clinical and radiographic findings, the 

tooth was diagnosed with acute irreversible 

pulpitis (F ig 1). A fter weighing all the 

treatment options, it was decided to carry out 
pulpectomy followed by crown placement.

The parents were informed about the 

treatment and written consent was obtained. 
O n approva l  o f  the trea tmen t  p lan ,  
pulpectomy procedure was initiated at the 
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same appointment. A fter the pulpectomy 

procedure was completed (F ig 2) the luxa 

crown fabrication and cementation was done 

a week later( F ig 3 ,4) 

Before tooth preparation, an impression was 

taken with the use of putty material (addition 

silicone). The occlusal surface next to the 

natural occlusal profile was decreased by 

roughly 1-1 .5mm. The tooth was trimmed 

down circumferentially by around 20%-30% 

or 0 .5-1 .25 using coarse, tapered diamond 

or carbide burs, a coarse football diamond 

burs can be utilized to decrease the occlusal 
areas. A  narrowed diamond burs was used to 

prevent the breaking up of the tissue as well as 

the anticipated edge of the marginal gingiva 

should be stretched out & polished to a 

feather edge to eliminate undercuts or 

subgingival ridges 1-2mm subgingivally on all 
aspects of the tooth. line and point angles 

were eliminated to allow all areas of the 

prepared tooth to be marginally rounded. 
Previous putty impression, filled with luxa 

material was again seated on the prepared 

tooth. The crown formed separated from the 

putty material was finished and polished. 
Prepared tooth should be checked for any 

blood or residues of saliva and gingival fluid. 
Resin modified glass ionomers was employed 

to sit luxa crown on the tooth.
3 month and 6 month follow up of the case 

gave positive results under the criteria United 

States of Public Health Service A lpha Criteria 

System (table 1). No change was observed in 

surface texture, anatomical form, marginal 
discoloration and restoration of colour 

stability. A lso, no gingival bleeding and 

plaque accumulation was seen in both 

3months and 6 months time.
U nited  S ta tes of Public H e a lth  Service  

A lp h a  C r i te r ia  Syste m
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F ig 3  C lin ica l r e p r esenta t ion  of 8 5  befor e  

cr o w n p r e p a ra t ion  a nd ce m enta t ion
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A LP H A
 

B R AV O C H A RLIE D E LTA

Tooth Color Stability

 

No 

change

 

Change of color 

compared to the 

2 week follow 

up( up to 4 

shades)

Change of color 

compared to the 

2 week follow up

(up to 8 shades)

Change of color 

compared to the 2 

week follow 

up(more than 8 

shades)

Surface texture

 

Sound

 

Rough

Anatomical form

 

Sound

 

Slight loss of 
material 

(Chipping, 
clefts), superficial

Strong gloss of 
material(chipping

, clefts), 
profound

Total or partial loss 

of the build

Marginal 
integrity(enamel) Sound

Positive step , 
removable by 

finishing

Slight negative 

step not 
removable, 

localised

Strong negative 

step in major parts 

of the margin, not 
removable

Marginal 
discoloration(enamel) None

Slight 
discoloration, 
removable by 

finishing

D iscoloration , 
localized not 
removable

Strong discoloration 

in major parts of 
the margin, not 

removable

G ingival inflammation None Slight Moderate Severe

Restoration color 

stability
No 

change

Change of color 

compared to 

base line 

condition

TA B L E  1



D iscussion :  Esthetics, easy fabrication and 

maintenance of form and function are the 

concerns that are of utmost importance while 

choosing a long term restorative materials3 . 
Stainless steel crowns introduced in 1950 by 

H um p hrey have  been  an  inva luab le  

restorative material in treatment of badly 

decayed teeth. Over past 20 years as the need 

for the more tooth colored restorative 

material has taken the dentist to demand 

newer materials which not only look more 

tooth like but also reduce the in chair time and 

are pocket friendly.
Luxa crown being readily available, semi 
permanent composite material is suitable for 

crowns and bridges for long term temporary 

measures. The property of low viscosity 

makes its in mouth repositioning convenient 
for the patient and the dentist4 . From its 

fabrication to its finishing it provides a 

c o n v e n i e n t  w o r k i n g  a n d  s i m p l e  

armamentarium which makes it's a dentist 
friendly product even in pediatric cases. In 

c l in ica l  si tua t ions where a need for 

trustworthy and effective long term solutions 

need, Luxa crown preparations can be used 

on a priority basis.
C onclusion: It is to conclude that in cases 

where a crown preparation is required to save 

a primary tooth before its natural shedding 

time, luxa crowns can be used without having 

to worry about the factors.6 months study on 

primary teeth shows positive results. Further 

long term studies are suggested for more 

clarification on this subject. 
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A bst r act :  Extra coronal restoration is 

required in endodontically treated anterior 

teeth when the tooth structure is weakened or 

lost due to caries, placement of previous 

restoration and / or is discoloured, endodontic 

treatment. The retention of extra coronal 
restoration and esthetic reinstatement of 
severe ly mutilated anterior teeth is a 

challenge to clinicians in their daily practice. 
This article describes a case report on 

management of mutilated maxillary anterior 

teeth using prefabricated glass post and  core 

build up , followed  by porcelain fused metal 
full coverage restoration.
In t r oduct ion: Mutilated tooth  is grossly 

weakened and badly broken tooth where the 

amount of remaining tooth structure is less 

than the amount of tooth loss.1 The 

management of a severely worn dentition is 

often challenging due to loss of vertical 
dimension, loss of tooth structure, uneven 

wear of teeth creating an uneven plane of 
occlusion, poor esthetics, reduced chewing 

eff ic iency and para-funct iona l habits. 2 

Treatment includes root canal treatment and 

crown lengthening if required, of severely 

worn out teeth or mulitaled teeth followed by 

post & core and full coverage  restoration of 
entire dentition. Treatment should not only 

restore function and esthetic, but also should 

have a positive psychological impact and 

thereby improve perceived quality of life.3 

So, this paper presents a novel esthetic 

approach of management to treat the lost 

function, esthetics, comfort and confidence 

for the patient with grossly decayed anterior 

teeth.
C ase H istory :  A 40-year-old female patient 
reported to Department of Conservative 

dentistry and Endodontics at Institute of 
Dental studies and technologies, Modinagar 

with chief complaint of decayed tooth in the 

upper front tooth with history of no pain 

(F igure 1). Intraoral examination revealed the 

presence o f  a grossly decayed tee th 

irt11 ,12 ,21 ,22 with thin remaining walls. 
Pulp vitality testing elicited a negative 

response . The preoperative radiograph  

revealed deep caries involving the pulp and 

widening of the periodontal ligament space. 
Based on all the evidences available a 

diagnosis of chronic irreversible pulpitis was 

made. O n analysis of all the factors, it was 

decided to treat four teeth and plan for 

endodontic treatment followed by crown 

lengthening, post and core and full coverage 

crown. 

The access cavities were made by means of 
Endo-A ccess bur and modified with Endo-Z 

bur  ( D e n t s p l y  M a i l l e f e r,  B a l l a i gue s ,  

Switzerland).  A  size 10 K-file was placed into 
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the canals up to the apical foramen to check 

for patency of the canals. Canals were flared 

in the coronal third using canal orifice opener 

(SX ) of Protaper Un iversa l file series 

( D e n t s p l y  M a i l l f e r ,  B a l l a i g u e s ,  

Sw itzerland). Then work ing length were 

estimated with an electronic apex locator 

(Coltene Whaledent Pvt. L imited, Langenau, 
Germany) and confirmed with periapical 
radiograph (F igure 2). The canals were 

shaped using S1 , S2 of Protaper Universal 
F ile System followed by finishing files in the 

sequence of  F1 , F2 , F3 , F4 , F5 of Protaper 

Universal F ile System. The upper central 
incisors were prepared  till F5 of Protaper 

Universal F ile System where as upper lateral 
incisors were prepared till F4 of Protaper 

Universal F ile System with a speed of 350 

rpm and  torque of 3 Ncm. Copious irrigation 

was done w i th 2 m l  o f  3%  sod ium 

hypochlorite, between each instrumentation. 
A ll the four teeth received a final flush of 17% 

E D TA  for 30s and 2m l 3% sodium 

hypochlorite solution for 30s and 5ml of 
saline. Canals were dried with sterile paper 

po in ts .  A f ter c lean ing and shap ing ,  
obtura t ion was done by co ld la tera l  
condensation technique using gutta-percha 

(Dentsply Maillefer, Konstanz, Germany) and 

sealer (A H Plus, Dentsply Maillfer, Ballaigues, 
Switzerland) (F igure 3). Size no 50 Gutta-
Percha cones were selected as master apical 
cones for the two upper central incisors which 

correspond to master apical file size 50 

whereas size no 40 Gutta-Percha cones were 

selected as master apical cones for the two 

upper lateral incisors. The cones were 

selected by checking the tug-back. A H  Plus 

sealer was mixed according to manufacturer's 

instructions and coated on the canal walls 

using lentulospiral. The master cones were 

lightly coated with sealer and positioned into 

the canal. Then a speader of smaller size was 

introduced 1-2mm short of working length to 

create space for accessory cones in each 

canals. The accessory cones were laterally 

compacted until they could not be introduced 

more than 5mm into the canal with the help 

of spreader. The Gutta-Percha cones were 

seared off with the use of a heated instrument 
and a plugger was used to compact the Gutta-
Percha. As there were insufficient remaining 

coronal tooth structure, it was decided to 

undertake a crown lengthening procedure.

C r o w n lengthening p r ocedur e :  Crown 

lengthening was performed in Department 
Periodontology at Institute of Dental studies 

and technologies, Modinagar by conventional 
surgical procedure including gingivectomy 

followed by osseous recontouring (with low 

speed micromotor bur). G ingivectomy with  

osseous recontouring was done at labial,  

mesial,  lingual and distal sites of the involved 

teeth (11 , 21 , 12 , 22) . The procedure was 

performed  to obtain biological zone of 3-4 

mm around the involved teeth. 3-0 non 

absorbable black silk suture was placed and  

patient was recalled after 1 week for removal 
of suturing material.
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Post  sp ace p r e p a ra t ion  :  Post spaces were 

prepared in canals of teeth (11 ,21 ,12 ,22) 
with Peeso reamers. The Peeso reamer 

(Dentsply, Ballalgues, Switzerland) length was 

chosen by subtracting 5mm from the original 
working length of each tooth so that at least 
4-5 mm in length of the gutta percha was left 
in each of the canals to prevent dislodgement 
and leakage. (F igure 4). The Peeso reamers 

were used from size 1 to size 4 in sequential 
order and they were latched in a contralateral 
micromotor handpiece using a low speed 

micromotor. The two upper central incisors 

were prepared till Peeso reamer size 4 

whereas the two upper lateral insicors were 

prepared till Peeso reamer size 3 .(F igure 4)

Post  p lace m ent a nd cor e  build  u p : G lass 

fiber posts (Reforpost#4 , Angelus, Londrina, 
Brazil) with diameter of 1 .30 mm which 

correspond with Peeso reamer size 4 were 

selected for placement in the canal space in 

the two upper central insicors whereas G lass 

fiber posts (Reforpost#3 , Angelus, Londrina, 
Brazil) with diameter of 1 .10 mm which 

correspond with Peeso reamer size 3 were 

selected for placement in the canal space in 

the two upper lateral insicors . The fiber posts 

were chemically treated with a silane solution 

using a disposable brush and gently air dried 

for 5 s. Bond adhesive  was applied to the 

canals using a thin microbrush and massaged 

in for 30 seconds (F igure 5). The excess of 
adhesive was removed by paper points and 

dried with a light jet of air for 2 seconds. 
F inally the Dual polymerized resin cement 
material (Chemi cure, Seoul, Korea) was 

applied directly from the tip of syringe into 

the prepared post spaces in the root canals. 
F iber post were also coated with the cement 
and then inserted into the canals using slight 
pressure. Excess cement was removed and 

then light polymerized  for 40 seconds. 
(F igure 6). Core build up of adequate height 
was made by resin based composite (Coltene 

W h a l ede n t  Pv t .  L i m i t ed ,  L a nge n au ,  

Germany) (F igure 7). 

T o o t h  P r e p a r a t i o n  a n d  C r o w n  

p lace m ent:  The tooth preparations were 

performed using a tapered flat end diamond 

bur on the labial surfaces with a reduction of 
1 .5 mm and a shoulder finish line at the sub-
gingival level and lingual clearance were made 

using football end bur with chamfer finish line 

at the equi-gingival level using a torpedo bur 

at the lingual gingival interface. Mesial and 

distal clearance of 1 mm were made using a 
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thin tapered bur and an incisal reduction of 
approximately 2 mm were made using a flat 
surface bur. The preparations were made 

smooth using a tapered finishing bur and the 

preparations followed  the anatomy of the 

tooth. G ingival retraction cord of size 00 were 

placed on the prepared margins to separate 

subgingival tooth margins from the attached 

gingiva. Impression was made using Double 

impression technique with stock tray using 

putty and light body as impression material. 
Definitive PFM crown cementation was done 

with GIC cement (F igure 8)

D iscussion: The number of endodontic 

procedures have increased drastically in the 

past  de c ade  w i t h h igh ly pred i c t ab le  

outcomes. Therefore, restoration of  teeth 

after endodontic treatment is becoming an 

integral part of restorative practice in 

d e n t i s t r y .  P r o p e r  r e s t o r a t i o n  o f  

endodontically treated teeth requires a sound  

knowledge of the endodontic, periodontal, 
restorative, and occlusal principles. When a 

considerable amount of tooth structure has 

been lost because of caries or previous 

restoration or the endodontic treatment itself, 
special techniques are needed to restore such 

a tooth. This loss of tooth structure makes 

re ten t ion o f  a subsequen t  restora t ion 

problematic and increases the likelihood of 
fracture during function. 
In this case report endodontic treatment was 

first initiated. Necrotic pulps provide a good 

nutritional supply for pathogenic bacteria, 
which must be present for the development of 
a periapical lesion. Conventional root canal 
treatment is aimed  primarily at eliminating 

persistent bacteria as completely as possible 

(Weiger et al. 2000).4
In this case report crown lengthening was 

carried out surgically by bone recontouring 

and gingivectomy to get the ferrule effect for 

extra coronal retention. A  short clinical crown 

may lead to poor retention form thereby 

leading to improper tooth preparation. 
Surgical crown lengthening procedure is 

done to increase the clinical crown length 

w i t hou t  v io la t ing t he b io log i c  w id t h 

(Nethravathy R et 2013).5
The present case report used post space 

preparation to retain a core in teeth with 

extensive loss of coronal tooth structure. 
Anterior teeth with extensive coronal damage 

must resist lateral and shearing types of 
forces, and the pulp chambers are too small 
to provide adequate retention and resistance 

without a post (Schwratz et al 2004).6
Endodontically treated anterior teeth  have 

traditionally been restored with cast or 

wrought metal posts and cores. These 

metallic posts have a much higher modulus of 
elasticity than the supporting dentine. This 

mismatch in modulus could lead to stress 

concentration and leads to failure. This has 

lead to search for a plastic based material that 
has modulus closer to that of dentine. Thus 

the introduction of  G lass  prefrabricated  

posts have gained widespread attention due 

to its modulas of elasticity (20 GPa) similar to 

that of dentin (18GPa).  
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A ccording to two in vitro studies (Sirmani S et 
al 1999 , Newman MP et al 2003),7 ,8 the 

physical strength of fiber-reinforced post is 

significantly weaker than that of cast metal 
posts and cores. The highly rigid metal would 

transfer lateral forces without distortion to the 

less rigid dentin and lead to a higher chance of 
root fracture. The lower flexural modulus of 
fiber reinforced posts (between 1 and 4 x 106 

psi), on the other hand, measures closer to 

that of dentin ( 2 x 106 psi) and can decrease 

the incidence of root fracture. In the event of 
failure when restored with fiber-reinforced 

posts, teeth are more likely to be restorable. 
F iber-reinforced posts are fabricated to bond 

with most resin cements and resin based 

composite core materials. In vivo bonding of 
fiber-reinforced posts to the dentinal wall 
ofthe root canal space using resin cement has 

been demonstrated.
Since fiber-reinforced posts are metal-free, 
they do not cause metal allergies or corrode. 
They offer good esthetics in easily visible 

areas of the mouth, especially under the all-
ceramic crowns and bridges. F inally, fiber-
reinforced posts can be removed easily in 

case of an endodontic failure requiring re-
treatment (Ferrari M et al 2000).9 Various 

retrospective studies up to four years long 

also reported a success rate of approximately 

95 percent using fiber-reinforced posts to 

restore endodontically treated teeth. L ike the 

ceramic posts, fiber-reinforced posts are 

relatively new, and data on their long-term 

clinical performance are not available yet.
Resin-based composite for core build up 

offers an esthetically p leasing material 
especially in the anterior section under an all-

porcelain restoration. It has good strength 

characteristics and low solubility.10

A challenging dilemma faced by clinicians and 

one that has been hotly debated is “Retention 

vs Removal. Today, too many teeth are 

extracted  in favor of implants, since 

extraction  is perceived as easier and more 

lucrative than saving a natura l tooth . 
Esthetically, the anterior maxilla is the most 
challenging and complicated to restore. 
S a t i s f a c t o ry  e s t h e t i c s  a n d  g i n g i v a l  
architecture are significantly more difficult to 

achieve with implants, in particular with a 

high smile line, greater distances between 

inter-proximal contact point and alveolar 

bone, or a thin, scalloped periodontal 
biotype. Due to increasing esthetic concerns, 
more clinicians resort to tooth preservation in 

demanding situations.11                                              

C onclusion: Helping people to keep their 
dentition is the ultimate goal of dentistry. 
Preserving the original dentition of the 

pa t ien t  has super ior advan tages than 

removing and rep lac ing w ith imp lan t  
specially in cases of severly mulilated anterior 

teeth. The present case was followed for 6 

months in which no root fracture, no 

loosening or dislodgement of post, and no 

secondary caries were reported.
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A bst r act :  The odontogen ic keratocyst 
(O K C ) is a cystic lesion of odontogenic origin, 
which is classified as a developmental cyst 
derived from the dental lamina. It is one of the 

most aggressive odontogenic cysts of the oral 
cavity and is known for its rapid growth and 

tendency to invade the adjacent tissues 

including bone. This article presents two 

cases of O K C with unusual presentations, 
one with the rare co-occurrence of O K C in 

mandible in conjunction with F O D and the 

other case that was m isdiagnosed as 

unilocular dentigerous cyst. F lorid osseous 

dysplasia (F O D) is a rare fibro-osseous lesion 

of the jaw usually identified incidentally on 

radiograph. O K C in both the cases is 

preferably managed conservatively but for 

extensive lesions mandibulectomy or hemi-
mandibulectomy can be an option, where for 

F O D biopsy or surgical intervention is 

avoided as the infection can be predisposed.  
In t r oduct ion:  The Odontogenic Keratocyst 
(O K C ), first described by Mikulicz in 1876 and 

introduced by Philipsen in 1956[1 ,2], has 

been reclassified as odontogenic neoplasm 

and has been renamed as Keratocystic 

Odontogenic Tumor (K C O T) as reported in 

W H O classification of head and neck tumors 

in 2005[3 ,4 ,5 ,6 ,7]. In the recent World 

Health Organization classification of tumours 

o f the head and neck[8 ],  the name 

keratocystic odontogenic tumour (K C O T) has 

been changed aga in to odon togen i c  

keratocyst (O K C )[9]. O K C in the jaws arise 

from the cell rests of dental lamina and the 

distribution between sexes with male to 

f e m a l e  r a t i o  o f  1 . 6 : 1 ,  e x c e p t  i n  

children[10 ,11]. O K Cs may occur in any part 
of the upper and lower jaw [12]. O K C is most 
frequently found in posterior border of the 

mandible and the ascending ramus [13]. In 

the maxilla, the canine region is the most 
common location for O K C , and it is quite 

unusual for it to occur in the maxillary sinus. 
Less than 1% of O K C's are involved with the 

maxillary sinus [14 , 15]. Radiographically, 
O K Cs demonstrate a well-defined unilocular 

or multilocular radiolucency with smooth 

margins.  O K C s tend to grow in an 

an t ero p os t er i or  d ire c t i o n  w i t h i n  t he  

medullary cavity of the bone without causing 

obvious bone expansion. D isplacement of 
teeth adjacent to the cyst occurs more 

frequently than resorption. These lesions can 

also present as a small and oval radiolucency 

be t wee n  t ee t h ,  s i mu l a t i ng a  l a t era l  
periodontal cyst. They can also appear as a 

rad i o luc e n c y  s i mu l a t i ng rad i ogra p h i c  

p rese n t a t i o n  o f  t h e  res idua l  a p i c a l  
periodontal cyst [16].
Multiple O K Cs usually occur as a component 
of syndromes such as N BS, orofacial digital 
syndrome, Noonan Syndrome, Ehler danlos 

s y n d r o m e ,  S i m p s o n - G o l a b i - B e h m e l  
syndrome [ 1 7 , 1 8 , 1 9 , 2 0 , 2 1 ]  . Surg i c a l  
moda lities of O K C  includes curettage , 
enucleation , or with Cornoy's solution 

(cauterization) marsup ia lization of large 
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multilocular cyst excision & immediate bone 

graft [22 ,23 ,24]. The histologic features of 
O K Cs include a thin epithelial lining, usually 

consisting of fewer than six cell layers in a 

corrugated tissue composed of thin, irregular 

bundles of collagen, and often contain islands 

of epithelium that may represent daughter 

cysts which are a cause of recurrence. O K Cs 

contain a dirty white, viscoid suspension of 
keratin, which has an appearance of pus, but 
without an offensive smell [25]. Studies reveal 
that 5 .8% of multiple O K Cs presented 

without any features of a syndrome, 8 .1% 

were associated with N B C CS and 7 .6% of 
them had recurrences [26 , 27]. 
F lorid cemento-osseous dysplasia was first 
described by Melrose et al. in 1976 . This 

condition is a reactive , non-neop lastic 

process that is seen most frequently in middle-
aged and older women of A frican descent. 
F lorid osseous dysplasia (F O D) refers to a 

group of fibro-osseous (cemental) exuberant 
lesions of the jaw with multi-quadrant 
involvement [28 ,29 ,30]. It was previously 

known as sc lerosing oste it is,  mult ip le 

enostoses or gigantiform cementoma. The 

term florid cemento-osseous dysplasia was 

proposed in the second edition of the W H O 

International H istological C lassification of 
Odontogenic Tumors to replace the term 

'gigantiform cementoma' [31 , 32].       
C ase Re p or t  1 :  A 43 year old female 

patient presented with a complaint of 
continuous pus discharge intra-orally from 

the lower jaw associated with bad taste and 

breath due to which she had to spit 
innumerab le t imes  a  day .  A lso she 

complained of pain in right lower back teeth 

region that was extracted a week prior she 

reported to the department. Medical history 

reveals her to be on medications for 

hypertension and blood sugar since 2-3 

months. O n examination extra orally, there 

was facial symmetry and no swelling was 

evident on either sides. Intraoral examination 

there was no vestibular tenderness or 

obliteration except in the region of the tooth 

extracted before a week which was left lower 

second molar whose socket appeared to be 

healed. Intra-orally there was altered nerve 

sensation over the chin region, overlying 

mucosa appeared with a normal surface 

texture. Radiograph taken was O PG and 

C B C T. O PG (figure 1) revealed bilateral 
involvement of mandible presenting multiple 

radiolucent areas, few with smooth and 

corticated margins where as some presented 

with scalloped margins at the inferior border 

of the mandible. 
F igure 4 C losure F igure 3 Enucleation and 

Curettage F igure 1 Pre-op O PG F igure 2 

Apical precipitates
These radiolucencies extended from 37-47 

with pathologic root resorption in the 

anterior teeth region .  C B C T  revea led 

osteolytic lesion with thinning of buccal and 

lingual cortical plates with bilateral lingual 
perforations in the areas of canine and 

premolars. Perforation of the ramus on left 
side of the mandible was also noticed. 
D isplaced inferior alveolar canal on the right 
side was remarkable but with no evident 
antero-posterior expansion of the cortical 
plates. Case was planned under general 
anesthesia; extraction from right lower 

second molar to left lower second molar was 
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done. D irty white precipitates at the apices of 
all the teeth was found except those of the 

anteriors where root resorption was noticed 

(figure 2). The lesion contained white, cheesy 

material. Crevicular incision was given from 

37 to 47 which transcended laterally along 

the anterior border of the ramus bilaterally. 
Full thickness mucoperiosteal flap was raised 

to expose the cyst. Enucleation and thorough 

curettage was accomp lished (figure 3). 
Peripheral osteotomy Carnoy's solution.

Defect was then packed with Abgel and 

closure was achieved with 3-0 vicryl (figure 4). 
F o l l ow up  was  do ne  a f t er  7  days  

postoperatively, wound dehiscence in the 

region of left lower premolars was noticed 

which was managed by placing sutures. The 

multilocular cystic lesion was sent for 

h i s t o p a t h o l o g i c  e x a m i n a t i o n .  

H istopathologic evaluation revealed a cystic 

lumen lined by parakeratinised stratified 

squamous ep i the l ium l in ing wh ich is 

predominantly 5-8 layered. Basal cells are 

typically columnar with palisaded, polarized, 
and hyperchromatic nuclei. In focal areas 

features of vacuo lizat ion ,  invaginat ion ,  
budding and proliferation into the underlying 

capsule is noticeable. Detachment of the 

lining from the capsule is also seen in areas 

with numerous chronic as well as acute 

inflammatory cells are seen in the capsule 

with associated loss of keratin. Organized 

capsule is seen with areas of haemorrhage 

w i th 1 -2  dystroph ic  ca lc i f ica t ion b i t .  
Peripheral reactive bone is also evident. 
B iopsy confirmed the pathology to be an 

O K C . Extracted teeth those were associated 

with hard tissue at the apex revealed 

dystroph ic ca lc ified masses.  Assoc iated 

connective tissue also revealed dysmorphic 

osseous collections in a scant connective with 

numerous resting and reversal lines and 

osteolytic lacunae. These histological features 

were suggestive of F lorid osseous dysplasia.
Case report 2: A  24 year old male patient 
reported with a chief complaint of swelling in 

left region of the face below the ear lobe 

extending till lateral aspect of the chin on the 

lower border of lower jaw since six months 

but he experienced pain since 1 month, 
which was intermittent and dull aching in 

nature. Extraoral examination revealed hard, 
fixed swelling which was firm in consistency 

on left side over the angle of the mandible. O n 

Intraoral examination, swelling was observed 

lateral to the retromolar pad area extending 

till the distal sur faces of first mo lars 

superoinferiorly that obliterated the left 
buccal vestibule in the same region. Lateral 
oblique view revealed unerupted mandibular 

left horizontally placed third molar with a well 
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defined radiolucent lesion with consistent 
c o r t i c a t e d  b o r d e r s .  C l i n i c a l  a n d  

radiographical examination led to provisional 
diagnosis of the pathology to be that of a 

unilocular dentigerous cyst. Removal of the 

cyst under general anesthesia was planned. 
Crervicular Incision from 1st molar  was given 

that was extended distally transcending along 

the anterior border of the ramus. Enucleation 

and curettage of the cyst was done and cavity 

was treated with Carnoy's solution for three 

m i n u t e s .  T h o r o u g h  i r r i g a t i o n  w a s  

accomplished and cavity was filled with abgel. 
Primary closure was achieved with 3-0silk. 
Specimen was sent to the histopathology lab 

for evaluation that revealed a cystic lumen 

lined by an odontogenic lining of variable 

thickness. Cystic lining varied from being 2-3 

layered in area and had a connective tissue 

capsule w ith invaginations as we ll as 

detachment at places suggestive of fragile 

membrane. Focally basal columnar cells with 

hyperchromatic nuclei were appreciable. The 

surface corrugations with scant keratin were 

also seen. The underlying connective tissue 

capsule was well organized with streaming 

collagen fibers. H istopathological features 

confirmed the pathology to be an infected 

O K C .
D iscussion: In addition to the inherent 
aggressive nature, K C O T may rarely undergo 

malignant change with an incidence of 
0 .13–2 % [33 ,34]. The choice of treatment 
should be based on multiple factors; patient 
age, size and location of the cyst, soft tissue 

involvement, history of previous treatment 
and a histological variant of the lesion [35]. 
Conservative surgical treatment may consist 

of enucleation with or without the use of 
adjunctive treatment, e.g. the application of 
C arnoy's so lut ion or l iqu id n i trogen; 

marsup ialization is another conservative 

treatment modality as is decompression 

followed by enucleation. Enucleation with or 

without adjuncts there's high incidence of 
recurrence due to the thin, friable wall of the 

O K C , which is often difficult to enucleate 

from the bone in one piece, and the small 
s a t e l l i t e  c y s t s  w i t h i n  f i br o us  w a l l .  

O ccasiona l ly ,  more aggressive surgica l 
treatment is indicated in which even the 

continuity of the mandible may have to be 

sacrificed [36]. Enucleation of O K C followed 

with application of Carnoy's solution appears 

to be the least invasive procedure with the 

lowest recurrence rate, (B lanas et al., 2000) 
[35 ,37 ,38]. Cell death with cryosurgery 

occurs by direct damage from intracellular 

and extracellular ice crystal formation plus 

osmotic and electrolyte disturbances (Schmidt 
and Pogrel, 2001; Rosen and Vered, 1979), 
its recurrence rate has been reported at 3–9% 

(Pogre l ,  2 0 0 5 ; Schm idt ,  1 9 9 9 ) [3 5 ].  
Stoelinga found a large number of O K Cs in 

the retromolar /  vertical ramus area. He also 

found that 50 % of the O K Cs in this location 

had clusters of epithelial islands in the 

over ly ing mucosa [3 3 , 3 9 ].  S toe l inga's 

protocol included excision of the overlying 

mucosa with the cyst and application of 
C arnoy's so lut ion ,  and where l ingua l 
perforations were present he advocated 

e lec tro c au tery t o e l im ina te  ep i t he l ia l  
remnants and prevent soft tissue recurrence 

[33]. The application of Carnoy's solution, 
composed of 3 ml of chloroform, 6 ml of 
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absolute ethanol, 1 ml of glacial acetic acid, 
and 1 g of ferric chloride[38 ,40 ,41] promotes 

a superficial chemical necrosis upto 1 .5m and  

e lim ination of ep ithe lia l remnants and 

possible microcysts[40 ,42]. It was first used 

for reducing the recurrence rate and tanning 

of the epithelial lining of cysts by Cutler and 

Zo llinger[43 ,44].  H owever,  the inferior 

a lveo lar vascu lar–nervous p lexus c an 

occasionally be exposed after the removal of 
a lesion. The safety of the application of 
Carnoy's solution over this plexus has been 

reported, but to date, no clinical report has 

been made [40]. The effects in the inferior 

alveolar nerve were first reported by Frerich 

et al. in 1994[40 ,45]. The authors applied the 

substance in the inferior alveolar nerve of 
rabbits and did not observe axonal damage 

du r i n g  t h e  f i r s t  3  m i n  o f  d i r e c t  

application[40 ,46]. In contrast, in another 

important study, Wolgen et al.noted that the 

alterations in neural conductivity developed 

after 2 min of direct application, with few 

signs of recovery after 2 weeks of follow-
up[40 ,47]. 
Radical treatment of   O K C is advocated 

since the pathology is aggressive and has 

potential of recurrence. Ahlfors et al. 
considering it as a benign cystic neoplasm 

prefer surgery including marginal resection, 
rim of uninvolved bone [44 ,48]. Resection of 
the segment undoubtedly shows 0 % 

recurrence as compared to a series of 
conservative measures used [41 ,44 ,49] . 
Some authors suggest resection only when 

cyst involves vertical ramus or posterior 

max i l l a  w i t h  bony p er f ora t i ons  and 

involvement of Pterygoid musculature. Boyne 

et al reported 7 cases with multiple recurrent 
O K Cs operated over 10–21 years; six of 
whom underwent hemimandibulectomy [33 , 
50]. Reconstruction can be done with 

costochondral graft, iliac crest graft, free -
fibula graft and with the reconstruction plates 

depending on the size of the affected bone 

[33].
F C O D is defined as “Lobulated masses of 
dense, highly mineralised, almost acellular 

cemento-osseous tissue typically occurring in 

several parts of the jaw” [51 ,52]. F C O D is a 

very rare condition presenting in the jaws. 
These lesions are most commonly seen in 

middle-aged black women, although it also 

may occur in Caucasians and Asians [53 ,54]. 
F O D has three different stages with varying 

radio logica l appearances.  F irst  is the 

osteolytic stage seen with well defined 

radiolucent area with loss of lamina dura and 

per iodon ta l  l igamen t .  Sec ond is the 

cementoblastic stage, due to deposition of 
cementum like precipitates in fibrous tissue, 
sma l l  rad i o -o p a c i t i es  a re  seen  near  

radiolucent areas. Last stage, where most 
cases are identified are characterized by 

definite radio-opacity [55 ,56]. In the case 

presented above F O D presented the second 

stage. B iopsy is better avoided because of the 

risk of infection, sequestrum formation and 

osteomye l i t is [5 6 ] .  F or asymp toma t i c  

patients, first line of treatment is routine 

follow up and protection from infection. 
Treatment options for symptomatic patients 

are antibiotic therapy and sequestrectomy 

[55 ,57]. In our case, since the patient 
presented with discharge and other features 

of infection, extraction and surgical curettage 
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was carried out under antibiotic coverage. 
The case one is a rare co- occurrence of O K C 

encountered which presented an association 

with F lorid osseous dysplasia and was 

managed conservatively by extraction of 
mandibular teeth, enucleation and curettage, 
app l ica t ion o f  C ornoy's so lut ion tha t  
eventually prohibited the interruption of the 

continued border of mandible since patient 
presented with symptoms and resection was 

so avoided. This was planned to maintain the 

anatomical structure and patient's quality of 
life in order to avoid extensive invasive 

procedures that would have deteriorated the 

aesthetics and would have compromised 

normal functional ability. In the second case 

though clinical and radiographical features 

suggested to be a unilocular dentigerous cyst 
with an unerupted left mandibular third molar, 
histopathological investigations revealed it to 

be an infected O K C which was managed the 

same way as like the first case. Follow up for 

both the patients is done since 6-8 months. 
Wound seems to be under healing process.
Conclusion: Herein, we present two unique 

cases of O K C's, one with the co-occurrence 

of  F lorid Osseous Dysplasia and the other 

manifested as an unilocular dentigerous cyst 
but revealed to be an infected O K C 

otherwise. Both the cases are managed by the 

c o n s e r v a t i v e  m e a n s ,  c o n s i d e r i n g  

preservation of the patient's anatomical 
structures and functional ability that resulted 

in maintaining the quality of life. Lack of 
evident complains and findings in follow up 

further reinforce the use of conservative 

measures to treat radical lesions such as 

reported in the above said article with due 

adherence to suggested protocols.  
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A bstr act :  Oral cancer patients undergo life-
transforma t ive cura t ive trea tmen t  tha t  
consists of either surgery or a combination of 
surgery and radiotherapy. A fter cancer 

treatment, patients may suffer from a range 

of difficulties. This dysfunction often leads to 

develop psychosocial problems, such as 

reduced self confidence, social contact and 

quality of life. Conventional prosthodontics 

has a role to play in the management of these 

patients to reduce the oral difficulties. 
A im: The purpose of this research is to 

evaluate the label of depression and anxiety in 

ora l cancer patients before and after 

maxillofacial rehabilitation.  
M a ter ia l  &  M ethods: Total of 105 patients, 
scheduled to undergo treatment for oral 
cancer were selected from various cancer 

centres in Varanasi. A fter informed consent, 
analyzed for their depression and anxiety 

label using Hamilton Depression Rating Scale 

(H DRS), abbreviated H AM-D and Hamilton 

Anxiety Rating Scale (H AM-A ) before and 

after maxillofacial rehabilitation.
Result :  The participants showed improved 

psychological behavior after maxillofacial 
rehab i l i ta t ion as  t hey overc ome t he 

anatomical and physiological barriers.
C onclusion: From the study it was observed 

that overall acceptance of maxillofacial 
prosthesis was good and it helped in reducing 

the depression and anxiety of the cancer 

patients. 
In t r oduct ion:  Oral cancer comes in top 

three among all types of cancer in India and it   
is one of the major health problem issue in the 

Indian subcontinent1 In a 2018 survey 

conducted by G lobocan and found that in 

Southern Asia (eg, India and Sri Lanka) as 

well as in the Pacific Islands (Papua New 

Guinea, with the highest incidence rate 

worldwide in both sexes), cancers of the lip 

and oral cavity are highly frequent and it is 

also the leading cause of cancer death among 

men in India and Sri Lanka. 2 

Oral cancer is the one of most common type 

of cancer and treatment of oral cancer is 

complex and, often, debilitating. Patients 

may undergo surgery, radiation therapy, 
chemotherapy, or some combination of 
three.3  Taking into account, the prevalence 

of functional and cosmetic deficits, there is a 

need for pat ient-centric  approach for 

addressing every aspect of their problems. 
Therefore 'Rehabilitation' is an essential 
phase of cancer care.
Despite the progress that has been made in 

recent years in both the diagnosis and 

treatment many patients learn about it at the 

latest clinical stages, with subsequent effects 

on the physical, psychological and social 
dimensions of their quality of life.
The purpose of this research is to evaluate the 

label of depression and anxiety in oral cancer 

patients before and after max illofac ia l 
rehabilitation. The role of the prosthodontist  

is fundamental in rehabilitation of patients 

with oral cancer at all stages of the disease as 
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well as in offering psychological support to 

them.
M ater ia ls a nd M ethods: The present study 

was conducted in five  stages: participant 
recruitment ,  psych iatry ana lysis before 

prosthesis fabr ica t ion ,  fabr ica t ion and 

adjustmen t  o f  max i l lo fac ia l prosthesis,  
p sy c h i a t ry  a n a l ys i s  a f t e r  p ro s t h e s i s  

fabrication at various interval and data 

c o l l e c t i on  &  s t a t is t i c a l  ana lysis .  A n  

intervention study design (single arm) with 

non-probab i l ist i c  samp l ing was used .  
Experimental procedures were approved by 

the Ethics Committee of Heritage Institute of 
Medical Sciences  (registration number 232) 
and were performed in accordance with the 

Declaration of Helsinki. 
T he recru ited part ic ipan ts were post  
surgically treated patients, who attended the 

H eritage Institute of Medica l Sc iences 

requesting maxillofacial prosthesis during the 

period from O ctober 2018 to March 2019 . A  

total of 106 patients scheduled to undergo 

maxillofacial rehabilitation for oral cancer; 

aged above 18 years and who could be 

interviewed were selected from various 

cancer centers in Varanasi. The demographic  

data, personal information and medical 
history were obtained from the participants. 
To increase the group of participants  out of a 

limited number of patients with maxillofacial 
prostheses,  no separa te ana lysis was 

performed to determine the number of 
specimens required in each separate test 
group . A ll participants who were able to 

communicate provided informed consent to 

participate in this study. Patients had at least 
6  mon t hs  o f  exper ien c e  wear ing a  

maxillofacial prosthesis were included in the 

study. No patients were excluded based on 

demographic data, defect etiology, except 
those having combined prostheses or local 
recurrence of the malignant process. Patients 

who had mandibular continuity (native or 

reconstructed) were also excluded from this 

study.
A ll participants underwent clinical and  

psychological  assessments  and  were  

categorized  into  psychological ill or well  

groups  based  on  a  medical  history  of any 

type of cancer. The Hamilton Depression 

Rating Scale (H DRS), abbreviated H AM-D 

and Hamilton Anxiety Rating Scale (H AM-A ) 
were  used  to  evaluate  psychological  

distress  at  the  first  visit  of  each  patient.  

To assess depression and anxiety  before and 

after  maxillofacial prosthetic rehabilitation 

was eva lua ted  in consu lta t ion w ith 

prosthodontists and psychologists.  Patient's  

charts  were  reviewed  for  clinical  data,  

such  as  H AM-D  and  H AM-A  scores  and  

duration  of  maxillofacial rehabilitation,  in  

addition to demographic data such as age and 

sex. 
Sta t ist ica l  A n a lyses:  A ll the data was 

compiled and analyzed using SPSS software 

(ver. 18 .0; SPSS Inc., Chicago, IL , USA ). 
Independent sample t-tests were performed 

to analyze age and sex differences between 

pre and post rehabilitation oral cancer  

patient groups, as well as differences in H AM-
D and H AM-A  subscale scores. Two tailed 

Paired t test was used to compare the 

depression and anxiety before and after the 

rehabilitation. P <  0 .005 was considered to 

indicate statistical significance.
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Result :  Table 1 summaries the demographic 

va r i ab l e  a m o ng  o ra l  c a n c e r  gr ou p  

participants. Among the study, total 105  

participants in the study were enrolled. 
Participants consisted of 60 males (57 .14%) 
and 45 females (42 .86%) (Table 1). More 

than half of the subjects had received up to 

middle school education. The majority of the 

participants belonged to the lower class 

(35 .24%) and upper lower class (25 .71%). 
The most frequent rehabilated  location for 

the oral cancer was found to be mandible 60 

(57 .14%) followed by maxilla 45 (42 .86%).
Scores on the H AM-D and H AM-A for oral 
cancer patients before rehabilitation and after 

rehabilitation were summarized in Table 2 . 
T here  were  h igh ly sign i f i can t  group  

differences for several H AM-D subscales. 
Regarding the “depressed mood” factor, 
before rehabilitation cancer patient group 

had a mean score of 2 .16 ±  0 .95 , while after 

rehabilitation cancer patient group scored 

1 .10 ±  0 .09 (P =  0 .0001). Similarly the 

highly significant difference also found in 

some other subscales like feeling of guilt, 
insomnia, retardation, agitation, anxiety, 
Hypochondriasis, loss of weight and insight 
(p < 0 . 0001 ).  T he sign if ican t difference 

between found in between suicide, work and 

activities, somatic symptoms and genital 
symptoms (p< 0 .05). The H AM-A subscales 

showed the highly significant (p <  0 .0001) in 

all the factors. 

D iscussion: The primary goal of the present 
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Ta ble  1  :  D e m ogra p hic de ta ils of the  

study gr ou p

C h aracte r ist ics

 
D ist r ibu t ion 

nu m ber (%)

Gender

 

Male

 

60 (57 .14)
Female

 

 

45(42 .86)

Age

 

31-50 years 15 (14 .28)
51-70 years 61 (58 .09)

71 years and above

 

29 (27 .62)

Education

 

Primary School (up to 5
th

std)

 

35 (33 .33)

Middle School (5th to 8
th

std)

 

22 (20 .95)

H igh School 10 (9 .52)
Intermediate / D iploma 9 (8 .57)

U G / PG 15 (14 .28)
Professional 14 (13 .33)

Socioeconomic 

status(according 

to 

Kuppuswamy’s 

scale 2019)

Lower 37 (35 .24)
Upper Lower 27 (25 .71)
Lower Middle 14 (13 .33)
Upper Middle 17 (16 .19)

Upper 11 (10 .48)

Site of cancer Maxilla 45 (42 .86)
Mandible 60 (57 .14)

Ta ble  2 :  C o m p arison of de p r ession a nd a nxie ty l a bels 

in  p a t ien ts befor e  a nd a fte r  m a xil lo facia l  r eh a bil i t a t ion  

S.

N .

 

H a mil ton D e p r ession 

R a t ing Sca le

 

 

B efor e  

Reh a bil i t a t io

n

A fte r  

Reh a bil i t a t ion
P Va lue

1

 

Depressed Mood

 

2 .16 ± 0 .95 1 .61 ±  0 .83 < 0 .0001

2

 

Feelings of

 

Guilt

 

1 .79 ±  0 .88 1 .29 ±  0 .58 < 0 .0001

3

 

Suicide

 

1 .31 ±  0 .61 1 .27 ±  0 .61 0 .0246

4

 

Insomnia: Early in the night

 

1 .05 ±  0 .66 0 .70 ±  0 .55 < 0 .0001

5

 

Insomnia: Middle of the night

 

1 .11 ±  0 .65 0 .83 ±  0 .53 < 0 .0001

6

 

Insomnia: Early hours of the 

morning

 

1 .53 ±  0 .61 1 .04 ±  0 .54 < 0 .0001

7

 

Work and A ctivities

 

1 .32 ±  1 .02 1 .06 ±  0 .81 0 .0273

8 Retardation 1 .98 ±  0 .94 1 .38 ±  0 .90 < 0 .0001

9 Agitation 2 .03 ±  0 .94 1 .41 ±  0 .96 < 0 .0001

10 Anxiety Psychic 2 .04 ±  1 .01 1 .42 ±  0 .91 < 0 .0001

11 Anxiety Somatic 1 .96 ±  0 .94 1 .34 ±  0 .86 < 0 .0001

12 Somatic Symptoms Gastro -
Intestinal

1 .17 ±  0 .69 1 .10 ±  0 .66 0 .0075

13 General Somatic Symptoms 1 .14 ±  0 .75 1 .06 ±  0 .77 0 .0023

14 Genital Symptoms 1 .12 ±  0 .77 1 .07 ±  0 .75 0 .0136

15 Hypochondriasis 2 .01 ±  0 .97 1 .31 ±  0 .92 < 0 .0001

16 Loss of Weight A  (according 

to patients)
1 .90 ±  1 .04 1 .29 ±  0 .94 < 0 .0001

17 Insight 1 .64 ±  0 .91 0 .80 ±  0 .84 < 0 .0001

S.

N .

 

H a mil ton A nxie ty  

R a t ing Sca le

 

B efor e  

Reh a bil i t a t ion

A fte r  

Reh a bil i t a t ion
P Va lue

1

 

Anxious Mood

 

2 .14 ±  0 .91 1 .58 ±  0 .78 < 0 .0001

2

 

Tension

 

2 .10 ±  0 .88 1 .43 ±  0 .79 < 0 .0001

3

 

Fears

 

1 .95 ±  0 .90 1 .34 ±  0 .81 < 0 .0001

4

 

Insomnia

 

1 .55 ±  0 .64 1 .16 ±  0 .64 < 0 .0001

5

 

Intellectual

 

1 .94 ±  1 .05 1 .33 ±  0 .98 < 0 .0001

6

 

Depressed Mood

 

2 .16 ±  0 .95 1 .61 ±  0 .83 < 0 .0001

7 Somatic (muscular) 2 .01 ±  0 .96 1 .90 ±  0 .94 0 .0007

8 Somatic (sensory) 2 .04 ±  0 .98 1 .42 ±  0 .87 < 0 .0001

9 Cardiovascular Symptoms 1 .95 ±  0 .90 1 .34 ±  0 .84 < 0 .0001

10 Respiratory Symptoms 1 .93 ±  0 .93 1 .33 ±  0 .82 < 0 .0001

11 Gastrointestinal 
Symptoms

1 .96 ±  1 .01 1 .33 ±  0 .92 < 0 .0001

12 Genitourinary Symptoms 1 .09 ± 0 .75 1 .01 ±  0 .73 0 .0042

13 Autonomic Symptoms 1 .98 ±  0 .91 1 .28 ±  0 .87 < 0 .0001

14 Behavior at interview 1 .67 ±  0 .92 0 .83 ±  0 .85 < 0 .0001



study was to identify differences in severity of  
the psychological distress pattern before and 

after maxillofacial prosthesis rehabilitation. 
This is the first cross sectional study to 

simultaneously explore severity of depression 

and anxiety in the patients undergone 

maxillofacial rehabilitation. The data from 

this study led to the rejection of the null 
hypothesis that no differences would be found 

in depression and anxiety in oral cancer 

patients before and after rehabilitation. 
Depression  is  a  common  psychiatric  

manifestation  occurring  during  and also 

after cessation of  cancer therapy.4 Oral 
cancer patients are treated with surgery 

and / or chemotherapy.  H owever,  these 

treatments also affect the quality of life and 

long-term therapy reduces overall physical 
function. A ccording to Vardy and Tannock, 
cognitive function of cancer patients is related 

to fatigue, depression, anxiety, hormones, 
psychological factors, and treatment related 

factors. Thus, depression may result from 

cognitive dysfunction, and its manifestation 

may be consistent with the tendency of 
patients to be most concerned about physical 
functioning.5
O n comparing the depression and  anxiety 

s u b s c a l e  s c o r e s  b e f o r e  a n d  a f t e r   

rehabilitation of cancer patients, there were 

several significant differences found. The 

rehabilitated cancer patient group had 

significantly lower scores on the depression 

and anx iety subsca les (Table 2).  The 

rehabilitation part is very important in head 

and neck cancer patients because of the 

involved disease eradication process are often 

life threatening  that may make cure worse 

than the disease.6
A fter cancer treatment, the concern of 
patient  is more towards obtaining and 

maintaining a good quality of life (Q O L). In 

many studies shown that patients oral 
functions are impaired and patients often 

suffer psycho logica lly .7 Rogers et a l8 

demonstrated that, fo llow ing successful 
treatment of oral cancer, the most important 
issues reported by patients in terms of Q O L 

were chewing, speech and swallowing, 
closely followed by appearance, especially in 

female patients. 
A fter cancer treatment patients are often left 
with some significant problems. The case for 

oral rehabilitation will be assessed and a 

decision made on the best course of 
trea tmen t  for the ind iv idua l  pa t ien t .  
Rehabilitation phase definitely improve the 

Q O L of cancer patients and result of this also 

reflects on the psychological parameters in 

the current study. 
C onclusion: From the above study it is clear 

that, oral cancer patients are affected 

emotionally and psychologically due to fear of 
dys fun c t i on  and d is f iguremen t .  O ra l  
rehabilitation of oral cancer patients aims to 

optimize the function and aesthetics of 
patients following treatment. Based on the 

finding of this paper overall acceptance of 
maxillofacial prosthesis was good and it 
helped in reducing the depression and anxiety 

of the cancer patients. 
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A bstr act :  Mucoceles are the most common 

benign soft tissue masses that occur in the 

oral cavity. The lower lip is by far the most 
frequent site of the mucocele because it is the 

area having greater susceptibility to trauma or 

habit of lip biting, especially in the region of 
the cuspid. Cheeks, palate or ventral surfaces 

of tongue are the other sites of occurrence for 

mucocele. The diagnosis is based on the 

clinical presentation in oral cavity. This is a 

case reporting the presence of a mucocele in 

a child with 6 months follow up . 
Key words: mucocele, lower lip
In t r oduct ion:  Mucocele is a 17th common 

benign lesion of the oral cavity and by 

definition are the cavities filled with mucous.1 

There is an alteration of minor salivary glands 

due to mucous accumulation. Mucoceles may 

be of two origins i.e. extravasation and 

retention type. Extravasation type results 

from break in salivary glands duct causing 

spillage into the soft tissues around the gland. 
Bagan et al proposed that extravasation type 

undergoes three evo lu t ionary phases 

beginning with the mucus spilling diffusely 

from the excretory duct into the connective 

tissues which proceeds to the resorption 

phase involving granuloma formation due to 

foreign body reaction. F inally, there is 

format ion of pseudo capsule (w ithout 
epithelial lining) around the mucosa. Whereas 

retention type appears due to a decrease or 

absence of glandular secretion produced by 

blockage of the salivary gland ducts.2 These 

lesions when located on the floor of the 

mouth are called ranulas because the 

inflammation resembles the cheeks or vocal 
sacs of a frog. 3
Mucocele clinically presents as bluish, round, 
soft and transparent cystic swelling. There is 

no difference in the presentation of both 

types of mucocele.1 , 4 

Mucoceles are usually asymptomatic in 

nature, but sometimes can cause discomfort 
by interfering with speech, chewing or 

swallowing.1 Several treatment options are 

available to treat a mucocele such as this case 

report describes the treatment of mucocele 

on lower lip by conventional surgical excision.
C ase Re p or t :  A 8 year old girl reported to 

the D epar tmen t  o f  Pedodon t i cs and 

Preventive dentistry with the chief complaint 
of a painless swelling on the inner aspect of 
the lower lip since 1 month. There was no 

remarkable medical history. 
Intra- oral examination revealed a solitary, 
round and fluctuant swelling on the inner 

aspect of the lower lip in relation to 42 and 83 

region. The location of the swelling was 3- 
4mm below the border of lower lip and 

extended inferiorly towards the lingual 
vestibule and it measured approximately 8 x 

12mm in diameter. Colour of the swelling was 

similar to that of the adjacent mucosa. [F igure 

1] No other oral abnormalities and speech or 

chewing problems were observed. Patient 
had the positive history of lip biting habit.
The lesion was diagnosed as mucocele due to 
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the clinical presentation and history of lip 

biting. The lesion was treated under local 
anesthesia with the help of a scalpel. An 

incision was made in an elliptical manner over 

the lesion and the lesion was resected from 

the base and intermittent sutures were 

placed. [F igure 2- 4] Suture removal was done 

after 1 week. Complete healing of the lesion 

was observed after 1 month. [F igure 5] There 

was no recurrence seen after 6 months of 
follow up . [F igure 6]

D iscussion 

The incidence of oral mucoceles in general 
population is 0 .4- 0 .9% and has no gender 

predilection.4 A ta-A li J et al stated that the 

incidence of mucoceles is 2 .5 lesions per 

1000 patients frequently seen in the second 

decade of life.2 

Mucoceles are pathognomonic. The colour, 
location of lesion , h istory of trauma ,  
consistency and clinical findings lead to the 

diagnosis of mucocele. The lip consists of 
adipose tissue, connective tissue, blood 

vessels and nerves. Therefore, any pathology 

of these tissues may cause swelling of the lip .4  

Mucocele usually is self- resolving in nature. If 
left without intervention, there may be an 

increase or decrease in size, based on rupture 

and subsequent mucin production.1 

In the present case, conventional surgical 
excision with scalpel was preferred as it is one 

of the most often used methods for treating a 

mucocele. It does not require extensive 

equipment, has negligible cost and can be 

performed by most trained dentists. The 

elliptical incision helps to decrease the extent 
of mucosal tissue loss, reduces the incidence 

of large fibrous scars formation and helps to 

prevent spilling of the cystic content, which 

could be the possible cause for recurrence. 
Factors to be considered are great instrument 
control and accurate tactile awareness.1 

The drawbacks of this technique are delayed 

postoperative healing, greater bleeding and 

postoperative discomfort especially when 

treating young children.1 

In the present case, patient did not report any 

discomfort. The post- operative healing of the 

lesion was uneventful during the follow up 

period.  
Chaitanya P et al reported a case series in 

which mucoceles present on lower lip were 

treated using surgical excision in pediatric 

patients. They stated this technique to be 
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successful with least recurrence which was in 

favour of the present case report.4
There are various other methods to treat 
mucocele such as marsupialization, micro- 
m a rsu p i a l i z a t i o n ,  c ry o sur ge ry ,  l a s e r  

vaporization, intra lesional steroid injections 

and laser excision.1 , 4
In 2018 , Gautum Y and Srivastava M 

reported two cases where electrocautery was 

the treatment of choice for mucocele.1 In 

2016 , Sinha R treated oral mucocele with a 

non- surgical method i.e. intra- lesional 
stero id (be tame thasone) in ject ion . 5 In 

another case by Bagher SM (2018), diode 

laser was successful in treating mucocele in 

pediatric patients.6 

C onclusion :  Management of mucocele is a 

challenging task as this lesion has high 

recurrence rate. Surgical excision of the 

lesion along with surrounding tissue has 

proved to be beneficial with no recurrence 

after 6 months of follow up . 
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A bstr act :  Tooth-implant connection has 

been presented in literature since the early 

1980s. Many authors explore the biological 
and mechanical considerations of rigid and 

nonrigid incorporation of natural teeth and 

imp lan ts.  Some researches supported 

connecting teeth to implants mainly, while 

others pointed out the importance of 
avoiding such paradigm when possible due to 

the d i f ference in too th and imp lan t  
movement during function. It is an option in 

some clinical situations such as function and 

esthetics, free end saddles, distraction 

osteogenesis, and large tissue defects. A lso, it 
is a viable option when anatomy, patient 
preference, and financial issues hinder the 

successful use of conventional treatment, 
since it makes the treatment less complex and 

economical. This paper highlight the issue of 
combining teeth and implants and clinical 
recommendations and suggestions that could 

be useful when we decide to adopt this 

treatment.
Keywords: Implant connection, Technical 
complications, Bone loss
In t r oduct ion:  Tooth-to-implant connection 

dates back to the early 1980's , and the 

connection of teeth to implants as a desirable, 
rather than a necessary, option was first 
explored in 1986 by Ericsson et al., The 

pub l ished l i tera ture demonstra tes the 

existence of considerable controversy and 

debate on whether it is recommendable to 

splint teeth to implants. It is less than ideal to 

connect rigid ankylosed implants to relatively 

mobile dentition.1 

Ericsson et al. 1986 , who found satisfactory 

results by connecting implants and teeth as 

abutmen ts in the same f ixed br idge 

reconstruction.1 A lthough implants become 

osseointegrated and thus have a rigid 

connection to bone, teeth are supported by 

the periodonta l ligament,  a llow ing for 

p h y s i o l o g i c  m o b i l i t y  t h a t  l e a ds  t o  

displacement of the crown of 50–200 µm if 
forces of 0 .1 N are applied. Implants, on the 

o t h er  h a nd ,  de m o n s t r a t e  m a x i mum  

displacement of 10 µm.2 

H istorically, it was believed if a tooth and an 

implant were used as an abutments in the 

same prosthesis, the implant would flex more 

because of differences in their mobility 

patterns. This increased stress could lead to a 

decreased success rate for a tooth-implant 
supported prosthesis (TISP) compared with 

implant-only supported prosthesis (ISP).3-9 

D iscussion: Advantages of Connecting 

Teeth to Implants:

1 . When anatom ic lim itations restrict 
insertion of additional implants (eg, 
maxillary sinus, mental foramen).
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2 . Lack of bone for implant placement.
3 . Patient refusal to undergo a bone 

augmentation procedure.
4 . Desire to splint a mobile tooth to an 

implant.
5 . Teeth provide proprioception.
6 . Reduced cost for teeth replacement.
7 . Additional support for the total load on 

the dentition.
8 . Less number of implant abutments 

needed for a restoration.
9 . Possibly avoid the need for a cantilever.
10 . Papilla preservation for esthetic or 

functional concerns.
Poten t ia l  P r oble ms: Tooth with a healthy 

ligament can move 200 μm in response to a 

0 .1 N force, but an implant is displaced <  10 

μm. This movement is mainly due to bone 

flexure. D ifferences in mobility patterns 

between a tooth and an implant could result in 

the tooth being depressed into the socket, 
which might cause the prosthesis to be 

2cantilevered off the implant. 
B iomechanical impact due to dissimilarity in 

mobility patterns remains controversial.10 

Despite a 10-fold greater mobility of teeth 

compared to implants, mitigating factors may 

accommodate a TISP e.g. bone elasticity11 , 
resi l iency in componen ts o f  imp lan t  
assemblies12-14 , cushion effect provided by 

the cement layer15 and there may be force 

deflection in the suprastructure of the 

prosthesis.  In addition ,  severa l studies 

indicated teeth in a TISP share the occlusal 
load and all the forces are not transferred to 

12 , 13the implant. 
T heor e t ica l C o m plica t ions Associa ted  

with  A  T isp :  Results from FE A studies to 

humans with respect to stress distribution is 

difficult because many assumptions are 

needed concerning biologic factors, e.g. bone 

properties, response to applied mechanical 
force, and stress distribution after force 

transmission.16 ,17

Tech n ica l  P r o b le ms A ssoci a t e d  t o  

T i s p s :  B r i dg e  c o n f i gu r a t i o n s  a n d  

dimensions, tooth abutment preparation, 
employed cements, opposing dentition, kinds 

of screws used, type of implant systems used, 
etc. define the technical problems (TISPs than 

ISPs). 
Naert et al, monitored 140 ISPs and 140 

TISPs (1 to 15 years) and complication rate 

for a TISP was 5% to 10% e.g. periapical 
lesions (3 . 5%),  too th fracture (0 . 6%),  
periodontitis (1%), crown cement failure 

(8%), and framework fracture in three 

patients. In contrast, only two abutment 
screws fractured in the ISP group . 7 , 8
Brägger et al, reported that after 5 years, 
TISPs did not have a higher risk of technical 
or biologic complications compared with 

ISPs. TISPs had more failures than ISPs after 

10 years.9 

A fter a 10-year monitoring period, 11 out of 
22 TISPs (50%) remained free of any 

techn i ca l  and b io log i c  comp l i ca t ions ,  
whereas 18 out of 33 ISPs (54 .5%) had no 

technical or biologic problems.18 In this 

regard, Lang et al, determined in their meta-
analysis that non-rigid connection has most of 
the technical complications associated with 

TISPs. In summary, the literature indicates 

use of rigid connections in TISP, it usually 

reduces mechanical complications.7 , 9 , 19-
26 
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Tooth intrusion: Surveys indicated intrusion 

occurred on an average, 3% to 5 .2% of TISP 

cases.27-29 Reider and Parel 28 found 50% 

of intrusions is associated with parafunctional 
habits, specifically bruxism and non-rigid 

sem i-prec ision a t tachmen ts . 2 8  S tress-
breaking connectors show more intrusion 

than rigid connections. Intrusion of teeth 

associated with non-rigid sem iprecision 

attachments usually contained the female 

portion of the keyway in the natural tooth.27 

In conclusion, this dilemma can't be ignored 

but can be avoided by; 

a) Proper patient selection 

b) Rigid connectors should be used

c) No copings on teeth used as abutments
d) Ideal abutment preparation 

30

e) Permanent cementation. 
Retr ieva bil i ty :  Screw retention on the 

implant can easily be removed but, a rigid 

construction as one-piece casting will reduce 

retrievability. To have a rigid restoration and 

ma inta in retrievability ,  a “screw-locked 

connector” may be installed in the restoration 

or a one-piece casting used with a telescopic 

crown on the natural tooth. 
In t rusion  of t ee th  w ith  t e lesco p ic 

c r o w ns:  Te lescop ic connections show 

intrusion where no occlusal force is applied to 

the teeth, two theories have been presented:

I. D isuse atrophy of periodontal ligament 
due to the lack of stimulation results in 

intrusion

ii. Transfer o f shock waves to the 

underlying restoration with resulting 

natural tooth intrusion.

M i c r o-b o n d i n g  o f  s u p e r s t r u c t u r e :  

Micro-bonding of superstructure to the 

underlying telescopic copings as a result of 
flexure of the prosthesis, implants and / or 

mandible will result in intrusion.
Lack  of p assivi ty:  Lack of passivity of 
implant restoration will result in tooth 

intrusion.
C e m ent bond br e a k do w n: Bragger et al. 
concluded cement failure led to loss of the 

TIFPs due to resultant caries of the abutment 
teeth. The use of permanent cement on the 

implant abutment made it difficult to retrieve 

the prosthesis once debonded from the 

natural abutment, resulting in decay.
A butm ent  too th  fr actur e :  It is a possibility, 
especially in cases where the tooth is heavily 

restored and endodontically treated.
A butm ent  scr e w loosening: The disparity 

in implant and natural tooth mobility which 

result in the loosening of the screw or 

31

ultimately fatigue fracture.
F ra m e w or k  a nd veneer  fr actur e :  The 

constant flexure of the restoration may lead to 

fracture of the framework and veneering 

materia l .  Rat io of ba lance should be 

maintained between framework connectors 

to increase the flexibility with the need for 

fracture resistance. The veneering material 
should also be flexible and preferably absorb 

so me o f  t he  o c c lusa l  l oad w i t h ou t  

compromising material strength.

A d v a n t a g es a n d  d isa d v a n t a g es o f  

m ethods to  secur e  a  T I F P to  a  n a tura l 

a butm ent .
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B iologic C o m plica t ions Associa ted  with  

T isp :

1 . Peri-implantitis
2 . Endodontic problems
3 . Loss of an abutment tooth
4 . Loss of an implant
5 . Caries
6 . Root fracture

B one Loss:   The amount of bone loss 

around abutments is often used as a critical 
determinant to evaluate the durability of 
TISPs and ISPs. 
O cclusion F orces Rela ted  To B one 

33

Loss: By Isidor.  Concluded there is not 
clear results in literature on occlusal forces 

which can lead to implant failure. Animal 
studies have shown comp lete loss of 
osseointegration or marginal bone loss. 
H owever, in human clinical investigations, 
despite many authors referring to occlusal 
trauma as a cause for implant loss, but has not 
been clearly demonstrated. A  review by 

V idyasagar and Apse 34 reached the same 

33conclusion as Isidor.  

Therefore, it can be summarized that in some 

situations, occlusal forces may affect the bone 

around imp lan ts;  however,  numerous 

confounding variables (eg, density of bone, 

strength of loading force) make it difficult to 

delineate the circumstances when this occurs.
C lin ica l Tr ia ls Assessing B one Loss 

a r ound F r eesta nding Im pla n ts:  Studies 

n o t ed t h e  m ea n  bo n e  l oss  a round 

freestanding dental implants ranged from 

0 .14 mm to 1 .6mm (mean 0 .93 mm) during 

the first year and subsequently 0 mm to 0 .2 

mm annually (mean 0 .1 mm).35 ,36 

C lin ica l Tr ia ls Assessing B one Loss 

a r ound T ISP: A lbrektsson et al.37 criteria <  

1 .5-mm bone loss in first year after implant 
insertion followed by <  0 .2-mm per year in 

subsequent years. Naert et al.8 reported more 

bone resorption around rigid than around 

nonrigid connectors. Total additional bone 

loss (0 .7 mm) occurred over 15 years, and 

was with in A lbrektsson et al 37 criteria. 
Akca et al 38 evaluated the findings by Naert 
et al.8 and concluded that rigid connection 

did not jeopardize the marginal bone levels 

around dental imp lants and the bone 

remained stable after 2 years of function.
H osny et al, 24 stated marginal bone loss 

around freestanding and tooth-connected 

implants did not differ significantly. They 

reported 1 mm of bone loss in the first 3 to 6 

months and then 0 .015 mm annually for 14 

years. There was stable bone levels around 

the implants-tooth connection.
Gunne et al 35 and L indh et al 20 also 

reported bone resorption in a TISP was 

similar to bone loss adjacent to implants in an 

ISP when assessed within the same individual. 
B lock et al,21 reported no difference in bone 

loss around implants that employed a rigid or 

nonrigid connect ion .  R igid connect ion 

tended to lose more bone; however, the 
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amount of bone resorption was within the 

criteria defined as success by A lbrektsson et 
37 

al.
In c onc lusion ,  the amoun t  o f  bone 

degradation around dental implants used as 

abutments after teeth and implants are 

connected is usually within a range of 
accep table bone loss for freestanding 

implants. 
E ndodontics:  W ith respect to survival of 
endodontically treated teeth, clinical factors 

that may influence their retention were not 
recorded: amounts of remaining tooth 

structure or the presence of a reinforcing 

ferrule around the endodontically treated 

teeth.18 , 20 , 21

A nim al a nd H u m a n C lin ica l Tr ia ls 

A nim al S tudies:  Animal studies provide 

histologic data that are difficult to obtain in 

h u m a n s ,  a n d  c l i n i c a l  t r i a l s  su p p l y  

comparisons of efficacy of TISP and ISP over 

a prolonged period. Based on animal studies 

that provided h isto logic evidence ,  the 

following conclusions can be drawn: 

a) No periodontal ligament atrophy in 

TISP 

b) Remodelling of bone under occlusal 
stress 

c) TISP usually functioned as a bridge 

supported by natural teeth.
d) Successful results, if rigid connections 

39

are used.
H u m a n C lin ica l Tr ia ls:  E vidence of 

C o n n e c t i n g  I m p l a n t s  t o  T e e t h :  

Numerous studies indicated implants can be 

splinted to teeth and function successfully. 
L imited number of clinical trials compared 

same-sized TISP and ISP intraindividually, 

comparisons of dissimilarly sized TISP and 

ISP in tra ind iv idua l ly ,  c ompar isons o f  
different-sized ISPs and TISPs in various 

pat ient populat ions,  and case reports 

assessing various combinations of implants 

and teeth. Meta-analysis can summarize 

sim i lar stud ies emp loy ing comparab le 

treatment methods.
M eta-a n a lyses :  For the first 5 years, no 

disadvantage in TISP.27 Yet, by the tenth 

year, a TISP has a reduced survival rate when 

compared with an ISP or a tooth-supported 

prosthesis. The data used in the meta-analysis 

to assess TISPs after 10 years reveals many 

shortcomings of the analysis. Specifically, the 

analysis included less studies, and implant 
systems that are not used anymore or their 
surfaces have been improved. Furthermore, 
improved technologies with respect to 

implant systems, casting, porcelain materials, 
etc., may enhance prosthesis survivability. 
Lang et al, performed a meta-analysis and 

determine the survivability of TISPs, and the 

survival rate was similar after 5 years for an 

ISP and a TISP, but TISP had a reduced 

survival rate between the fifth and tenth years. 
H owever, after 10 years, Lang et al did not 
find a significant difference in the failure rates 

of abutment teeth or implants in the TISP 

group (respectively, 5 out of 47 , 10 .6%, vs 7 

out of 45 , 15 .6%). 27

Thus, they concluded something other than 

loss of abutment teeth contributes to the 

additional loss of prostheses in the TISP 

group . H owever, they could not identify a 

reason.
Studies A ddr essing Surviva bil i ty  of  

P r ostheses:  
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C ontr o lled  C lin ica l Tr ia ls:  Intraindividual 
Studies Gunne et al 35 conducted a 

randomized, controlled study that compared 

the use of TISPs vs ISPs (N = 10 , 20 

prostheses).  No statistically significant 
differences were found with regard to implant 
failure rate or bone loss. The total marginal 
bone loss for TISP and ISP was 0 .5 mm and 

0 .6 mm to 0 .7 mm, respectively.27  Data 

related to patients were published at three 

different times: 3 years, 5 years, and 10 

35

years. 
B l o c k  e t  a l ,  2 1  p l a c ed  6 0  T IS P s  

contralaterally in 30 patients and compared 

rigid with nonrigid connections. A fter 5 

years, no significant difference in crestal bone 

levels on the implants were noted with either 

type of connection. For the reason of high 

incidence of tooth intrusion and additional 
visits for maintenance led to the authors 

suggesting other treatment methods than 

connecting teeth to implants. 
H osny et al, 24 monitored different: single 

tooth and single implant, multiple teeth 

connected to an implant, and multiple 

implants connected to a tooth. A  total of 18 

patients received either TISPs (test group) or 

ISPs (control group), each within the same 

jaw. The cases were monitored 1 to 14 years. 
No implants were lost, and no differences in 

marginal bone loss were observed.
L indh et al, 40 conducted a 2-year follow-up 

of various maxillary prostheses (N = 26 

pa t ien ts) .  T he researc hers found no 

difference in the failure rate of implants (88% 

cumulative surviva l rate) w ith different 
prosthetic designs and no additional bone loss 

with the TISP.

C ontr o lled  C lin ica l Tr ia l : D ifferent Patient 
Were Compared

Brägger et al, 9 for a 4- to 5-year period 

monitored two patient groups: 40 ISPs and 

18 TISPs. Loss of prostheses occurred at the 

same rate in both groups (each group lost one 

prosthesis). Survivability after 5 years was 

97 .5% (ISP) vs 95% (TISP). H owever, after 

10 years, the survivability of the prostheses 

was significantly better with an ISP (93 .9%, 
31 out of 33) than a TISP (68 .2%, 15 out of 

18

22). 
Naert et a l ,  7  mon itored ISPs (140 

prostheses, 123 patients) and TISPs (140 

prostheses, 123 patients). The loading time 

for TISP was 1 .5 years to 15 years (mean 6 .5 

years) and ISP was 1 .3 years to 14 .5 years 

(mean 6 .2 years). The cumulative success 

rates of the implants for ISPs and TISPs were 

98 .5% and 95%, respectively. There were no 

significant differences with regard to loss of 
implants even though more implants were 

lost with TISP (10 out of 339 TISPs vs one out 
of 329 ISPs) ISP (98 .4 %) vs TISP (94 .9%) 
were noted. 
N ickenig et al, 41 compared rigid (n =  56) and 

nonrigid connections (n =  28) in various sizes 

of TISPs (84 prostheses, 83 patients), which 

were in service 2 .2 years to 8 .3 years (mean 

4 .73 years). A fter 5 years, 8% of the 

abutment teeth needed periodontal therapy 

(5%) or restoration (2 .5%). Incidence of 
technical problems were usually associated 

with nonrigid connections. The authors 

concluded TISPs with rigid connection 

provided a high success rate. 
F actors to  be  consider ed w hen sp lin t ing 

tee th  to  im pla n ts
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Sim plici ty  of construct ion:  Construction 

is simplified if the implant is independent of 
the teeth. This connection requires passivity 

of fit between the superstructure and the 

implants, and between the superstructure and 

teeth.
Retr ieva bil i ty :  Splinting implants to teeth 

c om p l i c a t es  t he  design  and c l i n i c a l  
procedures associated with easy retrievability.
D istance of tooth from implants
The farther the tooth is from the implant, 
lesser is the flexure required for the implant 
abutment to accommodate for tooth mobility. 
The closer the tooth is from the implant, the 

implant abutment has to flex more to 

accommodate for tooth mobility.
Periodonta l condit ion :  If a periodontally 

weaker tooth is connected to an implant, the 

abutment has to flex more for the tooth to be 

loaded.
Reduct ion of l a te r a l  fo rces:  When 

connecting tooth to an implant, the lateral 
forces have to be reduced by providing 

posterior disocclusion.
Pier  a butm ent :  It is unlikely that the tooth 

which serves as a pier abutment between 

implants is subjected to functional loading 

unless it is considerably remote from the 

implants.
M a ndibula r  f lex ion: Since the mandible 

flexes, posterior mandibular implants or teeth 

should not be connected to the teeth on the 

opposite side of the mandible. If a joint is 

required, an attachment should be used to 

allow some movement to occur.
F utur e  ou t loo k :  Development of B io-
hybrid implants as next generation dental 

implant therapy

C onclusion: The dentist can and should 

consider connecting natura l teeth and 

implants . O nly limited long-term clinical data 

exist. Based on a limited number of cohort 
studies, it can be concluded that connecting 

teeth to implants is a viable treatment option 

Some o f  t he tec hn i c a l  fa i lures  and 

complications reported may seem to be 

irre levan t  because o f  the con t inuous 

development of the components .In order to 

improve treatment success rate, it is better to 

avoid: short implants, poor bone quality, and 

endodontically treated teeth. A lso, using rigid 

connection and permanent cementation are 

associated with less tooth intrusion and less 

complications. No conclusive studies are 

available to show the best number of implants 

and teeth to be connected . Therefore, further 

long term randomized clinical studies with 

large sample sizes are required.
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A bstr act  :  In order to safeguard both the 

c lin ic ian and pat ient ,  sterilizat ion and 

infection control is significant in intercepting 

the spread of infections. O n a routine basis, 
the clinician and his subordinate staff are at 
risk of being exposed to a variety of patients 

with blood borne diseases such as H IV / A IDS, 
hepatitis B , hepatitis C  and airborne diseases 

such as Influenza and Tuberculosis. Therefore 

to achieve infection control efficiently and to 

lessen the risk of cross contamination, all 
patients have to be treated with universal 
precautions. This article analyzes the various 

s t e r i l i z a t i o n  m e t h o ds  p e r t a i n i n g  t o  

orthodontic instruments.
In t r oduct ion: Sterilization is a process by 

which an article, surface or medium is set free 

of all microorganisms whether in vegetative 

or spore state. In order to safeguard both the 

c lin ic ian and pat ient ,  sterilizat ion and 

infection control is significant in intercepting 

the spread of infections. O n a routine basis, 
the clinician and his subordinate staff are at 
risk of being exposed to a variety of patients 

with blood borne diseases such as H IV / A IDS, 
hepatitis B , hepatitis C  and airborne diseases 

such as Influenza and Tuberculosis. Therefore 

to achieve infection control efficiently and to 

lessen the risk of cross contamination, all 
patients have to be treated with universal 
precautions. Orthodontists usually do not 
perform comprehensive surgeries on tissues 

and they do not treat infectious diseases. 
A lthough patients may transmit 

microorganisms that can infect other people. 
A c c o rd i n g  t o  S t a r n b a c h  i n  1 9 8 8 ,  

orthodontists have the second h ighest 
incidence of hepatitis B among dental 
professionals.1 Saliva is the most frequent 
mode of transmission in dental clinics via 

wounds ,  sk in abrasions ,  or lesions . 2  

Orthodontic armamentarium used regularly 

have hinges and cutting edges, and this makes 

disinfection before sterilization a significant 
procedure.3 Therefore the implementation 

and execution of effective infection control 
protocols among all dental workers are vital. 
This article analyzes the various sterilization 

m e t h o ds  p e r t a i n i n g  t o  o r t h o d o n t i c  

instruments.
Typ es of ste r i l i z a t ion :

P r e  s t e r i l i z a t i o n  C l e a n i n g :  In th is 

p r o c e d u r e  t h e r e  i s  c l e a n s i n g  o f  

armamentarium contaminated with blood, 
sa l iva and o ther con tam inan ts before 

undergoing sterilization. B lood, saliva and 

ma ter ia ls  on  instrumen ts  c an  sh ie ld 

u n d e r n e a t h  m i c r o o r g a n i s m s  f r o m  

sterilization agents.4 C leaning detergents 

with antimicrobial property can eradicate 

build up of contaminants. Hand cleaning is an 

efficient method if performed correctly. 
Heavy utility gloves and protective eyewear 

should be used while hand cleansing of 
instruments. D isadvantage of hand cleaning 

is that it is time consuming and there is an 

increased chance of accidental puncture by 

sharp instruments. Nonetheless, in present 
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t i mes  ba t hs  and i ns trumen t  washer  

equipment are also available.
H ot a ir  oven: Heat is one of the most tested 

method of sterilization. The killing effect of 
dry heat is due to denaturation of proteins, 
ox idat ive damage and tox ic effect of 
electrolytes. H ot air oven is the most 
commonly used method of sterilization by dry 

heat. A  holding period of 160 °for 1 hr is used 

to sterilize glassware, forceps, scissors, 
scalpels, all glass syringes, swabs, liquid 

paraffin, dusting powder, fats and grease. The 

dry heat sterilization produces significant 
changes in the loading and unloading 

properties of N iT i wires. C linical recycling 

lessens the "pseudo plasticity" of N iT i wires 

and increases its modulus of elasticity (Kapila, 
1992).5 A  Study was done to compare the 

wear of orthodontic ligature cutting pliers 

after numerous cycles of cutting stainless steel 
ligature wire (0 .025 mm). Sterilizing with dry 

heat or steam autoc lave dep icted no 

substantial difference in the mean wear at the 

tip of the pliers which led to the conclusion 

that there is no requirement to maintain both 

sterilization systems, dry heat and steam 

autoclave in the orthodontic office. 

G l a ss  b e a d  s t e r i l i z e r :  G lass bead 

sterilization is another method in which pliers 

are kept inside the sterilizer at 218 °C for 15 

seconds. Large sized instruments can not be 

sterilized with glass bead sterilizer (Deger, 
2004). The glass bead sterilizer has a metal 
cup with glass beads of 1 .2-1 .5mm in 

diameter. The use of this method in 

orthodontics is only to sterilize Orthodontic 

bands. The required protocol for sterilization 

of single molar band to have a sporicidal 
o

effect is 220 C for 45 s.6

E thylene oxide  ste r i l i z a t ion :  Ethylene 

oxide is colourless. It is a penetrative gas. It 
has a boiling point of 10 .7 °. It is used to 

sterilize heat sensitive armamentarium. It is 

e f f i c a c i o u s  a g a i n s t  a l l  t y p e s  o f  

microorganisms including viruses and spores. 
It is also suitable for sterilization of large 

institutions. Gas sterilization is costly and 

difficult making it impractical for orthodontic 

offices (Ascencio et al).7
F la ming: T ips of the instruments are held in 

a Bunsen flame till they turn red-hot. These 

include inoculating loops or wires, points of 
forceps, searing spatulas etc. Inoculation 

loops carrying infective material may be 

   H ot  A ir  O ven

G lass Bead Sterilizer
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placed in a disinfectant prior to flaming to 

eradicate splattering. Articles are passed for a 

few seconds without allowing them to get red 

hot which include scalpels, needles, mouth of 
culture tubes, glass slides and cover slips.8

A utoclaving: Moist heat denatures and 

coagulates protein of microorganisms. The 

steri l izat ion is due to latent heat of 
vaporization present in moist heat. When 

steam condenses on contact with cooler 

surfaces, it becomes water and gives latent 
heat to that surface. This principle is used in 

au t o c l ave .  Tem p era ture  requ ired f or 

autoclaving is 121 ° C for 20 minutes at 15 

pounds of pressure. The advantages of 
autoclave are good penetrative capability and 

time efficiency. Bacillus stearothermophilus is 

used f or  t es t i ng t h e  e f f i c a c y .  T h e  

conventional method involves pressure in the 

range of 15 to 20 psi at a temperature of 
121 ° c. A  holding time of 15-21 minutes at 
121 °c (conventional method) or 3 minutes at 
134 °C (rapid cycle) is needed for proper 

sterilization. A  study conducted by Vendrell 
on orthodontic ligature-cutting pliers with 

stainless steel inserts depicted no substantial 
difference in mean wear whether sterilized 

with steam autoclave or dry heat.9

C he mica l Im m ersion / C old  S te r i l i z a t ion  

:  This method is used for heat sensitive non-
s u r g i c a l  i n s t r u m e n t s  a n d  a l g i n a t e  

impressions. 2% gluteraldehyde is the most 
commonly used disinfectant used in the field 

of dentistry. It is very efficient method of 
inactivating bacterial spores. It is used as a 

solution for disinfecting metallic instruments, 
face masks, heat sensitive plastic rubbers and 

fiber optics. This method can be used to 

steri lize e lastomeric materia ls such as 

modules by cutting them into smaller sections 

and covering them with clear tubing which 

can then be cold sterilized. Studies comparing 

the various sterilization techniques have 

depicted that cold sterilization leads to pitting 

type of corrosion of orthodontic instruments 

(W ichelhaus, 2004).10 A lcohol is a potent 
skin antiseptic and good disinfectant for 

medical instruments. It denatures the proteins 

of microorganisms. It does not act on spores.  
E thyl and isopropyl alcoho l are most 
common ly used .  Isopropy l  a lcoho l  is 

preferred to ethyl alcohol as it is a better fat 
solvent, more bactericidal and less volatile. It 
is active at a concentration of 50-70%. 

F la m ming

A utoclave
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Ste r i l i z a t io n  o f  o r th o d o n t ic p l i e rs:   

Pliers are prone to damage if water drops or 

excess disinfectant is left on the pliers. 
Corrosion of these instruments is one of the 

f e w  s t e r i l i za t i o n  c o n s eque n c e s  t h a t  

orthodontists tackle.10 In order to prevent 
corrosion, orthodontic pliers should be dried 

with pressured air before sterilization. If they 

are not dried properly, ion reaction will lead 

to a loose layer of rust. Corrosion can also be 

prevented by oiling the joint surfaces with 

solutions. Autoclaving leads to blunting and 

corrosion o f  sharp cut t ing edges o f  
or t hodon t i c  i ns trumen ts .  O r t hodon t i c  

instruments can also be soaked in 1% sodium 

nitrate. G lass bead sterilization is another 

method in which pliers are left inside the 

sterilizer at 218 °c for 15 seconds only. 
D econta min a t ion of o r thodontic b a nds: 

Stainless steel bands of various sizes are 

commonly used on molars during fixed 

or t hodon t i c  trea t men t .  Se le c t ing t he 

appropriate size often requires numerous 

trials. If selection of the bands is done inside  

patient's mouth and clinician finds that the 

size is not proper, the band should be 

decontaminated from saliva and blood and 

autoclaved for further use (Benson and 

Douglas, 2007).11

D isinfect ion  of o r thodontic b rack e ts: 

Chlorhexidine is an appropriate disinfectant 
to be used on metal or ceramic brackets. In a 

study that evaluated the effect of 0 .01 % 

chlorhexidine solution on metal and ceramic 

brackets, it was found that chlorhexidine does 

not have a significant effect on the metal 
brackets' adhesion ability (Speera et al., 
2005).12 O n the other hand, the attachment 

ability of ceramic brackets is significantly 

affected from this disinfecting solution, but 
the clinical effect does not reach levels below 

6-8 Mpa (W ichelhaus et al., 2006).10

L a s e r  ( L i g h t  A m p l i f i c a t i o n  b y  

st im ula ted  E mission of R a dia t ion):   

Recent experiments reveal that laser beams 

do not only sterilize instruments but also the 

air in operating rooms as well as wound 

surfaces. Numerous types of lasers used 

include C O 2 , Argon, and Nd YA G lasers 

etc.13 The cost factor has been the primary 

reason for its infrequent use.
S te r i l i z a t io n  o f  o r t h o d o n t ic  w i r es:  

Studies on the impact of sterilization on 

orthodontic wires have been in vogue since 

the 1980's. The results contradict one 

ano ther.  Some o f  the studies dep ict  
mechanical changes whereas the others 

defend the opposite (Buckthal, 1986).4 

Pernier et al (2005) examined the sterilization 

of 6 different arch wires by autoclaving them 

for 18 minutes in 134 °C through surface 

ana lysis techn iques .  N o charac ter ist ic  

significant change were observed on the 

surface of alloys that would affect their 
utilization.14

D isinfect ion  of e lasto m eric l iga tur es:   

Polyurethane elastomers are commonly used 

in orthodontics as ligatures and elastomeric 

chains.  E lastomeric ligatures are usually 

sterilized by cold sterilization since they are 

not heat-resistant. D isinfection of these 

materials in a 5% gluteraldehyde solution for 

a period of 10 minutes is recommended. 
Numerous studies depicted that repeated 

disinfection of the same elastic can stimulate 

the destruction of the cross links available in 
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the long chain molecules of polyurethane 

po lyesters.  Ster i l iza t ion o f  e lastomer ic  

ligatures in the autoclave at 121 °C does not 
lead to permanent deformation or to 

increased shrinkage whereas in the case of 
dry-heat their manipulation becomes more 

difficult (Mayberry et al., 1996).15

B a c t e r i a l  c o n t a m i n a t i o n  a n d  

d is i n f e c t i o n  o f  r e m o v a b l e  a c r y l i c  

a p p l i a n c e s :  W h i le  using removab le  

appliances, there is an excessive formation of 
a biofilm  that can be seen on the retentive 

areas of hooks and springs and on the smooth 

acrylic surfaces of the appliance (Uzel and 

Haydar; 1989; Lessa et al., 2007).16 Studies 

d e p i c t e d  t h a t  L a c t o b a c i l l u s  a n d  

Streptococcus mutans levels are increased 

inside dental biofilm as a result of changing 

oral micro flora during orthodontic therapy 

w i t h  a c t i v e  r e m o v a b l e  a p p l i a n c e s .  

Toothbrushes are not efficient enough to 

erad ica te the m icroorgan isms on the 

retentive areas of the appliances. Hence, it is 

recommended to use antimicrobial agents to 

eradicate the bacterial biofilm.
C onclusion: It is the responsibility of an 

orthodontist to run practice in a way that 
restrains the spread of infection. The 

presence of transm issible diseases like 

H IV / A IDS and Hepatitis B and hepatitis C  

makes it an absolute necessity to safeguard 

clinical personnel and patients from cross 

c o n t a m i n a t i o n  by  us i ng  e f f i c a c i ous  

disinfection and sterilization methods. Every 

patient should be deemed to be potentially 

infectious. Therefore all the preventive 

measures must be undertaken during dental 
practice. Sterilization and disinfection 

techniques should be carried out meticulously 

and t he ir  e f fec t iveness  c arry cruc ia l  
importance for the clinician and the patient's 

health.          
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CIPA (Cleft India Parents Association)

Does your Child have a 
Cleft Lip and Palate condition?

The Cleft India Parents Association 
(CIPA) is here to help

At CIPA we aim to make a difference in the quality of life of Cleft children by 
empowering their parents with our experience and guidance

Earlier Now

What is CIPA about?
We are a group of parents with a mission to guide

and share our experiences with  parents of cleft
children so that their journey become easier.

What is cleft lip and/or palate?
It is the result of an improper fusion of lip and /  or

the palate while the baby is developing in the 

mother's womb.

Unilateral Cleft Bilateral Cleft

D Approx 1 out of 700 babies are born with an opening in the upper lip or mouth roof.  
D Can be unilateral (one side of mouth affected) or bilateral (both sides affected).
D May involve hard palate (bony front portion of the mouth roof) and / or soft palate (soft back portion of mouth 

roof) and / or cleft lip .
D Compared with girls, twice as many boys have cleft problems.
D Compared with boys, twice as many girls have 

only cleft palate and no cleft lip .
D Approx 35000 children are added every year to 

the cleft population of India.
D F actors th a t  incr e ase  the  l i k e lihood of a  

cle f t  b a by a r e  m edica t ion  fo r  a n t i  se izure ,  

a c n e  d r u g s ,  d i a b e t e s  o r  s m o k i n g /  

consu ming a lcohol o r  p oor nu tr i t ion  by       

m other  dur ing p r egn a ncy.



What happens if no treated?
D Feeding problems - enough suction not created by the baby leading to insufficient milk and inadequate 

growth.
D Eating problems in adult - with opening in palate, food and liquid pass from the mouth back through the nose.
D Ear infections and hearing loss.
D Speech problems leading to child frustration.
D Dental problems.
D Poor self esteem.

Journey of Cleft Repair
"Depends upon the type and extent of cleft "
D Repair of lip (3-6 months after birth) by Plastic /  Maxillofacial Surgeon.
D Repair of Palate (6-12 months after birth) by Plastic / Maxillofacial Surgeon.
D Expansion & alignment of upper gum line (7 to 8 yrs) by Orthodontist.
D Surgical bone graft in area of cleft (8-9 yrs) by Plastic / Maxillofacial Surgeon and Orthodontist.
D A lignment of gun arch (9-10 yrs) by Orthodontist.
D Orthognathic surgery (15-16 yrs) by Plastic /  Maxillofacial Surgeon.
D F inal Anesthetic Correction(18 + yrs) by Plastic Surgeon.
D Speech therapist associated over the years to work with child to improve speech.

"All cleft children do not require all the operations"
How can CIPA help you?

D By answering your questions online (www.cipatrust.com) or on elephone (contact details overleft)
D Parents of cleft children can become members of the association and get advice on their   anxiety 

including details of medical professionals working in their area.
D Watch video on Nursing Support, Nutritional Needs, Feeding your Baby, Role of Genetics, Understanding Cleft / Lip

How can help you?
D Doctor, parents and other volunteer willing to contribute to cause of CIPA - By registering as volunteer on 

above website.
D Refer cleft cases among under privileged in your neighborhood and become a link between them and CIPA .

Whom to Contact?
CIPA office

D-42 Kalkaji, New Delhi - 110019

Tel: 011 26469666

Online resources Website
www.cipatrust.com

Email : info@cipatrust.com
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ABSTRACT
Maxillofacial region is affected by a various number of cysts when compared to any other part of the body. Radicular cysts are common 
odontogenic cyst of jaw bone which invariably presents as an oval, well dened radiolucency with radiopaque border around the apex of the 
involved tooth. They are leisurely growing, inammatory cysts that arise from the epithelial residues in the periodontal ligament originating from 
pulpal necrosis of a non vital tooth. Owing to their otherwise asymptomatic nature these cysts sometimes present as large lesion accompanied by 
substantial amount of destruction of surrounding tissues. There are two recognised types of radicular cysts, those containing cavities completely 
enclosed in epithelial lining or true cysts, and those containing epithelium-lined cavities with open root canals. Radicular cysts are usually managed 
either by curettage and enucleation or by more conservative approach which is marsupialisation followed by enucleation.
The purpose of this article is to report a case series of large radicular cysts and their management with review of literature.

KEYWORDS

Introduction 
Inammatory jaw cysts comprise a group of lesions that arise as a 
result of epithelial proliferation within an inammatory focus due to a 
number of causes. Radicular cysts are common odontogenic cyst of 
jaw bone. They are slow growing, thought to arise from epithelial cells 

1rest of Malassez in the periodontal ligament.  They are believed to 
proliferate as a result of periapical inammation caused by infection of 
the root canal system. Owing to their relatively asymptomatic nature 
these cysts sometimes present as large lesion accompanied by 
extensive destruction of surrounding tissues. When small the lesion is 
not clinically detectable it is most often discovered as incidental 

2nding on radiographic survey of teeth with non-vital pulps.

Simon discovered that there are two distinct types of radicular cysts; 
those containing cavities completely enclosed in epithelial lining or 
true cysts and those containing epithelium-lined cavities with open 

2,3,4,5,6root canals.   Patients only experience pain when inammatory 
exacerbation is present. Large cyst usually lead to mobility and not 
respond to electrical pulp test in affected or involved tooth. Jones et al. 

7(2006) found radicular cysts represent 60.3% of all odontogenic cysts.  
Frequency of occurrence of these cysts rises from the third decade to 
the maximum occurrence taking place in the fourth and fth decade of 
life. Radicular cysts are not often found associated with deciduous 
teeth. It is has a higher prevalence in the maxillary anterior tooth region 

1,3and it slightly more predominant in the males.

Case 1: 
A 45 year male patient reported to the oral & maxillofacial surgery 
department with a complaint of painless swelling in the upper anterior 
region of the jaw present since last six months. Intraoral clinical 
examination revealed an oval swelling located over the palatal region 
in association with left maxillary canine to right maxillary canine 
region. On palpation the lesion was approximately 3.5 x 5 cm, soft to 
rm in consistency and tender. Patient underwent extraction with 
respect to 16,14,24,25. Complete enucleation of the lesion with  
apicoectomy was performed. It created a through and through 
perforation in the palate and buccal plate, followed by primary closure. 

Case 2: 
A 49 year old male patient presented to our department with a 

complaint of swelling in the left upper anterior region of the teeth 
present since four months. Intraoral clinical examination revealed an 
oval swelling located over the buccal region in association with left 
maxillary incisor to right maxillary incisor region. On palpation the 
lesion was approximately 2 x 3 cm, rm in consistency and tender. 
Complete enucleation of the lesion with apicoectomy was performed.

Case 3: 
A 35 year of female patient reported with the chief complaint of pain in 
right upper anterior tooth region and swelling for the last three months. 
Intraoral clinical examination revealed a round to oval swelling 
located over the buccal region in association to the right upper anterior 
tooth region. The lesion was approximately 2.5 x 2 cm, rm in 
consistency and tender. Patient had undergone extraction w.r.t 11,12  
Complete enucleation of the lesion was performed.

Case 4: 
A 18 year old male patient complaint of pain and swelling in the upper 
anterior left region of the jaw present since three months. Intraoral 
clinical examination revealed an oval swelling located over the palatal 
region in association with left maxillary incisor to premolar region. 
The lesion was approximately 4.5 x 4 cm on palpation, soft to rm in 
consistency and tender.  Patient underwent R.C.T w.r.t 21,22,23,24. 
Complete enucleation of the lesion with apicoectomy was performed.

Case 5: 
A 35 year old male patient complaint of painless swelling in the upper 
anterior region of the jaw present since 3 months. Intraoral clinical 
examination revealed an oval swelling located over the palatal region. 
On palpation the lesion was approximately 3.5 x 4 cm, soft to rm in 
consistency and tender. Complete enucleation of the lesion with 
apicoectomy was performed.

Discussion:- 
A cyst is a pathological liquid, semiliquid or gaseous lled cavity with 
a well dened border of connective tissue and an epithelial carpet. 
Growth of a cyst is usually slow, centrifugal and inltrative. Radicular 
cyst are thought to arise from epithelial cells rest of Malassez in the 
periodontal ligament, and they are believed to proliferate as a result of 
periapical inammation caused by infection of the root canal system. 

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

Dental Science

Volume-8 | Issue-5 | May-2019 | PRINT ISSN No 2277 - 8179

44 International Journal of Scientific Research



There are two main theories regarding the formation of the cyst 
1,2,6,8,9cavity:

The nutritional deficiency theory is based on the assumption that the 
central cells of the epithelial strands become removed from their 
source of nutrition and undergoes necrosis and liquefactive 
degeneration, the accumulating products in turn attracts neutrophilic 
granulocytes into the necrotic area. Such microcavities containing 
degenerating epithelial cells, inltrating mobile cells and the tissue 

1,2,4uid coalesce to form the cyst cavity lined by stratied epithelium.
 
The abscess theory postulates that proliferating epithelium lines an 
abscess cavity formed by tissue necrosis and lysis. During the third 
phase the cyst grows, but whose exact mechanism is still unknown. It is 
generally believed to be by osmosis. The presence of necrotic tissue in 
the cyst lumen attracts neutrophilic granulocytes, which extravasate 
and transmigrate through the epithelial lining into the cyst cavity 
where they perish. The lytic products of the dying cells in the cyst 
lumen release a greater number of molecules. As a result, the osmotic 
pressure of the cyst uid rises to a higher level than that of the tissue 
uid. The latter diffuses into the cyst cavity so as to raise the 
intraluminal hydrostatic pressure well above the capillary pressure. 
The increased intracyst pressure may lead to bone resportion and 

1,2,4expansion of the cyst. 

Pathogenesis
the pathogenesis of radicular cysts in three phases: the phase of 

1,3initiation, the phase of cyst formation and the phase of enlargement.

The phase of initiation
The epithelial linings of these cysts are derived from the epithelial cell 
rests of Malassez in the periodontal ligament which come to lie in 
periapical granulomas associated with teeth with necrotic, and often 
infected, pulps. Thus, the epithelial cell rests are initiated to proliferate 
by inammation as a result of necrotic debris and bacterial antigens 

1,3derived from the dead pulp.

Phase of cyst formation
The next phase in the pathogenesis of a radicular cyst is the process by 
which a cavity comes to be lined by the proliferating odontogenic 
epithelium. One concept proposes that the epithelium proliferates and 
covers the bare connective tissue surface of an abscess cavity or a 
cavity which may occur as a result of connective tissue breakdown by 
proteolytic enzyme activity (Summers, 1974). The other, and perhaps 
more widely supported theory, postulates that a cyst cavity forms 
within a proliferating epithelial mass in an apical granuloma by 

1,3degeneration and death of cells in the centre.

Growth and enlargement of the radicular cyst
The third phase in the pathogenesis of the radicular cyst, its 
enlargement, has been the focus of considerable experimental work. 
Toller's studies provided evidence for the hypothesis that osmosis 

1,3makes a contribution to the increase in the size of cysts.

Epidemiology: 
Radicular cysts are the most common of all jaw cysts and comprise 

3,5,6about 52% to 68% of all the cysts affecting the human jaws.  Actual 
prevalence of cysts is only about 15% of all apical periodontitis 

6lesions .  These cysts arise in the third decade to the maximum 
occurrence taking place in the fourth and fth decade of life. Radicular 
cysts are not often found to be associated with deciduous teeth. They 
are more prevalent in the maxilla more commonly affection the 
anterior region. Cysts in the maxillary anterior tooth region are 

1,2reported to grow to the largest sizes.  They slightly more predominant 
in the males. The lower incidence in women could be because they are 
less likely to neglect their teeth, particularly the maxillary anterior 
incisors, where most radicular cysts occur. Men however, are more 

1,3 likely to sustain trauma to their maxillary anterior teeth. In our cases 
too out of the 5 cases 4 were male patients.

Site of Presentation: 
These cysts can occur in the periapical area of any teeth, at any age but 
are seldom seen associated with the primary dentition. Anatomically, 
the apical cysts occur in all tooth-bearing sites of the jaws but are more 
frequent in maxillary than mandibular teeth. In the maxilla, the anterior 
region appears to be more prone to cyst development whereas in the 
mandible the radicular cysts occur more frequently in the premolar 

2,3 region. all of the lesions in our cases involved the maxillary anterior 
region

There is low incidence of radicular cyst in primary teeth compared 
with permanent teeth because it is thought to be because of the shorter 
life span of primary teeth in the jaw, easy drainage in deciduous teeth 
due to presence of numerous accessory canals, and radiolucencies in 
relation to deciduous teeth are usually neglected. Additionally, the 
lesions tend to resolve on their own following the extraction or 
exfoliation of the associated tooth and are generally not submitted for 

8,9,10histopathological examination.  Similarly in our cases none of the 
patients had primary or mixed dentition. The most common clinical 
and radiographic features associated with radicular cyst in children are 
buccal cortical plate expansion, well-dened unilocular radiolucency, 

8,10thin reactive cortex, and displacement of succedaneous teeth;  

Clinical characteristics 
1,2,11Table : 1 

Diagnosis
For the accurate diagnosis history should be taken and proper clinical 
examination is required. Ragiographs can also be of great diagnostic 
value. The nal diagnosis is achieved only by the histopathological 
examination. In our cases too FNAC was done prior to enucleation and 
the excised lesions were further given for histopathological 
examination.

Radiographic characteristics 
Serman N described residual dental cyst radiographically as a round 
unilocular, radiolucency with well dened radiopaque borders around 
the apex of the involved tooth. All of the cases mentioned above had 

11,12these features.

Histopathological characteristics:
Histopathologically it shows cystic lumen, lined with a thin epithelial 
lining supported by a brocellular connective tissue storma showing 
dense chronic inammatory cell inltrate with few cholesterol clefts. 

1,2,3They impart a shimmering gold or straw colour

Differential diagnosis
Other odontogenic lesions tend to mimic radicular cyst are periapical 
granuloma and dentigerous cyst. In differentiation from a dentigerous 
cyst, it is important to conrm whether the position of the permanent 
tooth germ is retained or displaced. Because it has been reported that a 
radicular cyst can include the crown of consecutive permanent teeth, a 
denitive diagnosis of the disease requires a comprehensive 
assessment based on clinical, radiographic, and histopathological 

10,13,14ndings. 

Prognosis 
The residual cyst has no tendency to relapse, so it has a good prognosis. 
After excision, bone healing usually occurs in the cyst region. 
Exceptionally, the epithelium can give rise to squamous cell 

11carcinoma, malignant tumor.  Authors showed the fact that incomplete 
enucleation epithelium can develop a residual cyst after months to 
years after treatment. If the original radicular cyst, residual cyst 
remains untreated, their continued growth can cause signicant 
destruction and weakening of the maxilla or mandible. If they are 

12treated adequetely, usually, there is bone repair.  In our cases since all 
of them were recognised on time and compete enucleation was 
performed none of these patients experienced any reoccurance. 

Carcinomatous change
A few well-documented cases have been reported which indicate that 
squamous carcinoma may occasionally arise from the epithelial lining 
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Most of the radicular cysts are symptomless slowly enlarging 
swellings.
Most residual cysts are less than 1cm in size. Occasionally, 
enlarging cysts may cause displacement of the adjacent teeth, as 
well as bone expansion.
At rst the enlargement is bony hard but as the cyst increases in 
size, the covering bone becomes very thin despite subperiosteal 
bone deposition and the swelling then exhibits 'springiness'.
Eggshell crackling on palpation may be present.
Only when the cyst has completely eroded the bone, there will be 
uctuation.
Sometimes may be associated with pain and infection.
Harm to the anatomical structures (maxillary sinus, nasal cavity, 
and mandibular fractures), especially when they reach large 
proportions.
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1,2 of radicular and other odontogenic cysts. Eversole et al. (1975) 
reviewed series of cases of central epidermoid carcinoma and central 
muco-epidermoid carcinoma of the jaws. They found that 75% of the 
former were associated with a cyst lining and 48% of the latter were 
associated with either a cyst or an impacted tooth. It is also possible 
that cyst and neoplasm may have developed independently adjacent to 
one another and ultimately fused in some parts; or maybe that the 
neoplasm arose primarily from the oral mucosa, or that it is a metastatic 

1,3deposit in the jaw.  A further possibility to be considered is that the 
lesion was initially an epithelial neoplasm which underwent secondary 
cystic change. Browne and Gough (1972) have suggested that keratin 
metaplasia in long-standing radicular and dentigerous cysts may 
precede malignant change and examples of epithelial dysplasia are 
occasionally seen in jaw cysts without any evidence of carcinomatous 

1,3transformation.

Treatment Plan 
The management of large cystic lesion has been subject of prolonged 

15debate.  The treatment options for large periapical lesions range from 
conventional non surgical root canal to treatment with long-term 

16calcium hydroxide therapy to various surgical interventions.  For 
several reasons, surgical treatment may be the preferred approach for 

17treating a large periapical cyst.  The treatment of choice is dependent 
on the size and localization of the lesion, the bone integrity of the cystic 

18,19wall and its proximity to vital strutures.  Cysts are usually 
enucleated, where the cystic lining is separated from its inner bony 
surface and removed. Alternatively the cyst may be marsupialised to 

20revive internal pressure.  In our cases the lesions were completely 
enucleated followed by apicoectomy for the involved teeth.

In our cases male patients were higher in number and they were all 
from the age group ranging from 35-50 years and the lesions were all 
affecting the maxillary anterior teeth region which is similar to the 

1,3 literature mentioned; also all on radiological examination they were 
round unilocular radiolucency with well dened radiopaque borders 
around the apex of the involved tooth. In these cases presented, one 
common nding included that the patients were all medically 
compromised. 3 were diabetic, 1 was on blood thinner and the female 
patient was suffering from mild hypothyroidism. This could seem to be 
an aggravating factor for the growth or increase in size of the radicular 
cysts. Even though we cannot be sure of this but maybe medically 
compromised patients could be at a greater risk of developing such 
lesions. We performed enucleation followed by apicoectomy for all the 
patients who were then followed upto minimum of 2 years depicting no 
recurrence and healthy healing of the operated site. It can be concluded 
that apicoectomy in conjunction with enucleation followed by 
curettage of the cystic lesion is denitive treatment for radicular 

18,19cyst.

Conclusion 
We can say that detailed history and analysis of the clinical, 
histopathological and radiological examinations is very vital for 
proper diagnosis and treatment planning. Early detection and accurate 
diagnosis of inammatory, cystic or neoplastic lesions in odontogenic 
fabric are of paramount importance for successful and predictable 
treatment results. 

CASE :1
Fig: 1. Intraoral 

Fig ; 2. Pre op. Occlusal radiograph

Fig : 3 Enucleation done.

Fig : 4 Post op. Intraoral view of closure
Case : 2
Fig : 5 Pre op intraoral view

Fig : 6. Pre op. CBCT

Fig : 7. Post op. Intraoral view
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Fig : 8 Post op. Intraoral view (Closure)
Case 3.

Fig : 9. Enucleation

Fig : 10. Intra op intraoral view

Fig : 11 Closure
Case 4

Fig : 12. Pre op. IOPA

Fig : 13. Intra op. Buccal aspect

Fig : 14. Intra op. Palatal aspect

Fig : 15 Enucleation done
Case : 5

Fig : 16. Pre op CT

Fig : 17.Pre op CT

Fig : 18. Pre op intraoral view

Fig : 19.  Intra op. view

Fig : 20 Enucleation
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Introduction

Shortage of  organs has been recognized as an important 
contributor to fatalities among patients waiting for organs in 
hospitals. This occurs because of  a huge gap between organ supply 
and demand that needs to be filled to improve outcomes among 
these patients.[1] Till now, various efforts have been made by both 
governmental and nongovernment organizations (NGOs) to 

increase organ donation in India.[2,3] However, we are still trailing 
behind the developed countries in organ donation.[2]

Illegal trade of  organs, lack of  community education, 
advertisement, and absence of  a role model are also important 
contributing factors contributing to low organ donation. These 
issues have to be addressed seriously to promote organ donation 
in India.[3,4]

India with a 1.2 billion population is much behind in organ 
donation with a national deceased donation rate of  <1 per million 
population (pmp). Amid this backdrop, the Tamil Nadu state in 
India has shown commendable performance in organ donation 
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with 1.3 donor pmp.[5] As per an educational program initiated 
by an organ procurement organization, a multipronged strategy 
is required for improvement in organ donation. An essential 
requirement for this strategy is the need to educate the medical 
fraternity and seek their cooperation in promoting organ 
donation. Such a program also requires trained counselors to 
be able to work in intensive care units (ICUs).[6]

The thoughts, awareness, and knowledge of  health professionals 
and trainees are of  great importance as they could be a very 
effective source of  motivation for the general population toward 
organ donation.[3,7,8] The lack of  participation among medical 
professionals may be attributed to a tight schedule that causes 
them to view organ donation as a low priority area; lack of  
adequate information about transplantation procedures, their 
complications; and a lack of  an extensive education program. 
Also, it has been seen that community education related to organ 
donation is very difficult, as donating an organ is a matter of  
serious concern. This is because it involves legal, medical, social, 
cultural, as well as organizational issues.[9–11]

Of  all these issues, the main causative factors responsible for the 
shortage of  available organs are insufficient knowledge and failure 
to identify possible donors.[12] Further, it has been proved in some 
studies that knowledge regarding organ donation can contribute 
in shaping positive attitudes toward being an organ donor and 
education on organ donation can double the number of  carriers 
of  an organ donor card among students.[13,14] So, to increase the 
rate of  organ donation, we should start the promotion of  organ 
donation at the grass-root level through educational approach.

Educational programs have been suggested as a useful approach 
to solving the organ donation shortage.[15–18] Therefore, a 
program-based educational intervention was implemented in an 
institute for the dental faculty and students to foster cognizance 
for organ donation.

Material and Methods

While conducting our previous study, it was observed by the 
authors that the majority of  the dental faculty had inadequate 
knowledge about organ donation.[19] So, a program was conducted 
at an institute of  dental studies in the National Capital Region of  
India (NCR) to promote organ donation among faculty members 
and students of  the institute. The program was conducted on 
July 15th 2018 in the institute’s auditorium. Ethical clearance to 
conduct the program was taken from the institutional authorities. 
The program was attended by 168 dental intern students, 
postgraduates (PGs), and faculty members. Participation was 
voluntary. As we could not predict the rate of  participation, a 
descriptive methodology was adopted. No power calculation was 
done to sort an imperative sample size.

Program development
The professionals from the medical field and a presenter from 
the foundation were requested to prepare the program content 

freely through an electronic presentation. After all these 
preparations, the presenter and the authors held a meeting and 
made the suggested changes in the presentation. Finally, all the 
authors assessed the program content for its completeness and 
relevance. The finalized program was administered by a medical 
professional with experience in working with a local organ 
procurement organization.

The program involved a 60 min presentation, which included 
factual information about the need for organ and tissue 
transplantation, organ donation and allocation process, and its 
role in fulfilling this critical social need and discussed various 
misconceptions regarding organ donation. The program was 
conducted at the end of  a working day so that the clinical 
schedule, as well as the patient work, are unaffected.

Assessment tool
A self-administered questionnaire was prepared in English 
by the authors with the help of  an expert presenter. The 
questionnaire comprised of  27 questions about organ donation. 
Out of  these, 12 questions measured the participants’ knowledge 
and 5 measured their attitude concerning organ donation. 
Other questions measured the demographic details, source of  
information of  organ donation, the practice of  organ donation 
and magnitude of  the problem, any organ donor or recipient 
they know, and whether they have done any organ donation 
or they want to sign an organ donor card. Face validity of  the 
questionnaire was determined by administering it to five experts 
from the field of  medicine and public health.

Program evaluation
Invites were sent to 200 individuals to participate in the program. 
Of  these, 168 individuals that included interns, PG students, 
and faculty of  a dental institution attended the program, and 
the response rate of  the program was 84%. As 20 participants 
did not fill the form completely, only 148 forms were evaluated 
for assessing the effect of  the educational program on the 
participants. For knowledge scores, each “Yes” response was 
given a score of  1 and “No” as well as “Don’t know” were 
given a score of  0. The knowledge score for each individual was 
calculated by adding the knowledge score of  each question and 
it ranged from 0–12. Similarly, as decided by the questionnaire 
development group, the responses with positive attitude were 
given a score of  1 and negative attitude were given score of  0. 
The attitude score for each individual was calculated by adding 
knowledge score of  each question, and it ranged from 0–5. The 
mean knowledge and attitude scores of  the study participants 
were calculated and compared among various demographic 
variables.

Statistical analysis
Data were analyzed through IBM Statistical Package for 
the Social Sciences (SPSS)  Statistics software for Windows, 
version 20.0 (IBM Inc., Armonk, NY, USA). A significant 
difference in knowledge, according to various demographic 
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factors, was determined by applying independent t-test and 
analysis of  variance (ANOVA) test. A Chi-square test was used 
to assess the association between demographic variables and the 
willingness to sign organ donor card. P < 0.05 was considered 
statistically significant for all analysis.

Result

A total of  148 participants were included in the program, and 
out of  these, 77% (n = 114) were females; 28.4% were faculty; 
52.7% were interns; and 18.9% were PG students. The study 
comprised of  64.9% of  participants belonging to 25–30 years 
age group. The knowledge and attitude scores attained after the 
program were appreciable, as the mean knowledge score of  the 
study participants was 9.6 and the mean attitude score was 3.4 
at the end of  the program.

It was found after assessing the questionnaires that 29.7% 
individuals said they knew an organ recipient, 16.2% said that 
they knew someone waiting for organ donation, and 98.6% had 
heard about the term “organ donation” before the present study 
program. Only 1.35% (n = 2) of  the participants had signed an 
organ donation card and 18.9% (n = 28) participants showed 
their willingness to sign an organ donor card.

The knowledge and attitude scores were compared among 
different variables like gender, education, and age. It was found 
after the educational program that males and females had a 
statistically significant difference when compared for knowledge 
scores [Table 1]. There was no significant difference among other 
variables when compared for knowledge scores [Table 1]. Also, 
it was seen that significant difference was found only among 
different age group of  the study participants and no statistical 
difference was found among all other variables when compared 
for attitude scores [Table 2].

When feedback was taken from the participants regarding 
the present educational program, then 25.6% (n = 38) of  the 
participants were of  the view that it was effective, 64.7% (n = 96) 
felt it was partially effective, and only 9.4% (n = 14) of  the 
participants felt it was ineffective. Further, when the association 
between willingness to sign organ card was assessed with age and 
gender, it was found that no such association existed [Table 3].

Discussion

The United Nations (UN) recommends participatory dialogue 
as a strategy to improve the attitude of  population regarding 
health care.[20] The present program utilized participatory dialogue 
methodology for promoting understanding and transforming 
attitudes for organ donation among students and faculty. As the 
need for organs is increasing day by day, there is a requirement of  
such participatory educational programs to promote the supply 
of  organs. The present program busted myths associated with 
organ donation and also created interest in donating organs among 
participants. Similar findings were reported in various studies.[21–24]

Radünz et al. interviewed volunteers among the staff  of  a 
university hospital in Essen, Germany on the attitude toward 
organ donation. The results of  this study clearly showed that a 
high level of  awareness in a hospital increases the willingness of  
employees to hold organ donor cards.[25] So, the present study 
was done with the same motive of  increasing awareness and, 
hence, the willingness to donate organs.

It has been noticed in the present study that most (n = 114, 77%) 
of  the study participants were females. Similar findings were seen 
in another Indian study, which was conducted among students of  
a dental institute, where 79.9% of  study subjects were females.[12] 
This may be because there has been an increase in the number 
of  women taking up dentistry.[26]

In the present study, demographic variables like gender, 
education, and age group were compared with responses related 
to organ donation. When knowledge scores were compared 
among genders, a higher mean score was observed among 
females (9.6) as compared to males (8.6). These findings are 
in contrast with the results reported by Marques, et al. on 
medical students attending the University of  Puerto Rico 
School of  Medicine, where almost half  (49.6%) of  the male 
participants had adequate knowledge (>50%) compared to 
females (41.9%).[27]

Table 1: Comparison of mean knowledge scores among 
different demographic variables

Mean 
score

t-test F ratio (ANOVA) Significance (P)

Gender Male 8.69 2.529 0.014*
Female 9.642

Education Faculty 9.809 0.808 0.450
PGs 9.428
Intern 9.307

Age group 20-25 9.666 0.131 0.970
25-30 9.361
30-35 9.428
35-40 9.600
>40 9.636

*P>0.05=Significant. ANOVA=Analysis of  variance

Table 2: Comparison of mean attitude scores among 
different demographic variables

Mean 
score

t-test F ratio (ANOVA) Significance (P)

Gender Male 3.705 0.839 0.404
Female 3.491

Education Faculty 4.000 3.976 0.0238*
PGs 3.428
Intern 3.333

Age group 20-25 3.333 1.441 0.230
25-30 3.395
30-35 3.571
35-40 3.800
>40 4.090

*P>0.05=Significant. ANOVA=Analysis of  variance, PGs=Postgraduates
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It was observed in the present study that males had higher 
mean attitude score (3.7) as compared with females (3.4). 
Whereas other studies done by Burra, et al. in European medical 
students contrast the findings from present study.[15] However, 
the difference found among genders in the present study was 
insignificant.

According to the study done by Afshar et al., it was found that 
age had a positive correlation with the willingness to donate an 
organ.[28] However, in the study by Heuer et al., the factors of  
age and gender did not have a critical influence on the decision 
for or against organ donation.[29] Similarly in the study done by 
Panwar et al.,[30] Sanavi et al.,[31] Cardenas et al.,[32] and is also the 
present study, it was seen that gender and age were unassociated 
with the willingness to sign an organ donor card. This may be 
because the level of  information is a factor which influences the 
willingness to donate organ.[29,30]

Salim et al. conducted a study in four Catholic churches, where 
an educational program to increase the awareness regarding 
organ donation was evaluated.[33] Similarly, an educational 
program regarding organ donation was implemented among 
high school students in a study done by Wig et al. and among 
dental students and faculties of  a dental institute in the present 
study.[34] All these studies showed that such a type of  educational 
program, involving participatory dialogues, improve knowledge, 
perceptions, and beliefs regarding organ donation.

The overall attitude score of  all the participants was found to be 
positive in the present study. Another study conducted in Iran 
showed a highly positive attitude toward organ donation among 
participants.[28] The reason for this could be the nonexposure 
of  population of  the present study to any such information 
previously. In comparison to this, the population in the study 
by Afshar et al. in Iran was already exposed to widespread 
educational programs presented through the mass media within 
Iran.[28]

Further, in the present study, 18.9% of  the population agreed to 
sign the organ donation card while in the study done by Afshar 
et al., only 10% of  the subjects agreed to it.[28] This difference 
maybe because of  the reason that living donor transplantation 
has been more customary among Iranian populations or 
probably because of  religious and cultural beliefs concerning 
the integrity of  body and soul. In contrast to this, in the study 
done by Zhang et al.,[35] willingness to donate organs was found 
among 85% of  the participants, whereas, in the present study, 
it was found among 44.5% of  the participants. The reason for 

this could be because of  heightened awareness among medical 
science students about the fields of  medicine and transplantation 
surgery.

Feedback for the present program from the participants showed 
that 25.6% of  the participants found it effective while 64.8% 
felt that it was partially effective. However, in the study done by 
Gracia et al., the majority of  the participants rated the educational 
program as excellent, and their attitude toward organ donation 
and transplantation was found to be strongly positive.[36] The 
reason for this could be that a more extensive program (25 h) 
was conducted in the study done by Gracia et al. The limitation 
of  the present study was that it was conducted in an institution 
with limited number of  participants. Therefore, the results of  
the study may not be generalizable.

Unfortunately, in spite of  the serious role played by the general 
population’s perceptions of  organ donation toward improving 
the supply of  organs, very little has been published about 
people’s attitudes toward organ donation. We recommend further 
widespread educational and motivational programs regarding 
deceased organ donation in other educational institution as the 
positive attitude of  faculty is important for students as they 
spend maximum time in schools and colleges.[37] Further studies 
should be conducted to evaluate the effectiveness of  this type of  
an educational program on other larger population. According 
to Thomton JD, et al majority of  the physicians at primary care 
clinics agree that they should provide information related to 
organ donation to their patients. But, as they are not practicing it 
so these programs should be conducted at national level also.[38,39]

Conclusion

The present educational intervention for improving the 
perceptions of  students and faculty members about organ 
donation was successful as the study population was able to 
achieve sound knowledge and good attitude level. Educational 
interventions that include the exchange of  knowledge through 
a mix of  lectures and participatory dialogue have proven to be 
effective in improving organ donation rate. Such interventions 
may help in reducing the long waiting list and save many lives.
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Table 3: Willingness to donate an organ in association with age and gender
Willingness to sign organ donor 
card

Gendera Total Ageb

Male Female 20-25 25-30 30-35 35-40 >40 Total
Yes 8 (12.2%) 58 (87.8%) 66 (44.5%) 4 (6.06) 4 (6.06) 6 (9.09%) 10 (15.1%) 42 (63.6%) 66 (44.5%)
No 24 (29.2%) 56 (68.2%) 82 (55.4%) 4 (4.8%) 10 (12.19%) 4 (4.8%) 12 (14.6%) 42 (63.4%) 82 (55.4%)
Chi-square test=a (2.4294), b (1.2584). P-value=a (0.11908), b (0.8683)
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Introduction

The life course approach, recently popular in conceptualizing 
chronic disease etiology, proposes assessing the effects of  physical 
and psychosocial exposures on chronic disease risk at different 

stages of  life such as gestation, childhood, and adolescence.[1] 
Exposure to one factor at one stage of  life is likely to be connected 
with exposure to other factors at another life stage, and these 
exposures are likely to accumulate over the lifespan of  the 
individual.[2] It provides a more comprehensive approach than 
traditional risk factor epidemiology as it seeks to understand 
when and how particular exposures act on later health outcomes.
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AbstrAct
Aim: To assess the association of dental caries with health capital among 12-year old in Private and Government school 
children with differing family-related characteristics. Objectives: To know the influence of height, weight, and family-related 
characteristics on dental caries. Materials and Methods: A cross-sectional study was done on a sample of 800 students. Stratified 
systematic random sampling technique was used. Data were collected on health variables that include their height and weight; 
family characteristics include type of family and time spent with their mothers in a school day and number of children in 
their family. Clinical examination was done using dentition status and treatment needs. Results: The prevalence of dental 
caries in government school was 64% and in private school was 59.2%. Logistic regression analysis identified that dental caries 
was significantly associated with type of school, height, and socioeconomic status and the factors which are not significantly 
associated are weight, time spent with their mothers, number of siblings, dental visits, and type of family. Conclusion: This 
study reported dental caries prevalence to be 61.6% with a mean DMFT (Decayed Missing Filled Teeth) of 1.26 ± 1.32 in 12-year 
old children. The cooperation of dentists and pediatricians is necessary in assessment of general and dental health in a holistic 
context throughout the life course to enhance the well-being of adolescents.
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An individual’s biological resources are influenced by their 
genetic endowment, their prenatal and postnatal development, 
and their social and physical environment in early life. Adversity 
in childhood becomes “embodied” at an early age and its full 
impact manifests later in life.[3,4]

Height and weight is an important surrogate marker of  early 
development and of  social and physical environment exposures 
in early life. Socioeconomic circumstances influence fetal 
development and growth during childhood. Subsequently, 
poor fetal development and delayed linear growth, as indexed, 
respectively, by low birth weight and shorter leg-length. Social 
inequalities in oral health have been well documented in the 
dental scientific literature, providing plenty of  evidence for the 
poorer oral health of  lower-socioeconomic status (SES) groups 
compared with their higher-SES counterparts.

First, life course approach appears to be well suited for dental 
caries as it is cumulative in nature, which would allow comparison 
of  the degree of  disease development among individuals. Second, 
dental caries is a chronic disease, which is more likely to be 
detected only during assessment. Third, its validly and reliably 
can be measured. Fourth, dental caries is prevalent, so that the 
required sample size for the cohort is manageable.[5]

The life course approach is recommended for the prevention of  
obesity as well as of  other chronic diseases by the World Health 
Organization (WHO).[6] This approach is important among 
school aged-children in attainment of  a common preventive 
approach for general and dental well-being, because increased 
body weight relative to body height (overweight and obesity) are 
more likely to be common among adolescents with higher caries.[7]

There are very few studies exploring this plausible relation, 
so the aim of  this study is to assess the association of  dental 
caries experience with health factors among 12-year-old private 
and government school children with differing family-related 
characteristics in Guntur city, Andhra Pradesh.

Material and Methods

A cross-sectional study was done by clinical examination of  the 
children attending private and government schools located in 
Guntur city. Children who have completed 12 years of  age by 
March 31 and who were willing to participate in the study were 
included in the study. Any medically compromised condition 
that contraindicated oral examination was the exclusion 
criterion. Informed consent was taken from children parents 
for participating in the study.

Ethical clearance and permission for execution of  the study from 
D.E.O office; respective school authorities were taken prior to the 
start of  the study. Sample size was calculated using this formula

n
z p q
d

=
( ) 2

2

Where zα is standard normal variate value (1.96 for 95% CI), p is 
the prevalence of  disease (80%), q is alternative prevalence (20%), 
and d is permissible error in prevalence rate (2.4); and estimated 
to be 800. A pilot study was carried out on 25 school children 
selected from one private and one government school to see the 
feasibility of  the study.

Stratified systematic random sampling was done to select 
children. Schools were divided into 2 strata, i.e. private and 
government schools. Eight private and eight government 
schools were selected by systematic random sampling expecting 
50 students in each school. All the eligible children in the 
selected schools present on the day of  examination were 
included in the study.

The survey proforma prepared included demographic 
information on gender; school name; health factor which includes 
height (cm) and weight (kg); and family characteristics that 
includes type of  family, number of  children in their family, dental 
visits, and socioeconomic status. Socioeconomic status of  study 
subjects was classified according to modified Kuppuswamy scale 
2007.[8] Proforma was filled by the examiner, height was recorded 
using measuring tape with least measurement of  1 cm, and weight 
was recorded using “Krups” bathroom weighing machine with 
least measurement of  0.5 kg and corrected for zero error every 
time before recording a new measurement.

Both English and Telugu questionnaires were used. Telugu is 
the regional language; hence, questionnaire was translated into 
Telugu language. The validity was checked by back translation 
method, involving blind translation into English. The validity of  
translation was verified by experts in both languages.

Clinical examination was done using Dentition status and 
treatment needs as per WHO Basic oral health survey 
1997.[9] One trained and calibrated dentist conducted all clinical 
oral examination with the trained recorder recording the 
observations. Before conducting the survey, the training and 
calibration of  examiner was done to ensure reliability (k = 0.80). 
After taking permission from school authority, study proforma 
were distributed to the school children. This was followed by 
Type III ADA examination[10] using autoclaved mouth mirror, 
CPI probe, and adequate illumination. A table and a two chair 
were arranged so as to allow maximum efficiency and ease of  
examination.

Data were compiled using Microsoft excel software and analyzed 
using SPSS V.20:0. Chi-square test by cross tabulations was used to 
compare the frequencies (level of  significance, P < 0.05). Analysis 
of  variance is used to compare the health variables with DMFT. 
Kruskal–Wallis test was used to compare the socioeconomic 
status between caries experience. Logistic regression analysis was 
done for odds ratio to know the association between DMFT, 
health factor, and family-related characteristics.
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Results

In this study, 53% were males and 47% were females in 
government school. About 49.6% were males and 50.4% were 
females in private school as shown in Graph 1.

The total caries experience of  government school children 
was 1.26 ± 1.32, whereas the private school children was 
1.08 ± 0.63 [Table 1], which shows that government school 
children were more dentally diseased than the private school 
children.

Table 2 shows that mean body height and weight of  private 
school children were more than those of  government school 
children. Private (0.041 < 0.05) and government (0.028 < 0.05) 
school children height was statistically significantly associated 
with DMFT, whereas no statistical significance was found 
between weight and DMFT of  private and government school 
children.

Table 3 shows the measures of  family-related characteristics 
among government school children. Government school 
children spent >6 h with their mother 186 (46.5%) and 
most of  them visited dentist only in pain 351 (87.75%). 
These variables had no significant relation with dental caries. 
Most of  the private school children spent more time with 
their mothers 147 (36.75%) and visited dentist only in pain 
346 (86.5%). The P values shows that they are not significantly 
related to dental caries [Table 4]. Socioeconomic status of  the 
government school children (P = 0.04) and private school 
children (P = 0.046) had a statistically significant relation with 
dental caries [Table 5].

Results of  multiple logistic regression [Table 6] shows that 
government school children are 1.67 more times at the risk 
of  dental caries attack when compared to private school 
children (P = 0.021). The shorter height children are more prone 
to dental caries compared to the taller children (OR = 1.45; 
CL = 1.04–2.02). Considering the socioeconomic status, 
middle‑income group (OR = 1.01;CL = 0.7–1.4) and low‑income 
class (OR = 1.16;CL = 0.55–2.18) had more risk of  dental caries 
compared with upper class.

53%

47.00%

50.40%

43%
44%
45%
46%
47%
48%
49%
50%
51%
52%
53%
54%

govt private
male female

Graph 1: Percentage distribution of males and females in government 
and private schools

Table 1: Caries experience among school children
Caries 
experience

DT MT FT DMFT, mean±SD

Government 256 (64%) 7 (0.8%) 2 (1.5)% 1.26±1.32
Private 237 (59.2%) 22 (2.75%) 6 (0.75)% 1.08±0.63
DT=decayed teeth, MT=missing teeth, FT=filled teeth, SD=standard deviation

Table 2: The relationship between height and weight 
with DMFT in private and government school children

Government DMFT 0 
(mean)

DMFT (1-3) 
(mean)

DMFT >3 
(mean)

P

Height 141.2 138.6 113.2 0.02*
Weight 35.7 32.8 31.7 0.061
Private
Height 143.7 139.7 138.9 0.041*
Weight 38.7 36.5 31.3 0.072
ANOVA test, * statistically significant (P<0.05)

Table 3: Shows the relationship between family-related 
characteristics with DMFT among government school 

children
Time spent with 
their mother

DMFT 0 DMFT (1-3) DMFT >3 P

<2 h 23 (15.54%) 28 (13.02%) 12 (32.43%) 0.391
2-4 h 26 (17.57%) 38 (17.67%) 9 (24.32%)
4-6 h 24 (16.22%) 48 (22.33%) 6 (16.22%)
>6 h 75 (50.68%) 101 (46.98%) 10 (27.03%)
Visiting the dentist

0.728Regular check-up 24 (16.22%) 19 (8.84%) 6 (16.22%)
In trouble 124 (83.78%) 196 (91.16%) 31 (83.78%)

Family type
0.06Single parent 10 (6.75%) 21 (9.76%) 2 (5.4%)

Two parent 91 (61.48%) 142 (66.04%) 30 (81.08%)
Joint family 47 (31.75%) 52 (24.18%) 5 (13.51%)

Number of  
children 0.51

One 8 (5.4%) 5 (2.38%) 1 (2.7%)
Two 43 (29.05%) 116 (53.95%) 21 (56.76%)
More than two 97 (65.54%) 94 (43.72%) 15 (40.54%)

Chi-square test

Discussion

The aims and objectives of  the present study were to know the 
relation between health variables and dental caries among 12-year 
school going children with differing family-related characteristics 
in Guntur city. Findings from this study supported the life course 
approach that health and family-related characteristics contribute 
to dental health.

According to gender-wise distribution, 49.6% were males and 
51.4% were females, which is in accordance with census Guntur 
2011 (Guntur).[11]

Body height is used as a potential indicator of  the long-term, 
cumulative effects of  inadequacies of  health; weight is an indicator 
of  malnutrition. In this study, height is statistically significantly 
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associated with DMFT among school children which is similar 
to the study conducted by Belinda Nicolau (2005).[12] Height and 
dental caries can be related to fetal development and growth during 
pregnancy. It can be explained by the fact that nutritional deficiency 
during childhood delays linear growth as indexed by shorter leg 
length and affects the tooth structure, and even saliva secretion 
rate, buffering capacity, and immunological systems.

In this study, weight is not statistically significantly associated 
with DMFT, which is not in accordance with the study done 
by Nicolau (2003).[13] It can be explained due to the fact that 
weight is a multifactorial component. Low birth weight may be 
due to poor maternal nutrition, smoking during pregnancy, and 
abnormal intrauterine growth.

This study reported dental caries prevalence to be 61.6% with 
a mean DMFT of  1.26 ± 1.32 in 12-year-old children, which 
is in accordance with DCI report (2004).[14] In this study, more 
percentage of  caries experience was observed in government 
school children, the reason could be lack of  dental awareness 
toward dental problems, and less affordability to dental care 
because of  their poor economic background, which simulates 
with the study done by Sudha (2005).[15]

In this study, 86.25% of  subjects visited the dentist only when 
in trouble or pain, which is similar to the study conducted by 
Sijjanpoudyal (2010).[16] The possible reason might be due to the 
fact that tooth pain is an emergency condition, which has forced 
the subject to visit the dentist.

In this study, 77.25% of  the children were from nuclear family, 
and 17.38% from joint family, and 5.38% were from single parent 
family, which is similar to the study conducted by Belinda (2005),[17] 
in which 81.5% were from nuclear families. It did not show a 
statistically significant association between family type and dental 
caries which is not in accordance with the study conducted by 
Mattila (2005).[18] This can be explained by the fact that caries 
is multifactorial and the type of  family plays a less role in the 
causation of  caries and the number of  reconstituted families are 
comparatively less in India compared with foreign countries.

In this study, 38% of  the government school children had more 
number of  siblings than private school children (15.5%) and they 
belonged to low socioeconomic group. They had statistically 
significantly more caries compared with private school children. 
It is consistent with the study conducted by Cinar (2008).[19] 
Children belonging to low socioeconomic class in government 
schools had more number of  untreated caries compared with 
children from private schools which is similar to the study 
conducted by Schou (1995)[20] and Goettams (2018).[21] It is well 
known that children from low socio economic background 
cannot afford the costly dental treatment. The reason could be 
lack of  dental awareness and less affordability to dental care.

According to logistic regression, the risk factors identified 
that are significantly associated with dental caries are type of  

Table 4: Shows the relationship between family-related 
characteristics with DMFT among Private school children
Time spent with 
their mothers

DMFT 0 DMFT (1-3) DMFT >3 P

2 h 12 (7.55%) 10 (4.83%) 7 (20.59%) 0.424
2-4 h 42 (26.42%) 60 (28.99%) 8 (23.53%)
4-6 h 30 (18.87%) 76 (36.71%) 8 (23.53%)
>6 h 75 (47.17%) 61 (29.47%) 11 (32.35%)
Dental visit

0.095Regular 37 (23.27%) 14 (6.76%) 3 (8.82%)
Trouble (pain) 122 (76.73%) 193 (93.24%) 31 (91.18%)

Family type
0.702Single parent 16 (10.06%) 19 (9.17%) 9 (26.47%)

Two parent 131 (82.38%) 156 (75.36%) 19 (55.88%)
Joint family 12 (7.54%) 32 (15.45%) 6 (17.64%)

Number of  children
0.866One 22 (13.83%) 10 (4.83%) 2 (5.88%)

Two 123 (77.35%) 178 (85.99%) 24 (70.58%)
More than two 14 (8.8%) 19 (9.17%) 8 (23.52%)

Table 5: The relationship between socio economic status 
and DMFT in private and government school children

SES - govt DMFT 0 DMFT (1-3) DMFT >3 P
Upper 4 (2.7%) 0 1 (3.22%)

0.04*Upper middle 29 (19.59%) 9 (4.18%) 2 (6.45%)
Lower middle 51 (34.45%) 117 (54.41%) 24 (77.41%)
Lower upper 57 (38.51%) 84 (39.06%) 10 (32.25%)
Lower 7 (4.72%) 5 (2.32%) 0

SES- private
Upper 68 (42.76%) 77 (37.19%) 11 (32.35%)

0.046*Upper middle 58 (36.47%) 92 (44.44%) 16 (47.05%)
Lower middle 32 (20.12%) 36 (17.39%) 7 (20.58%)
Lower upper 1 (0.62%) 2 (0.96%) 0
Lower 0 0 0

Kruskal‑Wallis test; SES=socioeconomic status. *statistically significant (P<0.05)

Table 6: Multivariate logistic regression analysis to assess 
the risk factors association with dental caries

Variables Independent 
variable (effect)

Chi-square Sig OR (95% CI)

Demographic 
variables

School
Government

5.29 0.021* 1.67 (1.08-8.57)

Gender
female

0.22 0.64 0.93 (0.70-1.25)

Health 
variables

Height <164 cm 4.80 0.028* 1.45 (1.04-2.02)
Weight <39 kg 0.03 0.85 1.03 (0.73-1.46)

Family-related 
characteristics

SES
Middle
Low

5.69 0.05* 1.01 (0.7-1.4)
1.16 (0.55-2.18)

Dental visits
Check up 0.01 0.98 0.99 (0.65-1.52)
Family type
Single parent 0.52 0.77 1.29 (0.63-2.65)
Number of  
children
Two
More than two

0.59 0.74
1.3 (0.7-2.3)

1.04 (0.6-2.0)
CI=confidence intervals, OD=odds ratio,*statistically significant at (P<0.05)
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school, height, and socioeconomic status. Government school 
children, height <164 cm, and children from middle- and 
low-socioeconomic status are more prone to risk of  dental 
caries.

Conclusion

The life course frame work expands upon the adult lifestyle 
model to build a bridge where biological, psychological, and social 
models of  disease causation are incorporated. To conclude, “the 
future value of  a life course approach will depend for its success 
on elucidating new mechanisms and disease pathways as well as 
its ability to explain social, geographical and temporal patterns 
of  disease distribution. The cooperation of  paediatricians and 
dentists is necessary in assessment of  general and dental health 
in a holistic context throughout the life course.”
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ABSTRACT: 

The management of highly resorbed ridge has always posed a challenge to the prosthodontist for years. Obtaining consistent 
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INTRODUCTION 
Essential aim of complete denture therapy for patients 
with severely reduced residual alveolar ridges includes 
the placement of functional and aesthetics dentition 
substitutes and replacement or associated dental 
supporting structures. In so doing the prostheses often 
occupy a substantial volume within the edentulous oral 
cavity. So proper relation of artificial teeth to the basal 
seat and surrounding tissue, is of great importance. The 
stability of complete denture is influenced by the 
surrounding neuromuscular system in the oral cavity.1- 3 
The management of highly resorbed ridge has always 
been a challenge to the prosthodontists. The alveolar bone 
resorption under complete lower denture is known to 
both, the clinician as well as complete denture user.4, 5 It 
is also accepted that the rate of resorption varies from 
person to person this is because the rate of resorption is 
fast in the mandible than in the maxilla.6 

Hence; in the present report, we presented the case of 
fabrication of compete denture for severely resorbed 
ridges using Wire technique and Mc -Cords Technique. 
 
CASE REPORT 
A 62 year old male patient reported to the department of 
prosthodontics of the dental institute with complete 

edentulous upper and lower arches. The lower edentulous 
arch was severely atrophied on examination (Figure 1). 
Impression for both upper and lower arch was made with 
impression materials and primary casts were prepared 
(Figure 2). For recording final impression of the 
atrophied mandibular ridge, Wire technique was used. For 
maxillary resorbed ridge, Mc -Cords Technique was used 
(Figure 3, Figure 4). Secondary impression was made 
and secondary cast was made (Figure 5, Figure 6). Face-
bow relation was recorded and was transferred to the 
articulator (Figure 7, Figure 8). Try-in was done and the 
teeth positioned were checked for their position in neutral 
zone. Teeth were set in balanced occlusion. Denture was 
processed and final denture insertion was done (Figure 
9). 
 
DISCUSSION 
Certain biologic and mechanical properties provide 
Retention, support and stability to dentures. Retention 
provides psychological comfort, stability provide 
physiologic comfort and support provides longevity to the 
patient, these factors needs to be summated for a 
successful prosthesis. According to GPT-9 stability in 
complete denture is defined as “the resistance of a denture 
to movement on its tissue foundation, especially to lateral 

International Journal of Research in Health and Allied Sciences 
Journal home page: www.ijrhas.com 

Official Publication of “Society for Scientific Research and Studies” [Regd.] 
 

ISSN: 2455-7803 

http://www.ijrhas.com/


Mustafa S et al. Wire technique and Mc Cords technique for resorbed ridges. 

43 
      International Journal of Research in Health and Allied Sciences |Vol. 5|Issue 3|May – June 2019 

(horizontal) forces as opposed to vertical displacement”. 
One of the other definitions which is also accepted was 
given by Krol and Jacobson which states it as “the 
resistance to horizontal and rotational forces. Stability 
prevents lateral or anteroposterior shunting of the denture 
base ”. Denture instability adversely affects support and 
retention and results in deleterious forces on the 
edentulous ridges during function.7- 9 
 

 

Figure 1: Severely resorbed arch 

 

 

Figure 2: Primary cast 

 

 

Figure 3: Wire technique and Mc -Cords Technique 

 

 

Figure 4: Intraoral placement 

 

Figure 5: Secondary impressions 

 

 

Figure 6: Secondary cast 

 

 

Figure 7: Jaw relation 

 

 

Figure 8: Transfer of jaw relation to articulator 
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Figure 9: Post-insertion view 

A number of clinicians recommend weighted mandibular 
dentures for severely resorbed lower ridges. 
A.H.Grunewal (1964) recommended that gold base being 
heavy, helps in, retention of lower denture and has closest 
adaptation to the underlying tissues. J.L.Wormley et.al. 
(1974) also described the advantages of weighted 
dentures apart from offering the advantages of a cast 
metal base along with the ease of adjustment and relining. 
However, studies have shown that weight may not 
contribute to the retention and stability of a lower 
denture.10- 12 
A 62 year old male patient reported to the department of 
prosthodontics of the dental institute with complete 
edentulous upper and lower arches. The lower edentulous 
arch was severely atrophied on examination. Impression 
for both upper and lower arch was made with impression 
materials and primary casts were prepared. For recording 
final impression of the atrophied mandibular ridge, Wire 
technique was used. For maxillary resorbed ridge, Mc -
Cords Technique was used. Denture was processed and 
final denture insertion was done. Rao BI et al described a 
case report of an edentulous patient with resorbed ridges 
where a simplified technique of fabricating a hollow 
mandibular complete denture using wax was used for 
preservation of denture bearing areas. The hollowing of 
the denture reduces the weight of the denture, thereby 
enhancing stability and retention, reducing the further 
resorption of the jaws.12 
Kinra MS et al described the making of a functional 
primary impression for severely resorbed mandibular 
ridge type IV. In this technique metal wire of 1.5 mm 
diameter was adapted on the ridge of a mandibular arch 
from one retromolar pad to another retromolar pad. On 
the metal wire silicone putty was adapted and phonetics 
was used for making an initial primary functional 
impression. The prepared initial primary functional 
impression was under extended. Thus correction was 
done by adding putty addition silicone impression 
material. Later wash impression was made using addition 
silicone light-bodied impression material. The prepared 
impression was accurate in term of reproduction of 
details, and in term of extensions it was a functional 
impression. An impression was not deformed by the 

manipulations done by the dentist or by using oversized 
or undersized stock trays.13 
With advent in dental material science and innovation of 
newer techniques in prosthodontics, it has been made 
possible to successfully satisfy the esthetic and functional 
demands of the patients with severe residual ridge 
resorption. So, efforts has been taken to prevent further 
damage to patient’s already vulnerable residual ridge 
condition.12 
 
CONCLUSION 
From the above case report, it can be concluded that is an 
effective alternate impression technique. It can be used 
for making functional impression for excessively 
resorbed edentulous ridges. The prepared impression 
meets all the objectives and principles of impression 
making. 
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Abstract 

 The main purpose of the impression is to record and transfer the relationship between implants and to 
reproduce this relationship as accurately as possible. But, Unplanned placement of the implants may result in 
close approximation of the implants, thereby posing tough challenge to the restorative dentist, to first             
accurately record the impression and later on fabricate the prosthesis with satisfactory esthetics and function. 
This article presents a modified direct impression coping procedure for precise making of impression of closely 
placed implants which otherwise may be difficult to replicate the exact position of the implants by conventional 
direct or indirect technique. 
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Introduction 

 The passive fit of the implant components is 
very critical for the long term success of the implant 
restorations1. Component failure or biologic               
complications2 may occur due to poor fit. So, careful 
performance of each and every laboratory and clinical 
step is important to minimize the positional               
discrepancies.  

 Unplanned implant placement or change in 
angulations of the implants due to anatomic            
limitations3, 4 such as mandibular canal, mental foramen, 
nasal floor, sinus cavities or roots of the adjacent teeth, 
might result in close approximation of the implants 
(Figure 1), which poses tough challenges to the 
restorative dentist, who have to overcome certain 
technical difficulties for the fabrication of the prosthesis 
including making of a proper impression. 

 Direct impression coping (open tray) technique 
is usually preferred over indirect impression coping 
(close tray) technique for making an accurate                     
Impression of the implants. But most of the direct 
impression coping supplied by the manufacturer are 
bulky in upper part which may preclude the accurate 
seating of the impression coping to the respective 
implants, thereby resulting in an inaccurate replication 
of position of the implants on the cast. The fabrication 
of an accurate passive fit prosthesis from such an 
impression is not possible, which requires lot of 
adjustments during seating of the prosthesis and also 
create associated soft tissue problems. 

 For the fabrication of accurately fit implant 
supported prosthesis for the closely placed implants, a 
precise registration of the position of the implants is 
important. Due to insufficient space, the direct transfer 
copings do not fit precisely over the implants, which 
requires the modification of one or both transfer 
copings. This article describes a modified direct 
impression coping technique to overcome the difficulties 
associated in making an impression in such conditions. 

Impression Procedure 

 Healing abutments were cleaned and removed 
from mouth (Figure 2) and placed in a disinfecting 
solution.  Direct impression coping (AlphaBio, Israel) 
was on one of the implants (SPI, AlphaBio, Israel) and 
secure it with long connecting screw (Figure 3). 

 The other impression coping was modified by 
holding it with artery forcep  and cut it with                
carborundum disc so that it fits properly over the other 
implant. After modification, it was secured  with long 
connecting/fastening screw to the respective implant. 
the complete seating of the impression copings was 
verified with a periapical radiograph. 

 Insufficient space between two impression 
copings, preclude the flow of impression material 
between them, which may lead to movement of the 
impression coping resulting in an inaccurate impression. 
To overcome this, the two impression copings were 
connected with auto polymerizing acrylic resin (Figure 4, 
Rapid Repair acrylic resin. DPI, India)      

 A plastic stock tray which can be used for 
making impression of the partially edentulous patients 
was selected. An access window (Figure 5) was created 
directly over the impression copings with the carbide 
trimming bur. The window must be wide enough to 
ensure proper space between tray and coping for 
impression material, so that impression copings get 
properly engaged in impression without any movement, 
which is very important for the passive fit of the 
prosthesis. 

 The  tray adhesive was applied all over the tray 
and allowed to dry for 10 minutes. The  putty (Aquasil 
soft putty/regular set; Dentsply, Germany) and light 
body (Aquasil LV, Dentsply, Germany) consistency of 
the polyvinyl siloxane impression material was used for 
making impression by single step putty wash technique. 
Make sure that more than 3mm of connecting screw 
should be remain exposed through the access window 
for easy retrieval. Once the impression material was 
clinically set, open the  connecting screw with the hex 
driver from the modified and unmodified direct             
impression copings. Remove and disinfect the          
impression. 

 Attach the implant analogue (IA Implant 
analogue, AlphaBio, Israel) to the respective copings 
with long connecting screw. Verify the accuracy of the 
impression by checking the movement of the impression 
coping by holding with tweezer (Figure 6). If any 
movement of the analogue-coping assembly occurs, 
impression should be repeated again. 

 The separator spray (Detax, Germany) was 
applied around the impression copings (Figure 7) before 
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Figure 1. Radiograph – closely 
positioned implants. 

Figure 2. Modified healing abutment in position. 

Figure 4. Modified impression copings 
splinted with unmodified coping with 
autopolymerizing acrylic resin. 

Figure 6. Check the movement of 
impression coping by holding with 
tweezer. 

Figure 5. Plastic stock tray with access window 
over the copings. 

Figure 3. Modified impression copings in 
proper position. 

Figure 7. Application of          
separating spray Figure 8. Master cast with artificial gingiva 
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the application of artificial gingiva (Esthetic mask, 
Detax, Germany) for easy separation of artificial gingiva 
from impression material as both are silicones. The  
artificial gingiva was applied around impression copings 
and  the impression was poured with type IV gypsum 
product ((Kalstone; Kalabhai Karson Pvt. Ltd. India) to 
obtain the master cast (Figure 8), which, with a soft 
tissue gingival mask, will allow the restorative dentist 
and technician to choose the ideal abutment and 
technique for the case.  Further , the accuracy of the 
impression was verified with verification jig. the 
verification jig should fit passively on the cast as well as 
in patient mouth. After verification jig trial, the      
prosthesis (two joined PFM crowns, figure 9 and 10) 
was fabricated over two modified castable UCLA 
abutments (PLA-R straight plastic abutments, AlphaBio, 
Israel). The final prosthesis was cemented with chemical 
cure resin cement. 

Discussion 

 The passive fit of implant prosthesis is very 
important to prevent long-term biological and prosthetic 
complications. If framework is not passive , it might 
increases stresses at crest of bone resulting in crestal 
bone loss which further results in increase in gap 
between abutment and implant. This gap favours the 
microbial growth thereby further complicating the 
periodontal problems surrounding the implant. Also the 
continue stress on the implant body and connecting 
screw due to improper fit of abutment and implant 
might result in loosening and fracture of connecting 
screw, fracture of implant or prosthesis. So  fabrication 
of a passive framework is very important which need 

the precise clinical and laboratory steps. The impression 
should be made with dimensional stable silicone or 
polyether impression material by direct or indirect 
technique, impression should be poured in type IV 
gypsum product (setting expansion 0.1%), was pattern 
should be handled carefully and invested immediately, 
type of alloy used for fabrication of prosthesis ( precious 
or semiprecious alloys are preferred as compare to base 
metal alloys as base metal alloy are subjected to more 
casting shrinkage there by effecting the passive fit of 
the prosthesis) is very important. The final passive fit of 
prosthesis can be evaluated with radiograph. 

 The first step in the fabrication of an accurate 
and passive fit prosthesis is reproduction of an accurate 
internal relationship of implants with an impression5, 6 . 
The accurate registration of implant position may be not 
possible by conventional impression techniques in case 
of closely placed implants. The modified direct           
impression coping technique offers a easy and precise 
procedure for making impression in such situations. This 
technique just requires the modification of impression 
copings. It does not require any additional component 
such as frictional fit plastic implant index copings or gold 
cylinders7, 8 required in case of implants with adverse 
angulations. 

 Due to close approximation, usually insufficient 
space is present between two copings as a result of 
which impression material does not flow in between two 
copings, may result in change in position of the 
impression copings. So splinting of two copings with 
acrylic resin is required to prevent any change in 
position. 

Figure 9. Radiograph verifying 
the fit of the abutment 

Figure 10. Definitive Prosthesis 
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Conclusion 

 For the fabrication of precise and passive fit 
implant prosthesis, an accurate replication of position of 
implants is very important, which may be difficult by 
conventional impression techniques in case of closely 
placed implants. The modified direct impression coping 
procedure offers better alternative to overcome the 
difficulties associated in such clinical situations.   
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Abstract 
Impacted canines pose a functional as well as an esthetic concern in the patients as they provide a major support for the cheek. Surgical exposure of an 

impacted tooth is necessary to allow the orthodontist access to the unerupted tooth, in order to bring it into the dental arch and into alignment. This case 
reports the surgical removal of the soft tissue covering the maxillary impacted canine with diode laser.

Introduction

P

Discussion

Case Report

Conclusion

management was surgical exposure of the tooth 
ermanent canines are the foundation with diode laser. After obtaining an informed 
of a balanced smile and functional consent, local anesthetic infiltration was 
occlusion. Impacted canines pose a administered. Diode laser at wavelength980nm 

functional as well as an esthetic concern and was used at 2.5 W, and the soft tissue over the 
their absence accentuates the appearance of a impacted tooth was removed (Fig. 3,4) using 
flattened upper lip.  Impactions are mostly LASER tip in contact mode. Post- operative 
asymptomatic but some impacted tooth presents medication included non-steroidal anti-
pathological complications in the form of inflammatory drug twice aday for 3 days. The 
resorption of root of adjacent teeth, cyst patient was given oral hygiene instructions that 
formation, loss of arch length, referred pain, etc. included chlorhexidine rinses, gentle tooth-
Surgical exposure of an impacted tooth is brushing. One week later, patient was recalled 
necessary to allow the orthodontist access to the and the area was re-evaluated. The impacted 
unerupted tooth, in order to bring it into the tooth was cleaned and scaled to permit bonding 
dental arch and into alignment and a good and an orthodontic bracket/ button was bonded 
understanding between the orthodontist and to position. After three weeks, the surgical site 
periodontist along with proper management of had revealed anadequate width of keratinized 
periodontal tissues, can prevent these problems. gingiva (Fig. 7) and further orthodontic 

treatment was carried out.LASER is an acronym for 'Light 
The most desirable approach for managing Amplification by the Stimulated Emission of 

impacted maxillary canines is early diagnosis Radiation' It was first applied in dentistry by 
and interception of potential impaction and the Miaman, in1960, and since then various hard 
most common method used to bring impacted and soft tissue lasers have been successfully 
caninesinto occlusion is surgically exposing the used in dentistry. Its use has proved to be an 
teeth and allowing them to erupt naturally effective tool to increase efficiency, specificity, 
during early or late mixed dentition and placing ease, cost and comfort of the dental treatment. 
a bonded attachment and using orthodontic The active medium of the diode laser is a solid 
forces to move the tooth. Some other clinicians state semiconductor made of aluminum, 
first create adequate space in the dental arch to gallium, arsenide, and occasionally indium, 
accommodate the impacted canine and then which produces laser wavelengths, ranging 
surgically expose the tooth to give them access from approximately 810 nm to 980 nm.
so that they can apply mechanical force to erupt Soft tissue Lasers can be used for aesthetic the tooth. Kokich reported three methods for gingival re-contouring,soft tissue crown uncovering a labially impacted maxillary lengthening, exposure of impacted teeth, canine, gingivectomy, creating an apically removal of inflamed and hypertrophic tissue, positioned flap, and using closed eruption frenectomies, and photos timulation of the techniques. Use of laser technique has added apthous and herpetic lesions. advantages: Its less painful, and some times This paper reports a case of surgical anaesthetic injection is not required. Due to the exposure of the soft tissue using diode laser for biostimulating effect of laser, the healing exposure and orthodontic positioning of an process is fast and without any discomfort. The impacted maxillary canine. greatest advantage is the complete absence of 
bleeding, which gives the possibility to A 19-year-old female was reffered to the out immediately bond the bracket in dry enamel, so patient department of periodontology, Institute preventing the possibility of detach and of dental studies and technologies, Modinagar reducing the risk of a further re-intervention.from Department of Orthodontics for 

comprehensive management of impacted The use of diode laser in the surgical maxillary permanent canine on left side of the intervention of submerged tooth exposure arch. Medical history was non-contributory. On during orthodontic treatment is full of examination, a delayed eruption of the advantages like patient compliance, reduced maxillary left canine was noted which revealed pain and discomfort, faster healing process with maxillary canine impaction with position a good quality of the periodontal tissues, favorable for orthodontic extrusion and absence of bleeding, and no use of sutures, and alignment within the dental arch. (Fig 1,2). The disinfection of the operative field without the patient was undergoing orthodontic treatment necessity to prescribeantibiotics. The and was referred to the periodontist for the haemostasis increases the success of the bracket surgical exposure of the impacted canine to bonding, due to the possibility to maintain the extrude it directly down from its current enamel dry, thus reducing the risk of its position. detachment.The procedure of choice for soft tissue 

Fig. 1: Pre-operative photograph of submerged 
maxillary canine covered with soft tissue.                           

Fig 2: Probing around impacted canine
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Fig 3: Soft tissue laser tip at site laser laser

      Fig 4: Canine exposure using soft tissue
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44‑year journey of palatal connective 
tissue graft harvest: A narrative review
Komal Puri, Ashish Kumar, Manish Khatri, Mansi Bansal, Mohd. Rehan, 
Srinivasa Tenkasale Siddeshappa1

Abstract:
Connective tissue graft (CTG) is considered the gold standard for soft-tissue correction and augmentation 
surgeries, but involves a secondary donor area and its associated complications. The techniques to harvest CTG 
have undergone a large number of modifications over a period of 44 years since the time it was introduced by 
Edel in 1974 to increase the width of keratinized gingiva. This review compiles all the techniques of graft harvest 
from the palate and their modifications which have been introduced in the last 44 years till date. This review 
is based on systematic reviews, comparative human studies, and case reports describing any new technique 
of graft harvest. Publications till April 2018 were selected and further reviewed. In addition, specific related 
journals and books were searched upon. In order to minimize the pain, bleeding, and morbidity associated with 
donor site, several researchers proposed harvesting of the connective tissue by means of different techniques, 
each precisely different from others in terms of design, incisions, and procedure of harvest. Although the latest 
techniques are minimally invasive with reduced incision lines, less compromised blood supply, accelerated healing, 
and no sloughing of the overlying flap, they are technique sensitive which requires higher expertise to execute.
Key words:
Connective tissue, gingival recession, graft, palate, plastic surgery

INTRODUCTION

Over the last few years, connective tissue 
graft  (CTG) has become a rel iable 

treatment modality for increasing the width 
of keratinized gingiva,[1] root coverage,[2-4] 
treatment of furcation,[5,6] alveolar ridge 
deficiencies,[7-10] management of peri-implant 
tissue abnormalities,[11,12] and papillary loss.[13] 
In dentistry, Alan Edel first delineated CTG in 
1974 for increasing the width of gingiva and since 
then its functions have increased tremendously.

Currently, for most of the soft-tissue augmentation 
surgeries, it is still deemed as the gold standard 
treatment.[14,15] Contemplating the confronts 
of soft-tissue augmentation techniques in 
periodontal plastic and implant surgery presently, 
free gingival graft has subsequently disappeared 
from the esthetic region, and its scope of use has 
been narrowed down to procedures increasing 
the keratinized tissue around teeth and implants 
in esthetically insignificant zones.[16] In 2010, a 
Cochrane systematic review has stated that, in 
cases where gain in keratinized tissue and root 
coverage is anticipated, the use of CTGs seems 
to be more adequate than others, which was also 
supported by Chambrone and Tatakis in their 
systematic review who stated that subepithelial 
CTG provided the best outcomes for clinical 
practice because of its greater percentages of 
mean and complete root coverage and also 
significant increase of keratinized tissue.[17,18] Buti 

et al. in a meta-analysis also stated that coronally 
advanced flap + CTG might be contemplated as 
the gold standard in root coverage procedures.[19]

This can be attributed to bi-laminar vascular 
environment created from both the periodontal 
plexus and the overlying flap that nourishes the 
graft and after 2 weeks leads to a comprehensive 
blood supply for the graft.[20] Furthermore, 
connective tissue provides a morphogenetic 
stimuli favoring histodifferentiation as it 
possesses regional specificity.[21,22]

The procedure of harvesting the CTG from the 
palate is often associated with the noteworthy 
challenge of procurement of the largest volume 
of tissue possible while minimizing associated 
trauma, postoperative pain, and the risk of 
complications at the same time.[16] To meet these 
requirements and overcome the challenges, 
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various modifications of CTG harvest have been proposed till 
date. Broadly, they can be subdivided into techniques with 
or without vertical incisions and techniques that provide 
CTGs with or without a remaining collar of keratinized 
epithelium, with the first incision being partial thickness or 
full thickness [Table 1].

The review aims to concise and simplify various CTG harvest 
techniques and their modifications, each precisely different 
from others in terms of design, incisions, and procedure of 
harvest.

SURGICAL CONSIDERATIONS AND GRAFT 
HARVESTING TECHNIQUES

Harvesting of the CTG, though a simple approach, is technique 
sensitive and requires a thorough knowledge and evaluation 
of the palatal donor site to avoid any undesired complications.

Anatomical considerations of the palate
Variations in the anatomy (size and shape) of the palate may 
affect the proportion of graft harvested, and also the position 
of the greater palatine nerve and vessel must be known before 

planning any palatal surgery.[40] The entry of greater and lesser 
palatine nerves and vessels on the palate occurs through 
their respective palatine foramina and they course anteriorly 
within a bony groove. The groove depicts the maximum 
apical (superior) placement of the incision that is possible 
before violating the neurovascular bundle. Depending on the 
distance between neurovascular bundle and cementoenamel 
junction, Reiser et al.[40] classified palatal vault into shallow (flat) 
(7 mm), average (12 mm), and high (U shaped) (17 mm). The 
shallower the palatal vault, the closer the palatine artery gets to 
the palatal gingival margin. Care must be taken not to violate 
the neurovascular bundle when obtaining the donor tissue, 
particularly when the palate is shallow. Incisions should be 
restricted to the distal surface of canine to avoid greater palatine 
nerve and artery as they descent closer to the cementoenamel 
junction in the anterior area and persist approximately 2 mm 
from the margin of the gingiva.[40]

Monnet-Corti et al., 2006,[41] contradicted the relationship 
between the palatal vault anatomy and the resultant risk for 
the vessels. They reported that it is feasible to withdraw CTG 
of 5 mm height in 100% of the cases and 8 mm height in 93% 
of the cases in the premolar area. Previous authors studying 

Table 1: Connective tissue graft harvest techniques
Techniques 
with vertical 
incisions

Techniques 
with no 
vertical 
incisions

Double- 
incision 
techniques

Single- 
incision 
techniques

Techniques 
with 
epithelium 
band

Deepithelized 
CTG 
techniques

Techniques 
in which 
periosteum 
left remaining 
on bone

Techniques 
in which graft 
obtained from 
inner surface of 
mobile full- 
thickness flap

Techniques 
using internal 
bevel flap/
crevicular  
flap

Edel trapdoor 
technique, 
1974[1]

Raetzke, 
1985[23]

Langer and 
Calagna, 
1982[8] 
Langer and 
Langer, 
1985[2] 
(parallel 
incision 
technique)

Hurzler 
and Weng, 
1999[4]

Langer and 
Calagna, 
1982[8]/Langer 
and Langer, 
1985[2] 
(parallel 
incision 
technique)

Zucchelli 
et al., 2003[24]/
Zucchell 
et al., 2010[25]

Del Pizzo 
et al., 2002[26]

Edel, 1974[1] 
second trapdoor 
technique

Langer and 
Calagna, 
1982[8]/
Langer and 
Langer, 1985[2] 
technique in 
cases with 
periodontal 
pockets

Broome and 
Taggart, 1976[27] 
(trapdoor using 
Brasher-Rees 
knife)

Bruno, 
1994[28]

Raetzke, 
1985[23]

Lorenzana 
and Allen, 
2000[29]

Raetzke, 
1985[23]

Bosco and 
Bosco, 
2007[30]

Stimmelmayr 
et al., 2011[31]

Reino et al., 
2013[32]

Aguirre-Zorzano 
et al., 2017[33]

Langer and 
Calagna, 
1982[8]/Langer 
and Langer, 
1985[2] (parallel 
incision 
technique)

Hürzeler 
and Weng, 
1999[4]

Harris, 
1992[3]

Del Pizzo 
et al., 
2002[26]

Harris, 1992[3] McLeod et al., 
2009[34]

Reino et al., 
2013[32]

Aguirre-Zorzano 
et al., 2017[33]

Harris, 1992[3] Lorenzana 
and Allen, 
2000[29]

Bruno, 
1994[28]

Ribeiro et al., 
2008[35]

Bruno, 
1994[28]

Bhatavadekar 
and Gharpure, 
2018[36]

Bhatavadekar and 
Gharpure, 2018[36]

Cetiner et al., 
2004[37]

Del Pizzo 
et al., 2002[26]

Kumar et al., 
2013[38]

Stimmelmayr 
et al., 2011[31]

Stimmelmayr 
et al., 2011[31]

Ribeiro et al., 
2008[35]

Reino et al., 
2013[32]

Ramakrishnan 
et al., 2011[39]

Bhatavadekar 
and Gharpure, 
2018[36]

Kumar et al., 
2013[38]

Reino et al., 
2013[32]

CTG – Connective tissue graft
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masticatory mucosal thickness had shown that the first molar’s 
palatal root represented as an obstacle in the harvesting of 
graft.[42,43] Palatal mucosa of the distal aspect of canine till 
the mesial aspect of the first molar was agreed upon as the 
useful donor site, but transgingival probing should be done 
presurgically to determine the presence of 3 mm of donor 
tissue thickness.[3]

Apart from these anatomical considerations, there may be other 
confounding factors that influence the palatal submucosal 
thickness which need to be considered before harvesting 
CTG, such as genetic factors, age, and body weight.[44,45] On 
investigation, the palatal mucosa of the younger age group 
was thinner than that of the older group, which might be 
because the thickness of the ortho keratinized epithelial layer 
of the hard palate mucosa increases with age, resulting in the 
palatal mucosa that is seen in older individuals. It might also 
be due to gingival tissue which is found to become more coarse 
and dense with age.[46] Furthermore, palatal mucosal thickness 
was found to be more in males as compared to females,[44,45] 
but in contrast, a study done by Schacher et al.[47] stated that 
females had thicker mucosa than males and reasoned out that 
thickness depends on body mass. The effect of the body mass 
index on palatal mucosal thickness was investigated, and it 
has shown positive results as increase in body weight makes 
an effect on the amount of adipose tissue present in the palatal 
submucosal layer, which results in an increased thickness of 
the palatal mucosa.[48]

Why palate is the routinely used donor site?
CTG can be procured from the edentulous ridges, maxillary 
tuberosity, and palate, with palate being the most frequently 
used donor site due to the large dimensions of graft that could 
be obtained and also the presence of histological similarity 
between the palatal mucosa and keratinized attached mucosa 
of alveolar ridge.[40]

Classification of incision design
Liu and Weisgold proposed a categorization of design of 
incisions on the palatal donor site depending on the anatomy 
of palatal vault (shallow/average/high), size of graft 
required, existence of exostosis, postsurgical discomfort, 
wound healing (primary/secondary intention), blood supply, 
requirement of sutures/stents/hemostatic agents, and visibility 
to decide the most appropriate incision design for graft harvest. 
The classification includes [Figure 1]:[49]

1. Class I: One incision line
2. Class II: Two incision lines (L shape)
3. Class III: Three incision lines (U shape).

Subclassification includes (horizontal incision):
1. Type A: One horizontal incision
2. Type B: Two horizontal incisions.

Connective tissue graft harvesting techniques
Tables 1 and 2 enumerate CTG harvesting techniques till date.

Edel in 1974 pioneered the use of CTG for increasing the width 
of keratinized gingiva and described three methods of graft 
harvesting: two from palatal region opposite to the molar tooth 
and one from saddle region between teeth.[1]

In Edel’s first palatal technique, a number 15 Swann Morton 
blade was used to give one horizontal and two vertical incisions 
and raise a partial-thickness trapezoidal flap. Thereafter, 
a secondary connective tissue flap was reflected and was 
dissected at its base using a horizontal incision. The primary 
flap was repositioned, and interrupted sutures were given. No 
periodontal dressing was applied [Figures 2 and 3].

In the second palatal technique, a full‑thickness flap was 
reflected, and a second incision was made internally to 
obtain graft from this reflected flap. The palatal flap was then 
replaced and sutured. Periodontal dressing was provided if 
required [Figure 4].

Broome and Taggart in 1976 compared two cases of connective 
tissue harvest using Brasher–Rees knife [Figure 5].[27]

In the first case, a similar technique to Edel’s first technique[1] 
was used, but with the base of the flap at the distal aspect of 
the palate and use of a Brasher–Rees knife to reflect and incise 
the connective tissue. The primary flap was repositioned and 
sutured. In the second case, similar to Edel’s technique, primary 
horizontally displaced flap was reflected, but Brasher–Rees 
knife was used to obtain CTG. The palatal flap was sutured 
back and no dressing was used.

The authors stated that reflecting a flap with a wider base minimizes 
the postoperative discomfort and also reduces the healing time due 
to optimal vascular supply being present. Furthermore, Brasher–
Rees knife has a straight handle with a curved blade due to which 
adequate amount of CTG can be obtained.

Thereafter, Langer and Calagna in 1980/1982 proposed two 
CTG harvest procedures (depending on the presence or absence 
of periodontal pockets on palatal donor site) for the correction 
of depression in the residual alveolar ridge and uneven gingival 
margins.[7,8]

In case of the presence of pockets, an internally beveled flap 
was elevated. Collar of the connective tissue comprising the 
pocket wall and remaining on the bone after reflection of 
the internally beveled flap was used as the donor material. 

Figure 1: Liu and Weisgold’s classification of incision lines. a,b: Class I; c,d: Class II; 
e,f: Class III

dc

b

f

a

e
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Table 2: Advantages and disadvantages of connective tissue graft harvest techniques
Name of technique Years Advantages Disadvantages Published in 

journal
Edel trapdoor[1] technique 
(three techniques)
Two from palatal region 
opposite to the molar tooth 
and one from undersurface 
of a saddle region between 
standing teeth

1974 Complete wound closure 
is obtained, more visibility 
and accessibility, healing by 
primary intention as compared 
to FGG

Vertical incisions may compromise blood 
supply and lead to sloughing; more 
number of incisions require more number 
of sutures

Journal of Clinical 
Periodontology

Broome and Taggart[27] 
(trapdoor using 
Brasher- Rees knife)

1976 Wider base minimizes the 
postoperative discomfort and 
reduces healing time, use 
of Brasher-Rees knife leads 
to adequate amount of graft 
harvest

Vertical incisions may compromise blood 
supply and lead to sloughing; special 
armamentarium required

Journal of 
Periodontology

Langer and Calagna[7,8] - 
Two techniques (internal 
bevel flap and parallel 
incision technique)

1980/1982 Epithelium band along with 
graft to provide smoother 
junction with the existing 
epithelium, decreased 
tendency for graft shrinkage

Vertical incisions may compromise blood 
supply, on donor site, at times complete 
wound closure is not obtained

Journal of 
Prosthetic Dentistry/
International Journal 
of Periodontics 
and Restorative 
Dentistry

Langer and Langer 
1985[2] (parallel incision 
technique)

1985 First to advocate subepithelial 
connective tissue graft for root 
coverage. Bi-laminar blood 
supply, epithelium band along 
with graft to provide smoother 
junction with the existing 
epithelium

Vertical incisions may compromise blood 
supply, on donor site, at times complete 
wound closure is not obtained; CTG 
with parts of the epithelium leaves an 
uncovered part of the donor area that 
has to heal by secondary intention. This 
is because of the rigidity of the palatal 
masticatory mucosa, which does not allow 
for a complete closure of the donor site[4]

Journal of 
Periodontology

Raetzke[23] (Envelope 
technique)

1985 Method of choice for single/
localized recession defect, 
minor surface wound at 
donor site, healing by primary 
intention, no vertical incisions

Cannot be used in patients with a more 
generalized periodontal recession 
because the availability of donor tissue 
obtained is limited, particularly in patients 
with thin palatal mucosa
Donor tissue area from where epithelial 
band was obtained might heal due to 
secondary intention

Journal of 
Periodontology

Harris[3] - Two techniques 
(parallel blade technique 
and unigraft knife 
technique)

1992 Uniformly thick connective 
tissue graft

CTG with parts of the epithelium leaves 
an uncovered part of the donor area that 
has to heal by secondary intention. This 
is because of the rigidity of the palatal 
masticatory mucosa, which does not 
allow for a complete closure of the donor 
site;[4] predetermined thickness of the 
graft can also become a restriction when 
more flexibility is desired like when the 
palatal vault is shallow, in cases of palatal 
torus, or when thickness of available 
donor tissue is limited, and in case tried to 
compensate using knife more parallel to 
bone surface leaves larger de-epithelized 
wound surface;[4] Special armamentarium 
required

Journal of 
Periodontology

Bruno[28] (double incision) 1994 No vertical incisions, so no 
compromised blood supply 
and decreased patient 
discomfort during healing 
time, retention of vascular 
periosteum on the donor 
tissue may provide increased 
circulation to the graft; more 
consistent thickness of the 
palatal flap so less chances of 
sloughing[29]

No vertical incisions, so procedure is bit 
difficult due to limited access; also due to 
rigidity of the palatal masticatory mucosa, 
which does not allow for a complete 
closure of the donor site, part of donor site 
might heal by secondary intention

International Journal 
of Periodontics 
and Restorative 
Dentistry
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Table 2: Contd...
Name of technique Years Advantages Disadvantages Published in 

journal
Hürzeler and Weng[4] 
(single incision)

1999 First single-incision technique; 
healing by primary intention; 
no vertical incisions,  
so no compromised blood 
supply; reduced number 
of sutures; technique is 
applicable for different 
anatomic situations of the 
palatal vault

Reduced visibility as single incision; first 
incision full thickness to bone, so bleeding 
can jeopardize accessibility and visibility[38]

International Journal 
of Periodontics 
and Restorative 
Dentistry

Lorenzana and Allen[29] 
(single incision)

2000 Healing by primary intention; 
large amounts of graft can be 
obtained with rapid healing 
and minimal discomfort to 
patient

Since no vertical incisions are used, 
adequate extension of the first horizontal 
incision is necessary to obtain the desired 
graft dimensions; reduced visibility

International Journal 
of Periodontics 
and Restorative 
Dentistry

Del Pizzo et al.[26] (single 
incision technique)

2002 Reduced number of incisions; 
periosteum was not removed 
along with connective tissue, 
as it aids in granulation tissue 
formation and hastens wound 
healing

Reduced visibility Journal of Clinical 
Periodontology

Zucchelli et al.[24]/Zucchell 
et al.[25]

2003/2010 In cases where unfavourable 
palatal anatomic conditions are 
present FGG can be obtained 
which can be deepithelized 
extraorally

Donor site heals by secondary intention Journal of Clinical 
Periodontology

Cetiner et al.[37] (expanded 
mesh technique)

2004 Treatment of multiple 
recession defects with limited 
donor tissue in one surgery

Thick graft is necessary and obtaining 
an intact and thick graft is not always 
possible;[34] could result in perforation/
separation of graft

Journal of 
Periodontology

Bosco and Bosco[30] (CTG 
from thin palate)

2007 Donor tissue procurement 
from shallow palate or palate 
with thin mucosa; avoids 
injury to palatal vessels; 
allows harvesting of graft with 
minimal amount of adipose 
and glandular tissue of 
submucosa

This technique is challenging for clinicians 
because it is often difficult to successfully 
bisect a thin FGG; obtaining an intact and 
thick graft is not always possible;[34] could 
result in unnecessary perforation of graft

International Journal 
of Periodontics 
and Restorative 
Dentistry

Ribeiro et al.[35] (split CTG 
technique)

2008 Graft size of almost twice the 
length of the initial graft and 
adequate thickness is obtained

Technique is difficult in cases where 
inadequate thickness of palatal tissue is 
present leading to perforation of graft; it is 
often difficult to successfully bisect a thin 
graft; obtaining an intact and thick graft is 
not always possible[34]

Journal of 
Periodontology

McLeod et al.[34] 2009 Simple technique; partial 
palatal de-epithelialization 
leads to procurement  
of a thin, uniform, and 
abundant connective  
tissue graft from the palate to 
treat multiple areas of  
gingival recession;  
eliminates the challenges 
of bisecting the thin graft; 
suturing not required;  
tissue harvested is usually 
adequate to treat recession 
in an entire arch with excess 
tissue remaining, depending 
on the size of the patient’s 
palate; tissue harvested is 
firmer than conventional CTG 
so easy to handle and less 
slippery

As the harvesting approaches the palatal 
midline, it is important to adhere to the 
recommended measurement because 
the mucosal tissue in the midline is 
thinner, and the collateral blood vessels 
in the area may lead to profuse bleeding; 
healing by secondary intention

Journal of 
Periodontology

Contd...
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The overlying epithelium was removed with tissue rongeurs, 
scalpel, or electrosurgical tip [Figure 6a].

In cases where no periodontal pockets were present, two 
vertical and two horizontal parallel incisions were given. 
The first horizontal incision: 4–5 mm apical to the palatal 
gingival margin to reflect an internally beveled flap, leaving 
a layer of the connective tissue on the bone and the second 
horizontal incision: 1–2 mm coronal to the first incision but 
at least 1 mm submarginally to prevent recession at donor 
site. This latter incision was beveled apically toward the 
bone in order to leave the base of the connective tissue on 
the coronal margin after graft harvest to act as a base for the 
margin of original flap. The connective tissue lying over the 

bone (with epithelial collar) was dissected. The donor site 
was sutured [Figure 6b and c].

Donor tissue taken for root coverage was same as that for 
augmentation procedure, but the epithelial collar was retained 
which was placed external to the recipient flap.

Langer and Langer proposed the same procedure for recession 
coverage.[2]

Raetzke in 1985 proposed an envelope flap in which two 
convergent horizontal incisions were made at a distance 
of 1–2 mm such that the length of incisions was double the 
width of recession. They intersect deep within the palate and 

Table 2: Contd...
Name of technique Years Advantages Disadvantages Published in 

journal
Stimmelmayr et al.[31] 
(epithelized-subepithelial 
connective tissue graft)

2011 Possible reduction of graft 
necrosis over the root surface 
because of the epithelial layer 
on the exposed portion of the 
graft; it appears to protect the 
underlying connective tissue 
over the exposed root surface

Increased donor site morbidity due to 
healing by secondary intention in open 
wound area

International Journal 
of Periodontics 
and Restorative 
Dentistry

Ramakrishnan et al.[39] 
(epithelial embossed 
connective tissue graft)

2011 Retained embossed epithelium 
on the coronal border of the 
subepithelial connective tissue 
graft which exactly fits the 
defect to be treated

Portion of donor site is left open to heal by 
secondary intention

Indian Journal of 
Dental Research

Kumar et al.[38] (Modified 
Hurzeler and Weng single 
incision technique)

2013 First incision is partial 
thickness so less bleeding; 
better visibility, better 
estimation of the connective 
tissue graft size, and better 
control over the incisions, 
as there are no arbitrary 
angulations to be followed; 
new AVS instrument and 
Barraquer cataract knife 
are useful to overcome the 
difficulties faced by operators 
in making medial and vertical 
incisions respectively; reduced 
number of sutures compared 
to conventional techniques

Special armamentarium required; difficult 
to execute for new clinicians

Journal of 
Indian Society of 
Periodontology

Reino et al.[32] (modified 
single incision technique)

2013 More accurate control of the 
graft thickness; periosteum left 
on donor bone to decrease 
patient discomfort or morbidity; 
healing by primary intention

Technique might be difficult to execute 
for new clinicians as raised full-thickness 
flap was dissected to separate a 
partial‑thickness connective tissue flap

Brazilian Dental 
Journal

Aguirre-Zorzano et al.[33] 
(UPV/EHU technique)

2017 Minimizes the occurrence of 
postoperative complications 
as compared to trapdoor 
technique

Demanding technique in terms of the 
operator’s skills as compared to trapdoor 
technique

Journal of Clinical 
and Experimental 
Dentistry

Bhatavadekar and 
Gharpure[36] (controlled 
palatal harvest technique)

2018 Adequate control due to good 
visibility, good predictability 
in ensuring adequate graft 
and flap thickness, ability to 
obtain uniform graft and flap 
thickness, and less chance 
of leaving behind a thin flap 
for closure at the donor site 
thereby minimizing necrosis 
and flap sloughing and 
improving grafting success

Technique-sensitive and dependent on 
the thickness of the palatal mucosa. 
In cases with thin mucosa, there is a 
chance of perforation of the flap while 
obtaining the graft; harvest procedure is 
done from a relatively mobile flap; greater 
clinician skill is required compared to 
conventional techniques; as with any 
incision perpendicular to the blood supply, 
increased bleeding is possible

Compendium 
of Continuing 
Education in 
Dentistry

CTG – Connective tissue graft; FGG – Free gingival graft; AVS – Ashish vishal sujata; UPV – Universidad del Pais Vasco; EHU – Euskal herriko unibertsitatea
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converge just short of the bone. CTG with an epithelial collar 
was dissected. Flap was sutured back [Figure 7].[23]

In 1992, Harris proposed two techniques: Parallel incisions and 
use of graft knife to procure CTG [Figure 8].[3]

In technique using parallel incisions, a scalpel with 1.5 mm apart 
parallel blades (H and H Company, Ontario, CA, USA) was used 

to make two parallel horizontal incisions with approximately 
2 mm distance from the gingival margin. These incisions were 
extended 10–12 mm medially into the palate. After that, mesial, 
distal, and medial edges between the parallel incisions were 
incised to procure a uniform, thick CTG, with an epithelial border 
(which was later discarded). Palatal wound was sutured back.

In the second technique, a Unigraft knife from Ace Surgical 
Supplies (ACE Surgical Supply Co., Inc., Brockton, MA) was 
used in order to obtain uniform 1.5 mm-thick CTG. This 
knife can be reassembled to be used in both pulling and 
pushing directions. For the first incision and elevation of 
partial‑thickness trapdoor flap, knife was assembled with a 
cutting shoe reversed so that the cutting shoe would cut in a 
pushing direction, with the base of the flap present at the distal 
edge. Thereafter, in order to obtain CTG, the knife (assembled 
again in conventional pulling motion) was pulled mesially 
starting from the distal edge and was procured by incising 
the mesial edge of the graft. Primary flap was sutured back.

Bruno in 1994 proposed another technique in which an initial 
incision was made 2–3 mm apical to gingival margin on the 
palatal surface, at 90° to the long axis of the teeth till the bone, 
with its length corresponding to the graft desired. Thereafter, 
depending on the thickness required, a second incision 

Figure 5: Line diagram of Broome and Taggart’s technique

Figure 4:  Line diagram of Edel’s second trapdoor technique. a,b: One horizontal and two vertical incisions till crest of bone; c: Full thickness trapezoidal flap reflected and 
another incision given in reflected flap to obtain graft

cba

Figure 3: Clinical photographs of Edel’s first trapdoor technique. a: One horizontal and two vertical incisions; b: Partial thickness flap reflected; c: Harvested graft

cb

a

Figure 2: Line diagram of Edel’s first trapdoor technique. a:Incision; b: partial thickness flap raised; c: underlying graft harvested using full thickness incisions
cba
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was made 1–2 mm apical to the first incision, parallel to the 
long axis of the teeth, and was carried medially depending 
on the height of graft required. Full-thickness flap was 
reflected using only periosteal elevator. Sutures were used to 
approximate palatal wound. Epithelial collar may or may not 
be retained [Figure 9].[28]

In 1999, Hürzeler and Weng gave another technique, 
according to which, depending on the required graft size, 
one horizontal incision was made 2 mm away from the 
gingival margin, perpendicular to the long axis of teeth. 
Thereafter, through the incision made, blade was angled to 
approximately 135°, and an undermining dissection toward 
the median was done. Advancing ahead along the incision 
line and preventing any tissue perforation, the angle of 
blade was progressively flattened to nearly parallel position 
to the bone surface and a split‑thickness flap was reflected. 
The graft was then removed by detaching it from the bony 
surface with a periosteal elevator and making incisions 
on the medial, mesial, distal surfaces till the bone. Use of 
only one incision with no epithelium removed facilitates 
the readaptation of the separated tissue. The 90° angle of 
the blade to the bone during the first incision created butt 
joints. Donor site was sutured and no periodontal dressing 
was placed [Figure 10].[4]

Lorenzana and Allen in 2000 in their innovation stated that 
using a number 15 blade, one horizontal incision was made 
perpendicular to the bone around 2–3 mm apical to the gingival 
margin on the palate depending on the desired graft size. 
Through this incision, a split‑thickness flap was then elevated 
by incising parallel to long axis of teeth. Thereafter, connective 
tissue along with periosteum was raised using a small Molt or 
Buser elevator (Hu-Friedy). Careful manipulation of the graft 
with Corn suture pliers (Hu-Friedy) or other delicate tissue 
forceps may be required, but compression or tearing of the graft 
should be avoided. Palatal wound was sutured [Figure 11].[29]

Del Pizzo et al. in 2002 proposed a technique similar to 
Lorenzana and Allen.[29] In this, after reflecting split‑thickness 
flap, when the connective tissue is adhered to the bone, a deep 
sharp dissection through first incision, but parallel to second 
incision, was made to dissect the graft from the underlying 
bone. Periosteum was not removed along with connective 
tissue [Figure 12], as it aids in granulation tissue formation 
and hastens wound healing.[26]

Zucchelli et al. in 2003[24] studied about bilaminar techniques 
for the treatment of recession-type defects in which they used 
Harris 1992[3] trapdoor technique of graft harvest, but in patients 
in whom they encountered unfavorable palatal anatomic 
conditions, an epithelized free gingival graft was obtained from 
palate which was deepithelized extra orally before securing it at 
the recipient site. Thereafter, in 2010, Zucchelli et al. compared 
the patient morbidity and root coverage outcomes of a coronally 
advanced flap with CTG and de‑epithelialized gingival grafts. 
To obtain de-epithelized graft, two horizontal and two vertical 
1.0–1.5 mm-deep incisions were given according to the required 
size, perpendicular to the surface. Then, the blade was rotated to 
be almost parallel to the mucosal surface and moved apically as 
far as required. Free epithelial graft (FGG) of uniform thickness 
was mobilized being 0.5 mm thicker than actually needed. The 
graft was then positioned on a sterile gauze, moistened with a 
saline solution, and de-epithelialized with a sharp scalpel blade 
held parallel to the external graft surface.[25]

Figure 7: Raetzke’s technique. a,b: Two incisions 1-2mm apart carried to depth of palatal mucosa, where they converge just short of bone; c: A wedge of tissue with 
epithelium at its edge is dissected

cba

Figure 8: Harris’s technique. a: 1) Parallel incisions using scalpel with parallel blades, 
2) Trap door with distal base; b) Scalpel with parallel blades; c) Unigraft knife

cba

Figure 6: Langer and Calagna’s technique. a:In case of pockets on palatal aspect, submarginal incisions made for reflection of internal beveled flap; b: In case no pockets are 
present on palatal aspect, parallel incisions connected by vertical incisions given; c: Sagittal view of palatal incisions to obtain connective tissue graft with island of epithelium

cba
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and avoid another/extensive surgery for obtaining larger graft. 
Trapdoor technique was used to procure CTG. After harvesting 
the graft, alternating incisions were given to enlarge the mesh 
graft up to 1.5 times greater than the one obtained [Figure 13].[37]

Bosco and Bosco in 2007 proposed yet another technique to 
harvest graft from “thin” palate. A template of desired size 
was placed on the palate and an incision approximately 1.5-mm 
deep was given using a number 15 blade following the outline 
of template, similar to harvesting a free gingival graft. Keeping 
the periosteum intact, a uniform thickness graft was obtained. 
Graft was placed on sterile cloth or gauze soaked in saline and 
was bisected using number 15 blade into two halves – one 
containing epithelium and a layer of connective tissue and other 
containing only connective tissue. The epithelized graft was 
repositioned at the donor area and compressed with wet gauze 
to remove any dead space. Sutures may be given or if the graft 
gets stabilized only periodontal pack can be given [Figure 14].[30]

Ribeiro et al. in 2008 also developed a “single-incision 
technique” to harvest CTG. A thick graft of maximum size was 
procured, so that it could be split. Thereafter, it was placed on 
a sterile glass slab and immobilized using a sterile wooden 
spatula. The graft was split crosssectionally with number 15 
blade, but not divided completely into two parts, resulting 
in the graft almost twice the length of the initial graft and a 
thickness of 1.5 mm.[35]

Thereafter, McLeod et al., 2009, introduced a graft harvest 
technique for the treatment of multiple teeth with root exposure. 
A sharp back-action chisel/gingivectomy knife/surgical bur 
or stone was used to de-epithelialize palatal donor area, which 
was confirmed by the appearance of uniform and generalized 
bleeding. After de-epithelialization, 1 mm-thick CTG was 
harvested similar to free gingival graft technique [Figure 15]. 
They advised that width of the CTG should not be > 7–10 mm, 
as more bulk may make advancement of the primary flap 
and achieving primary closure difficult. Large grafts can be 
sectioned into two or three 7-mm pieces to treat multiple areas 
of gingival recession. They also recommended boundaries for 
graft removal: 5 mm from the mid-palatal suture, 5 mm apical 
to the depth of the lingual sulci of the teeth, posteriorly, till 
the distal aspect of second molar and anteriorly, till the lateral 
incisor.[34]

Stimmelmayr et al., 2010, proposed an “epithelized-subepithelial 
CTG” for extraction cases.[50] Stimmelmayr et al., 2011, 
developed a similar technique to be used in tunnel technique 
of recession coverage. Template of desired graft size was 
measured and transferred to the palate. For outlining the 
epithelialized component of the graft, a 1-mm deep incision 

Figure 9: Bruno’s technique. a: Double incision technique; b: First incision perpendicular to long axis of teeth. Second incision parallel to long axis of teeth 1-2mm apical to 
first incision; c: Periosteal elevator used to raise full thickness periosteal connective tissue graft

cba

Figure 11: Lorenzana and Allen’s technique. a: Full thickness single incision; b: 
Partial thickness dissection made within the single incision; c: Graft harvested using 

periosteal elevator

c

b

a

Figure 10: Hürzeler and Weng’s technique. a: Full thickness incision (90 degrees); 
b: Through first incision undermining preparation towards median (135 degrees); 
c: Sagittal view of palatal incisions; d: Periosteal elevator used to detach graft from 

bone surface after making incision to bone on all sides of graft

dc

ba

In 2004 Cetiner, Bodur, and Uraz proposed an “expanded mesh 
CTG technique” to dissolve the drawback of limited supply 
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Figure 14: Bosco and Bosco’s technique

Figure 13: Cetiner et al’s. technique

perpendicular to palatal surface was made, which was 
extended horizontally mesially and distally by 1-mm deep 
releasing incisions. Thereafter, elevation of the split-thickness 

flap toward the midline was done, and the exposed graft was 
outlined with incision directed toward the bone. After that, a 
partial‑thickness flap parallel to the palatal bone was raised to 
harvest the graft without periosteum [Figure 16]. Suturing of 
the palatal wound was done.[31]

Ramakrishnan et al. in 2011 proposed an “epithelial embossed 
CTG” for root coverage. Template of required graft size was 
placed on the donor site. Incision was made around the 
template and also extended 3 mm close to the gingival margin 
on either side. Thereafter, epithelium was undermined 3 mm 
from the incision made around template on all the sides. 
Releasing incision was given to separate the connective tissue 
of the surrounding 3 mm. Then, the graft was harvested 
which had connective tissue on all the sides, and the center 
region was embossed with epithelium that matched the defect 
exactly [Figure 17].[39]

In 2013, Kumar et al. amended Hürzeler and Weng’s[4] technique 
and proposed a “modified single incision technique” for 
graft harvest. A single horizontal incision (depending on 
required graft size) was made using number 15 blade to raise 
a partial‑thickness flap by placing the blade parallel to long 
axis of teeth. Through the first incision made, the blade was 
positioned at 90° to the palate, and an incision directed to the 
bone was made. Thereafter, elevation of the connective tissue 
from the underlying bone was done using periosteal elevator 
and then to procure graft, incisions on medial, mesial, and distal 
ends of the graft were made with the help of special blades 
such as “AVS blade” (medial incision) and “Barraquer cataract 
knives” (mesial and distal incisions). Donor site was sutured, 
and periodontal pack was placed [Figures 18 and 19].[38]

Reino et al. in 2013 proposed another single incision technique 
for CTG harvest from palate in which periosteum was left on 

Figure 12: Del Pizzo et al’s. technique. a: Single incision technique; b: First incision 
perpendicular to long axis and extending completely till bone; c: Through the first 
incision, second incision parallel to long axis made leaving graft attached to bone 
surface; d: Through the first incision third incision parallel to second incision made 

leaving periosteum attached to bone to dissect graft

dc

ba

Figure 15: McLeod et al’s. technique. a: Back action chisel to deepithelialize donor 
site; b: Removal of graft using no. 15 blade

ba

Figure 16: Stimmelmayr et al’s. technique. a: 1-mm deep incision perpendicular to 
palatal surface for outlining epithelialized component of graft, extending it mesially 
and distally by horizontal releasing incisions; b: Split thickness flap raised and a 

combined epithelized-subepithelial connective tissue graft harvested

ba
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Figure 18: Line diagram of Kumar et al’s. technique. a: Partial thickness first 
incision parallel to long axis of tooth; b: Through the first incision second incision 

perpendicular to long axis of tooth is given till bone

ba

Figure 19: Kumar et al’s. technique (permission obtained to reproduce figure).  
a: Three incisions under partial thickness flap to harvest graft; b: Barraquer cataract 

knife and AVS instrument

b

a

Figure 17:  Ramakrishnan et al’s. technique (permission obtained to reproduce figure). a: Template placed at donor site and incisions outlined; b: Donor site after graft 
harvest; c: Epithelium embossed connective tissue graft

cba

the underlying bone. The purpose was to control the thickness 
of the harvested graft and decrease patient discomfort or 
morbidity. On the palatal surface, using number 15 blade, one 
horizontal incision (depending on the required graft size) was 
made approximately 3 mm apical to the gingival margin at 
90° to the palatal tissue, directed to the bone. A 1–2 mm thick 
flap was reflected using a periosteal elevator, leaving only a 
layer of periosteum covering the bone. To procure CTG, raised 
full‑thickness flap was dissected using the blade to separate a 
partial‑thickness connective tissue flap. Donor site was sutured 
back [Figure 20].[32]

Following which in 2017, Aguirre-Zorzano et al. described 
a new “UPV/EHU technique,” acronym for the name of 
their university (Universidad del Pals Vasco/Euskal Herriko 
Unibertsitatea) for palatal donor tissue harvest. On the palatal 
surface, using a number 12 blade, intrasulcular incisions were 
made while preserving the papillae in the interproximal spaces 
and a full‑thickness flap was elevated [Figure 21]. In order 
to harvest CTG, 15c scalpel was used to dissect the reflected 
full‑thickness flap by holding it with tissue forcep. Epithelium 
and a thin layer of connective tissue were left in the remaining 
flap, which were sutured back.[33]

Lately, Bhatavadekar and Gharpure in 2018 proposed a 
controlled palatal harvest technique of graft harvest with 
advantages such as adequate control due to good visibility, 
good predictability in ensuring adequate graft and flap 
thickness, and less chance of leaving behind a thin flap for 
closure at the donor site (which reduces chances of necrosis and 
sloughing of flap). A number 15 blade was used to make one 
horizontal incision, 2 mm submarginally, extending anteriorly 
from the first molar. A vertical L‑shaped incision was made 
at the anterior end of the first incision. A thick split‑thickness 
flap was raised from the edges of the incision leaving behind 
a thin periosteum covering the palatal bone. Reflected flap 
was held with a tissue forceps, and the graft was harvested by 

dissecting it from the raised flap, leaving a 1.5‑mm‑thick flap 
for requisite flap healing. Donor site was sutured or secured 
with collagen tape [Figure 22].[36]

CLINICAL PERSPECTIVES

Connective tissue still remains the most reliable technique for 
various soft-tissue augmentation surgeries and over the past 
44 years have been simplified and become minimally invasive 
from Edel’s momentous trapdoor technique[1] to single-incision 
minimally invasive techniques.

Edel’s “trap-door” technique is the most popular because of 
its historic importance and simplicity.[1] Thereafter, various 
techniques were introduced with modified designs, ways to 
gain access to the graft, reduced number of surface incisions, 
and increased patient’s comfort. The various harvesting 
techniques that have been suggested result in different 
graft characters, in terms of both dimension and histologic 
composition. Clinically, it is sometimes demanding to procure 
an ample graft, which has necessitated the invention of new 
or amended harvesting techniques and led to continued 
research. Each CTG procedure has its own advantages and 
disadvantages, and the technique selected depends on various 
considerations, such as the purpose of the procedure, any 
anatomical limitations, surgeon’s expertise, and the expected 
morbidity.[51]
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Figure 21: Aguirre-Zorzano et al’s. technique

Figure 22: Bhatavadekar and Gharpure’s technique. a: L-shaped incision made 
at anterior end of first incision; b: Thick split thickness flap raised leaving thin 
periosteum covering bone. Graft harvested from raised flap by dissecting it

ba

Figure 20: Reino et al’s. technique. a: First incision perpendicular to long axis of tooth till bone; b: Full thickness flap reflected; c: Dissect full thickness flap to obtain graft
cba

There are various possible types of flap designs/incisions that 
will provide access to the subepithelial connective tissue. One 
such factor is whether or not a band of epithelium is to be 
removed along with the graft. Langer and Langer reported that 
epithelium was retained to aid suturing and to provide more 
rapid epithelialization. The epithelium on the graft was believed 
to help smoothen the transition of the grafted tissue to the 
existing epithelium.[2,52] It was found, however, that both CTG 
with and without epithelial collar have provided anticipated 
and successful root coverage, and the outcome merely depended 
on the grafted connective tissue but not necrotizing on the root 
surface.[53] The removal of epithelial collar, however, was done 
so as to attain better stabilization of the graft and its complete 
coverage by overlying coronally repositioned flap resulting in 
smooth and esthetic gingival contour.[53] Bouchard et al., 1994, 
and Byun et al., 2009, reported that retained epithelial collar on 
the CTG did not provide a significant advantage with regard 
to the clinical parameters, and only a short-term increase in 
keratinized tissue width could be expected.[53,54]

Furthermore, it has been reported that epithelium necrotizes 
within 5 days,[55] and it is the underlying connective tissue 
which determines the color, nature, and shape of the newly 
formed epithelium.[20,21] Healing by primary intention is not 
possible after harvesting of a CTG with an epithelial band 
because of the rigidity of the palatal tissue, which means greater 
postoperative discomfort for the patient.[4]

Another factor to be determined is the number of incisions. Edel’s 
technique consisted of one horizontal and two vertical incisions.[1] 
Consequently, Harris modified the technique by reducing the 
vertical incisions to a minimal dimension, barely enough to 
get access to the underlying donor tissue.[3] Raetzke,[23] finally, 
abstained from vertical incisions entirely and used two converging 

crescent-shaped horizontal incisions to procure a wedge-shaped 
graft. The latter techniques with no surface vertical incisions 
were advantageous over the ones with vertical palatal incisions 
as vertical incisions could interrupt the vascular supply to the 
overlying flap predisposing it to necrosis or sloughing,[1,29,49] but, 
on the other hand, techniques with parallel incisions may prevent 
primary closure of the wound at times and also absence of vertical 
incisions may compromise the accessibility and visibility.[3,23,27,29,49]

Del Pizzo et al., 2002,[26] compared FGG with trapdoor and 
single-incision technique and found single-incision technique 
to be better than the rest two with early epithelializationm 
which was in accordance to all single-incision techniques,[4,29,38] 
that it is more conservative and leads to primary closure 
of wound. In addition, Del Pizzo reported early return of 
sensibility in single-incision group as the unique incision 
of epithelium contains less sensory receptors. The only 
disadvantage of single incision is low visibility of the surgical 
area, which lengthens the harvest time and lowers the 
predictability of graft size.[26]

In many techniques, first incision was given such that a 
partial‑thickness flap was raised[1,2,7,8,38] because very negligible 
bleeding was seen at this initial stage and also the flap was thick 
enough to minimize the chances of flap tearing or sloughing, 
hence increased visibility, appropriate control over the 
incisions, no random blade angulations, and therefore better 
assessment of the CTG size.[38]

Few researchers harvested graft from the inner surface of freely 
mobile reflected flap and reported adequate control because 
of good visibility, good predictability in ensuring sufficient 
uniform graft and flap thickness, and less chances of leaving 
behind a thin flap (which might slough or necrose) for closure 
at the donor site and hence improved graft success.[1,32,36]

Furthermore, modifications were attempted to leave a layer of 
periosteum on the donor bone surface as removal may retard 
healing, whereas if left may provide nourishment and act as a 
recipient bed for the flap.[32,36]
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A number of techniques of procuring CTG have been proposed, 
but the ideal technique should be one that produces an adequate 
sized graft, is quick, easy to utilize in a wide variety of clinical 
situations, and result in minimally operative/postoperative 
discomfort/complications. The best-suited technique would 
be the one, by which the surgeon/operator could easily 
accomplish with minimal discomfort to the patient.[54] When 
anesthetizing the palate, infiltration into the graft tissue should 
be avoided; otherwise, unwanted vasoconstrictor might be 
transferred to the recipient site.[4,40] Every effort should be made 
to handle the graft carefully and not to keep it without blood 
supply for long. Transfer of the graft after removal from donor 
to the recipient site should be achieved as soon as possible, 
to limit cell necrosis, and Harris[56] stated that goal should be 
to keep the graft without blood supply for < 60 s. The graft 
should be sutured to the recipient site before the palate was 
sutured to decrease the amount of time the graft was without 
blood supply.[3,56]

Though various modifications over the decades have made 
CTG a minimally invasive technique, still numeral phases 
of graft harvest require surplus exploration. More research 
is essential to understand the healing characteristics and 
long-term volume stability of graft when obtained using 
different techniques and from different areas of the palate. 
In addition, comparative research should be undertaken to 
evaluate the results of different techniques with standardized 
long-term clinical trials.

CONCLUSION

The unique nature of connective tissue still makes it the most 
reliable and gold standard technique for various soft-tissue 
augmentation surgeries, especially for treatment of gingival 
recession. With the amazing success rates with the use of 
CTG in treatment of gingival recession, the use of CTG has 
dramatically increased in periodontal esthetic treatments. With 
the increase in its use, numerous techniques have been proposed 
over the last 44 years with the aim of making the procedure of 
harvesting CTG, easier, less traumatic, and more predictable. 
From Edel’s historic trapdoor technique to single-incision 
minimally invasive techniques, there have been various 
advancements seen in the graft harvesting procedures. The 
latest techniques are minimally invasive with reduced incision 
lines, less compromised blood supply, accelerated healing, no 
sloughing of overlying flap, but are technique sensitive which 
require higher expertise to execute. Therefore, the operator 
must be well versed with varied aspects of the graft harvesting 
procedures, including handling of the tissue, involved potential 
limitations, and complications associated with the technique.
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Introduction
Free gingival graft (FGG) is a surgical 
technique used to increase keratinized 
tissue dimensions. The most common site 
to procure wide, shallow grafts is from the 
palatal mucosa between distal aspect of 
the root of canine to mesial aspect of the 
palatal root of the first molar.[1,2] The main 
drawbacks of FGG are the two surgical 
sites, pain and discomfort experienced by 
the patient, especially at the donor sites and 
potential for postoperative bleeding from 
the donor area which heals by secondary 
intention resulting in longer healing time 
and discomfort in the first 2 postoperative 
weeks.[3,4]

To overcome these postoperative problems 
on the donor site, a variety of methods 
such as sutures[5] and dressing materials[6] 
have been used, but these provide an inert 
mechanical barrier, thereby assisting healing 
by just prevention of external influences on 
the wound area. These neither influence 
cellular behavior nor play a major role in 
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Abstract
Background: The palatal donor site of the free gingival graft (FGG) significantly influences the 
pain and discomfort experienced by the patient, and there is a potential for postoperative bleeding. 
The aim of this study was to compare the wound healing parameters with the use of a commercially 
available collagen dressing (CollaCote®) and platelet‑rich fibrin (PRF) membrane as palatal bandage. 
Materials and Methods: Twenty patients requiring FGG either for reduced/inadequate gingiva or 
gingival recession in the maxillary or mandibular anterior region were divided into two groups. In 
the first experimental group (10 patients), CollaCote® membrane was placed over the palatal wounds; 
conversely, the second experimental group patients were treated with a PRF membrane as palatal 
bandage. Clinical parameters recorded includes depth, immediate, and delayed bleeding, size of 
wound, pain, and tests for epithelialization which included hydrogen peroxide test and toluidine blue 
test at various time intervals. Results: Intragroup comparisons showed significant improvement in 
wound healing parameters in both the groups. No statistically significant difference was found on 
intergroup comparison with respect to depth, hemorrhage, pain, epithelialization, and size, though the 
PRF group healed slightly better initially. Conclusion: Both CollaCote® and PRF palatal bandages 
significantly accelerate palatal wound healing and reduce the patient’s pain and discomfort. PRF was 
easier to handle and suture and is also autogenous and economical as compared to CollaCote®.
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the biological events that take place during 
wound healing.

Collagen dressings have extensively 
been used in dentistry due to its ability 
to achieve hemostasis, being chemotactic 
to fibroblasts and platelets, and 
inducing mesenchymal proliferation and 
differentiation.[2] CollaCote® is a highly 
porous absorbable type I Bovine Collagen 
wound dressing fabricated from bovine 
deep flexor (Achilles) tendon, marketed 
by Zimmer dental®. CollaCote® dressings 
control bleeding and stabilize blood clots 
as well as protect the wound bed while 
accelerating the healing process.[7]

Platelet‑rich fibrin (PRF),[8] on the other 
hand, is a platelet concentrate that contains 
all the constituents of a blood sample which 
are favorable for healing and immunity. The 
slow polymerization mode confers to the 
PRF a particularly favorable physiologic 
architecture to support the healing 
process.[8-10] The fibrin matrix is remodeled 
in a way comparable with a natural clot and 
does not dissolve rapidly after application.
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The purpose of this study was to compare the efficacy of a 
commercially available collagen dressing (CollaCote®) with 
the autologous PRF membrane as a palatal bandage on the 
wound healing of palatal donor site of FGG.

Materials and Methods
Twenty systemically healthy patients (5 males and 
15 females) who reported to the outpatient department 
of periodontology from May 2014 to June 2015 were 
screened on the basis of inclusion and exclusion criteria, 
after taking ethical clearance from the Ethical Committee 
of Institute of Dental Studies and Technologies, with 
reference number IDST/ERBC/2013/08 and was conducted 
in accordance with the Helsinki Declaration of 1975, 
as revised in 2000. This randomized parallel designed 
human clinical trial is registered at WHO-Clinical Trials 
Registry-India (CTRI/2017/01/007719).

Systemically healthy patients not under any medication 
for the past six months, requiring FGG either for reduced/
inadequate gingiva or gingival recession in the maxillary or 
mandibular anterior region and who had not undergone any 
palatal graft procedure in the past one year, were included 
in the study. Smokers, pregnant females, lactating mothers, 
and patients not maintaining oral hygiene were excluded 
from this study.

Informed written consent was obtained from all the selected 
participants, fulfilling the inclusion and exclusion criteria. 
Full mouth plaque index[11] and gingival index (GI)[12] were 
recorded. All the selected participants underwent full-mouth 
scaling and polishing and root planing of the required area 
and were instructed regarding oral hygiene measures for 
home care.

The participants were re-evaluated after two weeks, and 
those having plaque and GI scores of less than one were 
finally included in the study and underwent routine blood 
investigations.

Randomization

Twenty selected participants were randomly allocated 
to one of the experimental groups, Group 1: Donor 
site coverage with a commercially available collagen 
dressing (CollaCote®) (n = 10); Group 2: Donor site 
coverage with an autologous PRF membrane (n = 10). 
Assignment and randomization was done by toss of a coin. 
To conceal allocation, sequentially numbered opaque-sealed 
envelopes were used, containing the slips with Group 1 or 
Group 2 written, were opened during surgery immediately 
before fabricating the palatal bandage.

Presurgical preparation

A tracing grid stent was fabricated using a transparent sheet 
keeping it on the maxillary cast between the distal surface 
of canine and mesial surface of first molar. To standardize 
the measurements, only two sizes of stents were selected, 

square stent measuring 15 mm × 15 mm and rectangle 
stent measuring 18 mm × 12.5 mm both having an area of 
225 mm2. Each stent was divided into five equal parts and 
six replicas of the stent (square or rectangle) were made. In 
one of the prepared stents, holes were punched in each of 
the five parts to measure the depth of donor site (D‑stent). 
The remaining five stents, were prepared with one missing 
part (either 1, 2, 3, 4, or 5) to apply hydrogen peroxide 
and toluidine blue solutions exclusively on the area to be 
examined during the recall visits of the healing phase as 
shown in Figure 1a.

Surgical technique

All the surgical procedures were performed by one 
experienced surgeon in all the patients to minimize 
differences related to surgical technique and patient 
handling.

Preparation of recipient site

Following the administration of local anesthesia, a #15 blade 
was used to make a horizontal incision in the vestibule and 
the recipient bed was undermined. The de-epithelialization of 
the recipient bed below cementoenamel junction was done 
in cases where root coverage was anticipated and below 
recession defect where only increasing the width of attached 
gingiva was considered. A sterilized aluminum foil template 
of the recipient site was used to measure the size of graft 
required at the recipient site.

Donor site

The prepared stent was placed on the palatal donor site, 
and the standardized rectangular or square partial thickness 
graft chosen as per the requirement was harvested from 
distal aspect of canine till first molar tooth. The blade was 
inserted to the desired thickness at one edge and lifted using 
a tissue forceps. The graft was separated using a blade till 
it was free from all sides. Tissue tags were removed and 
trimmed to required size. Following the removal of the 
graft, pressure was applied to the wound area for control 
of bleeding. Graft measurements were performed by a 
different examiner.

Suturing of graft at recipient site

The harvested graft was resized and shaped according to 
the requirement and was sutured on to the recipient site.

Donor-site dressing

Using the prepared aluminum foil template in Group 1 
(n = 10 patients), the palatal wound was protected by a 
commercially available collagen membrane CollaCote® 
[Figure 1b], conversely Group 2 patients (n = 10) had their 
wound protected using PRF membrane [Figure 1c] prepared 
according to the protocol recommended by Choukroun 
et al.[8,13] The dressings were sutured using four interrupted 
sutures at four corners of wound by 4-0 silk suture and a 
3/8, 16 mm reverse cutting needle.
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Wound healing and patient morbidity

The primary outcome was to assess the depth, size of 
wound, and tests for epithelialization which included 
hydrogen peroxide test and toluidine blue test, using the 
prepared standardized stents as described earlier. The 
secondary outcomes were to assess any immediate or 
delayed bleeding, and pain/discomfort postoperatively 
[Figure 1d-g].

Depth

Following administration of local anesthesia thickness/depth 
of the palatal mucosa was measured in the holes prepared in 
the five parts of tracing grid (D‑stent) using a sterile standard 
endodontic K‑file of size 15 from the surface of the mucosa 
to the bone.[7] The depth of the palatal mucosa was measured 
in both the groups at the center of each column and average 
depth of five columns was calculated and used as average 
depth of the wound [Figure 1h], before surgery, and of the 
wound immediately after harvesting the graft; postapplication 
of palatal dressing (CollaCote® or PRF membrane) and then 
on 12th, 24th, and 30th postoperative days.

Bleeding

1. Immediate bleeding was looked for, after suturing the 
donor area and 2 min of external pressure. Hemostasis 
was confirmed when no bleeding was seen, and clinical 
photograph of the wound was taken without need for 
suction[7]

2. Delayed bleeding was recorded as prolonged 
hemorrhaging from the palate during the postsurgical 
period as reported by the patient at 7th postoperative day.[7]

Pain

Pain was recorded according to visual analog pain rating 
scale on the day of surgery and at 7th, 12th, 18th, 24th, and 
30th postoperative days.[14] The scoring was done from 0 to 5.

Epithelialization

Epithelialization test by H
2
O

2

Epithelialization test by H
2
O

2
[15] requires recordings on 

two consecutive days. Hence, healing by H
2
O

2
 was also 

assessed on the 7th, 8th, 12th, 13th, 18th, 19th, 24th, 25th, 30th, and 
31st postoperative days. The peroxide test measured the quality 
of epithelial barrier.[15-17] The area to be evaluated was dried 
and 3% H

2
O

2
 was applied on each of the five cut portions of 

the prepared tracing grids one by one, thus evaluating healing 
in a particular region at a time. The negative peroxide test for 
two consecutive days indicated complete healing [Figure 1i].

Toluidine blue test

Toluidine blue dye adheres to nonepithelial tissues and 
imparts blue color to them. Therefore, if dye is not retained 
it suggests that clinically, the wound is healed.[18]

On the follow‑up days, each of the five cut stents/tracing 
grids were placed on the wound and wound was painted 

Figure 1: (a) Tracing grid stent prepared from transparent plastic sheet; 
(b and c) CollaCote membrane and platelet‑rich fibrin membrane sutured 
at the donor site of free gingival graft, respectively; (d and e) healing of 
CollaCote group and platelet‑rich fibrin group,  respectively,  at  18th day 
postoperatively; (f and g) healing of CollaCote group and platelet-rich 
fibrin group,  respectively,  at  30th day postoperatively; (h) measurement 
of depth using “D” stent; (i) evaluation of healing using hydrogen 
peroxide solution; (j) evaluation of healing using toluidine blue solution; 
(k) measurement of size

d

h i

j k

c

g

b

f

a
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with toluidine blue one by one, thus evaluating the healing 
in a particular region at a time [Figure 1j].

Size

Size of the wound was measured using periodontal probe 
on 7th, 12th, 18th, 24th, and 30th postoperative days. Length 
and width of the wound were measured and the area was 
calculated. The raw wound was stained dark by toluidine 
blue which made the measuring of wound easy [Figure 1k].

Statistical analysis

For intragroup analysis, repeated measures ANOVA test was 
applied as a preliminary test for depth and size and “paired 
t‑test” was then run as a confirmatory test. “Unpaired t-test” 
was used to compare intergroup results for depth and size. 
For pain evaluation, epithelialization by toluidine blue and 
hydrogen peroxide test comparison on follow-up days with 
baseline was evaluated using Wilcoxon signed-rank test for 
intragroup comparison, and Mann-Whitney rank sum test was 
applied for intergroup analysis. Fisher’s exact test were used 
for comparison of nominal/categorical data. The P < 0.05 
was taken as significant. Medcalc statistical software version 
14.2.1.0 was used for all statistical calculation.

Results
The number of males were 5 (3 in CollaCote® group and 
2 in PRF group) in the age range of 20–52 years with the 
mean age 36.2 years and 15 females (7 in CollaCote® group 

and 8 in PRF group) in the age range of 18–48 years with 
the mean age 30.33 years. No patients dropped out of the 
study, and no postoperative complications were reported by 
the patients at the end of the study.

The comparisons of all the clinical parameters were done 
both within and between the two groups and also each of the 
wound was divided according to the wound configuration 
into either square (n = 10; 5 CollaCote® and 5 PRF) or 
rectangle wound (n = 10; 5 CollaCote® and 5 PRF).

On intragroup comparison, it was found that when 
preharvest depth was compared with postdressing depth on 
the day of surgery and at 12th, 24th, and 30th postoperative 
days, the difference was statistically nonsignificant for both 
the groups. When the depth was compared postharvesting 
and after suturing of dressings in both CollaCote® and 
PRF groups, the difference was statistically significant and 
the difference remained significant at all the follow‑up 
visits. Intergroup comparison difference was found 
to be nonsignificant [Table 1]. The results were also 
nonsignificant with square and rectangular wounds.

No case of immediate bleeding in any of the groups 
was observed. Both the groups showed equal number of 
delayed bleeding cases (30% of cases). Furthermore, equal 
number of square and rectangular groups showed delayed 
bleeding (1 square and 2 rectangular wounds in CollaCote® 
group and 2 square and 1 rectangular in PRF group).

Table 1: Depth analysis
Depth

Follow-up days CollaCote® (n=10) PRF (n=10) CollaCote® versus PRF (P#)
Mean SD Mean SD

Preharvesting 5.15 0.57 5.11 0.72 0.881
Postharvesting 3.98 0.73 3.87 0.86 0.761
Dressing 5.3 0.86 5.03 0.67 0.451
12th day 5.36 0.42 5.12 0.27 0.144
24th day 4.85 0.48 5.04 0.43 0.365
30th day 4.75 0.44 4.83 0.65 0.751
Intragroup comparison  
on follow up days

Different follow up days CollaCote® (n=10) PRF (n=10)

P† Preharvesting-postharvesting <0.001* <0.001*
Preharvesting-dressing 0.487 0.619
Preharvesting-12th day 0.28 0.96
Preharvesting-24th day 0.183 0.694
Preharvesting-30th day 0.11 0.08
Postharvesting-dressing <0.001* <0.001*
Postharvesting-12th day <0.001* 0.002*
Postharvesting-24th day 0.003* <0.001*
Postharvesting-30th day 0.011* 0.001*
Dressing-12th day 0.797 0.696
Dressing-24th day 0.068 0.944
Dressing-30th day 0.029* 0.296

*P≤0.05 is considered significant, †Paired t-test, #Unpaired t‑test, **Repeated measures ANOVA. SD=Standard deviation, PRF=Platelet‑rich fibrin
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No statistically significant difference was observed when pain 
in both the groups was compared postsurgically on all days, 
except on the day of surgery, the pain scores and discomfort 
was seen to be more in CollaCote® group as compared to 
PRF which equalizes by the 30th postoperative day [Table 2]. 
On intragroup comparison statistically significant difference 
was obtained while comparing the change between the 
follow-up days, 0–24th day and 0–30th day for CollaCote® 
group and on 0–18th day and 0–30th day which shows the 
early reduction in pain in PRF group, though the intergroup 
comparisons were nonsignificant.

On intragroup comparison of unhealed columns by 
hydrogen peroxide test and toluidine blue test for both 

CollaCote® and PRF groups, statistically significant 
difference was observed by 18th postoperative day. The test 
could not be run from the 7th–12th day due high number 
of similar values (NA). The 7th postoperative day was 
considered as baseline for test of epithelialization. On 
intergroup comparison, no statistically significant difference 
was obtained [Table 3]. No significant difference was 
observed in rectangular or square wound in both inter- and 
intragroup comparisons.

On comparing the length, breadth, and area, no statistically 
significant difference was observed in the healing of both 
the groups in the same followup days. Faster healing was 
observed in PRF group initially until the 12th postoperative 

Table 2: Intra- and intergroup evaluation of mean pain scores in CollaCote® and platelet‑rich fibrin groups at all 
follow-up days

Days CollaCote® (n=10) PRF (n=10) Collacote® versus 
PRF (P*)Square (n=5) Rectangle (n=5) Mean SD Square (n=5) Rectangle (n=5) Mean SD

0 day 1.2 1.8 1.5 1.179 2.6 1.8 2.2 2.15 0.677
7th day 3.2 3.2 3.2 1.814 1.8 2 1.9 1.101 0.096
12th day 1.4 1.6 1.5 1.65 1 0.6 0.8 0.789 0.426
18th day 0.4 0.8 0.6 0.699 0.5 0.4 0.3 0.483 0.403
24th day 0.2 0.8 0.5 0.707 0.2 0.6 0.4 0.699 0.761
30th day 0 0.2 0.1 0.316 0 0.2 0.1 0.316 0.969
Days Mean difference SD P§ Mean difference SD P§ P*
0th-7th day −1.7 2.31 >0.05 0.3 2.71 >0.054 0.151
0th-12th day 0 2.05 >0.054 1.4 2.59 >0.054 0.29
0th-18th day 0.9 1.28 >0.055 1.9 2.37 <0.054 0.449
0th-24th day 1 1.15 <0.054 1.8 2.53 >0.054 0.545
0th-30th day 1.4 1.17 <0.024 2.1 2.13 <0.016 0.677
*Mann‑Whitney rank sum test P≤0.05 is considered significant, §Wilcoxon signed-rank test P≤0.05 is considered significant. SD=Standard 
deviation, PRF=Platelet‑rich fibrin

Table 3: Intra- and intergroup comparison of epithelialization by hydrogen peroxide test and toluidine blue test based 
on unhealed columns

Day CollaCote® (n=10) PRF (n=10) CollaCote® versus 
PRF

Square 
(n=5)

Rectangle 
(n=5)

Mean SD P§ (mean 
difference 

from 7th/8th day 
at different 

time intervals)

Square 
(n=5)

Rectangle 
(n=5)

Mean SD P§ (mean 
difference 

from 7th/8th day 
at different 

time intervals)

P* P* (mean 
difference 

at different 
time 

intervals)

Average 
unhealed 
columns

Average 
unhealed 
columns

Average 
unhealed 
columns

Average 
unhealed 
columns

Hydrogen peroxide test
7/8 5 5 5 0 - 5 5 5 0 - 0.969 -
12/13 4.6 4.4 4.5 0.85 NA 4.8 3.8 4.3 0.843 NA 0.596 0.728
18/19 2.4 2.8 2.7 1.075 <0.020 3.2 2.2 2.7 2.003 <0.016 0.88 0.88
24/25 0.8 1.2 1 1.054 <0.020 1 0.6 0.9 0.994 <0.020 0.879 0.879
30/31 0.4 0 0.2 1.636 <0.020 0 0.2 0.1 0.316 <0.020 1 0.673

Toluidine blue test
7 5 5 5 0 - 5 5 5 0 - 0.968 -
12 4.8 4.6 4.7 0.675 NA 5 4.16 4.5 0.972 NA 0.728 0.732
18 2.8 3.4 3 1.054 <0.05 4.2 2.2 2.9 1.853 NA 0.675 0.999
24 1.2 1.6 1.1 0.994 0.005 1 0.6 0.8 0.789 <0.020 0.162 0.429
30 0.4 0 0.2 0.633 0.005 0 0.2 0.1 0.316 <0.020 1 0.973
*Mann‑Whitney rank sum test P≤0.05 is considered significant, §Wilcoxon signed-rank test P≤0.05 is considered significant. SD=Standard 
deviation, PRF=Platelet‑rich fibrin, NA=Not available
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day; however, this could not reach up to the statistically 
significant level. Rectangular wounds healed faster though 
the values were not statistically significant [Table 4]. On 
intragroup comparison for CollaCote® group, it was found 
that 73% of wound area was reduced by 18th postoperative 
day and 92% by 24th postoperative day. In PRF group, 
it was found that 81% of wound area was reduced by 
18th postoperative day and 92.4% by 24th postoperative day. 
It was also evident that 90% of wounds healed completely 
by 30th postoperative day in both groups.

Discussion
In the present study, the standardization of wound size and 
shape has been done to study the healing in square wounds 
and rectangular wounds with wound area of 225 mm2. 
This standardization of area helps in comparison of area 
reduction over time.

FGG may be contraindicated if there is inadequate 
thickness of palatal mucosa. Sufficient thickness of palatal 
mucosa is necessary for harvesting FGG from the palate.[19] 
In our study, the CollaCote® and PRF were not only used 
as palatal dressings but also as fillers for maintaining 
the thickness of palatal mucosa. A similar outcome was 
reported by Femminella et al.[20] who suggested that the 
use of PRF have added to the thickness of residual layer of 
connective tissue.

In the present study, the intragroup comparisons of depth 
between postharvesting and after suturing of dressings 
in both CollaCote®, and PRF groups was statistically 
significant at all the follow‑up visits. This shows that 
CollaCote® and PRF both showed equivalent fills and that 

both these materials can be used as fillers. CollaCote® 
being a biocompatible, nonantigenic, and physiologically 
metabolized material which is fully reabsorbed by the 
host system could be the reason for the material acting as 
favorable space filler.[19] PRF, which is a physiologically 
three‑dimensional fibrin network and can be converted 
into a strong, resistant membrane, resorbs very slowly, 
and converts into a resistant connective tissue, could have 
helped in PRF being a good filler.[20]

No immediate bleeding was observed in any of the 
groups in the present study, as it has been observed that 
the protection of palatal donor site by any means results 
in reduced number of cases requiring emergency visit; this 
was in accordance with Rossmann and Rees.[21]

In our study, we found 30% delayed bleeding in each of the 
groups. Only a minimal amount of postoperative bleeding 
was reported by the patients in our study, which stopped 
after pressure pack and no patient landed in emergency, 
this may be because of the protection of palate by dressings 
and also collagen and PRF both have known hemostatic 
properties.[2,22] Keceli et al.[23] also reported fewer cases of 
delayed bleeding when medicinal plant extract was used at 
the palatal donor site.

In FGG, the donor site is an open wound that makes 
postoperative healing more painful and discomforting 
for the patients. Hence, we covered our wounds by 
either CollaCote® or PRF. On intragroup analysis, it was 
observed that pain was reduced significantly by 24th day 
in CollaCote® and 18th day in PRF group. Shanmugam 
et al.[7] and Rastogi et al.[24] also found that collagen 

Table 4: Comparison of wound size at all follow-up days from baseline (day 0)
CollaCote® PRF CollaCote® 

versus PRF (P§)MD SD P† MD SD P†

Length
0-7th day 0 0 NA 0.1 0.316 0.343 0.343
0-12th day 3 3.055 0.013 4.85 3.972 0.004* 0.258
0-18th day 8.05 4.438 <0.001* 9.45 4.072 <0.001* 0.472
0-24th day 12.75 2.918 <0.001* 12.75 3.766 <0.001* 1
0-30th day 16.35 2.561 <0.001* 16.35 1.857 <0.001* 1

Breadth
0-7th day 0 0 NA 0.1 0.316 0.343 0.343
0-12th day 2.5 3.064 0.064 4.85 3.432 0.002* 0.124
0-18th day 7 3.197 <0.001* 8.4 2.171 <0.001* 0.267
0-24th day 10.1 3.381 <0.001* 10.7 2.497 <0.001* 0.657
0-30th day 12.7 1.703 <0.001* 13.3 1.889 <0.001* 0.465

Area
0-7th day 0 0 NA 2.95 9.329 0.343 0.343
0-12th day 65.9 67.271 0.013 113.28 70.23 <0.001* 0.141
0-18th day 155.1 50.448 <0.001* 180.8 25.581 <0.001* 0.168
0-24th day 197.9 33.864 <0.001* 206.5 18.289 <0.001* 0.489
0-30th day 214.8 23.03 <0.001* 222.7 3.401 <0.001* 0.297
*P≤0.05 is considered significant, †Paired t-test, §Unpaired t-test. MD=Mean difference, SD=standard deviation, NA=Not available, 
PRF=Platelet‑rich fibrin
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dressing relieves pain, as it is biologically acceptable to the 
oral mucosa and an excellent wound graft material which 
can dampen the acute inflammatory process during healing. 
Femminella et al.,[20] in a similar study, found lesser patient 
morbidity in terms of number of analgesics consumed 
and altered feeding habits in PRF group. In our study, we 
have found lesser pain scores in PRF group as compared 
to CollaCote® group, though the results were statistically 
nonsignificant, which could be attributed to the smaller 
sample size, similar to the results obtained by Saroff et al.[2] 
and Kulkarni et al.[25]

In the present study, the significant difference in wound 
epithelialization was observed by 18th postoperative day 
in both the groups in intragroup comparisons. Pedlar[26] 
reported complete epithelialization by 8 weeks postexcision 
of full-thickness palatal mucosa. On intergroup comparison 
of unhealed columns by hydrogen peroxide test between 
CollaCote® and PRF groups, no statistically significant 
difference was obtained. This signifies that there was 
a negligible difference in healing in both the groups. 
Aravindaksha et al.,[17] Femminella et al.,[20] Kulkarni 
et al.,[25] and Shakir et al.[27] attributed PRF as a palatal 
dressing as PRF membrane provide a stable fibrin mesh, 
which is more rigid than a blood clot, it also provides a 
sustained release of growth factors and by altering the 
metabolism of epithelial cells and fibroblasts intensifies 
fibroblast proliferation and migration inside the wound. 
Shanmugam et al.[7] compared Coe-Pak™ and CollaCote® 
on FGG palatal wound healing and concluded that 
collagen‑based dressing offers significantly greater 
advantages. No statistically significant difference was 
obtained in toluidine blue test as well which confirms the 
results of hydrogen peroxide test.

On intragroup comparisons of size, >91% of wound 
size reduction was observed in both the groups by 
24th postoperative day. Kulkarni et al.[25] achieved almost 
complete wound closure by 7th postoperative day in PRF 
group. Femminella et al.[20] reported complete resolution 
of palatal wound size in 100% of PRF-treated site by 
3rd week and complete healing in 95% of patients in gelatin 
sponge group by 4th week. This could be due to PRF being 
a combination of cytokines, structural glycoproteins, and 
glycanic chains that play a synergetic role in healing and 
stimulating angiogenesis, immunity and epithelialization. 
Aravindaksha et al.[17] reported complete healing by 
3rd postoperative week in the PRF group. Del Pizzo et al.[5] 
reported complete healing in 16% and 50% of patients at 
the 2nd and 3rd week, respectively, in FGG donor sites 
without any dressing. On intergroup analysis comparing 
the length, breadth, and area of both CollaCote® and PRF 
groups, no statistically significant difference was observed 
in healing of both the groups at all follow-up days 
attributed to role of PRF in healing and transformation 
of absorbable collagen into normal tissue and increase in 
firmness in CollaCote® group.[7,17]

Although results were statistically nonsignificant, 
faster healing was observed in PRF group initially till 
12th postoperative day. This initial surge in healing in PRF 
group could be attributed to PRF being a bioactive dressing 
with a high concentrate of leukocytes and release of growth 
factors during ≤7 days.[28,29]

The healing is also influenced by the shape of its wound 
as the liner wounds heal fastest followed by rectangular 
and square wounds and the last to heal wounds are circular 
wounds. Kahnberg and Thilander[30] also observed that 
epithelialization progressed from wound boundaries and 
reduction of wound surface preceded by contraction of the 
wound margins and by epithelial cell migration, hence the 
rectangular wounds should heal faster which is evident in 
our study, though results were not significant. This could 
be attributed to the smaller difference in the breadth of 
both the rectangular and square wounds which led to very 
less observable difference.

Conclusion
Both CollaCote® and PRF could be used as palatal 
bandages, but we found PRF to be easier to handle and 
suture as compared to CollaCote®. PRF also has an 
advantage of being economic, bioactive autologous material 
with no chance of any adverse reaction by the host.
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Original Article

IntroductIon

Periodontal disease is a multifactorial chronic inflammatory 
oral disease affecting 10%–15% of the general population 
worldwide.[1] Its advanced form is characterized by periodontal 
ligament loss and destruction of the surrounding alveolar 
bone.[2] It is the main cause of tooth loss and is considered one 
of the two biggest threats to the oral health.[2,3] It is initiated 
and perpetuated by microorganisms such as Porphyromonas 
gingivalis which exist as complex biofilms on the tooth surface. 
The infection affects the tissues of the periodontium and if left 
untreated can lead to severe destruction of the connective tissues 
and the bone supporting the tooth.[4] The relationship between 
periodontal disease and systemic disease has been underlined 
in dentistry and human medicine, importance of the dentists 
examining the patient’s mouth, and obtaining a complete 
medical history of the patient.[5] Significant associations 
between periodontal disease and diabetes mellitus (DM), 

cardiovascular disease, preterm low birth weight, and 
osteoporosis have been discovered, bridging the once-wide gap 
between medicine and dentistry.[6] The dentist and physician 
must consult and work together to provide optimal health care 
for the patient. The synergism between systemic diseases and 
periodontitis patients has been demonstrated by researchers 
from many countries since many decades. Brasher and Rees 
reported 47.3%,[7] Peacock and Carson reported 52.5%,[8] 
Lagervall et al. reported 49.4%,[9] Georgiou et al. stated 60%, 
Dumitrescu reported 81.96%[10] and in a study by Zainoddin 
reported that 30.5%[6] periodontal disease patients had some 
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type of systemic condition. In studies by Marjanovic and 
Bhulin[11] and Zainoddin,[6] it was reported that cardiovascular 
diseases and diabetes were the most prevalent systemic diseases 
among the patients with periodontal disease.

One of the major public health problems faced by the society 
today is DM. There has been widespread increase in the number 
of DM patients globally, and in India, it’ has been exorbitantly 
increasing. With the number of 31.7 million people, India has 
been ranked first with diabetes in the year 2000,[12] and in 2015, 
India was called the diabetes capital with home to 69.1 million 
people with DM, the second highest number of cases after China. 
Recently, in a Diabetes atlas published by the International 
Diabetes Federation, it was estimated that in 2017, there were 
451 million (age 18–99 years) people with diabetes worldwide. 
These figures are expected to increase to 693 million by 2045.[13]

In 1998, the World Health Organization[14] adopted the 
diagnostic parameters for diabetes established by the 
American Diabetes Association. The current gold standard 
for diabetes screening is measuring the fasting blood glucose. 
However, there are some issues about using fasting blood 
sugar such as keeping the patients fasting for about 8 h and 
not being applicable afternoon. Not only these laboratory 
methods are time-consuming and invasive, they require 
elaborative equipment also.[15] Since a long time, venous 
blood or urine samples are being sent to clinical biochemistry 
laboratories by the clinician for determining glucose levels. 
Nowadays, frequent monitoring of blood glucose has been 
recommended for use in the management of individuals 
with diabetes. It has also been shown that the portable blood 
glucose monitors typically utilized by these individuals 
can be very effective in the management of blood glucose 
both as a bedside in the hospitals and also for home testing. 
The results of these portable blood glucose monitors are 
obtained instantaneously as compared to the laboratory 
methods, which helps the clinician to decide if further 
confirmatory tests are required to diagnose diabetes.[16] 
Recently, there has been an increasing evidence of research 
carried out to use gingival crevicular blood (GCB) in 
monitoring blood glucose levels.[17] The glucometer device 
may allow noninvasive or minimally invasive monitoring of 
blood glucose from oozing blood from the gingival crevice 
of patients with periodontal problem during the routine 
periodontal examination. Even in the case of low gingival 
crevicular bleeding, a glucose measurement is possible with 
the use of glucose self-monitoring device, due to the low 
amount of blood (3 µl) necessary to perform analysis. Not 
only this technique is less traumatic to the patient but also 
simple and relatively inexpensive in-office screening device 
for any patient suspected to have diabetes. They can also 
be used to monitor blood glucose levels in known diabetic 
patients.[18] And also, early detection of diabetes would 
help the periodontists in patient education, motivation, and 
possible prevention of periodontitis. Furthermore, there is a 
greater likelihood of a favorable prognosis of periodontitis 
when diabetes is discovered in the early stages.

This present study was indented to compare the efficacy of 
plasma glucose level (PGL), finger capillary blood (FCB) and 
GCB to measure blood glucose level in chronic periodontitis 
patients. The blood glucose monitoring system used in the 
study is ACCU-CHEK Active, Roche Diagnostics, USA, which 
works on the principle of electrochemical methodologies.

The objectives of the study are:
1. To assess the reliability of glucose self-monitoring device 

in measuring GCB, FCB, and its comparison with PGL
2. To evaluate the blood glucose level of GCB from 

maxillary anterior and mandibular anterior teeth using 
self-monitoring device.

MaterIalS and MethodS

The study was carried out in the Department of Periodontology 
of a Dental College. Ethical clearance was obtained for the 
study and written consent was obtained from every patient 
before performing the tests. A total of 120 male/female patients 
with chronic periodontitis in the age group of 30 years and 
above were taken for the study. They were divided equally in 
three groups, PGL being the control group, whereas FCB and 
GCB constituted the test Groups 1 and 2, respectively. Patients 
who were willing to undergo surgical therapy, if required, for 
periodontitis were only included.

Inclusion criteria
1. Patients diagnosed with chronic periodontitis
2. Patient gives informed consent to participate in the study
3. Patie ts having at least 20 remaining teeth in both the jaws
4. Patients with pocket depth ≥4 mm were considered in the 

study.

Exclusion criteria
1. Patients having bleeding disorders
2. Any medication interfering with the coagulation system
3. Patients undergoing treatment for anemia, polycythemia, 

gout, dialysis, or any other disorder that can cause an 
abnormal variation in the hematocrit.

Data collection
The record of the patients was maintained as per the pro 
forma to have a systematic and methodical recording of 
all the information and observations. The intraoral clinical 
examination was done in a dental chair, under standard 
conditions of light, using a mouth mirror, explorer, UNC-15 
Periodontal probe (Hu-Friedy®, USA) and tweezers. Clinical 
parameters such as clinical attachment levels, periodontal 
pocket depth, and Sulcus Bleeding Index (Mühlemann and 
Son 1971) were recorded by a single examiner.

The patients considered in the study presented the following 
criteria: (a) diagnosis of advanced periodontal disease based on 
Armitage,[19] (b) probing depth ≥4 mm, and clinical attachment 
loss ≥3 mm. Clinical attachment level was recorded from 
the cementoenamel junction to the base of the pocket using 
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UNC-15 Periodontal Probe (Hu-friedy®, USA). Periodontal 
pocket depth was measured as the distance from the gingival 
margin to the bottom of the gingival sulcus. Gingival 
inflammation was determined with the help of Gingival Index 
given by Mühlemann and Son.[20]

Glucose measurement
Plasma glucose level
A tourniquet was tied around the patient’s arm about 3” to 
4” (7.5 cm to 10 cm) above the venipuncture site. The vein 
was tapped with index finger to encourage dilation. The area 
was disinfected with an alcohol wipe in a circular motion. 
Venous blood sample was drawn from patient’s antecubital 
fossa for measurement of serum (plasma) glucose. Samples 
were collected by the trained technician from the laboratory 
of SGT Hospital, Gurgaon [Figure 1].

Finger capillary blood
Surgical spirit was wiped on the fingertip of the fourth finger 
and was allowed to dry and then punctured using a disposable 
sterile. The first drop of blood was discarded and the second 
drop was used. This may reduce the risk of an inaccurate result. 
The test strip was inserted into the test port of glucometer 
with contact bars end first and facing up. The test strip was 
pushed in until a resistance was felt. The meter then turned on 
automatically, and the display check appeared briefly.

This was followed by the symbol of blinking drop on the 
monitor suggesting that the device was ready for the test. 
Capillary blood sample from the finger was then drawn onto 
the test strip. It was held until the instrument gave a beep 
displaying the blood glucose measurements on the screen in 
mg/dl and FCB readings were recorded [Figure 2].

Gingival crevicular blood
The GCB (80 from maxillary anterior and 40 from mandibular 
anterior) were taken for estimation of blood glucose levels. 
For each measurement, site with profuse bleeding on 
probing (BOP) was chosen. Patients were asked to rinse 
with chlorhexidine mouthwash before the collection of 
GCB. The most inflamed site from anterior teeth in each 
patient was selected and contamination with saliva was 
prevented using cotton rolls and air drying. Bleeding was 
induced by UNC-15 periodontal probe (Hu-Friedy®, USA) 
until a sufficient quantity of blood (2–3 µl) was collected 
by insulin syringe. The glucometer monitoring device was 
loaded with the active test strip. The blood drop from syringe 
was transported to test strip of glucometer. It was held until 
the instrument gave a beep displaying the blood glucose 
measurements on the screen in mg/dl and GCB readings were 
recorded [Figure 3a and b].

Statistical analysis
Data were analyzed using SPSS IBM SPSS Statistics for 
Windows, Version 23.0. Armonk, NY: IBM Corp. and MS 
EXCEL 2007. Tests performed were Descriptive statistics, 
Paired t-test for intragroup comparisons and Pearson’s 
correlation (r) was done to know the correlation between the 

three groups. Descriptive statistics included mean ± standard 
deviation (SD) of the scale data and its measurements.

reSultS

The study included a total of 120 chronic periodontitis 
patients (79 [66%] males and 41 [34%] females), in the age 

Figure 1: Blood sample collection by venipuncture

Figure 2: Estimation of Finger Capillary Blood

Figure 3: Estimation of Gingival Crevicular Blood (a) Bleeding on probing 
on chosen site (b) Collection of Gingival crevicular blood sample

b

a
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dIScuSSIon

Periodontal diseases are collectively the most common diseases 
known to the humankind. Its treatment is a long-term process 
which persists for years, a single blood glucose test would 
not be sufficient for periodontal management and moreover 
routine blood glucose test can be yielded by consultation with 
a diabetic physician. As per Collin et al. (1998), advanced 
periodontitis is seen to be associated with the impairment of the 
metabolic control in noninsulin-dependent DM and therefore 
requiring a regular periodontal surveillance.[21] Hence, the 
multiple measurements of the blood glucose levels in a patient 
would help the periodontist assess the patient’s diabetic control 
during the treatment progression.

The present study was designed to compare the efficacy 
of PGL, FCB, and GCB in chronic periodontitis patients. 
Plasma glucose measurement with the highest level of 
diagnostic accuracy is known as the “Gold Standard” and its 
comparison to the other two methods is necessary to assess 
the correctness of each blood collecting technique and device. 
Since the glucose self-monitoring device and laboratory tests 
do not measure the same components, the reported figures are 
likely to vary between methods. Laboratory tests generally 
test plasma, but a glucose self-monitoring device uses whole 
blood. As a result, if both tests are taken at the exact same 
time, the self-monitoring device is likely to show a lower 
figure than the laboratory results. The new standard method 
has to prove sufficient agreement with the “gold standard” as 
mentioned earlier,[22] but the GCB and FCB was not compared 
to plasma glucose measurements in neither of their studies.[22,23] 
Comparing the measurements of FCB with GCB is correct but 
not sufficient and the amount of disagreement between with 
GCB measurements and laboratory-measured plasma glucose 
is essential for drawing a definitive conclusion, although any 
new method cannot be measured completely without error. 
This comparison using laboratory measured plasma glucose 
was not done in the previous studies except the study of Parker 
et al., who have investigated the correlation of finger stick and 
crevicular gingival blood with whole blood glucose, measured 
in a laboratory analyzer.[24]

On comparing GCB and PGL and GCB and FCB, P value 
was found to be 0.230 and 0.133, which were statistically 
nonsignificant, whereas on the comparison of PGL and FCB, 
the results were found to be statistically significant (P = 0.004). 
This was in accordance with the study conducted by Boyd 
et al.[25]

Stein and Nebbia in 1969[26] were the first to describe a 
chair-side method of diabetic screening with gingival blood in 
which blood was wiped directly from the hemorrhagic gingival 
tissue and transferred onto the test strip for testing. Tsutsui 
et al.[27] reported the rubbing of blood onto the test strip from a 
blood-laden dental curette. However, there were few downsides 
to this technique. A uniform time reaction was not produced 
when blood-laden dental curette was rubbed or directly wiped 
on to the test strip which further damaged the strip’s chemical 

group of 30 years and above. The participants were divided 
into three groups as Control Group (PGL), Test Group 1 (FCB), 
and Test Group 2 (GCB).

Table 1 summarizes the mean and SD of blood glucose 
measurements between Test Group 1 (125.58 ± 59.77) and 
Control Group (108.26 ± 27.75), Test Group 2 (114.71 ± 51.71) 
and Control  Group (108.26 ± 27.75) ,  and Test 
Group 1 (125.58 ± 59.77) and Test Group 2 (114.71 ± 51.71). 
A comparison was made between blood glucose measurements 
of Test Group 1 and Control Group showing a high mean value 
of Test Group 1 (125.58 mg/dl) followed by Control Group 
with mean value (108.26 mg/dl) showing a P < 0.05, thus 
giving statistically significant results. A comparison between 
blood glucose measurements of Test Group 2 and Control 
Group with a P = 0.230 and comparison between Test Group 1 
and Test Group 2 showed P = 0.133, thus giving statistically 
nonsignificant results, respectively.

Correlative relationships
Table 2 shows Karl Pearson’s product–moment correlation (r) 
for Control Group, Test Group 1, and Test Group 2.

A value of correlation coefficient close to ±1 was considered as 
a strong positive linear relationship (i.e., one variable increases 
as the other) and a value close to −1 was considered as a strong 
negative linear relationship (i.e., one variable decreases as the 
other increases), and a value close to 0 was considered as no 
linear relationship. The r value between Control Group and Test 
Group 1 was 0.985, between Control Group and Test group 2 
was 0.984, and between Test Group 1 and 2 was 0.999 and it 
shows a strongly positive correlation.

Table 1: Mean and standard deviation of plasma glucose 
level, finger capillary blood, and gingival crevicular blood 
glucose levels among the study participants

Group Mean±SD t P Significance
FCB 125.58±59.77 2.88 0.004 S
PGL 108.26±27.75
GCB 114.71±51.71 1.20 0.230 NS
PGL 108.26±27.75
FCB 125.58±59.77 1.51 0.133 NS
GCB 114.71±51.71
P<0.001: HS, P≤0.05: S, P≥0.05: NS. FCB: Finger capillary blood, 
PGL: Plasma glucose level, GCB: Gingival capillary blood, SD: Standard 
deviation, S: Significant, NS: Nonsignificant, HS: Highly significant

Table 2: Karl Pearson’s correlation for plasma glucose 
level, finger capillary blood, and gingival crevicular blood 
glucose levels

Groups Pearson’s 
correlation (r)

Test Group 1 (FCB) and Control Group (PGL) 0.985
Test Group 2 (GCB) and Control Group 0.984
Test Group 1 and test Group 2 0.999
FCB: Finger capillary blood, PGL: Plasma glucose level, GCB: Gingival 
capillary blood
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indicator surface. A consensus statement by the American 
Diabetes Association in 1978[28] said that the main sources of 
error while using glucose monitors are manual timing of the 
test strip reaction and the wiping of the test strip. Stein and 
Nebbia (1969) to more recent studies of Beikler et al.[29] and 
Khader et al.[30] attempted to prove that extravasated blood 
from the gingival crevice due to inflammation can provide 
an acceptable source for measuring blood glucose in diabetic 
patients. Yamaguchi et al.[31] have investigated a method for 
noninvasive blood glucose measurement using the gingival 
crevicular fluid, entailing the use of a high sensitivity glucose 
testing tape to evaluate the possibility of using this fluid for 
noninvasive blood glucose measurement, and concluded that 
gingival crevicular fluid could be used as a method of blood 
glucose measurement.

The sampling procedure used in this study was much easier to 
perform and less time-consuming and required no additional 
tools to collect GCB (insulin syringe). The most inflamed 
sites of maxillary/mandibular anterior region were chosen 
for glucose measurements as they offer ideal access for 
GCB. Bleeding gingival site was isolated with a cotton roll 
after scaling and then rapidly sampling blood with an insulin 
syringe was an improvement over the past studies. The use of 
insulin syringe might not eliminate contamination, but it does 
reduce saliva, plaque, and debris by collecting free-flowing 
blood just inside the gingival crevice. In contrast to our study, 
Parker et al.[24] used plastic pipette which is claimed to reduce 
contamination of the sample with saliva, plaque, and debris 
followed by Prabhu et al.[32] using capillary tube for sample 
collection.

ACCU-CHEK Act ive ,  Roche  Diagnos t ics ,  USA 
(second-generation glucometer) used in the study offers 
advantage over the first-generation glucometer, as it needs 
a larger blood sample, that is, about 10–15 µl and the blood 
sample has to be placed on the test strips to be wiped off 
later by the user after a certain time interval. Thus, it gives a 
reading by color matching. It also offers advantage over the 
third-generation glucometer which is a noninvasive meter and 
the samples are obtained without direct contact with the body 
tissues.[33] Hence, its use for detecting the glucose readings with 
the GCB sample may not be possible. Measuring blood glucose 
with a second-generation glucometer is very sensitive since 
it can provide results within 10 s. It is less time-consuming 
procedure since no sophisticated armamentariums are 
necessary to collect GCB. Even in case of very low gingival 
crevicular bleeding, measurement of blood glucose is possible 
with the use of self-monitoring glucometer, as a very minimum 
amount of blood (3 µl) is required to perform the analysis. The 
present study reiterates with the studies done by Partheeban 
et al.,[34] Penmetsa et al.,[21] and Patil and Kamalakkannan.[35]

According to our findings, Pearson’s correlation coefficient 
between Test Group 1 and Control Group, Test Group 2 and 
Control Group, and Test Group 1 and 2 is highly significant 
and shows a positive correlation (r) of 0.985, 0.984, and 0.999, 

respectively. The finding of the present study is consistent 
with most of the previous studies of Wu et al.,[36] Ardakani 
et al.,[37] Shetty et al.,[38] and Strauss et al.[39] In these studies, 
it was reported that GCB samples are acceptable to screen 
for diabetic patients with sufficient BOP, in which samples 
can be obtained easily as they do not require touching of the 
tooth or the gingival margin as periodontal inflammation with 
or without complicating factor of DM is known to produce 
ample extravasated blood during diagnostic procedures.[40] 
Furthermore, the modus by which the sulcular blood is collected 
is critical because the resultant glucose values may be altered 
if there is any contamination of the collected sample by the 
oral tissues or tissue products.

In our study, sample collection of the crevicular blood was 
done from the capillaries on the outer surface of the gingiva, 
which eliminated any possibility of contamination with 
crevicular fluid. None of the patients under study reported pain 
or discomfort and no complications have been reported after 
sampling by this method. This method cannot be applied in 
cases where purulent exudates are found in pockets. This results 
in dilution of the blood sample and alteration of glucose levels.

concluSIon

The glucometer is a safer, convenient, quick, and inexpensive 
apparatus that can be used as a chair-side aid during the 
routine periodontal examination to screen blood glucose. The 
self-monitoring blood glucometer should not be used to replace 
the conventional blood glucose measurement method which 
is still considered to be the gold standard. The result of the 
present study suggests that the GCB expressed during routine 
periodontal examination can be used to screen for diabetes. 
GCB glucose estimation through glucometer during routine 
periodontal examination is noninvasive, less time-consuming, 
and therefore, helps to increase the frequency of diagnosing 
diabetes in dental office and provides a more objective 
indicator for referral to physician than traditional methods. 
Thus, the dentist may increase his importance as member of 
the health team by participating in the search for undiagnosed 
asymptomatic DM.
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Abstract:
Background: Guided tissue regeneration is a very commonly employed technique for treating recession defects. 
However, achieving the required space beneath the membrane is often difficult. Aim and Objectives: The purpose 
of the present study was to compare and evaluate the clinical efficacy of coronally advanced flap (CAF) alone or 
in combination with amnion membrane (AM) or chorion membrane (CM) and demineralized freeze-dried bone 
allografts (DFDBAs) in the management of gingival recession (GR) defects. Materials and Methods: The sample 
size (Miller’s Class I and Class II GR-type defects) consisted of thirty patients which were stratified into three groups 
randomly (ten for each group). Group A patients were treated with only CAF and Group B patients were treated 
by CAF in combination with CM and DFDBA. Similarly, Group C patients were treated by CAF in combination 
with AM and DFDBA. Clinical parameters such as gingival index, GR depth, GR width, relative attachment level, 
and width of keratinized tissue were assessed at baseline and 3 months postoperatively. Results: Inter- and 
intragroup data were analyzed by paired t-test. The percentage of root coverage obtained in the study groups was 
60%, 78%, and 63%, respectively, for Groups A, B, and C. Statistically significant difference was obtained in the 
clinical parameters of Group B which was treated with CM and DFDBA. Conclusions: Combination of DFDBA 
and placental membrane (chorion/amnion) in CAF procedure provided an additional benefit over CAF alone in 
the treatment of Class I and II GR defects.
Key words: 
Amnion membrane, chorion membrane, demineralized freeze-dried bone allograft, gingival recession

INTRODUCTION

Reconstruction of gingiva is an essential 
part of periodontal practice.[1] Gingival 

recession (GR) is a state in which the apical 
migration of gingiva occurs leading to dentinal 
hypersensitivity, root caries, and esthetic 
concerns. According to the cross-sectional and 
longitudinal analyses, Serino et al. stated that 
in individuals with a high standard of oral 
hygiene: (i) buccal GR was frequent, (ii) the 
proportion of participants with recession 
increased with age, and (iii) the prevalence as 
well as the incidence of recessions within the 
dentition showed different patterns depending 
on age.[2]

Expected coverage of recession defects is 
a challenge for any periodontist.[3] Several 
treatment modalities have been used such as 
pedicle flaps, coronally advanced flaps (CAFs), 

and combination techniques such as subepithelial 
connective tissue grafts.[4] These procedures hold 
some drawbacks as there is a requirement for the 
second surgical site, morbidity associated with 
procuring donor grafts, discomfort, and poor 
color match.[3,4]
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To overcome these limitations, additive treatment modalities 
such as guided tissue regeneration (GTR) was introduced. 
Pini-Prato et al. stated that occlusive membranes can be 
successfully used in the management of GR defects.[5]

Lately, the use of placental-derived tissue which serves 
mesenchymal stem cell reserve has gained popularity. For 
successful tissue engineering, the role of scaffold is very crucial. 
Cells and tissues grow on the scaffold. Niknejad et al. stated that 
the amniotic membrane (AM) may be regarded as a possible 
source for scaffolding material.[6]

In dentistry, AMs and chorion membranes (CMs) which 
are derived from fetal tissue are being used for GTR. These 
membranes are able to maintain morphology of regenerated 
tissues and induce pronounced healing as well along with 
reduced scarring.[6,7] To be successful in GTR procedures, it 
is required to create and retain the potential space formed 
involving the overlying GTR barrier and the underlying root. 
This space facilitates relocation of progenitor cells which 
further differentiate into cementoblasts and periodontal 
ligament-forming cells.[5,8] According to Duval et al., it is 
not easy to attain space maintenance when performing root 

coverage procedures. GTR membranes have a tendency to 
collapse against the root; hence, techniques to allow space for 
regeneration of tissue have been developed such as tenting 
sutures, root modification, titanium‑reinforced membranes, 
and bone grafts such as demineralized freeze-dried bone 
allograft (DFDBA).[9]

Thus, the aim of the present study was to compare the clinical 
efficacy of CAF alone or in combination with AM or CM and 
DFDBA in the management of GR of Miller’s Class I or II 
defects.

MATERIALS AND METHODS

Thirty patients in the age range of 20–50 years, attending the 
outpatient department of periodontics, were enrolled for the 
study [Figure 1].

The sample size was analyzed using the following formula:[10]

n = [Zα/2 + Zβ]
2*2* 2/d2

Where Zα/2 is the critical value of the normal distribution at α/2.

Patient selection
(n = 30)

Group A
CAF

 (n = 10)

Group B
CAF +Chorion+DFDBA

(n = 10)

Group C
CAF +Amnion+DFDBA

(n = 10)

Initial therapy & Baseline parameter recording

Surgery performed

2nd week Re-evaluation & 
Suture removal

One month follow-up

Recall after 3 months & clinical parameter
recording

Figure 1: Consort flowchart of the study. n –  sample size
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Once the ethical committee of the university approved the 
study, the study design was communicated to the patients and 
their informed consent was obtained.

Miller’s[11] Class I and II recession defects present in the 
maxillary anteriors and premolars were included in the study. 
Patients had to be more than 18 years old who were able to 
maintain adequate oral hygiene measures (full-mouth plaque 
index score of ≤20%).

Patients fulfilling any of the following criteria were excluded 
from the study:
1. Systemic diseases or condition/s known to affect the 

outcome of periodontal therapy
2. Allergic to any medications
3. Pregnant and lactating women
4. Use of tobacco in any form
5. Patients under anticoagulant treatment or having any 

bleeding disorder
6. Patients with caries or restorations in the area of concern
7. Patients undergoing orthodontic treatment
8. Patients with recent account of dental/periodontal surgery 

in a span of 6 months.

Randomization was done by drawing envelopes and patients 
were assigned to three treatment groups:
• Group A – Patients treated by CAF only (n = 10)
• Group B – Patients treated by CAF in combination with 

DFDBA and CM (n = 10)
• Group C – Patients treated by CAF in combination with 

DFDBA and AM (n = 10).

Just before the surgical procedure, the sealed envelope 
containing the treatment assigned was opened.

Clinical measurements
The study models and working cast models were prepared, 
and photographs were taken. Acrylic stents were used for all 
pre- and postoperative clinical measurements. An orientation 
point was marked on the stent at the mid-facial area of the 
intended tooth [Figure 2].

Clinical parameters were evaluated at baseline (BL) and 
3 months postoperatively. The following clinical measurements 
were taken:
1. Gingival index (GI)[12]

2. GR depth (GRD) calculated from the cementoenamel 
junction (CEJ) to the free gingival margin at the center of 
facial surface[9,13]

3. GR width (GRW) calculated across the labial surface and 
at CEJ[9,13]

4. Relative attachment level (RAL) measured midlabially 
with the reference point situated at the buccal cusp/incisal 
edge[9,13,14]

5. Complete or partial root coverage[9,13,14] estimated using the 
following formula:

 

Postoperative recession depth
preoperative recession depth

!
!!

Preoperative recession depth at baseline
1" 00

6. Width of keratinized tissue (KTW) measured from the 
gingival margin to the mucogingival junction (MGJ), at the 

mid-buccal point. The MGJ was noted by means of Schiller’s 
iodine.[13,14]

The gingival biotype and its thickness were assessed according 
to the transparency of the periodontal probe.[15] Complete 
hematological and biochemical investigations were carried 
out. The enrolled patients underwent nonsurgical therapy 
comprising thorough scaling and root planing and occlusal 
adjustments as required. After 3 weeks, a periodontal 
re-assessment was performed. All the clinical parameters were 
measured by a sole examiner at BL and at 3 months.

Evaluation of patient perception and intraoperative morbidity
Patient awareness of intra- and postoperative morbidity[16] 
was assessed with a questionnaire provided directly after 
surgery and at the time of suture removal. The questionnaire 
incorporated dichotomous questions and the assessment of the 
given episode on a visual analog scale (VAS) of 10 cm.

Surgical procedure
All the surgical procedures were carried out by a sole 
operator. CAF was advocated utilizing the method depicted 
by Pini-Prato et al.[17,18] After preoperative oral antisepsis, 
the surgical area was anesthetized. Mesial and distal to 
the incorporated tooth, vertical releasing incisions on 
the facial side were executed going beyond the MGJ and 
into the mucobuccal fold [Figure 3] so that the flap could 
be easily repositioned coronally without any tension. 
Intrasulcular incision was then executed in the same tooth, 
and a mucoperiosteal flap, trapezoidal in shape, was 
elevated up to the defect. Partial‑thickness flap was then 
raised in the area apical to the recession defect [Figure 4]. 
In the adjoining interdental papillae, de-epithelialization 
was made to provide a bleeding connective tissue bed.[17] 
Root planing was done using a sharp curette up to 1 mm 
from the osseous crest. Any remaining muscle tension 
was relieved by extension of the partial-thickness flap 
and coronally repositioned to cover the CEJ entirely in the 
Group A. Direct loop sutures were given. Similarly, in the 
Group B [Figure 5] and Group C [Figure 2], the incision 
and reflection of the flap remained the same [Figure 6]. 
DFDBA bone graft was coated uniformly to a thickness of 
approximately 1 mm to cover the root to the CEJ and 2 mm 
of the adjacent bone [Figures 7 and 8]. A placental-derived 
membrane (human chorion [Tissue Bank, Tata Memorial 
Hospital, Mumbai, Maharashtra, India] in Group B and 
amnion # in Group C) was trimmed to cover 2–3 mm of the 
bone surrounding the exposed root surface. Cervical portion 
of the membrane was trimmed in a semilunar shape to allow 
adaptation to the root. At the level of the CEJ, the membrane 
was grasped to the tooth with 5-0 polyglycolide-polylactide 
absorbable sling-tag suture, engaging both membrane and 
the papillae. The membrane was repositioned to cover the 
DFDBA [Figure 8]. The pedicle flap was coronally advanced 
to envelop the membrane and secured to the adjacent papillae 
with 4-0 silk sutures.

Postoperative instructions were provided. For plaque control, 
0.2% chlorhexidine gluconate solution was prescribed to apply 
at the surgical site with a cotton swab daily. Amoxicillin 500 mg 
TDS and ibuprofen 400 mg TDS for 7 days were prescribed. 
Two weeks later, patients were recalled for suture removal 
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Figure 5: Group B – Demineralized freeze‑dried bone allografts followed by human 
chorion membrane placed

Figure 6: Group C – Partial‑thickness flap elevated
Figure 7: Group C – Demineralized freeze-dried bone allografts placed evenly over 

the root surface

Figure 8: Group C – Human amniotic membrane is positioned over the graft, and 
flap is relieved of any tension Figure 9: Group A – Healing at 3 months

Figure 2: Preoperative recession defect measurement at baseline Figure 3: Group A – Two divergent vertical releasing incisions made beyond 
mucogingival junction. An intrasulcular incision is made to connect the two vertical 

releasing incisions

Figure 4: Group A – Partial‑thickness flap elevated
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and follow-up. Clinical parameters were assessed after 
3 months [Figures 9-11].

Statistical analysis
Mean ± standard deviation was used to execute descriptive 
statistics. Student’s paired t-test was utilized to statistically 
analyze pre‑ and postsurgical outcomes. At 95% confidence 
level, significance was stated. P ≤ 0.05 was regarded as 
statistically significant.

RESULTS

Thirty patients presenting with Miller’s Class I and II GR 
defects were enrolled in the study. Table 1 represents the 
demographic details of the study population. There was no 
significant difference among the study population. They were 
equally divided into three groups. Table 2 presents the clinical 
parameters at BL and 3 months.

Throughout the study period, no untoward events such as 
exposure of the membrane or any postoperative complications 
occurred. Patient perception of the hardship of the three 
procedures based on VAS was mild, and there was no 
statistically significant difference between study groups. 
Patients were assessed at 3 months for gingival biotype 
transformation, and 27 of 30 GR defects had a thick 
biotype [Table 3].

Comparison of the study groups with respect to GI score at BL 
and 3 months depicted that score of GI reduced significantly 
in all the study groups [Table 2, P ≤ 0.05]. GRW also reduced 
significantly in all the study groups. A highly significant 
reduction was seen in the Group B treated with CM and 
DFDBA (P < 0.01) when compared to Group A and Group C. 
Similarly, the GRD and RAL significantly reduced in all 
the study groups over the 3-month period. However, KTW 
increased (statistically significant, P ≤ 0.01) in all the study 
groups.

A highly significant reduction in the GRD as calculated by the 
percentage of root coverage was seen in Group B (78%) which 
was treated with CM and DFDBA [Graph 1].

DISCUSSION

GR is one of the major esthetic concerns in periodontology, 
leading to hypersensitivity because of root exposure and 
subsequent exposure of dentinal tubules. Maintenance of overall 
health of the gingiva is crucial in the outcomes of root coverage 
procedures. Zucchelli and De Sanctis[19] stated that individuals 
who fail to comply with the regular maintenance care plan 
are related with the recurrence in GR. In the present study, 
the score of GI decreased over the study period, indicating 
good maintenance of oral hygiene by the study participants. 
A significant decrease in GI also suggests an uneventful healing 
and enhanced gingival health during the study time.

CAF is a commonly employed root coverage procedure. Various 
studies with CAF have shown mean root coverage ranging 
from 45% to 95% in Miller’s Class I and II GR.[19] A meta-analysis 
reported that CAF and/or combined procedures had the 
highest probability for recession reduction and maximum root 
coverage.[20] We have incorporated CAF, which resulted in 60% 
root coverage in Group A. However, CAF when used alone is 
unstable, especially for long duration. GTR procedures have 
been established to provide good results.[21] Leong and Wang 
stated that if the purpose is to obtain a new attachment, then 
additive procedures such as GTR can be considered.[22] These 
kind of techniques offer numerous advantages compared to the 
autogenous grafts.[23,24] AM–CM is a placental-derived tissue 
that has been introduced lately as GTR membrane.[25] Amnion 
is a thin, tough, transparent membrane. Chorion side of the 
membrane is coarse and porous. Both membranes are easily 
separable from each other. Following separation, the amnion 
seems smooth, shiny, and also easily manageable than the 
chorion.[26]

Table 1: Demographic details
Parameter Group A Group B Group C
n 10 10 10
Age range (years) 22-55 27-54 20-50
Mean±SD 36.69±9.823 37.69±9.548 34.76±9.436
Median (IQR) 35 (28-43.75) 35 (28-43.75) 33 (27-45.86)
Gender

Male 4 5 3
Female 6 5 7

n – Number of samples; SD – Standard deviation; IQR – Interquartile range

Figure 10: Group B – Root coverage at 3 months healing
Figure 11: Group C – Root coverage at 3 months healing
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Numerous growth factors, proteins, and stem cell reserves in 
amnion aid wound healing and regeneration process. Amnion 
is composed of several types of laminins, with laminin-5 being 
the most prevalent which plays a role in the cellular adhesion 
of gingival cells. Chorion is a rich source of collagen and 
noncollagen proteins.[27]

DFDBA used in the study may create and maintain extra space 
that is needed for new attachment formation.[9] Furthermore, it 
has been shown to possess osteoinductive and/or osteogenic 
properties that may promote new attachment and bone 
formation.[14,28]

The GRW reduction observed is according to the results by 
Chakraborthy et al.[29] and Irfan et al.[10] In the study,[29] on 
comparison of chorion and amnion groups with respect to 
the width of recession, statistically significant difference was 
observed in both the groups at 3 months (P = 0.001) and at 
6 months. In the present study, relative reduction of GRW at 
3 months in the Group C (treated with AM and DFDBA) is 
less as compared to Group A and Group B. This finding can 
be attributed to the fact that AM is thin and it is difficult to 
handle as compared to the CM.[10,29]

Mean gain of attachment level at 3 months was highest (2.6 mm) 
for the Group B treated with chorion and DFDBA. Our results 
are in accordance to Esteves et al.[13] where they reported a gain 
of 3.71 mm at 3 months with CM only. Brain[30] accounted a 
clinical attachment gain in the range of 1.2 ± 1.51 mm with 

AM, which is in accordance to the results of the present study. 
Similar results were also obtained by authors who used amnion 
as GTR membrane.[10,30,31]

At BL, there were no significant differences in KTW. However, 
a significant increase in the width of keratinized gingiva was 
observed in all the groups at 3 months. According to a study 
done by Lafzi et al.[32] there were no significant differences in 
KTW assessment in visual and histochemical methods.

In the present study, Miller’s Class I and II recessions with 
not more than 4 mm were involved. This is because sites with 
deeper recession defects tend to respond less favorably than 
shallower sites.[17,18] GRD was reduced significantly from BL to 
3 months in all the groups, with maximum reduction taking 
place in Group B. This was evident in the percentage of root 
coverage calculation, where 60%, 78%, and 63% of root coverage 
was observed in the Groups A, B, and C, respectively [Graph 1]. 
Esteves et al. in a similar study reported promising results 
when the recessions were treated with CM.[13] However, 
Chakraborthy et al. reported that the root coverage was 24% 
and 28% for amnion and chorion groups, respectively.[29] The 
better results achieved in our study can be attributed to the 
addition of DFDBA, which provided adequate space beneath 

Table 3: Pre- and postoperative number of gingival 
recession with thick and thin biotype
Gingival 
biotype

Thin 
(preoperative; n=10)

Thick 
(postoperative; (n=10)

Group A 6 8
Group B 7 10
Group C 7 9
n – Number of samples

60.00%

78.12%

63.33%

Group

A

Group

B

Group

C

Graph 1: % Root coverage

Table 2: Clinical parameters in the study groups at baseline and 3 months
Clinical 
parameters

Visits Group A (CAF) (n=10) Group B 
(CAF + Chorion + DFDBA) 

(n=10)

Group C (CAF + Amnion + 
DFDBA) (n=10)

Intergroup comparison (P)

Mean±SD¥ Difference Mean±SD¥ Difference Mean±SD¥ Difference 
value

Group A 
versus B

Group B 
versus C

Group A 
versus C

GI Baseline
3 
months

1.63±0.200
1.11±0.208

0.520*
P<0.0001

1.51±0.173
0.94±0.201

0.570*
P<0.0001

1.64±0.142
1.03±0.231

0.610*
P<0.0001

0.830
0.079*

0.082
0.365

0.898
0.426

GRW Baseline
3 
months

3.00±0.667
1.00±0.667

2.000*
P<0.0001

2.40±0.516
0.50±0.527

1.900*
P<0.0001

3.20±0.789
1.40±0.667

1.8000*
P<0.0001

0.037*
0.079*

0.015*
0.003*

0.548
0.196

RAL Baseline
3 
months

9.80±0.789
7.70±0.675

2.100*
P<0.0001

9.90±3.28
7.30±2.452

2.600*
P=0.059

11.10±0.876
8.70±1.252

2.400*
P=0.0001

0.926
0.625

0.278
0.125

0.002*
0.039*

Width of 
keratinized 
Gingiva

Baseline
3 
months

2.25±0.475
3.1±0.575

0.850*
P=0.0020

2.82±0.487
3.6±0.612

0.780*
P=0.005

2.5±0.632
3.53±0.749

1.030*
P=0.0038

0.016*
0.076*

0.220
0.082

0.330
0.167

GRD Baseline
3 
months

3.30±0.483
1.30±0.949

2.000*
P<0.0001

3.20±0.919
0.70±0.823

2.500*
P<0.0001

3.00±0.667
1.10±0.738

1.900*
P<0.0001

0.764
0.148

0.584
0.267

0.264
0.605

*P – Probability value, Statistically significant (P≤0.05); ¥In millimeters, mean±SD. n – Number of samples; SD – Standard deviation; CAF – Coronally advanced 
flap; DFDBA – Demineralized freeze-dried bone allograft; GI – Gingival index; GRW – Gingival recession width; RAL – Relative attachment level; GRD – Gingival 
recession depth
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the membrane for new attachment. Few studies have reported 
regarding additive effect of bone grafts in the treatment of 
GR.[14] To our knowledge, no single report exists regarding 
the use of DFDBA and placental membranes. Both the 
Groups A and B demonstrated enhancement in the numerous 
clinical parameters, and CM exhibited superior handling 
properties in contrast to the AM owing to its thickness and 
hence showed improved results at the end of 3 months.[10,13,29] 
Placental membrane completely resorbs into the wound in 
about 2–4 weeks. AM may induce rapid epithelialization and 
acceptable collagen formation in as early as 10 days, suggesting 
that AM transplantation may promote rapid gingival wound 
healing.[33]

Limitations
Randomized controlled trials with long-term follow-up period 
need to be carried out to assess the benefits of both the placental 
allografts in combination with bone grafts.

CONCLUSIONS

In the light of the above findings, it can be safely concluded that 
CAF when combined with placental membrane and DFDBA 
can yield better results compared to CAF alone in Miller’s 
Class I and II GRs. More studies with bigger sample size and 
extended duration are necessary to validate the above results.
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Abstract:
Background: Periodontitis is an example of persistent low-grade disease. The primary cause for the disease 
is anaerobic gram‑negative bacteria thriving in a protective biofilm in subgingival periodontal pockets. The 
treatment of this infection is removal of these deposits by mechanical instrumentation (Phase I therapy). This 
can help achieve reduction of the bacterial load thus suppressing localized inflammation. Phase I therapy or 
mechanical debridement of the subgingival area causes a severe transient bacteremia along with some damage 
to the surrounding soft tissue, resulting in a systemic inflammatory response being elicited. The objective of 
the current study was to comparatively assess periodontal parameters, serum C-reactive protein (CRP) levels, 
and transitory alterations in hematological parameters; in 30-systemically healthy patients having chronic 
periodontitis, before and after Phase I therapy. Materials and Method: The individuals underwent an intensive 
session of mechanotherapy with ultrasonic scalers. Blood samples were taken before treatment and at 1, 7, 
and 30 days after treatment to assess the parameters. Results: There was a clear recuperation in periodontal 
parameters as well as marked improvement in the values of CRP and complete blood count (CBC) by 30 days 
after transient alterations occurring initially. Conclusion: Phase I (mechanotherapy) – the first step in treatment 
of periodontitis leads to transient bacteremia by systemic dispersal of bacteria harbored in dental plaque. 
This produces an acute-phase response resulting in variations in the levels of CRP and the CBC counts. 
After a month, both periodontal and hematological parameters show marked improvement, thus establishing 
periodontal health and decreasing the risk of inadvertent cardiovascular or thromboembolic episode.
Key words:
Bacteremia, Blood, C‑reactive protein, Inflammatory response, Periodontitis, Phase I therapy

INTRODUCTION

Periodontal disease is a common infectious 
disease affecting humans. It represents an 

excellent model of chronic infection characterized 
by gingival inflammation, as well as loss of 
tissues adjoining the teeth causing tooth loss.[1]

Nonsurgical periodontal therapy is the first 
step in the treatment procedure aimed at 
eliminating etiological factors of gingival and 
periodontal diseases. This results in halting 
of disease progression,[2] which is clinically 
evident as decreased gingival bleeding, improved 
plaque score, reduction in probing pocket 
depth (PPD), and improved clinical attachment 
level (CAL).[3]

Routinely while performing the nonsurgical 
therapy, inadvertent injury occurs which 
damages an intact gingival tissue barrier, allowing 

the bacterial ingress to the systemic circulation 
and causing transient bacteremia.[4,5] This 
triggers a local and systemic response of various 
pro-inflammatory cytokines such as tumor 
necrosis factor–α (TNF-α), interleukins (IL), and 
acute-phase proteins.[6]
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Acute-phase proteins are inflammatory proteins which 
increase by about 25% following the initiation of inflammation. 
C-reactive protein (CRP) is one such acute-phase protein 
which serves as a systemic marker of inflammation.[6] CRP 
values increase significantly from basal levels in ng/ml range 
to be in the mg/ml range. These changes have a duration 
of around 72 h.[7,8] The acute‑phase response is a nonspecific 
response as a result of physiological and metabolic changes 
which occur immediately after the start of tissue injury or 
infection. Both increases and decreases in synthesis of various 
proteins are seen due to the changes in their production by 
hepatocytes, at differing rates and to different degrees. Synthesis 
of albumin, transthyretin, transferrin, alpha-fetoprotein, 
and α-2 h glycoprotein diminishes; thus, they are called the 
“negative” acute-phase proteins. Ceruloplasmin and a number 
of complement components, including C3 and C4, display 
only slight elevation (50%) and are thus referred to as modest 
“positive” acute-phase proteins. While concentrations of a 
number of proteins including haptoglobin, α‑1 protease inhibitor, 
α‑1 antichymotrypsin and fibrinogen usually increase two to five 
fold ;  levels of C-reactive protein (CRP) and serum amyloid A 
(SAA) can increase up to a thousand fold. Thus, these two are the 
major ‘positive’ human acute phase proteins.[9,10] Diagram 1.[10]

In response to this, a plethora of changes act in harmony to 
neutralize the inflammatory mediator and ultimately result 
in tissue healing.[7,8] One such change hematologically seen 
in the earliest stages is an initial sharp fall in the leukocyte 
numbers attributed to peripheral vascular margination and 
shift of neutrophils from circulating to tissue pool followed 
by a rise later.[7,8,11,12] A tendency towards a mild anemic status 
developing post intense periodontal therapy has also been 
reported in patients with periodontitis.[7]

Many experimental models have been proposed over the 
years to study the effects of acute inflammation in vivo such 

as the vaccination model, the physical training model, and 
the most known and adopted – the endotoxin model.[7] In 
all these reported prototypes, the systemic inflammatory 
response has been measured through variations in values 
of well-recognized serological marker CRP as well as 
hematological parameters.[7]

MATERIALS AND METHODS

The present study was planned as a prospective single-blind 
intervention trial with a 1-month follow-up. The ethical 
clearance for the study was obtained from the review board at 
the State Government University of Health Sciences.

A sample size of 30 patients with chronic generalized periodontitis 
aged between 30 and 64 years (Male - 22:Female - 8) were 
selected from the outpatient department of periodontics.

The sample estimation was done as per the formula by Daniel, 
1999 which is:

n = Z2 P(1 − P)/d2

Where n = sample size, Z = Z statistic for a level of confidence, 
P = expected prevalence or proportion.

(in proportion of one; if 20%, P = 0.2), and d = precision 
(in proportion of one; if 5%, d = 0.05).

Z statistic (Z): For the level of confidence of 95%, Z = 1.96.

The patients’ selection was done as per the following criteria:
1. Chronic generalized periodontitis patients with pocket 

probing depth ≥6 mm and evidence of 30% or more 
marginal alveolar bone loss

2. Patients who consented to willingly follow the endorsed 
plaque control and follow-up routine.

Exclusion criteria were as follows:
1. Patients having evidence of systemic diseases such as 

diabetes mellitus or cardiovascular, kidney, liver, lung 
disease, arthritis, Crohn’s disease

2. Smokers or former smokers
3. Treatment with any medication such as nonsteroidal 

anti‑inflammatory drugs or antibiotics (in the preceding 
3 months) known to affect levels of serum inflammatory 
markers

4. Pregnant/lactating females.

All individuals had signed a consent form to willingly 
participate in the study. Recordings  for full mouth (six point 
periodontal probing and charting), was done for all participants  
along with orthopantomograph  to confirm radiographic bone 
loss. All teeth with hopeless prognosis were extracted.

The periodontal parameters evaluated at baseline and 1-month 
post-therapy were gingival index (GI), plaque index (PI), 
probing pocket depth (PPD), and clinical attachment 
levels (CALs) [Figure 1]. Serum inflammatory marker CRP 
and complete blood counts (CBCs) were also assessed before 
therapy, on day one, after 1 week, and 1 month after treatment.

Diagram 1: Patterns of change in plasma concentrations of some acute-phase 
proteins after a moderate inflammatory stimulus
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The individuals were selected after determining the body 
mass index which had to be 26 ± 4 kg/m2.[7] They were then 
referred to the central laboratory of our medical college 
hospital for collection of nonfasting blood samples for the 
estimation of hematological and biochemistry parameters. 
Blood samples were taken before treatment. Analysis of blood 
samples included – using 2ml (EDTA) for complete blood cell 
Count(CBC), differential count and haematocrit -which were 
done using an automated haematology analyser [SYSMEX-
KX 21, (Kobe, Japan)]; while  4ml of blood was used as clot 
sample for biochemistry parameters. The clot sample was left 
to stand for 30 min before centrifugation. These serum samples 
were subsequently centrifuged at 3500 r.p.m. for 15 min using 
REMI Centrifuge (Vasai, India). The serum obtained was then 
carefully removed and taken in a glass cuvette with 1 cm 
light path. The serum was used for assessment of total CRP 
values using the commercial latex kit (REACTIVOS GPL, 
CRP TURBI (CHEMFLEX, S. A. Barcelona, Spain) with the 
help of a semi-automated biochemical analyzer (CHEM-7, 
ERBA, Mannheim, Germany) [Figure 2]. Hemolyzed, lipemic, 
or icteric samples were not used. The individuals thereafter 
received a single intensive session[7] of subgingival mechanical 
instrumentation (under local anaesthesia if required) with 
ultrasonic (piezoelectric scalers - EMS, Nyon, Switzerland). 
Extraction of hopeless teeth was done in the same session of 
intense periodontal therapy in accordance of standard clinical 
practice. Instructions for oral hygiene maintenance were given 
to the patients. Blood samples were taken again at day one, 
1 week, and 1 month after treatment [Figure 3].

Statistical analysis data were reported as means ± standard 
deviation (SD) for normally distributed variables or as median 
and interquartile ranges. The statistical analysis for the 
periodontal parameters was done using a “Paired–t-test” for 
comparisons at two different time intervals. The biochemical 
and hematological values were assessed using nonparametric 
test–“Friedman ANOVA” followed by a post hoc comparison 
between values using “Wilcoxon signed rank sum test.” 
The value of alpha was fixed at 0.05. If significance value 
P < 0.05, then we can say that there is significant difference 
between the mean value of two groups at 95% confidence level 
(mark as*) and if P < 0.01, in that case, the significance level 

will be 99% (mark as**); otherwise (P > 0.05), mean difference 
is considered as nonsignificant (without star). The statistical 
analysis was completed by means of statistical package for social 
sciences Version 19.0 (IBM, USA) statistical analysis software. 
The values were denoted as numbers (%) and mean ± SD.

RESULTS

The study included 30 patients 22 males and 8 females of 
Asian-Indian origin with an average age of 30–64 years. 
With the exception of the presence of severe, generalized 
periodontitis, all individuals were medically healthy. The 
patients remained healthy and stable during the study period 
with no changes in their lifestyles such as diet, physical activity, 
habit, and medication.

Periodontal parameters [Table 1]
The mean baseline plaque score (PI) was 2.4 ± 0.32, and the 
gingival score (GI) was 1.93 ± 0.35 which showed marked 
improvement 1 month later – PI (1.14 ± 0.16) and GI (1.03 ± 0.07) 
(P < 0.0001, paired t-test) [Graph 1]. The PPD reduced from 
4.49 ± 0.65 to 3.02 ± 0.8 and CAL improved from 5.94 ± 0.88 
to 4.36 ± 0.9 (P < 0.0001, paired t-test) [Graph 2]. The patients 
had at least six teeth in each quadrant, and an average of 2 ± 1 
tooth was extracted on the day of intense periodontal therapy.

Serological parameters [Table 2]
Substantial variations in concentrations of CRP were observed 
over baseline, and 1, 7, and 30 days post-therapy ([P < 0.001**], 
Friedman ANOVA). From baseline levels of 1.17 ± 0.96 mg/l, 
there was a significant increase in the value on day 1 Wilcoxon 
signed rank test. CRP levels stayed notably higher compared 
to baseline at 1-week interval (2.12 ± 2.08 mg/l) and decreased 
below baseline value 1 month (0.89 ± 0.9) after therapy [Graph 3].

Hematological parameters [Table 2]: Initial variations 
such as the increase in total leukocyte count (TLC) was 
observed [Graph 4]. On day 1, there was a slight increase in 
the TLC numbers (P = 0.012*), a significant increase in the 
neutrophil numbers (P < 0.001**) and monocyte numbers 
(P < 0.001**) whereas a decrease was seen in the lymphocyte 
numbers (P < 0.001**) along with the eosinophil count 
(P = 0.001**). The total values of TLC and individual leukocyte 
count settled well below the baseline level at the end of 1 month 
(P < 0.0001, Wilcoxon signed rank sum test) [Graph 5].

The erythrocyte numbers and hematocrit levels also showed 
variations. There is a slight increase in the total number of 
red blood cell (RBC) [Graph 6] along with the values of RBC 
indices of packed cell volume (PCV), hemoglobin (Hb), mean 
corpuscular Hb (MCH), mean corpuscular volume (MCV), 

Figure 1: Preoperative and postoperative clinical picture

Table 1: Periodontal Parameters Pre and Post Treatment
Baseline 1 month P

Plaque Index 2.24 1.14 <0.001**
Gingival Index 1.93 1.03 <0.001**
Probing Depth (mm) 4.4903 3.024 <0.001**
Clinical Attachment Level (mm) 5.9406 4.3629 <0.001**

Values expressed as means +/‑ SD, **P<0.001, Paired –t Test. 
** highly significant

[Downloaded free from http://www.jisponline.com on Tuesday, June 14, 2022, IP: 244.247.175.45]



Luthra, et al.: Effect of Phase I therapy on human inflammatory response

528 Journal of Indian Society of Periodontology - Volume 23, Issue 6, November-December 2019

Figure 2: Armamentarium

Figure 3: (a) Blood draw, (b) Blood separated for haemetological and serological analysis, (c) Cetrifiguation for serum separation, (d) Serum separated, (e, f, g) Reagents 
1&2 for CRP analysis mixed in tube, (h, i) Serum aspirated and added to reagent mix, (j) Sample loaded for CRP analysis, (k) CRP levels displayed as graph and values on 

machine display, (l) Automated Haematology analyzer. (m) Haemetological counts displayed on analyzer
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MCH concentration (MCHC) on day 1 (P < 0.001**), 
followed by a significant drop by 1 week (P < 0.001**), and 
settling significantly above the baseline levels by 1 month 
(P = 0.003**/P < 0.001**) [Graph 7].

There is a slight decrease in the platelet count (PLT) on 
day 1 (P < 0.001**), followed by a slight rise by 1 week 
(P = 0.145 [ns]) and settling below the baseline levels by 
1 month (P < 0.001**) [Graph 8].

DISCUSSION

The current study was conducted to assess the consequence 
of a single session intensive periodontal treatment regimen 

in chronic periodontitis patients on the clinical, biochemical, 
and hematological parameters subsequent to nonsurgical 
periodontal therapy.[7]

The reduction in plaque scores can be attributed to good 
plaque control and maintenance of oral hygiene, which in turn 
resulted in the reduced gingival score.[13,14] The reduction in 
the PPD and improvements in CALs can be attributed to the 
diminished size of inflammatory component following intense 
periodontal therapy.[15-17]

CRP levels rose to about 10 times by 1 day and settled 
below baseline levels 30 days post-therapy. All these intense 
fluctuations obeyed the definitive pattern of the classic 
acute-phase marker escalating during 24 h and a declining 
subsequently. This pattern possibly coordinates with the rising 
and declining IL-6 concentration which is one of the main 
promoters of CRP production.[1,6,7,18,19]

Alterations in differential values of leukocyte were detected 1-day 
posttherapy. A substantial decrease in the neutrophil and monocyte 
counts was observed, while the lymphocytes and eosinophils 
increased slightly by 1 month. The granulocytes and platelets could 
be considered as the “positive” acute-phase reactants, whereas the 
red cells would be the “negative” reactants.[9,10]

The earliest changes observed in the TLC values during the 
first 24 h may well be related to the activation of TNF and 
IL-1, which are stated to stimulate the discharge of granulocyte 
monocyte colony-stimulating factor (GM-CSF) and/or 

Graph 4: Total leukocyte count

Graph 2: Probing depth and clinical attachment level

Graph 3: C‑reactive protein levels

Table 2: CRP values and Blood Counts Before and After 
Periodontal Therapy
Blood 
parameter

Baseline 1 Day 1 Week 1 Month P

CRP (mg/l) 1.17 7.18 2.12 0.89 <0.001**
TLC (109/l) 7353.33 7376.67 7016.67 6666.67 <0.001**
L (109/l) 30.90 25.90 30.03 33.80 0.001**
N (109/l) 63.63 68.33 64.70 60.97 <0.001**
M (109/l) 3.10 3.60 2.50 2.63 0.315(ns)
E (109/l) 2.97 2.03 1.83 2.07 <0.001**
RBC (1012/l) 4.65 4.74 4.42 4.91 <0.001**
PLT (109/l) 2.44 2.33 2.38 2.14 <0.001**

CRP – C-reactive protein; E – eosinophils; L – lymphocytes; M – monocytes; 
N – neutrophils; PLT – platelets; RBC – red cell count; TLC – total leukocyte 
count. Friedman ANOVA *P<0.05, **P<0.01 Wilcoxon post-hoc rank-sum 
paired test vs. baseline

Graph 1: Plaque index and gingival index
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granulocyte CSF (G-CSF). These factors are discharged from a 
variety of cells such as endothelial cells, peritoneal mesothelial 
and endothelial cells, fibroblasts, T‑lymphocytes, cultured 
marrow stromal cells, and monocytes. Augmented production 
of GM-CSF and G-CSF results in myeloid hyperplasia inside the 
bone marrow and persistent upsurge in neutrophil production 
and also increase in the number of monocytes.[9,10]

Granulocytosis is commonly a primary and persistent 
outcome in situations accompanying with the acute-phase 
response. Endogenous glucocorticoids formed initially 
through the acute-phase response cause leukocytosis using 
this mechanism. Granulopoiesis and granulocytosis also 
contribute to the transient rise in TLC numbers. Hence, it can 
safely be assumed that our individuals also would be showing 
increased number of leukocytes at the baseline level which is 
in accordance to the phenomenon known as “dose response” 
that is an upsurge in the peripheral numbers of white blood 
cells (primarily neutrophils) which is directly proportional to 
the amount of bacteremia present.[7,9-11,20,21] The TLC number 
was found to reduce significantly after 1‑month interval.[7,11] 

In an acute inflammatory response, the amount of circulating 
monocytes rises, and their production is controlled by humoral 
factor - factor increasing monocytopoiesis (FIM).[21,22] FIM is 
produced and released by macrophages. It is a monokine that 
acts as a long-range controller to beckon the bone marrow to 
produced additional monocytes during an acute demand for 
more monocytes and macrophages.[23]

There was a decrease in RBC counts along with the indices 
of PCV, Hb, MCV, and MCHC levels, indicating a transient 
mild normocytic, anemia, which resolved and the RBC 
counts and associated indices improved by 1 month. 
Anemia of chronic disease (ACD),[24-27] also termed anemia of 
inflammation (AI),[28] is portrayed by hypoferremia as a result 
of iron sequestration that ultimately causes iron-restricted 
erythropoiesis. Chronic periodontitis patients already show 
signs of ACD as compared to healthy controls.[29,30] The cytokine 
stimulated overproduction of the iron-regulatory hormone 
hepcidin results in iron sequestration. Hepcidin is produced 
by hepatocytes which perform a crucial part in regulating the 
iron balance and transport. IL‑6, which is a pro‑inflammatory 
cytokine, is a predominant inducer of hepcidin. The action 
of hepcidin is via binding with the cellular iron efflux 
channel ferroportin and provoking its internalization and 
degradation.[28] Hepcidin levels greatly increase within hours 
after an inflammatory stimulus, followed by the development 
of hypoferremia.[28] Hypoferremia curbs the iron supply for 
Hb synthesis, ultimately causing anemia. Cytokines and cells 
of the reticuloendothelial system alter the iron homeostasis, 
decrease erythropoietin (EPo) production and multiplication 
of erythroid progenitors, thus shortening the life span of red 
cell. In ordinary physiological circumstances, levels of EPo are 
inversely interconnected to Hb levels and tissue oxygenation. 
However, in conditions of chronic inflammation, the EPo 
reaction is dulled, resulting in insufficient levels of EPo for 
the amount of anemia, and this is believed to be facilitated 
via inflammatory cytokines such as (TNF‑α) and IL-1.[27] The 
proliferation and differentiation of erythroid progenitor cells is 

Graph 6: Red blood cell count

Graph 5: Differential leukocyte count
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Graph 8: Platelet count

Graph 7: Red blood cell indices’ levels. RBC – Red blood cells, Hb – Haemoglobin, PCV – Packed cell volume, MCV – Mean corpuscular volume,  
MCHC – Mean corpuscular haemoglobin concentration

reduced in ACD.[11] The erythrocytes are typically normocytic 
and normochromic but can appear slightly hypochromic and 
microcytic, particularly in AI of long period or in children, 
who consume extra iron for growth. In these situations, there 
is development of hypochromia and microcytosis, apparently 
since iron restriction becomes more severe with progressively 
depleting iron stores.[9]

The drop in RBC numbers and related RBC indices at 1 week 
can be explained that following acute inflammatory stimuli as 
in postprocedural distress, anemia results with the features of a 
functional iron deficiency.[7,31,32] This well‑defined swing of iron 
from erythropoiesis and circulation to the reticuloendothelial 
system may characterize the pathogenetic mechanism.[26]  IL-6 
induced increased hepcidin production leads to the development 
of transient normocytic normochromic anemia.[7] The rise in 
the RBC numbers by 1-month duration is presumably due to 
inflammation resolution, as the differentiation and proliferation 

of erythroid progenitor cells is abridged due to inhibitory 
effects of inflammatory cytokines. The reduction in the levels 
of IL-6 by the end of 1 month results in the reversal of hepcidin 
secretion also resulting in improved RBC counts.[7]

The total number of platelets also showed a significant reduction 
by 1-month duration as compared to baseline. Thrombocytosis 
is normally appreciated in disorders associated with generation 
of the acute-phase response, such as acute and chronic 
infections, rheumatic diseases, and malignancy. The PLT is 
usually well beyond normal parameters but <1 × 109/l, and 
in this, backdrop thrombocytosis is asymptomatic minus any 
complications of thrombosis or hemorrhage. Thrombocytosis 
can be primary and secondary. Primary thrombocytosis, or 
essential thrombocythemia, is a malady in which increase in 
platelets results due to abnormal cells in the bone marrow. The 
source is unidentified. Secondary (reactive) thrombocytosis 
is triggered by other illnesses of the patient such as anemia 
due to iron deficiency, inflammation or infection, surgery and 
cancer.[9,10]

There is mounting proof that the augmented platelet production 
is facilitated by the cytokines accompanying the acute-phase 
response.[9,10,33-37]  Evidence suggests that the cytokines 
assumed to contribute in inflammatory events including IL‑1, 
IL-6, TNFα, TGF-β, and IL-11 can impact megakaryocyte 
proliferation, differentiation and numbers.[9,10,33-37] Thus, the 
already present chronic periodontal infection resulting in 
increased pro‑inflammatory cytokine production and ACD 
cause the increase in circulating thrombocyte numbers which 
finally reduce when the chronic infection and latent anemia 
is treated.

Chronic periodontitis is accompanied with anemia and 
possibility of cardiovascular ailment. The low levels of RBC and 
its associated parameters, high levels of leukocytes, platelets, 
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and CRP at baseline are indicative of the bacterial etiology 
of periodontitis. Proficient mechanical debridement (Phase I 
therapy) results in a significant improvement in periodontal 
health as was evident from the improved clinical parameters. 
There was a substantial decline in the serum CRP level 
at 1-month interval which is an important cardiovascular 
risk marker. Timely management of chronic periodontitis 
could be one of the important aspects in the prevention of 
adverse systemic implication like cardiovascular events. 
The noteworthy reduction in TLC, neutrophils, and platelets 
thus improves blood rheology thereby decreasing the risk 
for thromboembolic events. The marked improvement in AI 
associated with chronic periodontal disease is also evident by 
the improved RBC count and associated indices by the end 
of 1 month. The major changes in all these values following 
nonsurgical periodontal therapy indicate resolution of 
inflammation.

CONCLUSION

Based on these outcomes, it can be summarized that intense 
periodontal mechanotherapy (Phase I) stimulates an acute 
systemic inflammatory reaction. Since the witnessed 
acute systemic inflammatory response appears to share 
numerous biochemical and hematological characters of the 
well-documented vaccination, endotoxin, and strenuous 
exercise models, which also are known to induce such acute 
systemic inflammatory response, intensive mechanotherapy 
done in Phase I periodontal treatment may represent a nontoxic, 
noninvasive, nonpharmacological stimulated model to study 
acute inflammation in humans as compared to the erstwhile 
recognized models (such as the endotoxin test) which may be 
unfeasible or unscrupulous. Further research encompassing 
a bigger sample size can be used to establish these findings. 
However, owing to the dearth of interpretations in the initial 
posttherapy hours, this study falls short in offering direct 
evidence during the peak inflammatory response generated 
postperiodontal therapy. Additional studies focusing on the 
immediate inflammatory responses (during the initial 6–8 h) 
are desired.
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Abstract  
The teeth present at birth or within the first month are termed natal and neonatal teeth respectively. In the present case the parents of a 20-
day old boy reported with swelling in the mandibular anterior region, associated with abscess which was subsequently drained and later on 
a neonatal tooth erupted in this region which was extracted. Natal and neonatal teeth although rare may be seen associated with 
pathologies; the management of which should be done after careful observation and examination. This paper represents a case report and 
the importance of knowledge among pediatric dentists related to natal/neonatal teeth. 
 
Keywords: Abscess, Case management, Infant care, Neonatal tooth, Oral health. 

Introduction 
The teeth existent at the time of birth are natal teeth whereas 
those that erupt within one month of birth are neonatal teeth. 
The incidence of neonatal and natal teeth ranges from 
1:2000 to 1:3500.1 The natal teeth are more frequently seen 
than the neonatal teeth with the ratio 3:1.2 These are most 
commonly seen in mandibular central incisor region 
followed by maxillary incisors.3 

Natal and neonatal teeth are accompanied by various 
difficulties such as discomfort on suckling and refusal to 
feed.4 The most commonly associated complication of the 
natal teeth is traumatic ulceration seen on ventral surface of 
tongue or lip and is known as Riga Fede disease. 

The natal and neonatal teeth have variable shape and 
size from small, conical to normal primary teeth. 
Utmosttime they are small, loose, discolored and 
hypoplastic in nature.2 Most commonly, these teeth are 
primary teeth (90%-99%), only scarcely (1% to 10%) of 
neonatal and natal teeth are supernumerary.4 They are 
usually adhere to the oral mucosa in varying degrees 
depending on the root formation.5This leads to their 
mobility and is associated with high risk of swallowing/ 
aspiration.6 

 
Case Report 
Parents of a 20-day old baby boy reported to the department 
of Pedodontics and Preventive Dentistry, with the chief 
complaint of swelling on the lower jaw of their newborn 
baby, due to which he was unable to breastfeed. The parents 
gave the history that there was no pathology at the time of 
birth, the swelling had erupted only 3-4 days back. On intra-
oral examination, a soft, edematous, abscess was seen in the 
anterior mandibular region. The surface of the abscess 
appeared shiny, white and ready to drain (Fig. 1). After 
application of topical anesthesia, 2% Lignocaine with 
adrenaline was infiltrated locally, and the abscess was 
subsequently drained with the help of a sterilized probe. 
After draining, a hard tooth could be felt under this region. 
The patient was allowed to leave but recalled after 1 week. 

After 7 days, the patient reported back to the 
department and a tooth was found to have been erupted at 
the place of the abscess (Fig. 2a). This neonatal tooth had 
Grade III mobility, however, at this time there was no 
swelling associated with it. As risk of aspiration of such 
teeth is high, hence, a decision of extraction of the tooth was 
made.2% lignocaine with adrenaline was used for local 
infiltration after application of topical anesthesia and the 
tooth was extracted (Fig. 2b), post-operative hemostasis was 
achieved (Fig. 2c). There was no root formed seen in the 
extracted tooth (Fig. 2d). The socket was thoroughly 
currettaged to assure that no odontogenic remnants are left. 
The patient was kept on follow up and on subsequent visit, 
the arch was completely healed (Fig. 3). 

 

 
Fig. 1: Showing lower lingual swelling with gingival 
abscess 
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Fig. 2: (a): Neonatal teeth seen in the anterior mandibular 
region; (b): Extraction of the neonatal teeth; (c): Post-
operative homeostasis achieved; (d): Extracted neonatal 
teeth 
 

 
Fig. 3: 1 month postoperative  

 
Discussion 
The presence of neonatal and natal teeth in the oral cavity of 
a neonate requires certain fundamental considerations to be 
followed. It is difficult to ascertain whether the tooth/ teeth 
in consideration is a prematurely erupted primary tooth or a 
supernumerary. The mobility of the teeth, root formation 
and the current age of the child are few of the factors that 
are looked upon while deciding whether to extract the teeth 
or not.3 If the teeth are not mobile then retention of the teeth 
in the oral cavity is the primary treatment so as to avoid the 
future space problems, and esthetic concerns. Extraction of 
such teeth is indicated only in cases of hypermobility which 
is more than 1mm and with high chances of aspiration.2 
Another reason to extract such teeth is to alleviate the 
feeding difficulties and to prevent from ulcerating 
conditions like Riga Fede disease.7 Till date there is no exact 
etiology found for this condition, however, its relation with 
certain factors like nutritional deficiency, endocrine 
disturbances and environmental factors like polychlorinated 
biphenyls (PCBs), dibenzofurans (PCDFs), and heredity are 
seen.2 In the current case, the child was born full term by 

caesarian delivery and was not related with any underlying 
abnormal medical history . 

At times, the neonatal/ natal teeth can be left non- 
extracted, if they are not associated with any pathological 
findings and do not interfere with the feeding. In such a 
case, the incisal edges of the teeth shall be smoothened to 
aid in proper feeding and avoid the injury to maternal 
breasts and infant’s tongue.8 The use of feeding splint for 
such condition was first advocated by Bjuggren.9 Another 
modality is covering of the incisal portion of the tooth with 
composite resin material.10 

 
Conclusion 
Neonatal teeth may at times be associated with other 
pathologic lesions. Careful examination, diagnosis and 
management of these teeth is important for the pediatric 
dentists as although the incidence is low, yet, when 
encountered deserves appropriate care and attention. 
 
Clinical Significance 
Presence of natal or neonatal teeth is alarming for the 
parents. A pediatric dentist should have knowledge about 
the presenting illness and management strategies of these 
teeth. 
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Abstract 

Aim: To comparatively evaluate microleakage and shear 

bond strength of Cention N(ivoclar vivadent), Nano- filled 

composite(3M Corp., Minnesota, USA) and Ketac 

molar(3M Corp., Minnesota, USA) in primary molar 

teeth.    

Materials and Methods: Sixty extracted primary molars 

were randomly divided into 3 groups(n = 20) based on the 

restorative material used. Each group was subdivided into 

2 for checking microleakage (A) and shear bond strength 

(B). After procuring sound primary molars, class V 

cavities were prepared on the buccal surface and were 

subjected to thermocycling after restoration. Thirty 

samples were stained with 0.1% Methylene blue for 

24hours to evaluate dye penetration for microleakage 

under stereomicroscope and thirty samples were prepared 

to determine shear bond strength using Zwick Universal 

testing Machine. Results were analyzed statistically.  

Results: Group 3A (Cention N) showed least 

microleakage whereas Group 2A (Nano- filled composite) 

and Group 1A (Ketac molar) exhibited similar scores and 

values were statistically significant (p=0.005). Of all 

groups tested, Cention N (3B) showed highest shear bond 

strength (p=0.0001).  

Conclusion: Cention N has least microleakage and 

highest shear bond strength when compared to Nano- 

filled composite and Ketac molar and can be 

recommended for use in primary dentition.  

Keywords: Dental leakage, glass ionomer cements, nano 

composites and shear strength  

Introduction 

Restoration of primary teeth is challenging due to their 

morphology, thin enamel walls, greater incidence of 

proximal and cervical caries along with associated factors 

such as lack of child cooperation, etc. The use of glass 

ionomer cement for primary teeth restorations is widely 

accepted due to its benefit of easier handling 
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characteristics, chemical bonding to tooth, fluoride release 

and cost effectiveness.[1]However, application of this 

material in moisture sensitive areas, proximal lesions and 

anterior cervical lesions has shown to have potential for 

microleakage and due to their low mechanical strength, 

the restorations are not durable. [2, 3] 

Ketac molar is a modification of GIC, having improved 

mechanical properties, packable consistency and greater 

radiopacity. It has a higher powder acidity that leads to 

greater concentration of acid in the cement, resulting in 

increased cross-reaction and improved mechanical values 

without affecting initial viscosity. Arribas and Nagano 

stated that Ketac molar shows lesser solubility than other 

comparable cements.[4] 

Composites and their corresponding dentin bonding 

systems have become popular alternatives for restorative 

materials as they exhibit low viscosity, good esthetic 

properties and better marginal sealing. [2]Polymerisation 

shrinkage is a drawback of composite resin which results 

in marginal discrepancy causing microleakage. This often 

leads to post- operative sensitivity, marginal discoloration 

and secondary caries.[3, 5] Therefore, in order to reduce this 

shrinkage Nano- filled composites which constitute of 

nanofiller technology were introduced.  

Recently there have been numerous advancements in 

restorative materials and Cention N is one of them. It is a 

resin-based, alkasite, where alkasite refers to filling 

material, which like compomer or ormocer materials, is a 

subgroup of composite materials. It utilizes alkaline filler 

capable of releasing acid-neutralizing ions. Cention-N is 

available as powder and liquid of which liquid has 

dimethacrylates and initiators and powder is composed of 

various glass fillers, initiators and pigments. This is a self-

cure filling material with the option of light curing and is 

stated to be useful for bulk placement in class I, II and V 

restorations. In primary teeth, it can be used with or 

without adhesive, depending upon the retentive nature of 

the cavity preparation.[3] 

Thus, the present study was conducted with the aim to 

compare the microleakage and shear bond strength of 

Cention N with Ketac molar and Nano- filled composite 

resin in class V cavities of primary molars. 

Materials & Method 

1.1 Ethical clearance for this in vitro study was obtained 

from the ethical committee of the Institute of Dental 

Studies and Technologies, Ghaziabad.  

1.2 Distribution of samples 

Sixty primary molars, having no caries, or white spot 

lesion and intact crown structure, indicated for extraction 

or exfoliated, were collected and randomly assigned in 3 

groups on the basis of the restorative material used.  

 
For evaluation of Microleakage 

Preparation of samples 

• After procuring the teeth, class V cavities measuring 5 

millimetres in length (mesio-distally), 2 millimetres in 

width (occluso-gingivally), and 1.5 millimetres in 

depth were prepared on buccal surfaces of the teeth.  

• Restoration of cavities: 

• For Group 1A, the powder and liquid of Ketac molar 

were mixed in a ratio of 3:1. The mixed material was 

loaded onto the plastic filling instrument and 

condensed into the cavity. The excess cement was 

removed and a layer of petroleum jelly was applied 

over the set restoration. 
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• For Group 2 A, the cavity was cleaned and etched for 

thirty seconds, washed and dried followed by 

application of bonding agent on enamel and dentin 

which was cured for twenty seconds. The cavity was 

restored with Filtek Z250 XT composite and light 

cured for forty seconds.  

• For Group 3A, after cleaning, the cavity was etched 

for thirty seconds followed by washing, drying and 

application of bonding agent which was cured for 

twenty seconds. The powder and liquid of Cention N 

were mixed on the mixing pad in the ratio of 1:1. The 

cement was loaded onto the spatula and the cavity was 

restored. Excess cement was removed. Finally, the 

cement was light cured for forty seconds. 

• The sample of 30 teeth was labeled according to the 

groups and subjected to thermocycling for 250 cycles 

between 5°C and 55°C with a dwell time of thirty 

seconds and three seconds transfer time between 

beakers in a controlled water bath using a thermostat.  

To evaluate dye penetration under stereomicroscope  

• The entire crown structure was coated with two layers 

of nail varnish, leaving the restored cavity and a 1 

millimetre window around the cavity margins. Root 

apices were sealed with sticky wax and samples were 

kept in a solution of 0.1% Methylene blue for 24 

hours for staining. 

• After removal of the samples from the dye solution, 

the surface was rinsed in water and nail varnish was 

removed with a BP blade.  

• The teeth were sectioned longitudinally in a 

buccolingual direction through the centre of the 

restorations using a water cooled low speed diamond 

disc. 

• Dye penetration in the samples was studied under the 

stereomicroscope and scoring was done accordingly.  

 

Scoring criteria used for dye penetration (by khera & 

Chan)[6] 

0 = No dye penetration.  

1 = Dye penetrating is to the lesser than and up to one half 

of the depth of the prepared cavity. 

2 = Dye penetrating is to more than one-half of the depth 

of the prepared cavity but not up to the junction of the 

axial and occlusal or gingival wall.  

3 = Dye penetrating up to the junction of the axial and 

occlusal or gingival wall but not including the axial wall.  

4 = Dye penetration including the axial wall. 

Determination of shear bond strength  

Sample preparation 

• Thirty primary molars were used to determine shear 

bond strength. The teeth were sectioned bucco- 

lingually and embedded in an acrylic block. The 

buccal surface of the molars was roughened with grit 

wet silicon carbide paper and rinsed and dried.  

•  The prepared teeth were divided in 3 equal groups 

and a layer of restorative material was placed on the 

roughened surface of the primary molars according to 

the groups 1B, 2B and 3B.    

• The prepared samples were placed in distilled water 

bath at 37°C for 24 hours. The specimens were then 

subjected to thermocycling for 250 cycles between 

5°C and 55°C with a dwell time of thirty seconds and 

three seconds transfer time between beakers in a 

controlled water bath using a thermostat.  

• Using the Zwick Universal testing Machine these 

samples were tested at crosshead speed of 5 

millimetre/ minute with 110 kilogram load cell until 

fracture.  

Statistical Analysis: One-way ANOVA with post hoc 

Bonferroni tests were used for statistical analysis for 

microleakage and shear bond strength in which the P = 

0.05 was considered as statistically significant level.  
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Results 

Microleakage Analysis 

Out of the 30 samples examined for microleakage, 

Cention N had the least mean microleakage values (1.10+ 

0.31) as compared to Ketac molar and Nano- filled 

composites, both of which had similar microleakage ( 

table 1). The difference between the groups was 

statistically significant with the p value of 0.011. [refer 

Table 3] 

Shear Bond Strength (SBS) Analysis 

The result of this study showed that Cention N has the 

highest SBS (718.24 MPa) when compared to other 

restorative materials. The results indicate that the teeth 

restored with Ketac molar (421.50 MPa) exhibited inferior 

numerical values of SBS in relation to the groups restored 

with Nano- filled composites (516.62 MPa). [refer Table 

2] 

The mean SBS values of all groups revealed that there was 

a significant difference between Ketac molar and Cention 

N at p> 0.0001. No significant difference existed in mean 

SBS values between Ketac molar and composite (p= 

0.041).Whereas Cention N and composite exhibited 

significant difference in SBS values (p= 0.0001). [refer 

Table 3] 

Discussion  

Microleakage 

The effects of bacterial leakage upon the dental tissues are 

well documented. The main causes of microleakage are 

poor adaptation between the restorative material and tooth 

structure, volume changes of the material and low wear 

resistance of the material. [7]For long term success of a 

restoration it is imperative to reduce its microleakage. 

In the present study, Cention N had been investigated to 

determine whether its properties are better than other 

currently used materials for pediatric patients. Class V 

cavity was chosen in this study due to its complex 

morphology.  

According to the results of present study, Cention N 

showed the least microleakage [refer Table 1, Figure 3] 

compared to Nano- filled composite and Ketac molar. It 

has been stated that Cention N exhibits a high polymer 

network density which enables polymerization over the 

complete depth of restoration.[5] The patented isofiller acts 

as a shrinkage stress reliever and the cross linking 

methacrylate monomers along with stable self-cure 

initiators helps in minimizing microleakage in Cention 

N.[3]These properties enable this material to adapt well to 

tooth surface leading to less microleakage. [5] 

The results of the present study were in accordance to the 

study conducted by Samanta et al who compared 

microleakage in class V cavities filled with Flowable 

Composite resin, Glass ionomer cement and Cention N. [5]  

Nano- filled composites exhibit lesser polymerization 

shrinkage as compared to other composite resins. They 

constitute of nanofiller technology and long term studies 

have reported good clinical efficiency in all its parameters. 

In a study by Dodiya P et al they found Cention N to be 

as effective as Tetric N Ceram (Nano- filled composite) in 

terms of gross fracture and marginal integrity till 6 

months.[8]  

Shear Bond Strength 

Durability of a restoration is related to the adhesiveness of 

the restorative material to the tooth structure. Shear bond 

strength (SBS) is resistance to forces that lead to sliding 

fracture of the restoration. As proximal caries is frequently 

restored in primary teeth, there is a need for a restorative 

material to have adequate strength, wear resistance and 

easy placement with good adhesion to tooth structure so 

that longevity of the restorations can be ensured. [1] 

In the present study, Cention N exhibited the highest shear 

bond strength followed by Nano- filled composite and 



 Dr. Nidhi Agarwal,  et al. International Journal of Dental Science and Innovative Research (IJDSIR) 
 

 
© 2019  IJDSIR, All Rights Reserved 
 
                                

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

Pa
ge

71
4 

  

Ketac Molar [refer Table 2]. The presence of an Isofiller, 

high polymer network density, high flexural strength 

(110MPa) and degree of polymerisation over complete 

restoration depth makes Cention N a more suitable 

alternative for primary teeth restoration. [5] 

In a study by Mazumdar et al, Cention N was also found 

to have a better bond strength as compared to Nano hybrid 

composite.[9]On the contrary in a study by Feiz et al the 

microtensile bond strength in primary teeth dentin , 

Giomer showed better results than Cention N, RMGI and 

Zirconomer.[10] 

Nano- filled composites are formulated with nanomer and 

nanocluster filler particles. This reduces the filler particles 

spacing and increase filler volume, for better strength and 

improved retention. [11] 

In the present study, Ketac molar showed the lowest shear 

bond strength value as compared to Cention N and 

Nanofilled composite.  

In a study by Murthy et al the shear bond strength (SBS) 

of Ketac Molar, Miracle Mix and Amalgomer CR in 

primary teeth was evaluated where Ketac Molar showed 

lowest SBS (4.84MPa) though its microleakage was 

better. [1] 

The present study is the first study to test both 

microleakage and shear bond strength of Cention N in 

class V cavities in primary molars.  

Conclusion 

Within the limitations of the study design, Cention N is 

better than Ketac Molar and Nano- filled composite both 

in terms of microleakage and shear bond strength.  
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Legends Figure and Table 

Table 1: Table showing the extent of microleakage in the samples 

Groups Samples Microleakage Scores Mean ± SD 

  Score 0 Score 1 Score 2 Score 3 Score 4  

1A 10 0 0 4(40%) 4(40%) 2(20%) 2.80± 0.84 

2A 10 0 0 4(40%) 4(40%) 2(20%) 2.80± 0.84 

3A 10 2(20%) 6(60%) 2(20%) 0 0 1.10± 0.71 

ANOVA   F= 8.526; p= 0.005, Significant 

Table 2: Mean shear bond strength of the groups in MPa 

Groups Number of samples Mean score S.D. 

1B 10       421.50 71.46 

2B 10 516.62 51.46 

3B 10 718.24 20.34 

ANOVA F=8.526, p=0.0001, Significant 

Table 3: Intergroup comparisons of microleakage and shear bond strength using post hoc Bonferroni 

(I)Group (J) Group Mean Difference (I-J) Significance 

Microleakage* 

1A 2A 0.00 1.00 

 3A 1.80 0.011* 

2A 3A 1.80 0.011* 

Shear Bond Strength* 

1B 2B 95.12 0.041 

 3B -201.62 0.0001* 

2B 3B -296.74 0.0001* 

*The mean difference is significant at 0.05 level 
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Figure 1: showing dye penetration score 3 

Figure 2: showing dye penetration score 4 
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Figure 3: showing dye penetration score 1 
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Abstract 

Objectives: To use zirconomer in adjunction with Ketac 

molar, varnish and conditioning of teeth, in order to 

evaluate and compare their effect on the microleakage. 

 Methods and materials: Class V cavities were prepared 

on the buccal surface of 60 non- carious primary molars 

and were divided into four groups (n=15): group A-

zirconomer Improved (control group), group B-

zirconomer Improved with GIC, group C-zirconomer 

Improved with varnish, group D-zirconomer improved 

with 35% phosphoric acid conditioning. The samples were 

thermocycled and after application of nail varnish, were 

immersed in 0.5% methylene blue for 24 hours. The teeth 

were sectioned buccolingualy and microleakage was 

assessed using stereomicroscope. The degree of dye 

penetration was recorded and analysed with ANOVA and 

Post Hoc Bonferroni test. 

Results: The mean score of microleakage was highest for 

the control group, and lowest for Group D. Difference 

between the four groups was statistically significant 

(p=0.001).When group A was compared with group B, 

difference was insignificant but there was significant 

difference between group A and C and Group A and D. 

Conclusion: Within the limitations of the study, the 

results suggest that conditioning of the surface with 35% 

phosphoric acid before placement of zirconomer can 

reduce the microleakage significantly resulting in an ideal 

restorative material for primary teeth. 

Keywords: Zirconomer Improved, microleakage, 

conditioning 

Introduction  

Glass ionomer cement has always been the preferred 

material for restoration of primary teeth since its 

introduction in 1972 by Wilson and Kent. However, the 

conventional glass ionomer cement is not free from 

disadvantages like delayed setting, low strength and poor 

aesthetics [1]. The quest for an ideal restorative material 

for primary teeth lead to several modifications in glass 



 Dr. Sampanna Kalita, et al. International Journal of Dental Science and Innovative Research (IJDSIR) 
 

 
© 2019  IJDSIR, All Rights Reserved 
 
                                

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

Pa
ge

68
7 

  

ionomer cements, Zirconomer and Zirconomer 

Improved(white amalgams) being the recent ones. 

Zirconomer is zirconia reinforced glass ionomer cement 

which exhibits strength consistent with amalgam and 

maintains fluoride release like GIC. It consists of a 

powder and a liquid. The powder consists of Baddeleyite 

(ZrO2) which contains 96.5% - 98% zirconia and the 

liquid contains tartaric acid (1-10%), polyacrylic acid (20-

50%), and deionized water. It is said to be an ideal 

restorative material for Class I and II cavities, core build-

up under indirect restorations, root surfaces where 

overdentures rest, paediatric and geriatric restorations [2]. 

Zirconomer has striking mechanical properties with 

eminent edge strength, excellent marginal adaptation and 

resistance to abrasion and erosion, sustained fluoride 

release, and durability of silver amalgam without the 

hazards of mercury. Zirconomer improved is formulated 

with zirconia nano fillers which give better translucency 

than zirconomer for more natural colour [2]. 

However, high microleakage has been reported with 

zirconomer due to which its use in permanent restorations 

has been low [3-6]. Microleakage of restorations can be 

reduced by introducing changes in techniques of 

application which improve the bonding of the restorative 

material with the tooth or sealing the microgaps that are 

present between the restoration tooth interface.  

Thus, the present study was conducted with the aim to 

find a suitable technique of Zirconomer placement in 

primary teeth which would reduce the microleakage. 

Materials and method 

Sample size determination was done based on previous 

literature. This in vitro study was carried out in 60 freshly 

extracted primary molars having a sound coronal surface 

(no white spot / cavitations). Ethical clearance was 

obtained from the institutional ethical committee. Class V 

cavities measuring 4 mm in length, 2 mm in width, and 2 

mm in depth were prepared on the buccal surface of each 

tooth with no.012 and 010 round and cylindrical diamond 

burs. They were randomly divided into four groups 

containing 15 teeth each. 

Group A- control group- Zirconomer Improved (n=15)  

Group B- Zirconomer Improved with GIC (n=15) 

Group C-Zirconomer Improved with Varnish (n=15) 

Group D- Zirconomer Improved with conditioning (n=15)                                            

For group A, the class V cavities were restored with 

Zirconomer Improved (Shofu Inc) alone which was the 

control group. The powder liquid ratio was maintained 

according to manufacturer’s instructions. A layer of 

petroleum jelly was applied after setting.  

For group B, two third of the cavity was restored with 

Zirconomer Improved and the occlusal one third was filled 

with ketac molar. A layer of petroleum jelly was applied 

on the surface of the completed restoration after setting.  

For group C, the cavity was restored with Zirconomer 

Improved and a layer of nano coat light cure varnish was 

applied over the set restoration.  

For group D, conditioning with 35% phosphoric acid was 

done after preparation of the class V cavity which was 

then restored with Zirconomer Improved followed by 

application of petroleum jelly over the restoration. 

All the samples were subjected to thermocycling for 250 

cycles at temperature of 5degrees, 37degrees and 

60degrees. The apices of the teeth were then sealed with 

acrylic resin and a layer of nail varnish was applied to the 

teeth leaving a window of 1mm around the cavities. All 

the samples were then immersed in methylene blue dye 

for 24 hours after which they were dried and sectioned 

buccolingualy. 

The prepared specimens were studied under 

stereomicroscope at a magnification of ×20 to measure the 

depth of the dye penetration on the occlusal and gingival 

walls of the cavity. 
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 The scoring was done as described by Khera and Chan 

[7]. 

0- No leakage 

1- Dye penetrating is to the lesser than and up to one half 

of the depth of the prepared cavity. 

2- Dye penetrating is to more than one-half of the depth of 

the prepared cavity but not up to the junction of the axial 

and occlusal or gingival wall. 

3-Dye penetrating up to the junction of the axial and 

occlusal or gingival wall but not including the axial wall 

4- Dye penetration including the axial wall. 

The statistical analysis was done with Anova test and Post 

hoc Bonferroni test. 

Results 

In Group A (control), more than half (60%) of the samples 

showed score 3 and 40% of the samples showed score 4 

[refer Figure 1] which indicates a very high microleakage. 

In Group B, 60% of the samples showed score 3 and 

remaining 40% samples showed score 4 and 2 equally. 

Only 20% of the samples in Group C scored 3 and 40% 

scored 1 [refer Figure 2]. Maximum score of 4 was not 

seen in any of the samples in Group C. This shows that a 

reduction in microleakage is present when zirconomer is 

modified with the application of ketac molar or varnish on 

the surface. Finally in Group D, 20% of the samples 

showed score 0, 60% showed score 1 and 20 % of the 

samples showed score 2 [refer Figure 3]. Scores 3 and 4 

were not obtained in any of the samples. Thus, 20% of 

samples in group D showed no dye penetration, hence no 

microleakage. 

 Less dye penetration, i.e., score 1, was seen in maximum 

samples of group D i.e. 60%. Highest dye penetration 

(score 4) was observed in 40% samples of group A as 

shown in table 1. Hence, highest microleakage was 

observed when zirconomer was used alone. Least 

microleakage was present in 20% of samples which were 

preconditioned with 35% phosphoric acid before 

placement of restoration. 

ANOVA test for all the groups showed mean score of 3.40 

+ 0.54 for Group A, mean score 3.00 + 0.71 for Group B. 

For Group C, a mean score of 1.40 + 0.54 was found 

whereas for Group D, mean 1.00 + 0.71 was found. The F 

value was found to be 17.33 with P=0.001 which is 

significant. [refer Table 1]. 

Post hoc Bonferroni test for the intergroup comparison 

showed a lack of statistically significant difference when 

group A(control) was compared with group B. However, 

there was a significant difference when group A was 

compared with C and D. [refer Table 2]. 

Discussion 

Microleakage can be defined as the clinically detectable 

passage of bacteria, molecules, fluids or ions between a 

cavity wall and restorative materials applied to it [4]. It is 

one of the most common reasons behind the long term 

failure of a restorative material in both primary and 

permanent teeth. Hence, reduction of microleakage is 

crucial for the restorative material to perform better.  

Zirconomer is zirconia reinforced glass ionomer cement 

which has all the properties required for primary teeth 

restoration. However, studies have provided enough 

evidence of its high microleakage [3-6]. 

The present in vitro study was done to assess the effect of 

different techniques of application of zirconomer on its 

microleakage property. Class V cavities were chosen for 

the study because of its complex morphology [8]. 

Thermocycling of the prepared teeth is a standard protocol 

done to mimic the variability in oral temperature and 

environment. The marginal leakage in restorations has 

been studied both clinically and in laboratories. Because 

of less number of clinical data, laboratory studies are a 

very well accepted method of screening and detecting 
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marginal leakage. In the present study the method of dye 

penetration with methylene blue was used.  

 In this study, maximum microleakage was seen in group 

A (control) where zirconomer was used alone, followed 

by group B and C and least microleakage was observed in 

group D. This reiterates the fact that zirconomer, when 

used alone, shows a very high microleakage as 40% of the 

samples had the score 4 and 60% of the samples had score 

3[refer Table 1].  

In group B, ketac molar was used to fill the occlusal one 

third of the cavity depth as it has been shown to have a 

low microleakage. Walia et al. compared the microleakage 

and compressive strength of Ketac molar, Giomer, 

Zirconomer and Ceram x, and found that the microleakage 

of Ketac molar was the least which was in accordance to 

another study done by Fracasso et al [9]. Chelation 

reaction with calcium on the tooth enamel or dentin has 

been stated to be the reason for better adhesion of ketac 

molar to the tooth surface [9]. But in the present study it 

did not significantly improve the overall microleakage 

however the depth of dye penetration reduced in 3 

samples which was not statistically significant.  

Conventional GIC are moisture sensitive restorative 

materials and its exposure to oral fluids after placement 

without surface protection disturbs the setting reaction 

[10-11]. In the present study, a layer of nano coat light 

cure varnish was applied over the restorations in group C. 

This group showed improved reduction in microleakage 

with 40% of the samples scoring 1 and 40% scoring 2. 

The improvement was statistically significant when 

compared with the control group. The use of surface 

coatings such as varnishes over GIC reduces the leaching 

of Ca and Al ions into the oral fluids. It also prevents the 

removal of superficial layer by saliva along with inhibition 

of its diffusion through pores, hence, increasing the 

adhesion of restorative material to the tooth surface [11]. 

An increase in the adhesion property of glass ionomer 

cement was noted by Powis et al after treating with 

polyacrylic acid, dodicin solution and tannic acid [12]. 

 Phosphoric acid in different concentrations is used as 

pretreatment options with GIC restorations. Conditioning 

of the tooth surface with 35% phosphoric acid improves 

the bonding of GIC and significantly boosts the 

microleakage as studied by Mazaheri et al. [13]. Using a 

conditioner removes the loose debris remaining after 

biomechanical preparation, and creates microporosities for 

greater interlocking by enhanced demineralization. 

According to Glasspoole et al the bond strength of 

RMGIC was increased by pretreatment with polyacrylic 

acid and 35% phosphoric acid. They proposed that resin 

tags into conditioned enamel may contribute to 

micromechanical component of bonding to enamel [14]. 

A decreased microleakage and close contact at the 

enamel/restoration interface has also been shown after the 

application of different conditioners in cavities filled by 

Fuji IX glass ionomer [15]. In this study, in group D 35% 

phosphoric acid was used for conditioning the tooth 

surface before the cavity was restored with zirconomer. 

This Group showed a statistically significant decrease in 

microleakage when compared with group A and B.  

Conclusion 

The use of 35% phosphoric acid as conditioner before 

placement of zirconomer can significantly improve its 

microleakage. Applying a surface coating such as varnish 

also reduces the microgaps which is better than using 

zirconomer alone. However a larger sample size and long 

term in vivo research is needed to establish this 

conclusively. 
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Legends Figure and Tables 

Table 1: Distribution of samples according to microleakage scores, mean and standard deviation 

Group Samples Microleakage scores Mean  S.D 

(standard deviation) 

  Score 0 Score 1 Score 2 Score 3 Score 4   

A 15 0 0 0 9 (60%) 6 (40%) 3.40 0.54 

B 15 0 0 3(20%) 9(60%) 3(20%) 3.00 0.71 

C 15 0 6(40%) 6(40%) 3 (20%) 0 1.40 0.54 

D 15 3 (20%) 9(60%) 3 (20%) 0 0 1.00 0.71 

ANOVA  F=17.33, p=0.001 ; significant 

Table 2: Intergroup comparison using Post hoc Bonferroni 

(I) GROUP (J) GROUP Mean Difference (I-J) Std. Error Sig. 

A B .400 .400 1.000 

 C 2.000(*) .400 .001 

 D 2.400(*) .400 .000 

B C 1.600(*) .400 .006 

 D 2.000(*) .400 .001 

C D .400 .400 1.000 

The mean difference is significant at the .05 level. 
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Figure 1: Group A showing dye penetration including the axial wall 

 
Figure 2: Group C showing dye penetration upto one half of the depth of prepared cavity. 
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Figure 3: Group D showing dye penetration to lesser than and up to one half of the depth of the prepared cavity 
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Oral Pathology

Introduction
Pyogenic granuloma (PG) is an inflammatory hyperplastic lesion, 

1,2describing a wide range of oral nodular growths.  It is a common non-
neoplastic lesion of the oral cavity, and was first described by Hullihen 

3in 1844.  Various terms have been proposed earlier for this lesion, but it 
was in 1904 that Hartzell gave the current term of Pyogenic Granuloma 

4or granuloma pyogenicum.  
 
It is a commonly occurring disorder of the skin but  is rarely seen in the 

5 gastrointestinal tract,  the oral cavity being an exception, with 
6keratinized mucosa being the most common site.  Various factors 

contribute to the development of oral PGs including chronic mild 
7,8 9 10irritation,  hormones,  trauma,  and certain drugs.   75% of the cases 

of Oral PGs are in the gingiva, precipitating factors mainly being local 
1 1i r r i t a n t s ,  p o o r  o r a l  h y g i e n e ,  ,  a n d  f o r e i g n  b o d i e s .  

This article presents a case report of a moderately sized Pyogenic 
granuloma in the marginal gingiva in a 23-years-old female patient and 
also will review the currently available literature relevant in particular 
to describe the concerned case.

Case-report
A 23-years-old female patient reported to the clinic with the chief 
complaint of a growth in her gums in the upper right front tooth region 
since 8 months. It initially began as a small growth in upper front jaw 
region which progressively increased to attain the present size. There 
was no pain until 1-month back, but since the growth increased in size, 
it further got associated with mild, intermittent non-radiating pain and 
bleeding on chewing food and pressing the swelling making it difficult 
for the patient to brush the teeth that area. Patient had also undergone 
excision for same 8 months back from some local doctor but the 
growth again reoccur after 3 days. Her medical and family histories 
were noncontributory, and general physical examination revealed no 
other abnormalities. There were no relevant abnormal findings extra 
orally, and there were no palpable regional lymph nodes. Intraoral 
examination revealed a fair oral hygiene. Soft tissue examination 
revealed a well-defined gingival growth in the 11, 12 teeth region 
extending on the labial aspect . The growth was reddish pink [Figure 1]
in color around 2 cm × 1.5 cm in size with an irregular and nodular 
surface . The growth was Soft in consistency non tender & [Figure 1]
compressible. Bleeding on provocation was present. No osseous bony 
involvement was felt. A provisional diagnosis of PG of the gingiva was 
given. Differential diagnosis of irritational fibroma Hemangioma, 
Peripheral Giant cell Granuloma, Peripheral Ossifying Fibroma and 
Lymphangioma were given. Hematological and biochemical 
investigations were all within normal limits. A surgical excisional 
biopsy was carried out, and the excised tissue specimen was sent for 
histopathological investigation [Figure 2]. The histopathological 
slides revealed parakeratinized epithelium and connective tissue 
showing engorged dilated blood vessels, extravasated red blood cells, 
inflammatory cells, and collagen fibers [Figure 3]. Blood vessels 

showed endothelial cell proliferation along with areas of necrosis 
[Figure . A diagnosis of PG (LCH Type) was histologically  4]
confirmed. The patient was recalled after 3 months, and from then, 
with regular visits for the past 1 year and there was no recurrence of the 
lesion so far.

Discussion
Pyogenic Granuloma is a kind of inflammatory hyperplastic lesion, 

12also termed as granuloma pyogenicum.  PG is a misnomer because the 
13lesion does not contain pus and is not a granuloma also.  

Histologically, Angelopoulos described it as hemangiomatous 
14granuloma formed because of increase in blood vessels.  Cawson et al. 

15termed it as granuloma telangietacticum.  

PG is classified in 2 categories- the lobular capillary hemangioma 
11(LCH) and the non-LCH.  

PG is caused by stimulants such as calculus or foreign material in the 
8gingival crevice resulting in a proliferation of connective tissue.  Also 

one-third of these lesions occur due to trauma. As per Ainamol, routine 
tooth brushing habit lead to repeated trauma to gingiva, forming these 

16lesions.  Some studies discuss the role of factors like release of variety 
of endogenous substances and angiogenic factors, trauma to deciduous 

17 18 19teeth,  aberrant tooth development,  occlusal interferences,  drugs 
20 such as cyclosporine  and selection of wrong healing cap for implants 

21as factors for development of oral PG.  

Oral PGs are seen in all ages, but are most commonly seen in females in 
22the second decade due to increased hormonal changes.  It is usually a 

sessile or pedunculated mass appearing as a erythematous papule, 
sometimes showing ulcerations and is covered by a fibrinous 

7,8membrane.  The color variations range from pink to red to purple, 
23depending on the lesion's vascularity.  Gingiva is mostly affected, 

especially the maxillary marginal gingiva compared to mandibular 
gingiva. Anterior jaw region is more frequently affected than posterior 

7with facial aspect affected more commonly than the lingual aspect.  
24Radiographic findings are not usually seen,  however, in long standing 

gingival lesions a localized alveolar bone resorption is sometimes 
14visible.

Differential diagnosis comprises of lesions like hyperplastic gingival 
inflammation, peripheral giant cell granuloma, peripheral ossifying 
fibroma, hemangioma, pregnancy tumor, bacillary angiomatosis, 
Kaposi's sarcoma, metastatic cancer, angiosarcoma, and non-

25Hodgkin's kymphoma.  Peripheral giant cell granuloma clinically 
appears very similar to PG, the only differentiating features being 
radiographic bone resorption and presence of the multinucleated giant 

8 cell.

Fibroma on the other hand can be marked off on the basis of the 

Pyogenic granuloma (PG) is described as a reactive tumor like lesion of the oral cavity occurring as a result of mild local 
irritation, hormonal changes or in some cases trauma. It is most commonly seen in association with the gingiva, but buccal 

mucosa, lips and tongue can also be affected. The current case study reports an inflammatory hyperplastic lesion of the anterior maxillary gingiva 
in a 23-years-old female patient which was clearly visible and was interfering with the aesthetics. An excisional biopsy of the lesion was 
performed and the histopathological findings confirmed Pyogenic Granuloma. There were no sign of recurrence in a year of follow-up. This article 
will try to explain the etiology, differential diagnosis, clinical features and treatment of oral Pyogenic Granuloma and review the currently 
available literature.

ABSTRACT

KEYWORDS : Inflammatory hyperplasia, tumor-like, pyogenic granuloma, nodular growth

Volume-9 | Issue-5 | May-2019 |   PRINT ISSN No 2249 - 555X

Dr. Manpreet Kour Senior Lecturer, Department of  Pedodontics and Preventive Dentistry, IDST, 
Modinagar, Ghaziabad, Uttar Pardesh. 

80  INDIAN JOURNAL OF APPLIED RESEARCH



Volume-9 | Issue-5 | May-2019 |   PRINT ISSN No 2249 - 555X
7consistency, texture, and the lighter color.  Hemangiomas are of 

developmental origin and are commonly seen on the tongue presenting 
1as a multinodular, bluish red growth.  Pregnancy tumor occurs towards 

the end of pregnancy with the tendency to shrink after delivery 
indicating the definite etiology of lesions. Also, this lesion is usually 

26limited to the interdental papilla.  Bacillary angiomatosis and 
12Kaposi's sarcoma are AIDS associated and can be differentiated.   

7Metastatic tumors, microscopically resemble the tumor of origin.  PG 
shows a lobular growth pattern, bland endothelial cells and well-

27formed vessels and can be clearly differentiated from angiosarcoma.   
Gingival non-Hodgkin's lymphomas are usually found to be present as 

12an asymptomatic gingival lesion resembling a PG.  Oral PG can be 
7classified as an LCH and non-LCH only after histopathology.  LCH 

shows blood vessels proliferating in a lobular pattern in contrast to 
Non-LCH type that shows a vascular core resembling granulation 
tissue with foci of fibrous tissue. Most oral PGs are LCH type. 
Pyogenic granuloma shows a developmental course in three phases 

28namely as cellular phase, vascular phase and phase of involution.  
Treatment recommended for small painless lesions includes surgical 
excision of the lesion with the removal of irritants and for larger lesions 
excision of lesions up to periosteum followed by thorough scaling and 
root planning of adjacent teeth to remove all visible sources of 

7irritation.  Various other treatment modalities are also present 
including Nd: Yttrium-aluminum-garnet lasers, carbon dioxide lasers, 
flash lamp, pulse dye laser, cryosurgery, sodium tetradecyl sulphate 

29 sclerotherapy. Oral PG during pregnancy can be treated with 
preventive measures such as careful oral hygiene, removal of dental 
plaque, and use of soft toothbrush. In some cases, shrinkage of the 

30lesion after pregnancy may make surgical treatment unnecessary.  
Warner Wilson James syndrome shows a recurrence rate of 16% and 
also a case of multiple deep satellite lesions surrounding the original 

31excised lesion.  Regular follow-up is also necessary because of higher 
32recurrence rate, especially in gingival lesions.  

Conclusion
This article reports a classical case of Pyogenic Granuloma in the 
anterior maxillary gingiva with a detailed review of literature 
explaining the etiologies, clinical features, histopathological 
presentations, differential diagnoses, treatment modalities, and 
recurrence rate. 

Figures
Figure 1

A well-defined gingival growth in the 11, 12 teeth region, extending on 
the labial aspect.

Figure 2

Excised soft tissue biopsy specimens.

Figure 3

The H&E stained sections show the presence of parakeratinized 
stratified squamous epithelium overlying connective tissue showing 
vessels of varying diameters. 

Figure 4

The given H&E stained slide shows blood vessels showing endothelial 
cell proliferation along with areas of necrosis and chronic 
inflammatory cell infiltrate.
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A B S T R A C T

Background: Mucins are glycoproteins that act as a selective molecular barrier and its alterations usually ac-
company the carcinogenesis.
Aim: To evaluate the transition of mucins in the grades of oral epithelial dysplasia (OED) and oral squamous cell
carcinoma (OSCC) using histochemical stains.
Materials & Method: A total of 66 samples of variable grades of OED and OSCC and each section was stained with
PAS, Alcian blue- PAS (AB-PAS) and Aldehyde fuschin – Alcian blue (AF-AB). Mucins pattern and intensity were
examined at 5 randomly selected !elds on 10x magni!cation.
Results: 1. PAS stain – Predominantly OED and OSCC showed a di"use pattern with a gradual decrease in
intensity in OED and overall a weak intensity in OSCC. 2. AB-PAS stain – Neutral mucins showed gradual
increase in its intensity in grades of OED and OSCC with no predominant pattern. The intensity for the acid
mucins remains weak in all the grades of OED and OSCC with di"use distribution, except in higher grades of
OED and OSCC. 3. AF- AB stain - For sulphated mucins, in OED a focal and di"use pattern was observed in OSCC
with minimal intensity. The carboxylated mucin was absent in both.
Conclusion: Mucins undergo change in its pattern and intensity in varying grades of OED/OSCC. Although in GIT
and other mucosa, the expression of altered mucin is a recognized factor, seldom research has been done in OED
and OSCC. Thus, the present study could be the stepping stone in the exploration of mucinous alteration in OED
and OSCC.

1. Introduction

Worldwide oral squamous cell carcinoma (OSCC) is a major health
problem and it is the most common oral cancer in India with a high
incidence rate (30–40%).1 OSCC starts as an oral epithelial dysplasia
(OED) and is characterized by an altered proliferation of squamous
dysplastic cells of the epithelium. General and widespread changes
occur in the distribution and quantity of the basement membrane
during the transition from benign to carcinoma generating a local and
distant invasion.2,3 These dysplastic tumor cells invade the stroma and
are surrounded by an extracellular matrix (ECM) thereby producing
reactive change in the stroma.4,5

Thus, the behaviour of carcinoma is not only dependent on the
genetics of the tumor cells but also on the surrounding environment
which is required for the tumour cell survival, growth, proliferation and
a metastasis. This evolving concept is de!ned as tumour

microenvironment. Considering that genetic and epigenetic factors are
capable of a"ecting the entire tissue (epithelium and stroma), it would
be logical to assume that carcinogenesis and its progression result from
a defective response of both compartments.6

Over the past decade, several studies have shown that the stroma of
the neoplastic tissues plays an active role in tumor progression.
Concurrent with the conversion of non-diseased epithelial tissue to pre-
cancerous epithelium to carcinoma, the stroma also changes from
normal to primed to activated or tumor associated. The main focus of
the various studies remains the cells and the !brous components of
stroma.4–6 The changes in the stroma of oral epithelial dysplasia (OED)/
oral squamous cell carcinoma (OSCC) by various im-
munohistochemistry (IHC) and genetic studies have also been done,
since the histochemical method which is an easy and inexpensive tool,
is not yet explored.

Mucins, one of the main components of glycoprotein, are produced
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by the cells of the epithelium or the tissue that lines cavities and
structure of the body. Deregulation of mucin production has provided
an important link between in#ammation and cancer.7 Moreover, car-
cinoma of the breast, prostate, lung and pancreas commonly over-
express mucins to exploit their role in promoting growth and survival
but the expression of the mucins in OED and OSCC still remains to be
de!ned.

Taking into the consideration the modi!cations occurring in the
connective tissue mucins, the present study was taken to evaluate the
alterations in the mucins in di"erent grades of OED and OSCC and also
to observe the staining intensity and patterns of glycoproteins, acids
mucins, neutral mucins, sulphated mucins and carboxylated mucins
using stain in di"erent grades of OED and OSCC using di"erent histo-
chemical stains.

2. Materials and methods

This retrospective study was conducted wherein total of 66 histo-
pathological con!rmed cases of OED and OSCC were obtained from the
archival formalin-!xed para$n-embedded specimens. From these
samples, 4 sections of 4! were cut and each section was stained with H
and E using the standard protocol and was OED and OSSC were graded
by two independent observers using the WHO (1978) and Broder's
system (1920) respectively. The results showed that the 32 OED cases
consisted of 12 Mild, 9 Moderate and 11 Severe OED and 34 Primary
OSCC cases were of 14 Well, 13 Moderate and 7 Poorly di"erentiated
OSCC. After grading, each section of each sample were stained with

PAS, Alcian blue- PAS (AB-PAS) stain and Aldehyde Fuschin – Alcian
blue (AF-AB) stain using standard protocol. 4 cases of each OED and
OSCC, wherein minor salivary glands was present were taken as con-
trol.

The nature of mucins was analysed by evaluating 5 randomly se-
lected !elds at 10 x magni!cations. The assessment in OED was per-
formed in the juxtaepithelial and deep connective tissue and in OSCC
the assessment was performed in around and away from the tumour
islands. Firstly, the pattern of the mucins was categorised as either focal
or di"use. Secondly, the predominant color exhibited by mucins was
analysed. Thirdly, the intensity of staining was scored as 0= absent,
1=minimal, 2=weak and 3= bright.

3. Statistical analysis

Data were entered into the Statistical Package for Social Sciences
(SPSS) version 21 for analysis. It was subjected to descriptive and in-
ferential statistics to generate frequencies and percentages. For com-
parison of categorical variables between groups, the Chi-square test was
used at 95% con!dence interval.

4. Results and observations

Figs. 1 and 2 represents the predominant color exhibited by the
stromal mucin in PAS, PAS -AF and AF- AB of varying grades of OSCC
and OED respectively.

PAS STAIN- PAS staining demonstrate the glycoprotein of stroma

Fig. 1. A-Photomicrograph of Well OSCC showing Weak PAS staining intensity (10X). B-Photomicrograph of Well OSCC showing bright Alcian blue staining intensity
and minimal PAS stain (10X). C-Photomicrograph of Well OSCC showing weak stain intensity for sulphated mucins and weak staining for carboxylated mucins (10X).
D-Photomicrograph of moderate OSCC showing weak intensity of PAS stain (10X). E-Photomicrograph of moderate OSCC showing weak intensity of Alcian blue stain
and absence of the PAS stain (10X). F-Photomicrograph of moderate OSCC showing weak intensity of Alcian blue stain and weak intensity of the aldehyde fuschin
stain (10X). G- Photomicrograph of poor OSCC showing bright intensity of PAS stain (10X). H-Photomicrograph of poor OSCC showing weak intensity of Alcian blue
stain and bright intensity of the PAS stain (10X). I-Photomicrograph of poor OSCC showing bright staining intensity of the Aldehyde fuschin and minimal of Alcian
blue stain (10X). (For interpretation of the references to color in this !gure legend, the reader is referred to the Web version of this article.)
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which exhibit magenta color. In present study, predominantly di"use
staining pattern was observed in all grades of OED and OSCC except
poor OSCC (Bar Diagram 1). On intergroup statistical analysis of OED
and OSCC, di"erence in the distribution of patterns was found to be
signi!cantly signi!cant. (p= 0.040) (Table 1). When PAS-intensity was
compared it was seen that predominant juxtaepithelial intensity in mild
to moderate to severe OED was weak, minimal and minimal respec-
tively (Bar Diagram 2). On intra-group comparison of variable grades of
OED, highly statistical signi!cant di"erence was found between mild
and severe OED (p =<0.001) and moderate and severe OED
(p=0.007) (Table 2). The overall intensity of glycoproteins around the
tumour islands was weak in progressive grades of OSCC (Bar Diagram
2). On intra-group statistical analysis, statistical signi!cant di"erence
was found between well and moderate OSCC. (p= 0.047) (Table 2).
When intergroup comparison of variable grades of OED and OSCC was
carried out highly statistical signi!cant di"erence was found between
the PAS intensity. (p=<0.001) (Table 1).

ALCIAN BLUE- PAS STAIN (AB-PAS) - This combination helps to
demonstrate the acid mucin via Alcian blue and neutral mucin via PAS.
It was seen that the chief pattern of neutral mucins in OED was di"use
and in OSCC no chief pattern was seen (Bar Diagram 1). On intergroup
statistical analysis, di"erence in patterns distribution was found to be
statistically signi!cant. (p= 0.003) (Table 1) Juxtaepithelially, the
predominant intensity of neutral mucins in the varying grades of OED
was minimal and in OSCC it was minimal, minimal to weak and weak

respectively (Bar Diagram 2). On intra-group statistical analysis, sig-
ni!cant di"erence was found between mild OED and severe OED
(p= 0.022), moderate OSCC and poor OSCC (p=0.017) and poor
OSCC and well OSCC respectively (p=0.001) (Table 2). On inter-group
analysis, the di"erence in PAS intensity for the neutral mucins between
OED and OSCC was found to be statistically signi!cantly di"erent.
(p=<0.001) (Table 1).

For the acid mucins, di"use pattern in varying grades of OED and
OSCC was primarily observed (Bar Diagram 1). The intergroup statis-
tical analysis of OED and OSCC, showed statistically signi!cant di"er-
ence (Table 1). The peak intensity in all grades of OED ranged between
weak to absent intensity (Bar Diagram 2). Predominant weak intensity
of acid mucins in all the progressive grades of OSCC was observed (Bar
Diagram 2). Intra-group statistical evaluation revealed signi!cant dif-
ference in mild OED and moderate OED (p=<0.001) and moderate
and severe OED (p=<0.001) (Table 2). Signi!cant di"erence was
found between all variable grades of OSCC. (p= 0.003,< 0.001,
0.006) (Table 2). On inter-group analysis of OED and OSCC, the in-
tensity of acidic mucins was found to be statistically signi!cantly dif-
ferent. (p=<0.001) (Table 1).

ALDEHYDE FUSCHIN – ALCIAN - BLUE (AF-AB) - To di"erentiate
acid mucins in to carboxylated mucins and sulphated mucins AF-AB
staining was done. For sulphated mucins it was seen that the prominent
pattern of all grades of OED was focal and in OSCC it was di"use (Bar
Diagram 1). On intergroup statistical analysis of OED and OSCC,

Fig. 2. J-Photomicrograph of mild dysplasia showing bright PAS staining intensity (10X). K-Photomicrograph of mild dysplasia showing weak Alcian blue staining
intensity and weak PAS stain (10X). L-Photomicrograph of mid dysplasia showing minimal to weak stain for sulphated mucins and absent staining for carboxylated
mucins (10X). M-Photomicrograph of moderate dysplasia showing bright intensity of PAS stain (10X). N-Photomicrograph of moderate dysplasia showing bright
intensity of Alcian blue stain and weak intensity of the PAS stain (10X). O-Photomicrograph of moderate dysplasia showing bright intensity of Alcian blue stain and
weak intensity of the aldehyde fuschin stain (10X). P-Photomicrograph of severe dysplasia showing weak intensity of PAS stain (10X). Q-Photomicrograph of severe
dysplasia showing weak intensity of Alcian blue stain and minimal intensity of the PAS stain (10X). R-Photomicrograph of severe dysplasia showing weak staining
intensity of the Aldehyde fuschin and absence of Alcian blue stain (10X). (For interpretation of the references to color in this !gure legend, the reader is referred to
the Web version of this article.)
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distribution of patterns for sulphated mucins was found to be statisti-
cally signi!cant. (p=<0.001) (Table 1) When intensity was taken the
highest intensity in progressive grades of OED and OSCC was minimal
(Bar Diagram 2). Intra-group statistical evaluation showed signi!cant
di"erence between mild OED and moderate OED (p=<0.001) and
moderate and severe OED (p=<0.001) (Table 2). Intra-group sig-
ni!cant results was found to be signi!cant between well and poor OSCC
(p=0.001) and moderate and poor OSCC (p=0.006). On intergroup
statistical analysis of OED and OSCC, the intensity of sulphated mucins
in AF stain was found to be signi!cant. (p=<0.001). (Table 1).

When carboxylated mucins intensity was taken it was seen that
there was absence in all grades of OED and in OSCC absence to focal
distribution (Bar Diagram 1). Intergroup comparison of OED and OSCC,
the di"erence in patterns for carboxylated mucin was found to be sig-
ni!cant. (p value =<0.001) (Table 1) The frequency of the absence of
carboxylated mucins was noted to be increasing during the progressive
grades of OED & OSCC. The maximum intensity attained was minimal
by OED and OSCC with the complete absence in poor OSCC (Bar dia-
gram 2). On intra-group comparison of among the various grades of
OED and OSCC, statistical signi!cant di"erence was found except well

OSCC and moderate OSCC (Table 2). On intergroup statistical analysis,
the di"erence in intensity of carboxylated mucins in AB stain was found
to be signi!cant. (p= 0.031) (Table 1).

5. Discussion

The extracellular matrix (ECM) is a dense latticework of collagen
and elastic !bers which is embedded in a viscoelastic ground substance
and is composed of proteoglycans and glycoproteins. This matrix acts as
a sca"old which isolates tissue compartments, mediates cell attachment
and in#uences tissue architecture. Interactions between normal cells
and the matrix may be altered in neoplasia and thus may in#uence
tumor proliferation and invasion.8

Among the tumours of head and neck region, oral squamous cell
carcinoma (OSCC) is one of the most common malignancies with poor
prognosis. OED is characterized by the altered proliferation of squa-
mous cells within the epithelium. This disturbance gradually progress
and invades into the stroma to form carcinoma.2 Thus, traditionally
OSCC's have two interdependent compartments - tumour epithelial cells
and stroma. Numerous studies exist in the literature on tumour epi-
thelial cells and even the stromal !brous/cellular components have
been well explored in OSCC and OED.4,5,9–11

Various immunohistochemistry and genetic studies have been done
to evaluate the changes in the ECM of OED/OSCC.4,12–18 Mucin, one of
the main ECM components seems to play a role in the process of tumour
progression, invasion and metastasis and also in tumour cell survival
and protection against the host immune response. Changes in the ex-
pression levels and glycosylation of mucins have been associated with
several diseases including carcinomas.12

In the present study, the majority of !elds of progressive grades of
OED showed weak, minimal and minimal PAS intensity respectively
and were di"usely distributed. Thus, it was seen that the glycoproteins

Bar Diagrams 1. Distribution of patterns of di"erent stains in various grades of OED and OSCC.

Table 1
Intergroup comparison of pattern in OED and OSCC using Chi- Square test.

Parameter PAS STAIN ALCIAN BLUE – PAS
STAIN

ALDEHYDE FUSCHIN- ALCIAN
BLUE

Neutral
mucins

Acid mucins Sulphated
mucins

Carboxylated
mucins

Pattern 0.040* 0.003* < 0.001* < 0.001* < 0.001*
Intensity < 0.001* 0.012* < 0.001* < 0.001* < 0.001*

Signi!cant*.
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content had gradually regressed from mild to severe OED juxtaepithe-
lially. In OSCC, di"use weak PAS positivity was observed in majority of
the !elds in all grades except in poor OSCC where focal PAS positivity
was noted. In accordance to the present study, Fuentes et al. also ob-
served a similar change in intensity of PAS between OED and OSCC.4

According to them, there was a progressive loss of PAS stain in OED and
complete absence of PAS stain in OSCC, particularly in the areas of
connective tissue invasion. However, the limitation of their study was
that they did not evaluate the intensity of the PAS reactivity in all
grades of OED and categorization of OSCC was lacking. George J et al.
also observed the weak PAS staining in variable grades of OSCC around
the tumour islands.5 However, neither had they mentioned about the
distribution of the PAS reactivity nor OED was considered in their
study.

Malignancies derived from simple epithelial tissues (carcinomas)
frequently contain detectable glycoproteins. The reason for the weak
reactivity of glycoproteins in stroma of OSCC could be the lysis of
stromal components which facilitates dysplastic tumour cell migration.5

According to Pereria A et al., there is a change in stromal composition
and either such changes is induced by tumor cells through the release of
certain mediator or may be it is causing carcinogenesis.12 In the present
study, few !elds in all grades of OED and OSCC showed a bright PAS
staining, juxtaepithelially and around the tumor islands respectively. In
OED, the dysplasia is restricted up to the epithelium with no breach in
the basement membrane (BM). Hence, the BM gives a bright staining
which can be attributed to the BM components such as laminin, en-
tactin and heparin sulphate. OSCC is characterized by nests/islands/
strands/cords of malignant epithelial cells in the connective tissue.
These tumour cells have a property of secreting the proteins which may
have the similar composition as BM. Hence, the bright PAS staining
selectively around the tumour islands in OSCC can be because of the
reduplicated BM secreted by the tumour cells. The quantitative and
qualitative change in the BM occurring during the carcinogenesis is
already known, which is essentially important in tumour invasion and
metastasis.12

Besides glycoproteins, PAS staining demonstrate the other struc-
tures such as glycogen, starch and other BM material present in the
connective tissue. The PAS technique is particularly sensitive for the
detection of neutral mucins as well as acid mucins that contain sig-
ni!cant quantities of sialic acid.19

The target of the present study was to observe the changes in mucin

which is one of the types of glycoproteins. So to di"erentiate between
neutral mucins and acid mucins, AB-PAS technique was employed.

In our study it was seen that the intensity of the neutral mucins was
increased gradually from OED to OSCC, even within the group the in-
tensity was enhanced, juxtaepithelially and around the tumour islands.
For acid mucins, there was no intensity which was predominant in mild
OED. In moderate OED, predominantly weak staining and in severe
OED absence of staining was observed, juxtaepithelially. In OSCC,
around the tumour islands, the overall intensity was weak in all grades.
The result of the present study was in accordance to the study of George
J et al.5 According to them, the source of the neutral mucins could
either be epithelial cells as they were present adjacent to the tumor
islands or could be the stromal cells which produce them in response to
the invading heterogenous tumor cell population, acting probably as a
sca"old around the tumour cells. These neutral mucins have increased
amount of hexose components or accumulation of uronic acid con-
taining substances like hyaluronic acid, chondroitin sulphate and he-
paran sulphate.5

Since acid mucins are further of two types i.e., sulphated and car-
boxylated mucins, to di"erentiate these two, AF-AB technique was
employed. There was a gradual increase in the number of !elds with
minimal intensity of sulphated mucins in varying grades of OED and
OSCC. The carboxylated mucins was absent in majority of !elds.

As the grade of OED and OSCC increases, the expression of car-
boxylated mucins decreases. There was addition of sulphated mucins,
rendering a mixture of sulphated mucins and carboxylated mucins and
in poor OSCC only expression of sulphated mucins was appreciated.
This was supported by the !ndings of study conducted by George J
et al. in OSCC.5

To the best of our knowledge, the literature of acidic mucin his-
tochemistry in OED is not available. Limited studies have been docu-
mented where the extensive mucin changes in varying grades of
OSCC.5,10,20 However, the reason for such transition in the acidic mu-
cins has not been explained.

Such demonstration of mucins with their changes in the his-
tochemistry is already been well explored and established in foetus,
salivary glands tumours, carcinomas of lungs, colon, GIT and their
precursor lesions.21–26

The present study also observed the alteration of mucin nature in
the progressive grades of OED and OSCC. There is a de!nite morpho-
logic variation in the mucin expression occurring during the evolution

Bar Diagram 2. Intensity of various stains in di"erent grades of OED and OSCC.
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of carcinoma in the oral mucosa as observed in other mucosa of the
body. Such transformation in the mucins may be induced by the tumour
cells, stromal cells or tumour associated !broblasts (TAFs) need to be
further investigated. Also, further studies to establish its correlation
with clinical details (TNM staging, follow up, habits & history) is
mandatory to validate its diagnostic and prognostic purpose.6 Our study
challenges the glycobiologists to delve deeper in elucidating the role of
mucins in OED and OSCC that whether these adaptive changes pro-
duced by stroma is the consequence to precursor/malignant changes or
these cause the neoplasia is still query. Also, it remains to be in-
vestigated whether all mucins genes carry carboxylated or sulphated
oligosaccharide side chain.

Nevertheless, knowledge of mucins and its implications in oral
precursor/cancer process as well as potential of using it as a sca"old for
therapeutic modalities are an unsolved puzzle. Thus the present study
and further research on mucin will prevail hereafter.

6. Conclusion

The present study could be the stepping stone in the exploration of
mucinous modi!cation in OED and OSCC. Although in GIT and other
mucosa, the expression of altered mucin is a recognized factor, seldom
research has been done in OED and OSCC.

Undoubtedly, molecular and recent technologies help us in better
understanding of the tumour biology. However their unavailability,
cost, extensive laboratory preparations etc. are the major hindrances.
Despite the fact that, there is variation in staining pattern when stained
in di"erent batches at di"erent intervals, these cost e"ective special
stains are de!nitely better for diagnostic as well as prognostic purposes
due to its ease of standardization.
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ABSTRACT 
 
Aims and objective: To determine the levels of serum and salivary C-reactive protein in patients with 
oral leukoplakia and squamous cell carcinoma as well as to evaluate their significant role as a 
prognostic marker. 
Materials and method: The study sample consisted of 30 patients and the subjects were divided into 
three groups. Group A included 10cases of normal oral mucosa, Group B comprised 10 cases of oral 
leukoplakia and Group C included 10 cases of OSCC confirmed by histopathological examination. 
Salivary and serum levels of CRP were determined using immunoturbidimetry based on agglutination. 
Results: The mean serum and salivary level of CRP in OSCC was more as compared to oral 
leukoplakia and normal oral mucosa. The p-value was found to be statistically significant 
Conclusion: CRP is a biomarker which can be used for the evaluation of the severity of the disease. 
 
Key words: Biomarkers, Leukoplakia, Oral Cancer, C-reactive protein 
 
INTRODUCTION  

The term “Leukoplakia” was first 
proposed in the year 1877 by the Hungarian 
dermatologist ErnoSchwimmer. [1] Literally; 
the word leukoplakia means a „white patch‟ 
which was derived from Greek word leukos- 
white, plakia- patch. In 1978, World Health 
Organization (WHO) group defined oral 
leukoplakia as “A white patch or plaque that 
cannot be characterized, clinically or 
pathologically as any other disease”. [2] 

Warnakulasuriya et al in 2007 defined 
leukoplakia as “A plaque of questionable 
risk having excluded (other) known diseases 
or disorders that carry no increased risk for 
cancer”. [3] A new definition of leukoplakia 
was proposed by Shanbhag in 2017 [4] as “a 
predominantly white, irreversible, non-

scrapable lesion of the oral mucosa that 
cannot be characterized clinically or 
histopathologically as any other 
lesion/disease and has increased risk of 
cancer occurrence than its normal 
counterpart and is usually associated with 
consumption of tobacco, betel quid, and 
alcohol, but otherwise can be of idiopathic 
in nature.  

Oral squamous cell carcinoma 
(OSCC) is a malignant neoplasm derived 
from the stratified squamous epithelium of 
the oral mucosa. [5] The pathogenesis of 
OSCC is multifactorial, associated with 
cigarette smoke, alcohol [6] and snuff, as 
well as the papilloma virus etc. [7] In general, 
cancers, including OSCC, develop from the 
accumulation of genetic changes and 
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epigenetic abnormalities in the signaling 
pathways that are associated with cancer, 
resulting in phenotypes that facilitate OSCC 
development. This process was concised by 
Hanahan and Weinberg in „Hallmarks of 
Cancer‟. [8] OSCC is the sixth most common 
cancer worldwide. [9] More than 90% of all 
oral cancers are squamous cell carcinoma 
(SCC). [10,11] A number of conditions have 
been associated with an elevated risk of 
developing OSCC including Li-Fraumeni 
syndrome, Plummer-Vinson syndrome, 
Fanconi anemia, chemotherapy induced 
immunosuppression of organ transplanta-
tion, dyskeratosis congenita, Xeroderma-
pigmentosum and discoid lupus 
erythematosus. [12] 

C-reactive protein (CRP), a systemic 
marker of chronic inflammation, is an acute 
phase protein, the levels of which vary on 
daily basis, rises with aging, increased blood 
pressure, smoking, coffee and alcohol 
consumption, decreased physical activity, 
raised levels of triglycerides, insulin 
resistance and diabetes, high‑protein diet, 
chronic tiredness and suffering from sleep 
disturbances, and depression. [13] CRP 
belongs to pentraxins protein family; 
pentraxins are the ancient proteins having 
cyclic pentameric arrangement of five non-
covalently bound identical subunits [14] 

placed in a symmetric cyclic design around 
a central pore, determining a pentameric, 
discoid, and flattened configuration. [15] CRP 
is considered as a prognostic factor for 
various malignancies and the risk of cancer 
is increased when pre-diagnostic CRP levels 
are high. The aim of the present study was 
to determine the levels of serum and 
salivary C-reactive protein in patients with 
oral leukoplakia and squamous cell 
carcinoma as well as to evaluate their 
significant role as a prognostic marker. 
 
MATERIALS AND METHODS  
A cross-sectional study was conducted on 
30 subjects who were divided into three 
groups: 
Group A- 10 subjects of normal oral mucosa 
Group B- 10 subjects of oral leukoplakia 

Group C- 10 subjects of OSCC 
The histopathological confirmation 

was done on all cases of oral leukoplakia, 
OSCC and normal oral mucosa. The study 
was approved by the ethical committee of 
the institution and an informed consent was 
obtained from all study subjects. The 
patients who was receiving therapy or 
suffering from any systemic condition, such 
as hepatic or renal disorders, patients who 
were pregnant or taking antibiotics or 
NSAIDS within a month of sample 
collection, patients with underlying 
systemic diseases, cancers other than oral 
cancer or previously treated oral cancer, 
chronic alcoholics were excluded from the 
study to rule out altered liver function that 
could contribute to alterations of CRP serum 
levels. 

Sample collection was done in the 
morning from the study subjects so as to 
prevent diurnal variation. Blood samples 
were taken from cubital vein and left to clot 
at 40C in a sterile, clean, dry tube and kept 
inside the refrigerator. Serum were collected 
by centrifuge the blood at 3,000rpm for 5 to 
10 minutes in 10cc sterile tubes and stored 
at -200C until the time of analysis.  

From each subject, 10 ml of 
unstimulated whole saliva were collected 
into a sterile centrifuge tube. After 
centrifugation, the separated clear salivary 
fluid was stored in disposable storage vials 
at -800C until the test day.Salivary and 
serum levels of CRP were determined using 
immunoturbidimetry based on agglutination. 
CRP causes agglutination of the latex 
particles coated with anti-human CRP. The 
agglutination of the latex particles is 
proportional to the CRP concentration and is 
measured by turbidimetry. The test 
specimen is mixed with activation buffer 
and latex reagent which then allowed to 
react. CRP in the test specimen causes the 
formation of an insoluble complex that 
produces turbidity, which is measured at 
546 nm. The increased turbidity corresponds 
to increased concentration of CRP in the test 
specimen. 
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The data was analysed by using 
statistical software (SPSS version 19.0). 
Mean and standard deviation were 
calculated for each individual group. A 
probability value (p) of ≤0.05 was 
considered to be statistically significance. 
 
RESULTS  

In the present study, 40% and 60% 
of the subjects in Group A were males and 
females respectively. In Group B, 70% and 
30% were males and females respectively. 
In Group C, 80% were males and 20% were 
females (Table 1). 
In the present study, the mean age of the 
patients in Group A, Group B and Group C 
were 24.75±5.09, 32.50±8.33 and 48.52± 
9.22 respectively (Table 2). 
In the present study, the mean serum level 
of CRP in Group A, Group B and Group C 
were 2.2±0.85 mg/l, 6.8±0.98 mg/l and 
12.22±1.8 mg/l respectively. The mean 
serum level of CRP increased from normal 

oral mucosa to OSCC with a statistically 
significant difference (Table 3). 
In this study, the mean saliva level of CRP 
in Group A, Group B and Group C were 
0.15±0.11 mg/l, 0.39±0.08 mg/l and 
0.58±0.05 mg/l respectively. The mean 
saliva level of CRP in OSCC was more as 
compared to oral leukoplakia and normal 
oral mucosa. The p-value was found to be 
statistically significant (Table 4). 
 
Table 1: Gender wise distribution in normal oral mucosa, oral 
leukoplakia and oral squamous cell carcinoma  

Group No. of cases Gender 
Male Female 

A 10 4(40%) 6 (60%) 
B 10 7 (70%) 3 (30%) 
C 10 8(80%) 2 (20%) 

 Group A- Normal oral mucosa, Group B-Oral leukoplakia, Group 
C- Oral Squamous cell carcinoma 
 
Table 2: Age wise distribution in normal oral mucosa, oral 
leukoplakia and oral squamous cell carcinoma  

Group No. of cases Mean ± Standard deviation 
A 10 24.75±5.09 
B 10 32.50±8.33 
C 10 48.52±9.22 

 Group A- Normal oral mucosa, Group B-Oral leukoplakia, Group 
C- Oral Squamous cell carcinoma 

 
Table 3: Serum C- reactive protein (mg/l) in normal oral mucosa, oral leukoplakia and oral squamous cell carcinoma 

Parameter Group No. of cases Mean ± Standard deviation P-value 
 
Serum C- reactive protein (mg/l) 

A 10 2.2±0.85  
 
0.001 

B 10 6.8±0.98 
C 10 12.22±1.8 

Group A- Normal oral mucosa, Group B-Oral leukoplakia, Group C- Oral Squamous cell carcinoma 
 

Table 4: Salivary C- reactive protein (mg/l) in normal oral mucosa, oral leukoplakia and oral squamous cell carcinoma 
Parameter Group No. of cases Mean ± Standard deviation P-value 
 
Salivary C- reactive protein (mg/l) 

A 10 0.15±0.11  
 
<0.001 

B 10 0.39±0.08 
C 10 0.58±0.05 

Group A- Normal oral mucosa, Group B-Oral leukoplakia, Group C- Oral Squamous cell carcinoma 

 
DISCUSSION 

CRP is a prognostic factor which can 
be used to determine treatment efficacy in 
several diseases including connective tissue 
diseases, cardiovascular diseases, infections, 
inflammatory bowel disease, lupus 
erythematosus, pneumococcal pneumonia, 
rheumatoid arthritis, rheumatic fever, 
tuberculosis and cancers. [16] In the present 
study, serum and salivary CRP levels were 
determined in patients with oral leukoplakia 
and OSCC to evaluate whether CRP could 
be a biomarker for oral leukoplakia and 
OSCC. In this study, serum and salivary 
CRP levels increased significantly from 
normal oral mucosa patients to oral 

leukoplakia patients to patients with OSCC. 
The results were in accordance with the 
study done by Acharya et al, Vankadara et 
al and Metgudet al. [17-19] 

An elevated level of CRP signifies 
that tumor development and progression can 
induce chronic inflammation. Tumor growth 
could stimulate an immune response, which 
results in increased production of 
inflammatory cytokines. These cytokines 
could promote tumor growth further by 
changing tumor cell biology and activating 
stromal cells in the tumor 
microenvironment. Therefore, a 
bidirectional link between chronic 
inflammation and cancer contributes to 
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elevated levels of CRP. [20,21] Immune 
responses produced by premalignant or 
malignant cells are both anti-neoplastic and 
pro-neoplastic. In the anti-neoplastic 
response, the immune system identifies the 
transformed cells as malignant and thus 
causes tumor cell destruction. In the case of 
a pro-neoplastic response, chronic 
inflammation in the microenvironment of 
tumors enhances tumor growth, promotes 
angiogenesis and favors metastasis. 
Therefore, elevated CRP levels in oral 
leukoplakia and OSCC could be contributed 
to either anti- or pro-neoplastic immune 
response depending on which mechanism 
overcomes. Besides, increased CRP levels 
determine an increased predisposition to 
cancer due to chronic inflammation. [22] 
 
CONCLUSION 

The present study determined 
elevated levels of serum and salivary CRP 
in patients with OSCC as compared to 
patients with oral leukoplakia and normal 
oral mucosa. Also, serum and salivary CRP 
levels were higher in patients with oral 
leukoplakia than normal oral mucosa 
signifying that CRP is a biomarker which 
can be used for the evaluation of the 
severity of the disease. 
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Original Article

IntroductIon

We	all	know	 that	mandibular	nerve	 is	 the	 third	division	of	
the	 trigeminal	nerve	and	it	enters	 the	mandible	 through	the	
mandibular	foramen	on	the	medial	surface	of	the	ascending	
mandibular	 ramus.	After	 passing	 through	 the	mandibular	
foramen,	 it	 is	called	 the	 inferior	alveolar	nerve	 (IAN).	The	
IAN	and	the	mental	foramen	(MF)	are	important	anatomical	
structures	that	should	be	taken	into	account	during	preoperative	
planning	in	the	anterior	mandible.[1]	The	final	part	of	the	IAN	
sometimes	passes	below	the	lower	border	and	the	anterior	wall	
of	 the	MF.	After	giving	off	 the	smaller	mandibular	incisive	
branch,	the	main	branch	curves	back	to	enter	the	foramen	and	
emerge	to	the	soft	tissues	as	the	mental	nerve.	The	section	of	
the	nerve	in	front	of	the	MF	and	just	before	its	ramification	to	
the	incisive	nerve	is	called	as	the	anterior	loop	(AL)	of	IAN.[2]	
A	more	precise	description	of	anterior	looping	was	reported	
by	Bavitz	et al.	(1993)[3]	and	Misch	(1999),[4]	who	described	

AL	as	 the	structure	where	the	mental	neurovascular	bundle	
crosses	inferior	and	anterior	to	the	MF,	then	doubles	or	loops	
back	to	exit	the	MF.	Jalbout	et al.	(2004)[5]	described	the	AL	
as	an	extension	of	the	IAN,	anterior	to	the	MF,	prior	to	exiting	
the	canal	[Figure	1].	It	is	essential	for	dental	practitioners	to	
understand	 the	detailed	anatomy	of	 the	 IAN	so	as	 to	avoid	
potential	 injuries	 to	 the	 nerve	 during	 surgical	 procedures	
or	 endodontic	 treatment.[6]	The	AL	of	 IAN	cannot	 be	 seen	
clinically	but	can	be	detected	in	radiographs	which	 include	
dental	panoramic	radiographs,	magnetic	resonance	imaging,	
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computed	tomography	(CT	scans),	and	cone	beam	computed	
tomography	(CBCT).[7]	The	panoramic	radiograph	may	result	
in	distortion,	and	the	magnification	of	the	anatomical	structures	
is	often	present	and	results	in	either	over	or	underestimation	
of	the	real	size.	It	is	said	that	CBCT	gives	more	accuracy	with	
low	 radiation	 exposure	 and	 allows	 to	 generate	multiplanar	
slices	of	a	region	of	interest	and	is	capable	to	reconstruct	a	
3D	imaging	via	a	series	of	mathematical	algorithms.[8,9]	The	
present	 study	 aimed	 to	 evaluate	 the	 efficacy	 of	CBCT	 in	
measuring	 the	 length	and	prevalence	of	anterior	 looping	of	
IAN,	and	 thereby	confirm	whether	 it	help	dentists	 to	avoid	
injuries	during	selective	surgeries	in	anterior	mandible	or	not.

MaterIals and Methods

It	was	a	cross‑sectional	study	in	which	a	total	of	1075	patients	
reported	for	CBCT	scan	at	randomly	selected	Diagnostic	and	
Research	Centre	 (Delhi‑NCR),	 India,	 during	 the	 period	 of	
study	(January	1,	2014	to	December	31,	2014)	were	selected	
first	as	part	of	the	data	pool.	Inclusion	criteria	were	patients	
between	15	and	90	years	of	age	of	both	sexes	with	dentulous	
and	 partially	 edentulous	 arch,	 patients	 having	 images	 of	
anterior	mandible	and	at	 least	2	cm	distal	 to	MF	up	 to	 the	
lower	 cortical	 border	 unilaterally	 and	 bilaterally.	 Patients	
with	 pathological	 lesions	 that	 could	 affect	 the	 position	 of	
the	mandibular	canal	and	the	MF	such	as	periapical	abscess,	
cyst	tumor,	fracture	line,	implant	in	MF,	osteoradionecrosis,	
giant	cell	lesion,	dense	bone	island	were	excluded	from	the	
study.	Prior	informed	consent	was	taken	from	the	concerned	
and	patients’	confidentiality	has	been	maintained.	This	thesis	
research	work	has	got	ethical	clearance	from	the	Institutional	
Ethical	Committee	well	before	the	start	of	the	study.	Presence	
of	AL	was	considered	in	the	cases/subjects	where	the	mental	
neurovascular	 bundle	 crosses	 inferior	 and	 anterior	 to	 the	
MF.	Out	 of	 1075	 reported	 patients,	 193	patients	who	were	
fulfilling	 the	 prescribed	 inclusion	 criteria	were	 ultimately	
included	 in	 the	current	 study	as	 study	 subjects.	The	CBCT	
examinations	were	made	using	a	Kodak	9000	C	digital	imaging	
system	 (Carestream	Dental	LLC,	Atlanta,	GA,	USA).	The	
scanning	of	all	the	patients	were	accomplished	using	one	of	
the	following	imaging	protocols	available	with	this	CBCT	unit:	
74	kVp,	32.4	s,	10	mA.	The	milliamp	setting	was	computed	by	
the	device	based	on	the	anatomy	of	the	patient,	voxel	size	of	
0.2	mm,	and	field	of	view	of	8	×	8	cm.	The	Kodak	Dental	CS	
3D	Imaging	Software	V3.5.7.0	(Carestream	Health	Inc.,	St.	
Rochester,	NY,	USA)	was	used.	The	data	of	the	CBCT	images	
were	sliced	in	three	dimensions,	i.e.,	axial,	coronal,	and	sagittal.

Measurement of anterior loop length
For	 the	measurement	 of	 anterior	 loop	 length	 (ALL),	 all	
the	 patients	were	 instructed	 to	 remain	 seated/standing	 in	
the	 device,	with	 their	 head	 placed	 so	 that	 the	 Frankfurt	
horizontal	 plane	 remained	 parallel	 to	 the	 floor	 and	 the	
mid‑sagittal	plane	 remained	perpendicular	 to	 the	floor.	The	
area	of	 interest	was	centered	 in	 the	beam.	During	a	CBCT	
examination,	 gantry	 rotates	 around	 the	 head	 in	 a	 complete	
360°	rotation,	while	capturing	multiple	images	from	different	

angles	 that	 gets	 reconstructed	 to	 create	 a	 single	3D	 image.	
The	 images	 obtained	 from	CBCT	are	 generated	 in	Digital	
Imaging	and	Communication	in	Medicine	(DICOM)	format.	
After	 copying	 the	 exam	 file	 to	 a	 conventional	 computer	
using	CS	3D	 software,	 image	 placement	was	 standardized	
prior	 to	 selecting	 the	 sections	 to	be	used	 for	measurement.	
The	visualization	of	sections	in	the	three	spatial	dimensions	
(axial,	sagittal,	and	coronal	sections)	is	known	as	multiplane	
reconstruction	 [Figures	2	and	3].	Cross‑section	of	different	
thickness	has	been	obtained	 like	 that	 of	 1,	 1.1	mm,	 etc.	 in	
different	slices.

The	 length	of	 the	 loop	has	been	measured	by	counting	 the	
number	 of	 consecutive	 contiguous	 vertical	 cross‑sections	
performed	 between	 the	 anterior	 border	 of	 the	MF	 and	 the	
anterior	border	of	the	loop.	This	number	has	been	multiplied	
by	the	resolution	of	the	slice.	For	example,	in	a	case	shown	in	
where	the	number	of	cross‑sections	in	which	the	anterior	looping	
noted	were	8,	and	thickness	of	the	slice	in	this	case	was	1.1;	so	
the	length	of	the	loop	would	be	8	×	1.1	=	8.8	mm	[Figure	4].	
The	initial	slice	for	measurement	is	considered	to	be	the	first	
slice	just	after	the	anterior	margin	of	the	MF	disappears	as	done	
by	Apostolakis	et al.	(2011).[10]	The	images	were	studied	and	
evaluated	by	all	the	authors	independently.

Statistical analysis
For	 suitable	 and	 appropriate	 statistical	 analysis,	 Statistical	
Package	for	the	Social	Sciences	(SPSS)	version	22.0.0.0	has	
been	used.	A	5%	level	of	significance	has	been	chosen	and	the 
P value	of	<0.05	has	been	considered	as	statistically	significant	
and	<0.001	has	been	considered	as	highly	significant.

results

A	total	of	1075	patients	reported	during	the	period	of	study	
(Jan	1,	2014	to	Dec	31,	2014)	were	first	selected	as	data	pool.	
In	 the	 present	 study,	 193	 patients	who	were	 fulfilling	 the	
prescribed	inclusion	criteria	were	included	as	study	subjects.	
Out	of	which,	104	were	males	and	89	were	females	with	age	
range	from	15	to	90	years.	Based	on	the	age,	patients	were	
divided	into	three	groups	to	find	out	prevalence	of	looping	in	
respective	age	groups,	viz.,	(i)	15–35	years,	number	of	subjects	
in	this	group	were	40	(20.7%);	(ii)	36–56	years,	number	of	
subjects	in	this	group	were	92	(47.7%);	and	(iii)	>56	years,	

Figure 1: Schematic diagram showing key image of anterior loop of IAN
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numbers	of	subjects	in	this	group	were	61	(31.6%).	All	 the	
authors	measured	 the	 same	variations	 independently	 in	 the	
current	study.

Overall	 anterior	 looping	 was	 present	 in	 72	 (37.3%)	
subjects	[Figure	5].	The	prevalence	of	anterior	looping	of	IAN	
was	42	(40.4%)	among	male	and	30	(33.7%)	among	female	
study	subjects	[Table	1].	Out	of	the	total	72	scans	having	anterior	
looping,	38	scans	(52.7%)	and	34	scans	(47.22%)	belong	to	
left	 and	 right	 side,	 respectively.	No	 significant	 difference	
has	been	noted	in	the	prevalence	of	anterior	looping	of	IAN	
among	male	and	female	with P value	of	0.339.	Prevalence	of	
anterior	looping	was	highest	in	the	age	group	of	36–56	years,	
i.e.,	 40	 (43.5%),	 followed	by	26	 (42.6%)	 in	 the	 age	group	
of	>56	years.	Lowest	prevalence	of	anterior	looping	was	seen	
in	the	age	group	of	15–35	years,	i.e.	6	(15%)	[Table	2].	The	
difference	in	the	prevalence	of	all	the	three	groups	was	found	
to	be	statistically	significant	with P value	=	0.005.	The	mean	
ALL	of	all	the	male	study	subjects	was	3.886	(SD	±	2.065)	
which	 was	 found	 to	 be	more	 as	 compared	 to	 females,	
i.e.,	3.347	(SD	±	2.877).	The	maximum	loop	length	was	noted	
in	male,	i.e.,	8.8	mm	[Figure	4]	and	minimum	loop	length	in	
male	was	1	mm.	In	females,	maximum	loop	length	was	8	mm	
and	minimum	loop	length	was	noted	as	1	mm	[Table	3].	The	
mean	ALL	of	 study	 subjects	 in	 the	 age	group	36–56	years	
was	maximum,	i.e.,	3.95	mm	(SD	±	1.99),	followed	by	age	

group	>56,	i.e.,	3.37	mm	(SD	±	2.145).	However,	maximum	
loop	length	has	been	noted	in	36–56	years	and	>56	years	age	
group	 as	 8.8	mm.	Minimum	 loop	 length	was	 noted	 in	 age	
group	36–56	years	and	in	>56	years	as	1	mm;	however,	no	
significant	difference	was	found	between	the	age	groups	for	
the	same	[Table	4].

dIscussIon

Selective	 surgery	 in	 the	 area	 of	 the	 anterior	mandible	may	
violate	the	AL,	resulting	in	neurosensory	disturbances	in	the	
area	of	the	lower	lip	and	chin.	To	avoid	such	a	sequel,	a	5	mm	

Figure 2: Reconstructive panoramic image of CBCT showing anterior 
looping of IAN

Figure 3: Axial reconstructive image of CBCT showing anterior looping 
of IAN

Figure 4: Longest anterior loop length of 8.8 mm in male

37.3 %

62.7 %

Present Absent

ANTERIOR LOOPING

Figure 5: Prevalence of anterior looping of IAN* among study participants

Table 1: Distribution of gender-wise prevalence of 
anterior looping of IAN* among study participants

Gender Anterior loop of IAN* Total P

Present Absent
Male 42 62 104 0.339

40.4% 59.6% 100.0%
Female 30 59 89

33.7% 66.3% 100.0%
Total 72 121 193

37.3% 62.7% 100.0%
*IAN,	Inferior	alveolar	nerve
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safe	distance	to	the	most	distal	fixture	from	the	AL	and	a	5	
mm	distance	from	the	MF	for	chin	bone	harvesting	have	been	
proposed.[10]

In	 the	 present	 study,	 out	 of	 193	CBCT	 scans	 evaluated,	
anterior	looping	of	IAN	was	identified	in	72	(37.3%)	CBCT	
scans.	 Prevalence	 of	 anterior	 looping	 of	 IAN	was	 40.4%	
among	male	 and	 33.7%	among	 female	 study	 subjects.	No	
significant	 difference	 has	 been	 noted	 in	 the	 prevalence	 of	
anterior	 looping	 among	male	 and	 female	 subjects.	There	
are	 several	 studies	 in	which	 authors	 tried	 to	measure	 the	
prevalence	of	AL	using	CT	or	CBCT.	Jacobs	et al.	(2002)[11]	
studied	230	spiral	CT	scans	of	the	lower	jaw	bone	and	found	
anterior	looping	of	the	mandibular	canal	in	7%	of	the	cases.	
Kaya	et al.	(2008)[2]	did	a	study	on	73	panoramic	radiography	
and	 spiral	CT.	They	 reported	 the	 prevalence	 of	 the	AL	 in	
panoramic	radiographs	and	spiral	CT	images	as	28	and	34%,	
respectively.	Uchida	 et al.	 (2009)[12]	 studied	 71	 Japanese	
cadavers	(140	hemimandibles)	and	revealed	the	prevalence	of	
anterior	looping	to	be	71%.	Nakib	et al.	(2013)[13]	noted	that	
the	AL	was	present	in	6.25%	of	all	subjects	(400	subjects).	
AL	was	noted	in	56%	males	and	44%	females.	Findings	of	all	
these	studies	are	not	consistent	with	our	study,	however,	it	is	
mandatory	to	mention	that	methodologies	are	different.	Parnia	
et al.	(2012)[14]	did	a	study	on	96	CBCT	scans	from	patients	
with	partially	edentulous	mandibles.	Anterior	looping	could	be	
visualized	in	83.3%	of	the	cases	in	the	right	side	and	in	62.5%	

of	the	cases	in	the	left	side.	This	finding	is	also	not	consistent	
with	our	study	as	their	prevalence	of	AL	of	IAN	is	too	high	as	
that	of	37.3%	of	the	current	study.	Kajan	and	Salari	(2012)[15]	
did	a	study	on	84	mandibular	CBCT	scans	and	reported	the	
anterior	looping	as	36.9%	(62	of	168	cases).	No	significant	
differences	between	observing	the	AL	associated	with	either	
sex	or	sides	were	detected.	A	significant	difference	between	
determining	the	visibility	of	the	AL	in	the	age	group	was	found.	
This	finding	is	almost	consistent	with	the	finding	of	the	current	
study.	They	also	reported	that	the	AL	was	seen	less	frequently	
in	patients	aged	over	40	years,	which	is	contrary	to	our	finding	
where	prevalence	of	AL	is	less	in	the	age	group	of	15–35	years.	
Li	et al.	(2013)[16]	conducted	a	study	on	68	CT	scan	of	mandible	
from	Chinese	patients	and	revealed	that	the	anterior	looping	of	
IAN	was	present	in	113	of	136	mandible	sides	from	68	patients	
and	noted	the	prevalence	of	the	same	as	83.1%.	There	was	no	
difference	in	the	prevalence	of	the	AL	between	the	left	and	
right	 sides	 of	 the	mandibles,	 between	genders,	 or	 between	
different	age	groups.	Mardinger	et al.	(2000)[17]	did	a	study	
on	46	hemimandibles	and	reported	the	AL	of	the	mental	canal	
to	be	28%	after	observing	physically	 in	13	hemimandibles.	
Apostolakis	et al.	 (2011)[10]	 evaluated	 the	 anterior	 looping	
in	93	CBCT	scans,	and	it	was	identified	in	48%	of	the	sides,	
which	is	a	bit	high	as	that	of	our	finding.	Neiva	et al.	(2004)[18]	
reported	that	prevalence	of	anterior	looping	was	seen	in	88%	
of	study	subjects.	Solar	et al.	(1994)[19]	studied	and	revealed	
the	prevalence	of	anterior	looping	to	be	59%.	The	above	two	
studies	reported	much	higher	prevalence	as	compared	to	ours.

Rosa	et al.	(2013)[20]	studied	352	CBCT	scans	and	reported	
that	in	21	of	the	CT	scan	images,	the	length	of	loop	exceeded	
4.5	mm,	with	the	greatest	length	being	7	mm.	No	significant	
differences	were	found	between	left	and	right	sides	or	between	
edentulous	 and	 dentate	 subjects.	However,	 the	 loop	was	
significantly	longer	in	men	than	in	women.	Chen	et al.	(2013)[6]	
performed	 study	on	CBCT	of	 two	different	 groups.	Group	
I	 consisted	 of	 100	Americans	 (53	males	 and	 47	 females).	
Group	II	had	100	Taiwanese	adults	(55	males	and	45	females).	
ALL	of	Group	II	(7.61	±	1.81	mm)	was	significantly	longer	
than	that	of	Group	I	(6.22	±	1.68	mm).	There	was	no	significant	
difference	in	ALL	between	males	and	females	within	Group	I,	

Table 4: Age group-wise distribution of study subjects by anterior loop length

Age group (Years) n Mean SD Minimum(mm) Maximum(mm) Median P
15‑35 6 2.967 0.8165 1.5 4.0 3.000 0.345
36‑56 40 3.955 1.9946 1.0 8.8 3.650
>56 26 3.369 2.1451 1.0 8.8 2.100
Total 72 3.661 1.9933 1.0 8.8 3.000

Table 2: Distribution of age group-wise prevalence of 
anterior looping among study participants

Age group 
(years)

Anterior looping of IAN* Total P

Present Absent
15‑35 06 34 40 0.005

15.0% 85.0% 100.0%
36‑56 40 52 92

43.5% 56.5% 100.0%
>56 26 35 61

42.6% 57.4% 100.0%
Total 72 121 193
*IAN,	Inferior	alveolar	nerve

Table 3: Gender-wise distribution of study subjects by anterior loop length

Gender n Mean SD Minimum (mm) Maximum (mm) Median P
Male 42 3.886 2.0645 1.0 8.8 3.150 0.261
Female 30 3.347 1.8778 1.0 8.0 3.000
Total 72 3.661 1.9933 1.0 8.8 3.000
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but	there	was	a	significant	difference	in	ALL	between	males	
and	 females	within	Group	 II.	Apostolakis	 et al.	 (2011)[10]	
found	the	mean	and	range	of	ALL	as	0.89	and	0.0–5.7	mm,	
respectively.	In	62%	of	the	cases	with	an	AL,	the	length	was	up	
to	1	mm,	while	it	was	up	to	2	mm	in	85%	of	the	cases	and	up	
to	3	mm	in	95%	of	the	cases.	Two	percent	of	the	sides	showed	
an	ALL	of	>4	mm.	The	longest	loop	measured	was	5.7	mm.	
According	to	Kaya	et al.	(2008),[2]	length	of	the	AL	showed	the	
measurement	to	be	0.71	±	0.21	mm	greater	in	the	panoramic	
radiographs	than	the	spiral	CT.	Uchida	et al.	(2009)[12]	found	
the	mean	value	for	samples	with	an	AL	to	be	9	mm.	Longest	
ALL	was	of	9	mm.	Their	finding	is	consistent	with	the	findings	
of	the	present	study,	in	which	maximum	length	of	ALL	was	
seen	in	male,	i.e.,	8.8	mm.	Parnia	et al.	(2012)[14]	noticed	the	
mean	size	of	AL	to	be	3.54	mm,	which	is	almost	consistent	
with	 our	finding.	Li	et al.	 (2013)[16]	 found	 the	ALL	of	 the	
entire	population	under	study	ranged	from	0	to	5.31	mm.	The	
longest	AL	measured	in	his	study	was	5.13	mm.	There	was	
no	significant	difference	in	ALL	between	sides.	The	ALL	in	
males	was	significantly	longer	than	in	females,	and	this	finding	
is	consistent	with	our	study	also.

Strengths of the study
This	is	the	first	effort	of	its	kind	in	North	Indian	population	
using	the	new	imaging	modality	with	relatively	lower	radiation	
exposure	to	patient	called	CBCT,	which	is	not	readily	available	
everywhere.	The	findings	of	this	study	will	help	and	add	on	
to	the	policymakers	and	modern	researchers	to	rely	upon	the	
efficacy	of	CBCT	scans.	The	sample	is	of	appreciable	size	to	
reinforce	the	efficacy	and	evaluation	of	CBCT	in	determining	
the	prevalence	and	length	of	AL	of	IAN.

Limitations of the study
As	 this	was	 a	 thesis	 research	work	 and	 supposed	 to	 be	
completed	within	 stipulated	 time	 interval,	 this	 study	was	
conducted	 at	 one	 of	 the	 randomly	 selected	 diagnostic	 and	
research	center	catering	mostly	the	patients	from	North	India	
and	surrounding	regions.	It	would	have	been	much	better	to	
include	more	 than	one	center	 for	 the	purpose	of	study.	But	
because	of	the	time	constraint,	it	was	not	possible	on	behalf	of	
the	authors	to	do	so.	Otherwise,	justice	could	have	been	done	
to	generalize	the	findings	of	the	current	study	on	the	whole	
North	Indian	population.

conclusIon

Keeping	all	these	facts	in	mind	and	since	no	such	study	has	
been	conducted	 in	North	 Indian	population	yet,	 the	current	
study	has	 been	designed	 to	 evaluate	 the	 efficacy	of	CBCT	
in	measuring	 the	 anterior	 looping	of	 IAN	by	using	CBCT.	
After	analyzing	 the	data,	 it	has	been	concluded	 that	CBCT	
has	 emerged	 as	 a	 better	 and	 proven	 diagnostic	modality	
for	 evaluation	 of	 anterior	 looping	 and	 thereby	 fruitful	 in	
preoperative	surgical	planning.	This	study	reinforces	the	use	
of	CBCT	 to	 assist	 dental	 practitioners	 and	 or	 surgeons	 to	
localize	 the	 anterior	 looping	 and	hence	 avoid	 injury	 to	 the	
neurovascular	bundles	and	facilitate	surgical,	local	anesthetic	

as	well	as	other	invasive	procedures	such	as	implant	placement	
and	chin	bone	harvesting,	etc.
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Abstract

Introduction:Micronucleus/micronuclei) have the potential to serve as an important biomarker in exfoliated cell. Exfoliated buccal mucosal
cells can be evaluated using MN assay which can be applied to individuals practicing tobacco habits and are at risk of developing oral cancer.
Material andMethods: 80 tobacco users and 20 non tobacco users as control were included in the study. Smears were taken and stained with
H&E, feulgen, acridine orange. MN was counted using criteria given by Tolbert et al. Data was analyzed using SPSS software. Results:MN
higher in tobacco users. The values obtained for the MN count in tobacco chewers using these stains were statistically significant (P<0.05).
The values obtained for the MN count in tobacco smokers using these stains were statistically significant (P<0.05). Qualitatively a good score
for staining intensity; MN outline and nuclear outline was obtained for acridine orange, followed by H&E and feulgen stain. Discussion: In
our study quantitatively, MN was counted in maximum number using H&E stain, followed by acridine orange and feulgen. Qualitatively, MN
count was best viewed using acridine orange stain under a fluorescence microscope, followed by H&E and feulgen under a light microscope.
Conclusion: Assessment of MN in exfoliated cells is a promising tool to study epithelial carcinogens in the oral cavity.

Keywords: Buccal mucosa cells, cytogenic biomarker, micronuclei

INTRODUCTION
Carcinogenesis is a multistep process characterized by
genetic, epigenetic, and phenotypic changes. Many
chemical, physical, and biological environmental agents
are able to interact with deoxyribonucleic acid (DNA) to
induce mutations. The normal function of DNA repair genes
and/or cell proliferation and differentiation control genes,
when lost as a consequence of mutations, increases the risk of
cancer development. There are biomarkers that have been
researched into, which can predict whether a premalignant
lesion or condition is likely to develop into an aggressive
metastasizing tumor.[1]

The lifestyle factors that are associated with genetic damage
include smoking, alcohol consumption, and tobacco
consumption. These are addictive and harmful to health in

many ways.[2] Various forms of tobacco contain thousands
of chemical compounds that are not only irritants and
toxins, but also carcinogens. Among these, the most potent
are tobacco-specific nitrosamines (TSNAs), polycyclic
aromatic hydrocarbons, and reactive oxygen species.[3-5]

Currently, India has a large number of habitual chewers of
betel quid (plain pan) and tobacco.[6] Betel quid contains
tobacco in addition to areca nut, which contains polyphenols
and several alkaloids that act as mutagens and clastogens.[7]
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Areca has been classified as carcinogenic to humans.[8-10]

Tobacco used in any form can result in irreparable genetic
injury.[5,10] It is the most common chemical carcinogen
causing oral cancer.[5] Tobacco is consumed in various
forms. The two broad categories of tobacco consumption
are smoked tobacco in the form of cigarettes, bidis, cigars,
cheroots, reverse smoking, and hukkas and smokeless
tobacco in the form of betel leaf, areca nut, slaked lime,
catechu, pan masala, and gutka.[3]

All parts of the oral cavity are susceptible to cancer from
tobacco smoking or chewing, including the lip, tongue,
palate, gingiva and cheek.[11,12] The buccal mucosa (BM)
provides a barrier to potential carcinogens that can be
metabolized to generate potential reactive products. As up
to 90% of all cancers appear to be epithelial in origin, the BM
could be used to monitor early genotoxic events that result
due to potential carcinogens entering the body through
ingestion or inhalation. The exfoliated buccal cells have
been used noninvasively to successfully show the
genotoxic effects of lifestyle factors such as tobacco
smoking and/or chewing.[13]

Micronucleus (MN) assay is a simple epidemiologic
tool that can be applied to individuals having the habit
of tobacco consumption in various forms and are at a
risk of developing oral carcinomas.[14,15] The MN test
on the exfoliated buccal mucosal cells can be helpful
in quantitating a synergistic effect between these
habits.[5,14,16-18] They can be detected under light
microscopy using hematoxylin and eosin (H&E) staining
or using fluorescent microscopy with DNA-specific stains
such as acridine orange and feulgen.[14,19,20] This method
can be used on a regular basis in general dental practice on
a day-to-day basis and helps to screen suspected patients
and large populations. This is an inexpensive procedure
that uses easily available equipments and stains that can be
employed easily in clinical setups.

The aim of the study was to quantify the MN in
chewers and smokers with a habit of tobacco consumption
for more than 10 years and compare their data with that
obtained from healthy individuals. The study also assessed
the variation of MN count and quality using three different
stains (H&E, acridine orange, and feulgen).

MATERIALS AND METHODS
This cross-sectional prospective study was conducted at the
Department of Oral and Maxillofacial Pathology and
Microbiology in a Dental College in Ghaziabad, UP. The
smears were collected from the patients with a habit
of chewing and smoking tobacco for a minimum of 10
years reporting to the Outpatient Department. Because the
formation of MN is time bound and a habit-based
phenomenon, this action will vary from person to person.
Our study emphasized on the MN count in participants with
prolonged habits; hence, we kept 10 years as the minimum
baseline for the same.

Participants for the study were selected after a detailed history
regarding the tobacco form used, as well as the duration and
frequency of habit, was obtained. Smears were taken from the
BM of the patients associated with tobacco. Inclusion criteria
were as follows: (i) participants with only one kind of habit
for a minimum of 10 years and (ii) smears that were positive
for MN. Exclusion criteria were as follows: (i) participants
with mixed habits, (ii) participants with systemic disease, and
(iii) participants undergoing radiotherapy. The study was
approved by the institutional ethical committee of our
institution. Consent forms were signed, and permission
was obtained before collecting the smears.

The study was conducted with 100 patients, among which 40
patients were chewers and 40 were smokers. A total of 20
control participants (without any habits) were also used in the
study to see the difference in the MN counts from those
observed in the patients with a habit of tobacco consumption.
All the smears collected from the participants were stained
using H&E, feulgen, and acridine orange [Figures 1–3].

The participants were asked to rinse their mouth thoroughly
with water before the smear was collected. A wet wooden
spatula was used to scrape the BM vigorously. The scraping
obtained was cytocentrifuged in neutral Tris hydrochloric acid
buffer. The pellet obtained was smeared on three clean
microscopic slides. The slides were fixed with Biofix and air
dried. H&E, acridine orange, and feulgenwere used to stain the
prepared slides. The H&E and feulgen stained slides were
viewed under a light microscope, and acridine orange
stained slides were viewed under a fluorescent microscope.
A total of 500 cells with intact nuclei and cell boundaries were
counted using a zigzagmethod. TheMNwas counted as per the
criteria given by Tolbert et al.[12]

The resultingdatawereanalyzedusing theStatisticalPackagefor
the Social Sciences software (SPSS Inc., Chicago, IL, United
States). Data were expressed as mean and standard deviation.

Figure 1: A buccal smear of a smoker showing micronuclei
(H&E: 40!)
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Differences among the different variables were analyzed using
Student’s t-test, chi-square test, interclass correlation, one-way
analysis of variances (ANOVAs), post hoc test followed by
Bonferroni test, and Friedman test (F value). A P value <0.05
was considered to be significant.

RESULTS
In our study, the results showed that the number of the
micronucleated cells was higher among tobacco chewers
and smokers in comparison to the control. The mean
percentage of the MN cell count in chewers was
7.63 ± 3.62, which in number showed a mean of
10.63 ± 3.21. Similarly, the MN cell count percentage in
smokers was 5.23 ± 3.15, showing a mean of 7.34 ± 2.14.
The MN cell count percentage in the control group was
1.87 ± 2.75, showing a mean of 2.41 ± 2.02. The mean
difference between the two groups was statistically
significant [Table 1, Figure 4].

On quantitatively comparing the results from chewers using
the three stains, the mean count of the MN was 6.98 ± 1.07
using acridine orange, 5.30 ± 0.93 using feulgen, and
10.63 ± 3.21 using H&E. The values obtained for the MN
count using these stains were statistically significant (P <
0.05) [Table 2, Figure 5].

Similarly, for smokers, the mean of the MN count was
6.25 ± 3.41 using acridine orange, 5.43 ± 1.01 using

feulgen, and 7.34 ± 2.14 using H&E. The values obtained
for the MN cell count and the MN count using the stains were
statistically significant (P < 0.05) [Table 3, Figure 5].

The qualitative analysis for this study was performed by two
observers, and the interobserver comparison taking three
parameters was used to analyse MN by Kappa test
[Table 4]. The results showed a good score for all the
three parameters (1–staining intensity; 2–MN outline;
3–nuclear outline) on using acridine orange, followed by
H&E; least score was observed with feulgen stain.
Sensitivity and specificity were calculated as 90 and
100%, respectively.

Figure 2: A buccal smear of a smoker showing micronuclei
(feulgen: 40!)

Figure 3: A buccal smear of a chewer showing micronuclei (acridine
orange: 40!)

Table 1: Comparison of micronucleated cells and the micronuclei count among the chewers, smokers, and the control
group (under H&E)
Habit/group Micronucleated cells (mean±SD) Micronuclei count (mean±SD) P value (Student’s t-test)

Chewers (n = 40) 7.63 ± 3.62 10.63 ± 3.21 0.001Statistically significant (P < 0.05) (S)
Smokers (n = 40) 5.23 ± 3.15 7.34 ± 2.14
Controls (n = 20) 1.87 ± 2.75 3.41 ± 2.02

Figure 4: Quantitative analysis of micronucleated cell (MNC) count and
micronuclei (MN) count among the chewers, smokers, and the control
group
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DISCUSSION
Exfoliative cytology forms the basis of many epidemiological
studies that help to assess the level of damage in individuals
who may be prone to life-threatening diseases such as oral
cancer. The cytological diagnosis of exfoliative epithelium
has been increasingly used during the last few decades for
biomonitoring human populations exposed to genotoxic
agents.[21]

The use of cells from the BM provides a unique opportunity to
study the regenerative capacity of the epithelial tissue, which
is of ectodermal origin in humans. The assessment of the
micronuclei in the exfoliated cells is a promising tool for the
study of epithelial carcinogens in the oral cavity.[22] The
epithelial tissues are in immediate contact with inhaled and

ingested genotoxic agents, because it lines all the mucosal
surfaces. Most cancers arise in the epithelial tissues. In many
cases, these tissues are the actual targets of carcinogens, as
indicated by the sites of cancers being related to the
exposures. The epithelial cells can be easily collected from
the mouth, nose, and bladder by noninvasive procedures.[23]

The human buccal cells display diverse changes that
are associated with smoked and smokeless tobacco.
In addition, clinicopathologic studies have correlated
the changes in the human buccal cell with oral cancer.
The buccal cell changes that have been reported
include micronuclei formation, bacterial adherence, genetic
mutations, DNA polymorphisms, carcinogen–DNA adducts,
and chromosome abnormalities.[24,25]

The standard laboratory procedure for a MN assay is cheap
and accurate. This assay technique involves the examination
of epithelial smears to determine the prevalence of the
cells containing micronuclei, which are extranuclear bodies
composed of chromosomal fragments or entire chromosomes
that failed to be incorporated into daughter nuclei at mitosis.
The assay can be used to detect chromosome breakage
or mitotic interference events thought to be relevant to
carcinogenesis.[22]

MN mainly originates from acentric chromosome fragments,
acentric chromatid fragments, or whole chromosomes
that fail to be included in the daughter nuclei at the
completion of telophase during mitosis. These displaced
chromosomes or chromosome fragments are eventually
enclosed by a nuclear membrane and, except for their
smaller size, are morphologically similar to nuclei after

Table 2: Comparison of the micronuclei count among the participants in the chewer group using different stains (H&E,
feulgen, and acridine orange)
Stains for micronuclei counting Micronuclei count (mean ±SD) F value P value (one-way ANOVA)

Acridine orange 6.98 ± 1.07 642.76 0.002
Statistically significant (P < 0.05) (S)Feulgen 5.30 ± 0.93

H&E 10.63 ± 3.21

Figure 5: Comparison of micronuclei count between chewers and
smokers under H&E, acridine orange, and feulgen stains

Table 3: Comparison of the micronuclei count among the participants in the smoker group using different stains (H&E,
feulgen, and acridine orange)
Stains for micronuclei counting Micronuclei count (mean±SD) F value P value

Acridine orange 6.25 ± 3.41 187.14 0.002
Statistically significant (P < 0.05) (S)Feulgen 5.43 ± 1.01

H&E 7.34 ± 2.14

Table 4: Qualitative analysis showing the comparison of readings between Observer 1 and Observer 2 under the
parameters used with the Kappa values
Comparison of readings between Observer 1 and Observer 2 Micronuclei outline Nuclear outline Staining intensity

Kappa value under H&E 0.711 0.728 0.842
Kappa value under feulgen 0.651 0.674 0.639
Kappa value under acridine orange 0.812 0.772 0.863
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conventional nuclear staining. These micronuclei can be
induced by carcinogenic agents.[26]

Tobacco chewing and smoking are popular oral habits with
potential links to the occurrence of oral cancer. Many studies
reveal that areca nut extract may demonstrate mutagenic and
genotoxic effects, in addition to inducing preneoplastic as
well as neoplastic lesions of the oral cavity.[4,6,7] More than
60 known carcinogens have been detected in the smoked
forms of tobacco, which include polycyclic aromatic
hydrocarbons, nitrosamines, and aromatic amines with
genotoxic potential that are capable of initiating and
promoting events in carcinogenesis at the cellular level.[6,8]

In chewers, reactive oxygen species produced during the
autoxidation of areca nut polyphenols are crucial in the
initiation and promotion of oral cancer. The risk of cancer
in smokeless tobacco users has been attributed to the presence
of TSNAs.

There are four principal compounds:
(1) N-nitrosonornicotine (NNN);
(2) 4-methyl-Nnitrosamino-1-(3-pyridyl)-1-butanone

(NNK);
(3) N-nitrosoanatabine;
(4) N-nitrosoanabasine.

Only two TSNAs, NNN and NNK, are considered to be
potential carcinogens (International Agency for Research on
Cancer, IARC Monographs 1985).[4-6]

Carcinogenic and mutagenic compounds, including
TSNAs, which are present in the smoked and smokeless
tobacco, are believed to be responsible for the induction of
micronuclei.[5,20,27,28]

Majority of the studies from 1985 till date have shown
significant increase in the number of MN in the buccal
exfoliated cells among chewers and smokers compared to
healthy individuals. In our study, we assessed the MN count
in these habit groups. Our study reported the MN count using
the different grades of smear and the interobserver
variability of the quantitative and qualitative assessments
of the micronuclei under three different stains and
parameters.

In our study, the MN count was higher among chewers than
smokers. These findings are consistent with the studies of
Sellappa et al.[28] and Patel et al.,[29] wherein the MN count
in smokeless tobacco users was higher than that in the control
group. Similarly, an increase in the frequencies of MN among
panmasala and gutkha consumers has also been reported.[30,31]

MNformation has been observed in theprecancerous lesions of
the oral cavity of chewers.[32] Similar results were obtained by
Fareed et al.,[5] wherein they compared theMN count between
gutkha chewers and a control group and concluded that theMN
frequency obtained in the case of tobacco users was much
higher, which clearly indicated that chewers are at high risk for
developing oral cancer.

MN count was more in chewers compared to smokers using
H&E and acridine orange stains, but was slightly more in
smokers when detected using feulgen stain. Comparison
between these three stains has not been done in any study
previously. A comparative study was conducted by Grover
et al.,[33] wherein they used H&E, feulgen, and Papanicolaou
(PAP) stains. They also obtained the least MN score using
feulgen stain and maximum MN count using H&E stain. The
possible explanation for the lowest count of MN with the
feulgen stain could be because of its high DNA specificity
and a clear transparent appearance of the cytoplasm. Apart
from being highly technique sensitive, it is relatively lengthy
method and may lead to the underscoring of MN. Scoring of
MN does not require any special training. However, certain
features within the cytological smear may be confused with
MN. These include interference with bacterial colonies, small
dye granules, or cellular structures such as keratohyaline
granules that may lead to false negative results.[34]

In the second part of our study we qualitatively compared the
three stains under the parameters of (i) staining intensity, (ii)
MN outline, and (iii) nuclear outline. Our results showed that
staining intensity was best for acridine orange stain, followed
by H&E. A lower score for staining intensity was reported
using feulgen. MN outline was best seen using acridine
orange stain, followed by H&E; a poor score was given to
MN outline with feulgen stain. Similarly, nuclear outline was
best seen using acridine orange, followed by H&E. A poor
scoring of nuclear outline was reported with feulgen stain.
Thus, most cases scored a good staining result for all the three
parameters using acridine orange s under fluorescence
microscope, followed by H&E under a light microscope.
Feulgen got the least score in most cases on considering
all three parameters. As mentioned by Torres et al.[35]

acridine orange is a specific stain for DNA and, therefore,
allows differentiation with ribonucleic acid. Other stains such
as feulgen, Schiff, PAP, Orcein, and H&E are acidic–basic
stains and may produce contrast between cytoplasm and
nucleus. This study is unique because we did not come
across any study in literature in which qualitative analysis
using such parameters has been done before.

The results of this study suggest that H&E stain under light
microscope and acridine orange stain under fluorescent
microscope are best to view the MN in cytological smears.
The drawback of feulgen stain is that it is a sensitive
technique and a time-consuming procedure as compared to
the other two staining procedures.

CONCLUSION
The following points can be summarized from this study:

MN count is increased in the participants belonging to the
chewer and smoker groups in comparison to those of the
normal control group. Quantitatively, MN was counted in
maximum number using H&E stain, followed by acridine
orange and feulgen. Qualitatively, MN count was best
viewed using acridine orange stain under a fluorescence
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microscope, followed by H&E and feulgen under a light
microscope.

Hence, the biological significance of the micronuclei in the
buccal cells of the oral mucosa is that the micronuclei are a
manifestation of a readily identifiable clastogenic event as
studied herein and have been associated with tobacco
chewing and smoking. Keeping this aspect in view, MN
assay might bridge the gap between clinical assessment and
outright invasive procedure. The classical methodology of
viewing smears for cytological changes can be used along
with an investigation of MN as a routine procedure to assess
early genotoxic damage in suspected patients.
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Original Article

IntRoductIon

Cone beam computed tomography (CBCT) in recent years has 
gained popularity among dental practitioners and has become 
a preferred three-dimensional, diagnostic imaging modality in 
the maxillofacial region.[1,2] Unlike traditional two-dimensional 
radiographic techniques, structural superimpositions, image 
enlargement, and distortions are absent in CBCT.[3-5] Moreover, 
CBCT allows precise three-dimensional visualization of 
maxillofacial structures at a lower radiation dose in comparison 
to computed tomography (CT).[6,7] It has a wide array of 
applications in different specialties of dentistry, and has many 
advantages over other two-dimensional and three-dimensional 
imaging modalities. With the increase in field‑of‑view (FOV), 
incidental findings have increased considerably.[8,9] Incidental 
findings were defined as abnormal findings that exist outside 
the specific region of interest and are detected by CBCT 
covering the entire skull.[10] They are also defined as findings 
that are unrelated to the present illness and are discovered 

unintentionally.[11] According to Cha et al.,[12] incidental 
findings are defined as any and all discovered finding detected 
by CT, magnetic resonance imaging (MRI), CBCT, or any other 
imaging modalities that are unrelated to the clinical indication 
for the imaging being performed.

The presence of these incidental findings may raise concerns 
about the need for further diagnostic tests or referral to other 
specialists. According to the American Academy of Oral and 
Maxillofacial Radiology (AAOMR) and the the European 
Academy of Dento‑Maxillofacial Radiology (EADMFR), 

Unintended and Unexpected Incidental Findings on Cone Beam 
Computed Tomography: A Retrospective Study of 1500 Scans

Shalu Rai, Deepankar Misra, Mukul Prabhat, Mansi Khatri, Priyank Mallick, Ayush Dhawan

Department of Oral Medicine and Radiology, Institute of Dental Studies and Technologies, Ghaziabad, Uttar Pradesh, India

Introduction: Cone beam computed tomography (CBCT) has revolutionized the field of oral radiology. With the detailed three‑dimensional 
views of dental tissues, incidental findings which were once considered abnormalities present outside the area of interest can now be recognized. 
Here, we report various incidental findings found on CBCT. Materials and Methods: This retrospective study consisted of 1500 CBCT 
scans. Different fields‑of‑view ranging from 5 × 5 to 11 × 13 were selected. Age group of the subjects included in the study was 5 to 89 years. 
All incidental findings were categorized in seven groups according to the area and nature of pathology – dento‑alveolar region, cysts and 
tumors, nasal and sinus pathologies, supernumerary and impacted teeth, artifacts, temporomandibular joint (TMJ) region, and miscellaneous. 
Results: Out of 1500 patients, 723 (48.2%) were males and 777 (51.8%) were females. Mean age of patients referred for CBCT was 47.08 years. 
Most frequently referred patient age group was 60–69 years (19.75%). Eighty‑nine percent of the subjects showed incidental findings. Total 
number of incidental findings was 2734. The most common area showing incidental findings was dento‑alveolar area (44.3%), the least number 
of findings were seen in the TMJ area (0.4%). Most common finding was mucositis/mucous retention cyst (83.4%) whereas the least finding 
found was odontogenic keratocyst cyst and coronoid hyperplasia (0.6%). Conclusion: The full CBCT dataset should be fully examined and 
interpreted by Oral Maxillofacial Radiologists. Correct identification of various potentially pathological lesions outside the area of interest on 
CBCT scan should be reported and documented.
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subjects of maxilla and mandible. Any pathologies or 
anatomical variant findings observed outside or inside the area 
of interest excluding the pathology, for which the scan was 
advised, was considered as an incidental finding. All incidental 
findings were taken twice by an experienced oral maxillofacial 
radiologist at an interval of 2 weeks. All the findings were 
divided into seven categories according to the area involved, 
namely, dento-alveolar region, cysts and tumors, nasal and 
sinus pathology, supernumerary and impacted teeth, artefact, 
temporomandibular joint (TMJ) region, and miscellaneous. 
Diagnosis of incidentally found diseases was made purely on 
the basis of radiographic features.

Result

Out of 1500 patients, 723 (48.2%) were males and 777 (51.8%) 
were females. The mean age of patients referred for CBCT 
was 47.08 years. Most frequently referred patient age group 
was the 60–69-year age group (19.75%). Eight-nine percent of 
the subjects showed incidental findings. The total number of 
incidental findings was 2477. The most common area showing 
incidental findings was dento‑alveolar area (48.9%), the least 
number of findings were seen in the TMJ area (0.4%). Most 
common finding was mucositis/sinusitis (83.4%) whereas 
the least common finding was odontogenic keratocyst cyst, 
antrolith, and coronoid hyperplasia (0.6%) [Table 2].

dIscussIon

In this study, out of the 1500 CBCT scans reviewed, 
89.34% subjects revealed a total of 2477 incidental findings, 
i.e., average of 1.7 findings per scan. In other studies, the rate of 
overall incidental findings varied from 24.6% to 92.8%.[1,10-12] 
This is due to differences in age groups, demographics of 
patient studies, and categories of findings that were reported.

Our study is apparently the largest study examining incidental 
findings using 1500 subjects compared to the studies by 
Price et al.,[13] Cha et al.[12] and Pette et al.[3] Rheem et al.,[2] 
Barghan et al.,[14] Warhekar et al.[15] and Allareddy et al.[1] having 
sample size 300, 500, 318, 147, 400, 795, and, 1000 respectively. 
Large sample sizes justify the need to review incidental 
findings on CBCT, as some rare diseases and findings can be 
visualized when a large sample size is used. Some findings 
of our study are rare, but at the same time can be fatal. In our 
study, we included scans done for various indications [Table 1] 
with different FOV sizes to include large varieties of incidental 
findings among wide patient age groups compared to studies 
that have only taken scans done for one specific purpose 
(e.g., orthodontic purposes).[10,16,17]

The highest rate of incidental findings by Cha et al. was in 
the airway area (18.2%) followed by TMJ findings (3.4%), 
endodontic findings (1.8%), and others (1.2%).[12] However, 
the most frequent incidental finding in our study was 
dento-alveolar region (48.9%) followed by nasal and sinus 
pathologies (25.2%). The reasons for variations in the 
prevalence rates of different findings between this study and 

a clinician needs to fully examine and interpret the whole 
CBCT dataset. If the clinician is not an expert in interpreting 
the entire dataset, a referral is required for a review by oral 
and maxillofacial radiologists.[3]

This retrospective study aimed to determine the prevalence of 
incidental findings in a large sample of CBCT scans with a large 
FOV, thereby emphasizing the importance of interpretation of 
all areas visualized on the scan.

MateRIals and Methods

Source of the scans: The research was carried out on 
1500 randomly selected CBCT scans from a private imaging 
centre. Scans were taken using New Tom Giano extended 
volume CBCT machine. Specifications of the CBCT 
machine were 60–90 kV (max), pulsed mode was used for 
three‑dimensional modality, Current was 2–15 mA (max), 
focal spot size was 0.5 mm, Gray scale was 16 bits, and voxel 
size was 100–200 μm voxel. NNT Software version 6.1 
(installation package:6.1.0) QR Sri Company, Verona, Italy 
was used for the study.

Institutional review and ethical board approval was taken for 
the use of information on the scans for the study. Consent was 
obtained from all the subjects as well as the private imaging 
company to use and share the information from the scan for 
purposes of education, including teaching and research.

FOV and time of the scans: The scans had different FOVs 
according to their indication for which the scan was obtained. 
The scan time also varied with the size of the FOVs. It ranged 
from 5 × 5 to 11 × 13. Slice thickness was constant at 0.3 mm.

Age and reason for the scan
Subjects aged 5–89 years were included in the study. Scans 
indicated for evaluation of maxillary and mandibular 
pathology, temporomandibular pathologies, sinus pathologies, 
orthodontic treatment, implant assessment, and calcifications 
were enrolled in the study [Table 1].

Study design: 1500 CBCT scans were studied including 
dentulous, partially edentulous, and completely edentulous 

Table 1: Indications for cone beam computed tomography 
scans

Reason for scan Number of subjects
Implants/bone evaluation for implants 598

Sinus evaluation prior to implants 252

Other dento-alveolar pathosis 206

Impaction/proximity to inferior alveolar nerve 182

Orthodontic records/treatment planning 103

Endodontic purposes 98

Supernumerary teeth localization 31

TMJ assessment 18

Cleft lip/palate assessment 12

Total 1500
TMJ: Temporomandibular joint
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previous studies can be geographical variations and number 
of scans with different FOVs.

In previous studies, findings in dento‑alveolar region varied 
from 6.29% to 34.01%.[3,4,13] Most of them are asymptomatic 
clinically, but some of them, e.g., root fragments, periapical 
abscess, etc. can become symptomatic in later stages. 
Hence, these incidental findings need monitoring and 
reporting[2] [Figure 1].

In our study, findings of nasal and sinus region were the second 
most common group (28.3%). Other studies showed the 
prevalence of findings in nasal and sinus pathologies between 
18% and 51.8%.[3,4,9,12,13] The most common finding was 
mucositis/mucous retention cyst (83.4%) [Figure 2]. Findings 
in this region are very critical when planning for an implant 
in the posterior maxillary region. Postoperative complications 
after implant placement as well as grafting procedures 
depend upon the patency of osteomeatal complex.[18] The 
presence of anatomical variations within the maxillary sinus, 
such as septa, has been reported to increase the risk of sinus 
membrane perforation during the surgical sinus elevation 
procedure. Findings such as deviated nasal septum and concha 
bullosa [Figure 3] can predispose patients to obstruction of 
sinuses, leading to chronic sinusitis.[19,20] Calcifications of 
sinus that is antrolith [Figure 4] were also reported. It may 
increase the risk of complications following implant or any 
other surgical procedures done in sinus vicinity. Therefore, 
patients with nasal findings should be carefully reviewed for 
the presence or absence of sinusitis.[20]

In our study, 7.4% findings were incidentally found cysts and 
tumors. Highest occurrence (55.9%) of periapical cyst was 
found. Rarest among all were dentigerous cyst [Figure 5] 
and stafne’s bone cyst [Figure 6] with 1% incidence. 
Most common (23.9%) incidentally found tumor was 
odontoma [Figure 7]. These cysts and tumors can cause 
maxillary and mandibular resorption and expansion at a later 
date, hence, it is important to report. One case of unknown 
osteolytic lesion was also observed in the vicinity of an 
extracted tooth socket [Figure 8].

Prevalence of supernumerary/impacted tooth in our study 
was 7%. Incidence reported in the study of Fardi et al. was 
13.7%.[21] Most commonly impacted teeth were maxillary 
and mandibular third molar (39.7%). In our study, we 
recorded one case with an impacted canine along with 
supernumerary tooth [Figure 9], and another case of a 
fourth molar present distal to the third molar reported as 
distomolar [Figure 10].

Table 2: Frequency of incidental findings from 1500 cone 
beam computed tomography scans

Incidental findings Total Average (%)
Dento-alveolar region

Rarefying osteitis 142 11.7

Sclerosing osteitis 138 11.3

Enostosis 30 2.4

Root fragements 148 12.2.

Periapical granuloma 78 6.4

Apical periodontitis 10 0.8

Periapical abscess 178 14.6

Periodontal bone loss 410 33.8

External resorption 78 6.4

Osteomyelitis 1 0.08

Total 1213 48.9

Cysts and tumors

Periapical cyst 103 55.9

Residual cyst 32 17.3

Odontoma 44 23.9

Odontogenic keratocyst 1 0.5 

Dentigerous cyst 2 1

Stafne’s bone cyst/static bone cyst 2 1

Unknown osteolytic lesion in mandible 1 0.5

Total 184 7.4

Nasal and sinus pathologies

Mucositis/sinusitis 567 79.7

Mucous retention pseudocyst 56 7.8

Hypoplastic maxillary sinus 34 4.8

Hypoplastic frontal sinus 22 3.0

Deviated nasal septum 14 1.9

Maxillary polyp 11 1.54

Partial/complete maxillary sinus septae 4 0.5

Concha bullosa 2 0.3

Antrolith 1 0.15

Total 711 28.7

Supernumerary and impacted teeth

Impacted canine 50 29.2

Impacted molar 68 39.7

Supernumerary mesiodens 17 9.5

Any other Supernumerary/impacted teeth 36 21.0

Total 171 7

Artefacts

Cupping artifact 72 50.7

Streaks and dark bands 44 30.9

Patient related artefacts as motion 26 18.3

Total 142 5.7

TMJ region

Elongated styloid process 9 81.8

coronoid hyperplasia 1 9.9

Osteoma of TMJ 1 9.9

Total 11 0.4

Miscellaneous

Unhealed fracture 9 20

Implant impinging on nerve 3 6.6

Retained suture material in jaw 14 31

Broken instrument 6 13.3

Table 2: Contd...

Incidental findings Total Average (%)
Restorative material in apical area 13 28.8

Osteolytic lesion in anterior palate

Total 45 2
TMJ: Temporomandibular joint

Contd...

[Downloaded free from http://www.jiaomr.in on Saturday, July 4, 2020, IP: 117.97.247.123]



Rai, et al.: Incidental findings on CBCT: A retrospective study of 1500 scans

Journal of Indian Academy of Oral Medicine  Radiology  Volume 30  Issue 3  July‑September 2018226

In our study, incidental findings occurring in the TMJ 
region was 0.4%. Previous studies reported it to be in the 
range of 2.6% to 26.5%.[3,4] Patients showing any incidental 
pathological finding in TMJ region could be symptom free 
clinically and may not be experiencing any TMJ dysfunction. 
These patients must be educated and monitored by the clinician 
as they are showing incidental findings, which can act as a 
predisposing factor for other pathologies. Patients presenting 
with symptoms such as pain and limitation of mandibular 
function require a complete work-up and comprehensive 
TMJ analysis.[13] A study reported how an incidental finding 
affected the treatment plan of a 60-year-old patient who was 
scanned for implant planning which showed an unilateral (left) 
mediolateral bifid condyle. As a result, the implant was not 
indicated in that patient.[13]

Miscellaneous findings in our study comprised 2%. It 
included broken instrument (Reamer) lying in the soft 
tissue [Figure 11], spilled out root canal filling material in the 

periapical region [Figure 12], and enamel pearl [Figure 13]. 
One interesting incidental finding observed in this category 
was an osteolytic lesion present on the anterior palatal 
area [Figure 14]. Cases like palatal resoprtion need a complete 
evaluation to diagnose any lethal disease. Another case of 
implant impinging on the nerve was also observed [Figure 15]. 
These findings may give us a clue to unexplained paresthesia 
or any other symptoms reported in postimplant recall visits.

Figure 1: Periapical abscess in mesial root of molar, also showing bifid 
mandibular canal along with accessory opening Figure 2: Mucous rentention cyst of maxillary sinus

Figure 3: Concha bullosa

Figure 4: Antrolith seen in maxillary sinus

Figure 5: Dentigerous cyst

Figure 6: Stafne’s bone cyst
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Figure 7: Multiple compound odontoma in the maxillary upper anterior region Figure 8: Cystic lesion in mandible

Figure 9: Supernumerary tooth adjacent to impacted canine
Figure 10: Distomolar seen posterior to mandibular third molar

Figure 11: Radiopaque structure in soft tissue suggestive of broken 
instrument

In our study, we found very few patients with obstruction 
of airways or hypertrophy of palatine tonsil or adenoids. 
Airway obstructions can lead to obstructive sleep 

apnea (OSA).[3] Price et al. have showed incidental 
finding in airways in 7.86% of the total subjects.[13] 
Hence, CBCT can serve as a screening tool for patients 

Figure 12: Spilled-out radio-opaque material in soft tissue adjacent to tooth
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Figure 13: Enamel pearl in inter dental area of pre-molar

Figure 15: Implant impinging on the inferior alveolar nerve

Figure 17: Pulp stone

Figure 14: Osteolytic lesion seen in palate

Figure 16: Sialolith

Figure 18: Double mental foramen

indicated for sedation during dental procedures. This is 
important because some sedative agents and narcotics 

may exacerbate the risk for apnea in patients with airway 
obstruction.[3]

Other interesting incidental findings observed in our cases were 
sialolith in the submandibular gland region [Figure 16], pulp 
stones [Figure 17], and double mental foramen [Figure 18].

[Downloaded free from http://www.jiaomr.in on Saturday, July 4, 2020, IP: 117.97.247.123]



Rai, et al.: Incidental findings on CBCT: A retrospective study of 1500 scans

Journal of Indian Academy of Oral Medicine  Radiology ¦ Volume 30  Issue 3  July‑September 2018 229

conclusIon

As oral radiologists or dentists, these medical conditions are 
out of our domain and we are not expected to treat them. 
However, it is our moral responsibility to identify these potential 
pathologies by carefully interpreting areas of CBCT scan other 
than the area of interest. These findings can help us in preventing 
postoperative complications even after dental surgeries. In 
conclusion, oral radiologists and dentists should be attentive 
to these incidental findings and comprehensively evaluate 
the complete image to avoid over or underestimation of the 
underlying diseases to provide complete health care for patients.
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Clinical and Radiological Evaluation of Franceschetti
Syndrome (Treacher Collins Syndrome): A Rare Case Report
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Abstract

Franceschetti Syndrome is an autosomal dominant disorder of craniofacial development with variable expressivity. It affects structures
which are derivatives of the first and second brachial arches. It has a characteristic facial appearance as a result of hypoplasia of facial
bones, accompanied by ear, eye and nose abnormalities and positive coloboma sign. This article describes clinical and radiographic features
of this syndrome in a 22 year old male who reported to our department with the complaint of pain in his left upper back and right lower back
tooth region showing incomplete clinical form of Franceschetti syndrome. Also pathogenesis, diagnosis, prevention, management are
discussed.

Keywords: Coloboma sign, franceschetti syndrome, treacher collins syndrome

INTRODUCTION
Franceschetti syndrome, also known as mandibulofacial
dysostosis, Treacher Collins syndrome, was first described
by Thomson and Toynbee in 1847; however, Berry (1889)
and Treacher Collins (1900) described the important features
of this syndrome. Franceschetti (1949) coined the term
mandibulofacial dysostosis.[1]

It has a characteristic facial appearance as a result of the
hypoplasia of the facial bones, particularly the mandible and
zygomatic complex. It is usually accompanied by the ear,
eye, and nose abnormalities, namely malformed pinna,
deafness, shortening, and the slanting down of palpebral
fissure, and the positive coloboma sign and obliteration of
nasofrontal angle with raised nasal bridge.[2,3] We present a
case of a patient diagnosed with an incomplete form of
Franceschetti syndrome giving emphasis on various
radiological views to evaluate the radiological features of
this syndrome.

CASE REPORT
A 22-year-old male reported to our department with the chief
complaint of pain in his left upper back tooth region for last 6–7
months. Past dental history revealed that he has undergone
orthodontic treatment earlier formal-alligned teeth in his upper
and lower jaw. Family history revealed that his father and
grandmother also have same typical features. On extraoral
examination, he presented an antimongoloid face with
downward slanting of the palpebral fissures, sparse
eyelashes on the lower eyelid, batfan ears, and mandibular
micrognathism giving a “bird-like appearance” [Figure 1a and
b]. On intraoral examination, we found grossly decayed 27,
partially edentulous arch with respect to 46. The patient had
high palatal vault and narrowmandibular arch [Figure 2]. After
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taking the patient’s consent, he was subjected for radiological
evaluation. Orthopantomography, anteroposterior (AP) view,
lateral cephalometric, and submentovertex and paranasal sinus
(Water’s projection) views were taken.

Orthopantomographic image shows the hypoplastic condy
les, pronounced antigonial notch with deviated nasal septum
on the left side, and haziness in the left maxillary sinus
[Figure 3a]. Lateral cephalometric evaluation showed the
hypoplastic mandibular body, steep occlusal plane, with
narrow palatopharyngeal space as compared to others
[Figure 3b]. AP view showed the hypoplasia of zygomatic

bone [Figure 4a]. Submentovertex view showed depressed
zygoma [Figure 4b]. Water’s projection again showed the
hypoplasia of zygomatic bone [Figure 4c].

On the basis of clinical presentation and radiological features,
the patient was diagnosed with incomplete form of
Franceschetti syndrome with differential diagnoses of
Nager’s acrofacial dysostosis, X-linked maxillofacial
dysostosis, and oculoauriculovertebral spectrum. The patient
was referred to higher center for cone beam computed
tomographic view for evaluation of other craniofacial
abnormalities but was unfortunately lost to follow-up.

Figure 1: (a) Front profile showing the antimongoloid slanting palpebral fissure, bat fan ear, broad nose, and depressed malar prominence. (b) Lateral
profile showing the hypoplastic mandible

Figure 2: (a and b) Intraoral picture showing the high palatal vault and narrow mandibular arch

Figure 3: (a) orthopantomography (OPG) showing the deviated nasal septum with haziness in left maxillary sinus with pronounced antigonial notch
and condylar hypoplasia. (b) Lateral cephalogram showing the hypoplastic mandibular body and narrow palate-pharyngeal space
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DISCUSSION
Franceschetti syndrome is an autosomal-dominant syndrome
and has a frequency of approximately one per 70,000 live
births.[4] The gene responsible for the syndrome is known as
treacle or TCOF1 and has been mapped to 5q32–33
chromosome.[2,3] It involves structures derived from the
first and second pharyngeal arch, groove, and pouch.
Histological studies indicate apoptosis in perfusion neural
folds that play a critical role in its pathogenesis.[4] Other
studies indicated that abnormalities of neural crest
development occurred in these phenocopies. The chief
defect could be in migration or differentiation of the
ectomesenchymal cells or their death in the condensing
trigeminal ganglia. However, the effects on the first and
second arch placodal cells following their release from the
neural folds of neural crest cells into the developing cranial
regions remains uncertain.[5]

The typical clinical and radiographic characteristics of this
syndrome are as follows:[6-9]

Eyes: Antimongoloid palpebral fissures. These are short
and slope laterally downward with either a notch or
coloboma of outer third of the lower eyelid and absence
of lashes medial to coloboma. These findings were present
in our case also.
Face: Bilateral and usually symmetric hypoplasia of facial
bones, especially the malar bones and mandible, are present.
Similar findings were present in our case too. Depressed
cheekbones, receding chin, tongue-shaped process of hair that
extends toward the cheek, and large down-turned mouth are
the other characteristic features present.
Ears: Malformation of the external ear and occasionally of
the middle and inner ear, with low implantation of the
auricle. The pinnae are often crumpled and misplaced
toward the angle of the mandible. Batfan ears, deafness,
microtia, and extra ear tags and blind fistulas, which may
occur anywhere between the tragus and the angle of the
mouth, are the other common findings. Batfan ears were
found in our case.
Oral findings: Macrostomia, high palate, and abnormal
position of the teeth are the common features and present in
our case also. Cleft palate with congenital palatopharyngeal

incompetence, macrostomia, deficient elevator muscles of
the upper lip, and the absence or hypoplasia of the parotid
gland, the condyle, and the coronoid process are severely
hypoplastic, flat, or aplastic. The undersurface of the body
of the mandible is quite concave. Short condylar neck with no
articular eminence and a typically medial articular area are
other extraoral findings.
Nose: The nose appears large due to the hypoplastic
supraorbital rims and hypoplastic zygomas. Alar cartilage
is hypoplastic and nares are narrow, and these findings were
present in our case also. Literature reveals that there is
obliteration of the naso-frontal angle also.
Skull: Poorly developed supraorbital ridges. Hypoplastic
zygomatic process of the frontal bone. The mastoids are not
pneumatized and are frequently sclerotic. The paranasal
sinuses are often small and may be completely absent.
The orbits are hyperteloric, and the infraorbital foramen is
usually absent. The cranial base is progressively kyphotic.
Mental status: Intelligence is usually normal as seen in our
case. However, some authors have reported mild retardation
and mentally deficient patients.

Franceschetti and Klein described five clinical forms:[6]

(1) The complete form (having all known features).
(2) The incomplete form (presenting variably with less

severe ear, eye, zygoma, and mandibular abnormalities).
(3) The abortive form (only the lower lid pseudocoloboma

and zygoma hypoplasia are present).
(4) The unilateral form (anomalies limited to one side of

face).
(5) The atypical form (combined with other abnormalities

that are not usually part of typical syndrome).

Diagnostic clinical feature: Extraoral[8]

Opthalmological findings:
(1) Downward slanting of palpebral fissures.
(2) Partial absence of eyelid cilia.
(3) Positive coloboma sign.

Ears:
(1) External ear abnormalities such as batfan ears.

Figure 4: (a) Anteroposterior (AP) view showing the hypoplasia of zygomatic bone. (b) Submentovertex view showing the depressed zygoma. (c)
Water’s view showing the hypoplasia of zygomatic bone
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(2) Conductive hearing loss.

Nose:
(1) Very short columella.
(2) Narrow nares.
(3) Small lateral cartilages.
(4) Deviated nasal septum.

Face:

(1) Hypoplastic mandible.

(2) Anterior open bite with steep occlusal plane.

(3) Hypoplastic maxilla.

(4) Hypoplastic malar bones.

Diagnostic tests[9,10]

(1) Radiographs and computed tomography (CT) for
evaluation of craniofacial abnormality.

(2) Audiological evaluation for hearing impairment.
(3) Deoxyribo nucleic acid (DNA) diagnosis: Direct

sequencing of the coding and flaking intronic region
of TCOF1 defects mutation in 90–95% patients.

Prenatal diagnosis[9,11]

(1) Prenatal ultrasound:
(a) Excessive amniotic fluid in the womb of mother.
(b) Demonstration of characteristics facies of Treacher

Collins Syndrome (TCS), such as antimongoloid
slope of palpebral fissures, micrognathia, abnormal
appearance of nose, cleft palate, abnormal fetal
swallowing.

(2) Amniocentesis:
(a) To detect TCOF1.
(b) Presence of TCOF1 mutation detected by prenatal

diagnosis does not predict the specific malformation
or severity of the disease.

Syndromes commonly included in the list of differential
diagnosis are Nager’s acrofacial dysostosis but is different,
because this condition involves the bones of other
extremities. X-linked maxillofacial dysostosis is different,
because there is downward-slanting palpebral fissures
without colobomas, maxillary hypoplasia, open bite, and
relative mandibular prognathism.[6]

MANAGEMENT
The management of individuals affected by this syndrome
requires a multidisciplinary approach involving craniofacial
surgeons, orthodontists, ophthalmologists, otolaryngologists,
and speech pathologists.[8] Depending on the clinical
manifestations and severity, the management is planned.

The possibility of transmitting the defect by the affected
parent to the offspring is 50%; therefore, genetic
counseling plays an important role in such patients.[11]

CONCLUSION
Individuals with severe form of Treacher Collin syndrome
usually over a period of time undergo multiple major
reconstructive surgeries that are rarely fully corrective. The
stem cell therapy is unlikely to benefit the reconstructive
repair of severe craniofacial malformations. Consequently,
more research should be directed toward the preventive
aspects of this syndrome.
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intRoduction

Selection	of	appropriate	 imaging	or	diagnostic	 technique	 is	
an	important	step	in	the	treatment	of	diseases	and	protects	the	
patient	from	harmful	effects	of	ionizing	radiations.[1]	Constant	
research	 is	 focused	 toward	 better	 image	 acquisition	with	
emphasis	over	minimum	harmful	effects	of	radiation.[2,3]	Cone	
beam	computed	tomography	(CBCT)	in	our	country	has	gained	
popularity	among	dentists	and	is	preferred	imaging	modality	
in	recent	times.	However,	lack	of	inclusion	in	the	curriculum	
at	 both	 undergraduate	 and	postgraduate	 (PG)	 levels	 in	 our	
system	of	dental	education	is	a	matter	of	concern.

This	survey	study	aims	to	assess	the	precise	knowledge	CBCT	
in	dental	fraternity.

MateRials and MetHods

Data	were	obtained	in	the	form	of	a	structured,	close‑ended,	
validated,	 predesigned,	 self‑administered	 questionnaire	
which	was	approved	by	 the	 institutional	ethical	committee.	
The	questionnaire	was	validated	after	results	obtained	from	

pilot	study.	The	questionnaire	was	given	to	600	participants	
including	Master	of	Dental	Surgery	(MDS)	from	all	specialties	
of	dentistry	and	Bachelor	of	Dental	Surgery	(BDS)	working	
as	faculty	and/or	general	practitioners	(GPs),	interns,	and	PGs	
from	reputed	dental	colleges	of	Western	Uttar	Pradesh,	India,	
and	the	study	was	carried	out	from	April	2015	to	March	2016.	
Out	of	600	participants,	100	incomplete	questionnaires	were	
not	included	in	study.

The	questionnaire	consisted	of	multiple	choice	questions	on	
CBCT.	The	 total	 number	 of	 questions	 in	 the	 questionnaire	
included	32	questions.	Overall	assessment	of	answers	obtained	
for	each	part	was	analyzed	category‑wise	into	five	categories	
that	were	PG	students,	interns,	GP,	GP	as	faculty	(GPF),	and	
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faculty/researcher	(FR);	specialty‑wise	into	nine	specialties	that	
were	oral	medicine	and	radiology	(OMR),	oral	surgery	(OS),	
pedodontics	(Pedo),	orthodontics	(Orth),	periodontics	(Perio),	
conservative	 dentist	 (Cons),	 prosthodontist	 (Pro),	 public	
health	 dentistry	 (PHD),	 and	 oral	 pathology	 (OP);	 and	
qualification‑wise	divided	as	BDS	or	MDS.

Statistical	 analysis	 was	 done	 using	 SPSS	 software	
version	 18.0	 (IBM,	 USA).	 Data	 were	 arranged	 in	
frequencies	 (percentages)	 for	 all	 questions	 and	 mean	
percentage	was	calculated.	Chi‑square	and	t‑test	were	applied	
to	 compare	 percentages	 in	 different	 variables.	 Post	 hoc 
Bonferroni	test	was	applied.

Results

Of	 these	 500	 completed	 questionnaires	 by	 participants,	
250	participants	had	BDS	degree,	177	had	MDS	degree,	and	
73	were	completing	their	internship.

A	 series	 of	 questionnaire	 related	 to	 awareness	 of	CBCT	
was	 assessed	 qualification‑wise,	 category‑wise,	 and	
specialty‑wise	[Tables	1	and	2]

discussion

Several	 radiographic	 imaging	 techniques	 are	 available	 for	
diagnosis	and	 treatment	planning	of	patients	visiting	dental	
office	for	various	dental	procedures.[4‑9]

This	study	used	a	questionnaire	to	gauge	the	awareness	about	
CBCT,	among	dentists.	This	study	has	sought	to	understand	
primarily	 how	 efficiently	 dentists	 follow	 principles	 and	
practices	 of	 traditional	 and	modern	 oral	 radiology.	 It	 also	
assesses	 the	 knowledge	 of	 dentists	 about	CBCT	 and	 their	
opinions	 on	 the	 implications	 of	 increased	 use	 of	CBCT	 in	
their	practices.

Analyzing	the	results,	a	total	of	500	completely	filled	forms	
were	included,	out	of	which	323	were	BDS,	177	were	MDS,	
73	were	intern,	94	were	PG	students,	213	were	GP,	76	were	
faculty	or	researcher,	and	44	were	GP	and	faculty.	Out	of	total	
MDS,	21	oral	medicine	and	radiologist,	26	oral	surgeons,	27	
pedodontist,	21	orthodontist,	22	periodontist,	19	endodontist,	

18	prostodontist,	8	PHD,	and	15	oral	pathologists	participated	
in	the	study.

CBCT	has	 an	 important	 role	 in	 the	 diagnosis	 of	 oral	 and	
maxillofacial	 pathologies	with	 reduction	 in	 radiation	 dose.	
Category‑wise,	 it	was	 found	 that	maximum	participants	 in	
group	GP/faculty	 100%,	 qualification‑wise	 96.6%	MDS,	
and	specialty‑wise	100%	oral	medicine	and	radiologist,	oral	
surgeon,	and	PHD	had	heard	about	CBCT.	The	findings	were	
dissimilar	to	a	study	conducted	by	Aditya	et al.[10]	who	found	in	
their	study	that	CBCT	was	less	widely	used	in	clinical	practice	
due	to	low	awareness	regarding	applications	of	CBCT	among	
practitioners.

Category‑wise	 84.2%	 faculty/researcher,	 qualification‑wise	
66.1%	MDS,	 and	 specialty‑wise	 84.6%	 oral	 surgeon	
considered	CBCT	over	CT	 for	3D	 imaging.	Category‑wise	
93.2%	 faculty/GP,	 qualification‑wise	 89.7%	MDS,	 and	
specialty‑wise	100%	orthodontist,	endodontist,	PHD,	and	OP	
agreed	that	CBCT	has	low	radiation	dose	over	CT.	The	findings	
were	similar	to	a	study	conducted	by	Chau	and	Fung.[11]	They	
reported	that	CBCT	delivers	the	lowest	radiation	dose	to	the	
organs,	whereas	spiral	multislice	CT	delivers	the	highest	dose.

On	analyzing	level	of	satisfaction	among	the	study	population,	
it	 was	 found	 category‑wise	 (89.5%)	 faculty/researcher,	
qualification‑wise	(76.5%)	BDS,	and	specialty‑wise	(85.7%)	
oral	medicine	 and	 radiologist	were	 satisfied	with	 use	 of	
CBCT.	Most	 of	 the	 dentists	 obtained	 knowledge	 about	
CBCT	 through	 lectures	 (72.2%)	 and	were	 interns.	Most	
faculty/researchers	 (59.2%)	 agreed	 that	 lectures	 on	CBCT	
should	be	included	in	clinical	session	of	BDS	and	maximum	
interns	(84.9%)	had	obtained	knowledge	of	CBCT	from	their	
faculty.	The	findings	were	 similar	 to	 a	 study	 conducted	by	
Reddy	et al.[3]	Tofangchiha	M	et al.[12]	to	assess	knowledge	
and	attitude	of	dental	fraternity	toward	CBCT	in	South	India.

C a t e g o r y ‑w i s e 	 i t 	 w a s 	 f o u n d 	 t h a t 	 m a x imum	
faculty/researcher	 (94.7%),	 qualification‑wise	 (84.7%)	
MDS,	 and	 specialty‑wise	 (100%)	 PHD	 advised	 their	
patients	 for	CBCT.	Category‑wise	 (100%)	 faculty	and	GPs,	
qualification‑wise	(93.2%)	MDS,	and	specialty‑wise	(100%)	
oral	medicine	and	radiologist,	PHD,	and	OP	said	that	guidelines	

Table 1: Question-wise survey results

Q. 

no

Category-wise Qualification-wise Specialty-wise

Student Intern GP FR GPF P BDS MDS P OMR OS Pedo Ortho Perio Cons Pro PHD OP P
10 88.3 86.3 70.0 94.7 100 <0.001 74.3 96.6 <0.001 100 100 96.3 90.5 90.9 100 94.4 100 100 <0.001
13 71.4 82.2 70.7 89.5 56.8 <0.001 76.5 71.7 0.257 85.7 84.6 51.9 75.5 81.0 63.2 66.7 50 76.9 0.076
16 74.5 84.9 47.4 54.1 40.9 <0.001 61.3 53.1 0.078 80 36 25.9 57.1 72.7 52.6 50 37.5 73.3 0.001
17 76.6 58.9 54.9 94.7 84.1 <0.001 59.1 84.7 <0.001 90.5 76.9 85.2 76.2 90.9 73.7 94.4 100 86.7 <0.001
21 79.8 78.1 93.8 87.5 90.9 0.001 85.7 91.3 0.068 95.2 84.6 92.6 90.5 100 78.9 100 100 84.6 0.263
22 71.3 80.8 72.7 85.5 63.4 0.041 76.3 72.3 0.333 85.7 73.1 66.7 71.4 77.3 57.9 61.1 75 86.7 0.468
25 69.2 52.1 53.8 47.4 72.7 0.006 53.1 64.4 0.015 81 69.2 59.9 76.2 40.9 47.4 88.9 62.5 53.3 0.008
26 48.9 52.1 40.3 75.0 54.5 <0.001 47.4 55.4 0.086 76.2 56 63 47.6 61.9 47.4 50 37.5 40 0.261
27 85.1 	87.7 87.8 97.2 77.3 0.026 87.0 89.0 0.514 76.2 83.3 84.6 95.2 100 83.3 88.9 100 100 0.266
29 88.3 79.5 92.0 100 90.9 0.001 87.9 95.5 0.006 95.2 92.3 92.6 95.2 100 94.7 94.4 100 100 0.405
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should	be	formed	for	taking	CBCT	scan.	GP/faculty	referred	
patients	 for	 trauma	 (20.5%),	 (9.7%)	 students	 referred	 for	
cyst/tumor,	(34%)	GPs	referred	for	implant,	(22.7%)	GPs	and	
faculty	referred	for	orthodontic	treatment,	(15.3%)	GPs	referred	
for	 endodontic	 treatment,	 and	 (59.2%)	 faculty/researchers	
referred	 for	 all	 the	 procedures.	 Qualification‑wise	
maximum	(38.4%)	MDS	and	(32.7%)	BDS	referred	patients	
for	CBCT.	Specialty‑wise	maximum	 (37.5%)	PHD	 referred	
patients	 for	 trauma,	 (4.8%)	 oral	medicine	 and	 radiologist	
referred	 for	 cyst/tumor,	 (54.5%)	 periodontist	 referred	 for	
implant,	57.5%	orthodontist	refereed	for	orthodontic	treatment,	
and	13.3%	OP	referred	for	endodontic	treatment.	The	findings	
were	in	accordance	with	Balabaskaran	and	Srinivasan[2]	and	
Shetty	et al.[6]	who	 conducted	 a	 study	 to	 evaluate	 attitude	
of	dentist	toward	CBCT	and	found	in	their	study	that	dental	
practitioners	prescribe	CBCT	imaging	only	when	they	expect	
that	diagnostic	yield	will	benefit	patient	care,	enhance	patient	
safety,	or	improve	clinical	outcomes	significantly.

The	 need	 for	 provision	 of	 CBCT	 setup	 at	 dental	
institute	 was	 found	 to	 be	 category‑wise	maximum	 by	
faculty/researcher	(97.4%),	qualification‑wise	(96.6%)	MDS,	
and	specialty‑wise	100%	OMR,	oral	surgeon,	endodontist,	and	
PHD	were	in	favor	of	availability	of	CBCT	at	their	institute.	
Category‑wise	 (93.8%)	GP,	 qualification‑wise	 (91.3%)	
MDS,	 and	 specialty‑wise	 (100%)	Perio,	Prostho,	 and	PHD	
wanted	to	use	CBCT	as	an	imaging	modality	in	their	clinical	
practice.	 Category‑wise	 (85.5%)	 researcher/faculty	 and	
qualification‑wise	76.3%	BDS	wanted	to	use	CBCT	as	future	
professional	 carrier.	An	 evaluation	 in	 different	 groups	 for	
reasons	not	using	CBCT	in	dental	practice	was	made	and	the	
results	revealed	that	category‑wise	(32.9%)	interns	do	not	use	
CBCT	due	to	lack	of	awareness,	(24.1%)	students	do	not	use	
CBCT	due	to	lack	of	knowledge,	(83.3%)	faculty/researchers	
do	 not	 use	 CBCT	 due	 to	 lack	 of	 availability,	 (9.5%)	
GPs/faculty	do	not	use	CBCT	as	they	find	it	tough	to	perform.	
Qualification	Wise	 (28.6%)	BDS	do	not	 use	CBCT	due	 to	

lack	of	 awareness,	 (17.5%)	BDS	do	not	 use	CBCT	due	 to	
lack	 of	 knowledge,	 (68.1%)	MDS	 do	 not	 use	CBCT	due	
to	 lack	 of	 availability,	 and	 (4.2%)	BDS	do	not	 use	CBCT	
as	 they	find	 it	 tough	 to	 perform.	Specialty‑wise	maximum	
of	 (66.7%)	 endodontist	 do	 not	 CBCT	 due	 to	 lack	 of	
awareness,	(33.3%)	endodontist	do	not	use	CBCT	due	to	lack	
of	knowledge,	(84.2%)	periodontist	do	not	use	CBCT	due	to	
lack	of	availability,	and	(25%)	PHD	do	not	use	CBCT	as	they	
find	it	tough	to	perform.	The	findings	are	in	accordance	with	
a	study	conducted	by	Reddy	et al.[3]	in	South	India;	however,	
Aditya	et al.[10]	found	in	their	study	that	CBCT	is	still	not	very	
frequently	used	by	dental	specialists	due	to	less	availability	
of	the	technique,	high	cost,	or	inability	of	case	selection	for	
CBCT	imaging	by	the	dentists.

Category‑wise	it	was	found	a	maximum	of	participants	(97.4%)	
in	 researcher/faculty	 group	 student	 had	minimum	 (87.2%)	
interest	 in	 updating	 their	 information	 regarding	 CBCT.	
Qualification‑wise	 it	was	 found	 that	maximum	of	 (90.9%)	
MDS	 and	 minimum	 (90.4%)	 BDS	 were	 interested	 in	
updating	 information	 about	 CBCT.	 Specialty‑wise	
maximum	(100%)	periodontist	and	PHD	and	minimum	(81%)	
OMR	were	interested	in	updating	information	about	CBCT.	
Category‑wise	(72.7%)	GP	faculty,	qualification‑wise	(64.4%)	
MDS,	and	specialty‑wise	(88.9%)	Pro	were	aware	of	different	
size	 of	FOV	 in	CBCT.	Category‑wise	 (72.7%)	GP/faculty,	
qualification‑wise	(64.4%)	MDS,	and	specialty‑wise	(88.9%)	
Pro	were	aware	that	focused	FOV	or	small	FOV	should	be	
advised	 in	CBCT	for	endodontic	purpose.	Category‑wise	 it	
was	found	participants	in	group	faculty/researchers	(97.2%),	
qualification‑wise	 (89%)	MDS,	 and	 specialty‑wise	 (100%)	
Periodontist	and	PHD	wanted	conduction	of	CDE/workshop	
for	enhancement	of	their	knowledge	about	CBCT.	The	results	
indicate	 low	 awareness	 about	CBCT	 among	 dentists	 and	
need	enhancement	of	knowledge	toward	this	promising	new	
technology.	Similar	findings	were	reported	in	another	study	
done	in	Turkey	by	Kamburoglu	et al.[1]

Table 2: Question-wise survey results

Ans Category-wise P Qualification-wise P Specialty-wise P

Student Intern GP FR GFR BDS MDS OMR OS Pedo Ortho Perio Cons Pro PHD OP

11. Comparison of preference for 3D imaging of head and neck region

CT 46.8 30.1 70.9 15.8 47.7 <0.001 58.8 33.9 <0.001 23.8 15.4 44.4 33.3 31.8 42.1 44.4 62.5 26.7 <0.001
CBCT 53.2 69.9 29.1 84.2 52.3 41.2 66.1 76.2 84.6 55.6 66.7 68.2 57.9 55.6 37.5 73.3

14. Comparison of different methods of obtaining knowledge about CBCT

Lectures	 31.5 72.2 31.5 23 6.8 <0.001 43.2 20.2 <0.001 30 12 14.8 45 0 21.1 27.8 25 13.3 <0.001
CDE	 31.5 12.5 27.2 32.4 25 22.9 31.8 40 32 44.4 15 28.6 21.1 27.8 25 46.7
Internet	 37.0 15.3 41.4 44.6 68.2 33.9 48.0 30 56 40.7 40 71.4 57.9 44.4 50 40

19. Common referral by dentists for CBCT examination

Trauma	 8.6	 16.4 15.3 9.2 20.5 <0.001 12.9	 15.3	 <0.001 14.3	 0	 25,9	 14.3	 9.1	 31.6	 11.1	 37.5	 6.7	 <0.001
Cyst/tumor	 9.7	 4.1	 6.2	 0	 0	 7.2	 1.1	 4.8	 3.8	 0	 0	 0	 0	 0	 0	 0	
Implant	 15.1	 16.4	 34.0	 23.7	 9.1	 26.1	 20.3	 9.5	 38.5	 7.4	 19	 54.5	 5.3	 11.1	 25	 6.7	
Ortho	TT	 12.9	 4.1	 15.8	 5.3	 22.7	 9.1	 18.6	 9.5	 11.5	 14.8	 57.1	 18.2	 10.5	 16.7	 0	 20	
Endo	TT	 9.7	 2.7	 15.3	 2.6	 9.1	 11.9	 6.2	 4.8	 11.5	 0	 4.8	 9.1	 5.3	 5.6	 0	 13.3	
All	 44.1	 56.2	 13.4	 59.2	 38.6	 32.7	 38.4	 57.1	 34.6	 51.9	 4.8	 9.1	 47.4	 55.6	 37.5	 53.3	
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Some	other	 important	 results	 of	 the	 survey	 study	 included	
questions	 emphasizing	 on	 need	 of	 oral	 and	maxillofacial	
radiologist	for	better	clinical	practice	and	management	of	patients.	
These	 included	 category‑wise	 (78.9%)	 faculty/researcher,	
qualification‑wise	 (67.2%)	BDS,	and	specialty	wise	 (87.5%)	
PHD	agreed	for	requirement	of	guidance	from	radiologist	for	
radiological	 facility	 design	 and	protection.	The	 importance	
of	 referring	patient	 to	 an	oral	 radiologist	 trained	 to	 handle	
or	 have	 enough	 experience	 in	 handling	 CBCT	machine	
was	 agreed	 by	 (100%)	 faculty/researchers	 category‑wise,	
qualification‑wise	 (95.5%)	MDS,	and	 specialty‑wise	 (100%)	
Perio,	OP,	and	PHD.	The	 requirement	 for	oral	 radiologist	 to	
take	 a	 regular	hands‑on/workshop/training	 for	 evaluation	of	
CBCT	scan	was	approved	by	(95.5%)	faculty/GP	category‑wise,	
qualification‑wise	 (92.7%)	MDS,	and	 specialty‑wise	 (100%)	
Perio	 and	 PHD.	 Category‑wise	 PG	 student	 (76.6%),	
qualification‑wise	(73.1%)	MDS,	and	specialty‑wise	(92.3%)	
OP	think	that	CBCT	is	OMR	domain	and	should	be	present	in	
OMR	department	only	and	CBCT	scans	should	be	interpreted	by	
oral	radiologist	and	signed	by	oral	and	maxillofacial	radiologist	
completely	seconded	by	(93.6%)	PG	students	category‑wise,	
qualification‑wise	(89.2%)	BDS,	and	specialty‑wise	(100%)	OP.

conclusion

Therefore,	 we	 conclude	 that	 precise	 knowledge	 of	 oral	
radiology	along	with	CBCT	in	dental	fraternity	is	important	
due	to	its	wide	applications	and	profound	potential	of	CBCT	in	
different	specialties	of	dentistry.	Dental	imaging	is	an	essential	
tool	for	diagnostic	and	therapeutic	orientation	in	the	oral	and	
dental	surgery	field.	At	student	level	introduction	of	training	in	
CBCT	at	undergraduate	and	PG	level	shall	ensure	that	dental	
specialists	use	this	technique	in	an	efficient	way.	Awareness	
of	CBCT	in	dental	fraternity	and	necessity	to	include	it	in	the	
curriculum	is	the	need	of	the	hour.

It	is	further	recommended	that	OMR	departments	in	different	
dental	colleges	should	actively	participate	and	organize	special	
qualification	programs	for	dentists	to	increase	their	awareness	
toward	 different	 imaging	modalities.	 Dentists	 including	
specialists	 from	other	specialties	must	gain	more	knowledge	
about	indications	and	contraindications	of	digital	imaging	and	
CBCT	for	accurate	diagnosis	and	better	management	of	patients.
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QuestionnaiRe foRM

1.	 Name	 2.	 Age	 3.	 Gender:

4.	 Category:	PG	Student	(	)	Intern	(	)	General	practitioner	(	)	Faculty/Researcher	(	)

5.	 Qualification:	BDS	(	 )	MDS	(	)	Specialty:.

6.	 Address	 7.	 Year	of	graduation	 8.	 Year	of	postgraduation	 9.	 Registration	number

10.	 Have	you	heard	about	CBCT/DVT?
	 (a)	 Yes	 (b)	 No

11.	 Which	technology	do	you	prefer	when	you	need	three‑dimensional	imaging	of	the	neck	and	head	region?
	 (a)	Computerized	tomography	(CT).	(b)	Dental	volumetric	tomography	(DVT)/cone‑beam	computed	tomography	(CBCT)

12.	 What	is	the	difference	between	CT	and	CBCT?
	 (a)	Low	radiation	doze	than	CT.	(b)	Same	radiation	doze	as	of	CT	(c)	Higher	radiation	dozes	than	CT.

13.	 Are	you	satisfied	with	the	use	of	CBCT?
	 (a)	 Yes	 (b)	 No

14.	 How	did	you	obtain	knowledge	about	CBCT?
	 (a)	Lectures	(b)	CDE	(c)	Internet

15.	 Which	session	of	BDS	should	include	lecture	on	CBCT?
	 (a)	Preclinical	(b)	Clinical	(c)	Internship	(d)	Not	required

16.	 Have	you	ever	obtained	knowledge	of	CBCT	from	your	faculty?
	 (a)	 Yes	 (b)	 No

17.	 Have	you	ever	advised	your	patients	for	CBCT	imaging?
	 (a)	 Yes	 (b)	 No

18.	 Should	there	be	guidelines	formed	for	when	or	when	not	to	take	CBCT	scan?
	 (a)	 Yes	 (b)	 No

19.	 For	what	case	would	you	refer	your	patient	to	CBCT?
	 (a)	Trauma	(b)	Cyst	or	tumor	(c)	Implant	planning	(d)	Orthodontic	(e)	Endodontic	evaluation.(f)	All	of	above.

20.	 Do	you	think	CBCT	should	be	provided	at	dental	institute?
	 (a)	 Yes	 (b)	 No

21.	 Would	you	choose	to	use	CBCT	as	an	imaging	modality	in	your	clinical	practice?
	 (a)	 Yes	 (b)	 No

22.	 Would	you	choose	to	use	CBCT	in	your	future	professional	career?
	 (a)	 Yes	 (b)	 No

23.	 What	is	the	reason	of	not	using	digital	imaging/CBCT	in	your	dental	practice?
	 (a)	Lack	of	awareness.	(b)	Lack	of	knowledge.	(c)	Lack	of	availability.	(d)	Tough	to	perform.

24.	 Do	you	want	to	update	your	information	about	digital	imaging/CBCT?
	 (a)	 Yes	 (b)	 No

25.	 Are	you	aware	of	different	sizes	of	field	of	view	(FOV)	used	to	take	CBCT	scan?
	 (a)	 Yes	 (b)	 No

26.	 Are	you	aware	that	focused	FOV/small	FOV	should	be	advised	in	CBCT	for	endodontic	purpose?
	 (a)	 Yes	 (b)	 No

27.	 Do	you	feel	CDE/workshop	should	be	conducted	to	enhance	your	knowledge	about	digital	imaging/CBCT?
	 (a)	 Yes	 (b)	 No

28.	 Do	you	require	guidance	from	a	radiologist	for	radiological	facility	design	and	protection?
	 (a)	 Yes	 (b)	 No	 (c)	 I	am	not	aware	of	it
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29.	 Should	patient	be	referred	to	an	oral	radiologist	who	is	trained	to	handle	or	have	enough	experience	in	handling	CBCT	
machine?

	 (a)	 Yes	 (b)	 No

30.	 Should	an	oral	radiologist	take	regular	training/workshop/hands‑on	course	for	evaluation	of	CBCT	scan?
	 (a)	 Yes	 (b)	 No

31.	 Do	you	think	CBCT	is	oral	medicine	and	radiology	(OMR)	domain	and	should	be	present	in	OMR	department	only?
	 (a)	 Yes	 (b)	 No

32.	 Should	all	CBCT	scan	be	interpreted	by	oral	radiologist	and	all	reports	be	signed	by	oral	and	maxillofacial	radiologist?
	 (a)	 Yes	 (b)	 No
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Introduction
Fungi	 are	 normally	 seen	 in	 soil,	 manure,	
and	 fruits.	 The	 nose	 and	 paranasal	 sinuses	
are	commonly	 involved	by	 infections	caused	
by	 organisms	 entering	 through	 inhaled	
dust.[1]	 Usually,	 mucor	 fungi	 responsible	
for	 mucormycosis	 are	 nonpathogenic	 but	
may	 present	 as	 an	 opportunistic	 infection	 in	
patients	on	cytotoxic	drugs,	diabetes	mellitus,	
renal	 failure,	 leukemia,	 cirrhosis,	 and	 severe	
burns.[2]	The	 organisms	proliferate	 in	 tissues,	
vessel	 walls,	 perineural	 spaces,	 and	 have	 a	
predilection	 for	 muscle	 layers	 of	 arteries,	
veins,	 and	 lymphatics,	 causing	 thrombosis	
and	 infarction.	 This	 causes	 invasion	 of	 the	
organism	 into	 the	 orbit	 and	 cranial	 vault	
leading	to	meningoencephalitis	and	cavernous	
sinus	 thrombosis,	 which	 may	 present	 as	
facial	 pain,	 swelling,	 orbital	 cellulituis,	
proptosis,	 loss	 of	 vision,	 ophthalmoplegia,	
necrosis	 of	 nasal	 turbinates	 and	 palate	 as	
well	 as	 osteomyelitis	 of	 facial	 bones.[3]	Most	
reported	 cases	 of	 mucormycosis	 affecting	
facial	 region	 have	 been	 disseminated	 with	
orbital	 and	 cranial	 involvement.	 This	 is	 a	
rare	 localized	 form	 of	mucormycosis.[4,5]	We	
report	 this	 case	 to	 make	 clinicians	 aware	 of	
the	 clinical	 presentation	 of	 this	 disease	 for	
early	 diagnosis	 and	 treatment	 of	 this	 fatal	
infection.

Case Report
A	 57‑year‑old	 male	 patient	 reported	 to	 our	
department	 of	 oral	 medicine	 and	 radiology	
with	 a	 complaint	 of	 painful	 ulcer	 on	 the	
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left	 side	 of	 the	 palate	 and	 unhealed	 socket	
for	2	months.	History	of	 the	present	 illness	
revealed	pain	and	discharge	from	the	palate	
for	 2	 months.	 Pain	 was	 insidious	 in	 onset,	
dull,	 gnawing,	 intermittent	 in	 nature,	 lasts	
for	 hours,	 and	 relived	 on	 its	 own.	 Pain	
was	 associated	 with	 discharge.	 There	 was	
no	 history	 of	 paresthesia	 or	 anesthesia	 in	
the	 region	 of	 area	 of	 interest.	 Past	medical	
history	 revealed	 that	 the	 patient	 was	 a	
known	 diabetic	 for	 5	 years	 and	 not	 on	 any	
medications.	 Past	 dental	 history	 revealed	
that	 the	 patient	 reported	 to	 a	 local	 dentist	
2	months	ago	with	tender	swelling	of	gums	
and	 loosening	 of	 teeth.	 The	 condition	 was	
diagnosed	 as	 advanced	 periodontal	 disease	
with	 severe	 bone	 loss	 and	 periodontal	
abscess	 involving	 the	 left	maxillary	 canine.	
The	 patient	 had	 undergone	 localized	 oral	
prophylaxis	 followed	 by	 extraction	 of	 the	
involved	 tooth	 under	 local	 anesthesia	 and	
oral	 prophylaxis	 was	 later	 completed.	 He	
was	 advised	 to	maintain	 good	 oral	 hygiene	
and	 replacement	 of	 missing	 tooth	 once	
the	 socket	 heals.	 Personal	 history	 revealed	
that	 the	 patient	 was	 a	 smoker	 and	 smoked	
2–3	 bundles	 of	 bidi	 for	 35	 years.	 General	
examination	 revealed	 that	 he	 had	 poor	
built	 and	 nourishment	 with	 the	 presence	
of	 pallor	 and	 signs	 of	 anemia.	 The	 patient	
had	 submandibular	 lymphadenopathy	
without	 any	 evidence	 of	 tenderness	 or	
swelling	 extraorally.	 Intraoral	 examination	
revealed	 missing	 left	 maxillary	 canine,	
generalized	 signs	 of	 severe	 periodontitis,	
and	 exposed	 necrotic	 maxillary	 bone	 in	
the	 palatal	 area	 with	 a	 necrotizing	 ulcer.	
The	 ulcer	 extends	 mediolaterally	 from	
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the	 crest	 of	 alveolar	 bone	 at	 canine	 region	 toward	 the	
midline	 of	 hard	 palate	 and	 anteroposteriorly	 from	 palatal	
gingival	 region	 of	 the	 left	 maxillary	 central	 incisor	 to	 the	
left	 maxillary	 second	 molar.	 The	 ulcer	 was	 covered	 by	
brownish	yellow	slough,	deprived	of	soft	tissues.	The	ulcer	
measured	 around	 3	 cm	 ×	 5	 cm	 in	 size	 and	 had	 denuded	
bone	 in	 its	 floor	with	 irregular	margins	 and	 sloping	 edges.	
The	 slough	 was	 scrapable	 with	 evidence	 of	 bleeding	 and	
the	surrounding	mucosa	was	 indurated.	Soft‑tissue	margins	
around	 the	 necrotic	 bone	 appeared	 normal	 with	 no	 signs	
of	 inflammation	 or	 purulent	 discharge	 [Figure	 1].	 Based	
on	 clinical	 findings	 and	 history,	 a	 provisional	 diagnosis	
of	 deep	 fungal	 infection	 and	 a	 differential	 diagnosis	 of	
chronic	nonhealing	ulcer,	mucormycosis,	and	midline	lethal	
granuloma	were	made.

The	 history	 of	 extraction,	 uncontrolled	 diabetic	 status	 and	
nonhealing	wound	with	wide	 extensions,	 and	 osteomyelitic	
type	 of	 destruction	 of	 the	 left	 maxilla	 in	 the	 absence	 of	
systemic	 signs	 and	 symptoms	 of	 bacterial	 osteomyelitis	
prompted	 us	 to	 investigate	 further.	 The	 patient	 was	
later	 subjected	 to	 the	 following	 biochemical	 and	 blood	
investigations	 such	 as	 hemoglobin,	 which	 was	 10.2	 gm%,	
and	fasting	blood	sugar,	which	was	183	mg/dl.	Glycosylated	
hemoglobin	value	was	found	to	be	8.2%	and	was	suggestive	
of	 diabetes	 mellitus.	 Cytological	 smears	 were	 prepared	
from	 the	 lesion	 which	 revealed	 numerous	 fungal	 hyphae	
intermixed	 with	 bacterial	 colonies	 [Figure	 2].	 Biopsy	
under	 local	 anesthesia	 was	 planned	 and	 specimen	 was	
obtained	 from	 the	 palatal	mucosa	 and,	 on	 histopathological	
examination,	 necrosed	 bony	 trabeculae	 showed	 empty	
bone	 lacunae	 [Figure	 3].	 However,	 deeper	 sections	
in	 histopathological	 examination	 on	 lower	 and	 higher	
magnification	(×10	and	×	40,	respectively)	revealed	cellular	
connective	 tissue	 stroma	 with	 large	 nonseptate	 (aseptate),	
with	 randomly	 spaced	 branches	 and	 nonparallel	 sides	 and	
broad	 fungal	 hyphae	 along	with	 few	 areas	 of	 necrosis	 and	
focal	 areas	of	mixed	 inflammatory	cell	 infiltrate	 [Figure	4].	
Periodic	 acid–Schiff	 (PAS)	 and	 Grocott’s	 silver	
methenamine	 (GSM)	 staining	 further	 showed	 broad,	
thick‑walled	 infrequent	 nonseptate	 with	 randomly	
spaced	 branches	 and	 nonparallel	 sides	 indicative	 of	
mucormycosis	[Figures	5	and	6].	Based	on	histopathological	
findings,	 a	final	diagnosis	of	mucormycosis	associated	with	
candidal	osteomyelitis	of	the	palate	was	made.

Sequence of events

First	 and	 2nd	 weeks:	 Local	 surgical	 debridement	 was	
planned	 and	 done	 under	 local	 anesthesia.	 The	 patient	
was	 advised	 for	 mouth	 rinse	 with	 2%	 diluted	 hydrogen	
peroxide	 and	 Betadine®	mouthwash	 (povidone‑iodine	 USP	
1.0%	w/v)	 3	 times	 a	 day	 after	meals	 for	 15	days.	Medical	
treatment	 included	 use	 of	 antibacterial	 drugs	 such	 as	
amoxicillin	 500	 mg	 and	 potassium	 clavulanate	 125	 mg,	
2	 times	 a	 day	 after	 meals	 for	 5	 days.	 Anti‑inflammatory	
drug	 such	 as	 aceclofenac	 100	 mg	 in	 combination	 with	

paracetamol	325	mg,	3	 times	a	day	 (6–8	hourly),	was	also	
given	 for	 5	 days.	 The	 patient	 was	 recalled	 after	 15	 days.	
He	was	 also	 referred	 to	 a	 general	 physician	 for	 evaluation	
of	diabetes	and	treatment	of	the	same.

Figure 1: Intraoral pretreatment picture

Figure 2: Photo micrograph (×40 magnification) showing bacterial colonies 
(red arrow) and candidal (fungal) hyphae (blue arrow)

Figure 3: Necrosed bony trabeculae showing empty bone lacunae
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local/topical	 application	 and	 ketoconazole	 200	mg	 1	 tablet	
daily	for	7	weeks	for	systemic	use.	He	was	also	advised	to	

Third–10th	 weeks	 [Figure	 7]:	 The	 patient	 was	 advised	 to	
use	clotrimazole	1%	w/w	mouth	paint,	3–4	times	a	day,	for	

Figure 4: Deeper sections containing cellular connective tissue stroma 

with large nonseptate (aseptate), broad fungal hyphae suggestive of 

mucormycosis along with few areas of necrosis and focal areas of mixed 

inflammatory cell infiltrate

Figure 5: Periodic acid–Schiff staining showing broad, thick-walled 

infrequent nonseptate with randomly spaced branches and nonparallel 

sides of fungal hyphae

Figure 6: Grocott’s silver methenamine staining showing mucormycosis Figure 7: Healing after 3 weeks

Figure 9: Healing after 18 weeksFigure 8: Healing after 10 weeks
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take	supportive	 therapy	for	2	months	which	 included	5	mg	
folic	 acid	 tablet	 once	 daily	 and	 iron	 therapy	 available	 as	
“Syrup	 Haem	 Up”	 30	 ml	 daily	 before	 meals.	 The	 patient	
was	followed	up	after	8	weeks.

Eleventh–13th	 weeks:	 Surgical	 debridement	 was	 repeated	
and	the	same	treatment	was	continued	for	3	more	weeks.

Fourteenth–17th	 weeks:	 A	 remarkable	 healed	 alveolar	
mucosa	 was	 observed	 in	 the	 regions	 of	 23	 and	 24	 with	
regeneration	 of	 palatal	 mucosa	 in	 the	 posterior	 part	 of	
the	 denuded	 bone	 and	 area	 of	 denuded	 bone	 reduced	 up	
to	 50%	 [Figure	 8].	 The	 patient	 was	 again	 recalled	 after	
4	weeks.

Eighteenth	week:	Significant	healing	of	denuded	mucosa	and	
bone	was	seen	and	the	lesion	healed	up	to	80%	with	no	fresh	
complaints	[Figure	9].	The	patient	was	advised	to	continue	the	
same	treatment	for	the	next	2	weeks	so	that	the	total	duration	
of	 treatment	 becomes	 20	 weeks	 (5	 months).	 Unfortunately,	
the	patient	was	lost	to	follow‑up	after	this	visit.

Discussion
Paltauf	 in	 1885	 was	 the	 first	 to	 describe	 mucormycosis.[1]	
Mucormycosis	is	a	rare,	rapidly	progressive,	and	often	fatal	
opportunistic	 infection	 caused	 by	 fungi	 belonging	 to	 the	
class	 zygomycetes/phycomycetes,	 order	 mucorales.	 It	
represents	 the	 third	 most	 common	 angio‑invasive	 fungal	
infection	 after	 candidiasis	 and	 aspergillosis.	 These	 fungi	
are	 ubiquitous,	 usually	 harmless,	 and	 become	 pathogenic	
in	 humans	 under	 certain	 conditions.[5]	 The	 common	
predisposing	 conditions	 causing	 mucormycosis	 are	 as	
follows:[6]
1.	 Uncontrolled	 diabetes	 mellitus	 is	 the	 single‑most	

common	 predisposing	 factor,	 especially	 when	
associated	 with	 ketoacidosis.	 Such	 patients	 have	
decreased	 granulocyte	 phagocytic	 ability	 with	 altered	
polymorphonuclear	 leukocyte	 response.	 Mucor	
thrives	 in	 an	 acidic	 pH	 and	 glucose‑rich	 medium.	
Hyperglycemia	 enhances	 fungal	 growth	 and	 impairs	
neutrophil	 chemotaxis,	 while	 lactic	 acidosis	 decreases	
phagocytosis

2.	 Immunocompromised	 states	 such	 as	 deficient	 T‑cell	
immunity.	 Reports	 have	 suggested	 that	 the	 ability	
of	 serum	 of	 immunocompromised	 patients	 to	 inhibit	
Rhizopus in vitro is	reduced,	which	makes	them	suitable	
hosts	to	opportunistic	fungal	infections

3.	 Hematological	 malignancies	 such	 as	 leukemia	 and	
lymphoma

4.	 Bone	marrow	transplants	or	organ	transplantations
5.	 Use	 of	 drugs	 such	 as	 corticosteroids	 and	 deferoxamine	

therapy
6.	 Severe	and	prolonged	neutropenia
7.	 Immature	babies	or	babies	with	low	birth	weight
8.	 The	 infection	 may	 also	 occur	 due	 to	 inhalation,	

ingestion,	or	contamination	of	traumatized	mucosa	such	
as	ulcer	or	extraction	socket	by	fungal	spores.[6]

Our	patient	also	had	a	history	of	extraction	of	left	maxillary	
canine	 and	 uncontrolled	 diabetes	 that	 could	 have	 been	 a	
possible	reason	for	this	infection	to	occur.

Patients	 with	 mucormycosis	 usually	 present	 with	 malaise,	
headache,	 facial	 pain,	 swelling,	 and	 low‑grade	 fever.	
Mucormycosis	 usually	 occurs	 in	 one	 of	 the	 following	 four	
clinical	 forms	 –	 rhinocerebral,	 pulmonary,	 gastrointestinal,	
or	 disseminated.	 Rhinocerebral	 form	 is	 further	 subdivided	
into	 rhino‑orbito‑cerebral	 form	which	 is	 invasive	 and	may	
involve	 the	 ophthalmic	 and	 internal	 carotid	 arteries	 and	
rhino‑maxillary	 form	 which	 involves	 the	 sphenopalatine	
and	greater	palatine	 arteries,	 resulting	 in	 thrombosis	of	 the	
turbinate	and	necrosis	of	the	palate.[3,7]	Nearly	40%–70%	of	
all	 reported	 cases	 manifest	 signs	 and	 symptoms	 involving	
facial	 and	 oral	 tissues.	A	black	 necrotic	 eschar	 is	 the	most	
characteristic	and	pathognomonic	lesion.	Other	sites	of	oral	
lesions	include	gingiva,	lips,	alveolar	ridge,	cheeks,	tongue,	
and	mandible.	Necrosis	of	the	maxilla	is	usually	rare	due	to	
its	 rich	 vascularity.[8,9]	 Our	 case	 had	 a	 similar	 presentation	
involving	 palate	 and	 left	 alveolus	 in	 relation	 to	 the	 left	
maxillary	canine	region.

Clinical	 differential	 diagnosis	 of	 the	 lesion	 includes	
chronic	 granulomatous	 infection	 such	 as	 tuberculosis,	
tertiary	 syphilis,	 midline	 lethal	 granuloma,	 Wegener’s	
granulomatosis,	 other	 deep	 fungal	 infections,	 carcinoma	
of	 palate,	 and	 patients	 on	 bisphosphonate	 therapy.	 Such	
cases	present	as	chronic	ulcers	with	raised	margins	causing	
exposure	 of	 the	 underlying	 bone.	 A	 malignant	 salivary	
gland	tumor	arising	from	the	accessory	glands	of	the	palate	
can	also	be	considered	in	the	differential	diagnosis.[10]

Histopathological features

Mucormycosis	 can	 be	 cultured	 on	 Sabouraud’s	 dextrose	
agar	 medium	 but	 is	 confirmed	 by	 histopathological	
examination	using	hematoxylin	 and	eosin	 (H	and	E),	PAS,	
and	 later	by	Grocott’s	Methenamine	Silver	 (GSM)	stains.[9]	
Typical	 histopathological	 picture	 of	 mucormycosis	 shows	
the	 characteristic	 ribbon‑like	 branching,	 smaller	 width	
nonseptate	 (aseptate)	 fungal	 hyphae	 which	 are	 prominent	
and	 have	 long,	 acute‑angled,	 or	 right‑angled	 branching	
varying	 from	 45°	 to	 90°.	As	 the	 fungus	 is	 angio‑invasive,	
it	 is	 commonly	 found	 in	 close	 proximity	 with	 the	
necrotic	 vessel	 walls.	 Usually,	 tissue	 shows	 nonspecific	
inflammatory	 cell	 infiltrate,	 with	 necrosis	 and	 granulation	
tissue	along	with	the	hyphae.[4,9]

There	 is	 a	 close	 histopathological	 resemblance	 between	
mucormycosis	 and	 aspergillosis.	 Microscopically,	
aspergillosis	 has	 septate	 branching	 hyphae,	 whereas	
mucormycotic	 hyphae	 have	 smaller	 width	 and	 prominent	
acute	 angulations	 of	 branching	 hyphae.[3]	 In	 the	 present	
case,	 diagnosis	was	 confirmed	 by	 histological	 examination	
of	biopsy	 specimen	using	H	and	E,	PAS,	 and	GSM	stains.	
Mucormycosis	presents	a	nonspecific	presentation	clinically	
and	 radiographically;	 therefore,	 histopathology	 proves	
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to	 be	 the	 “gold	 standard”	 for	 its	 diagnosis.	 However,	
histopathological	 identification	 of	 mucormycosis	 in	 tissue	
specimens	 requires	 significant	 pathological	 expertise.	
Therefore,	 molecular	 confirmation	 by	 detection	 of	 fungal	
DNA	in	tissue	samples	by	polymerase	chain	reaction	(PCR)	
is	 a	 novel	 method	 that	 may	 allow	 improved	 diagnosis	 of	
mucormycosis.	 In	 particular,	 PCR	 with	 sequencing	 of	
the	 18S	 ribosomal	 DNA	 of	 Mucorales	 species	 in	 order	
to	 diagnose	 this	 organism	 in	 clinical	 cases	 of	 invasive	
fungal	 infection	 has	 been	 expressed.[11]	 However,	 in	 our	
case,	 molecular	 confirmation	 through	 PCR	 could	 not	 be	
established	due	 to	financial	constraints	faced	by	the	patient	
who	was	further	lost	to	follow‑up.

Despite	 early	 treatment,	 the	mortality	 rate	 of	 patients	with	
mucormycosis	 is	 very	 high,	 ranging	 from	 16%	 to	 100%.	
Cutaneous	 mucormycosis	 has	 a	 mortality	 rate	 of	 17%,	
whereas	 rhinocerebral,	 pulmonary,	 and	 gastrointestinal	
forms	of	mucormycosis	have	mortality	 rates	of	67%,	83%,	
and	100%,	respectively.[8]

As	 the	 disease	 progresses	 with	 alarming	 rapidity,	 prompt	
and	 aggressive	 therapy	 is	 essential.	 Successful	 treatment	
of	 mucormycosis	 consists	 of	 aggressive	 and	 repeated	
surgical	debridement	of	necrotic	tissue,	systemic	antifungal	
therapy,	 and	 immediate	 control	 of	 the	 underlying	 systemic	
diseases.[12]	Use	 of	 amphotericin	B,	 an	 antifungal	 agent,	 is	
widely	 advocated	 in	 literature	 for	 treatment	 of	 this	 lesion,	
but	 it	 should	 be	 used	 with	 caution	 due	 to	 the	 risk	 of	
development	of	an	amphotericin‑induced	nephrotoxicity.	 In	
case	of	palatal	perforation,	 rehabilitation	of	 the	patient	can	
be	achieved	surgically	using	free	flaps	or	by	constructing	an	
obturator.	However,	our	case	showed	no	palatal	perforation	
and	 was	 treated	 by	 surgical	 debridement	 and	 medical	
management	 including	 topical	 and	 systemic	 antifungal	
agents	along	with	supportive	care.[13]

Declaration of patient consent

The	 authors	 certify	 that	 they	 have	 obtained	 all	 appropriate	
patient	 consent	 forms.	 In	 the	 form	 the	 patient(s)	 has/have	
given	 his/her/their	 consent	 for	 his/her/their	 images	 and	
other	clinical	information	to	be	reported	in	the	journal.	The	
patients	 understand	 that	 their	 names	 and	 initials	 will	 not	
be	published	and	due	efforts	will	 be	made	 to	 conceal	 their	
identity,	but	anonymity	cannot	be	guaranteed.

Conclusion
Early	 and	 prompt	 diagnosis	 of	 this	 disease	 is	 crucial	 for	
its	 subsequent	 successful	 treatment.	 Oral	 physicians	 often	

have	 the	 opportunity	 to	 make	 the	 correct	 diagnosis	 of	
mucormycosis	 and	 its	 proper	 referral	 if	 involving	 areas	
other	 than	 oral	 cavity.	 Proper	 history	 of	 the	 underlying	
systemic	 disease	 associated	 with	 this	 disease	 reduces	
the	 mortality	 and	 morbidity	 rate	 associated	 with	 this	
debilitating	 disease.	This	 patient	 survived	 because	 of	 early	
diagnosis	and	prompt	treatment.
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endodontic section 

WHAT EVERY ENDODONTIST NEEDS 
TO KNOW ABOUT IMPLANTS 

DHANANJAY SHARMA, DIKSHA SHARMA, RICHA SHARMA 

clinician trcating a patient with a grossly decayed tooth is faced 
with a dilemma when tasked with rehabilitation. Endodontic thera- 
pT, post and core followed by prosthetic rehabilitation and an 
endascous implant are the two most commonly employed strategies 
for rehabilitation of such patients. For an Endodontist, extraction of 
a grossly decayed tooth may not feature in the treatment plan. 
Advancements in armamentarium and material sciences, has led to 
a drastie improvement in the prognosis of such teeth. 

The clinician should explain the entire possible treatment plan 
available along with the risks involved, cost factor, prognosis and 
what would be the outcome if no treatment plan were opted by the 
patient. Patients' perception of the psychological and physiological 
trauma related to each therapy may be one of the key factors in the 
decision. The patient often relies on the health care professional to 
help make a decision, it thus becomes imperative for the clinician 
to guide the patient into a treatment plan which is evidence based. 

Endoseous implants have evolved over the last 40 years and have 
become an accepted treatment modality for the replacement of 
missing teeth. Based on the work of Brånemark et al2 these implants 
have become a benchmark in rehabilitation of edentulous (partial 
or complete) patient. 

5. Esthetics 
6. Presence or absence of root pathosis 

PRESENCE OF PROXIMAL CONTACTS 
The proximal contacts help in distribution of the occlusal load. By 
this function they provide protection against excessive occlusal 
forces. The long term survival of an endodontically treated tooth 
depends upon the number of proximal contacts around the tooth. 
Teeth with no or 1 proximal contact were 3 times more likely to be 
extracted when compared with teeth with 2 healthy proximal con- 
tacts. In another study 50% of teeth which didn't have proximal 
contacts had failed.10 Keeping this in mind the clinician should 
decide which modality would best serve the patient. 

SYSTEMIC CcONDITIONS/ HABITS 

The treating doctor should be aware of any systematic condition or 

a habit, which alters the host immune response. Patients suffering 

from diabetes or who smoke regularly are not good candidates for 
both endodontic therapy and Implants. Various studies have docu- 
mented this fact and the clinician can be sure of a poor prognosis for 
such patients.ll 

Ambiguiry arises when a decision is to be made regarding the 
rehabilitation of grossly decayed teeth. Single tooth endoseous 
mplants have been advocated as a treatment option for such 
patients. However the precise role of these implants in the manage- ment of grossly decayed teeth has been a topic of much debate.3 
he decision of how to rehabilitate a grossly carious tooth might be 
ntiuenced by the clinical background of the doctor.4 Indications for 
an implant maybe in conflict with the indication for endodontic 
therapy, so researchers like Bader and Shugars4 have called for spe Citic guidelines for the restoration of grossly decayed teeth. Success of any rehabilitation is demonstrated by the overall sur- Vival rate. The long term survival rate for a coronally restored endodontically treated tooth is around 97%.3,6 Systematic reviews.8 have been carried out to determine and compare the long term survival of single tooth implants restored coronally and coro nally restored endodontically treated teeth. These reviews conclud- cd that, both these groups had a similar long term survival rate and a decision for choosing one of the treatment option should not be based upon the long term success. 

Factors to be assessed before decision making are: 1. Presence of proximal contacts2. Systemic Conditions/ Habits 3. Bone quality 
4. Cost/ Economics 

BONE QUALITY 
The long term success of implant therapy is dependent upon the 

quality of bone in which the implant is placed. The bone has been 
divided into 4 main types according to the quality of bone (Type l, 
I, II, and IV). The failure rate of implant fixtures in type V bone 
was around 35% as compared to 3% for type I, I, IIl bone.12 The 
survival rates for fixtures in the posterior maxilla is not good as it is 
for the mandible. Only one study has assessed the failure of 
endodontic therapy based on the location of the treated tooth. 
Caplan et al l3 has reported a higher level of failure of endodontic 

therapy in mandibular second molars. This failure might have noth- 
ing to do with the bone quality, but with the difficulty of access or 
high levels of occlusal forces. The bone quality is an important vari- 
able when planning for implant supported therapy. Type I, II and III 
bone could provide with predictable success, endodontic therapy could be a viable alternative for patient having type IV bone specif- ically in the maxillary posterior region. 
cOST ECONOMICS 
Cost of the restoration is a nmajor variable, over which the patient ponders before going ahead with his/her affirmation. Cost-benefit analysis of endodontically treated teeth and implant prosthesis has been done in the literature. Moiseiwitsch and Caplanl4 reported 
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FIG 1a&b: Grossly decayed 16 

FIG 3a &3b: Wax pattern of the Customized post and Core FIG 2 Post Space impression 

FIG 4a & 4b: Post and Core cemented 

that implant supported restorations were 70%-400% more expen- sive than their endodontically treated counterparts. This study did 
not include the expense of any adjunct procedure like a sinus lift, or 
a bone graft required along with the implant. Implants may not be covered under dental insurance plan of the patient and may subse- quently increase the procedural cost to the patient.15 To ensure long term survival of any restoration post procedural interventions may be required. These interventions add to the cost burden of the total treatment. Doyle et all6 has demonstrated that implants require around 5 times more post treatment interventions than endodontically treated teeth. To reduce the overall cost burden on our patients, the clinician should limit the implant supported restorations and restore teeth endodontically as and when possible. 

FIG 5:Final Restoration 
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endodontic section 

FIG 6&& 6b: Vertical root fracture and extracted root pieces 

FIG8 FIG 7 & 8: Implant placed 

Increasing acceptance of the socket shield technique is a testa- 

ment that even whern implant based restoration is planned some ESTHETICS 
Major planning involved for implant supported restoration are 

based around the management of bone around the implants. Many preservation of the tooth structure is required to get the best esthet- 

practitioners don't give much attention to the soft tissue manage- 
ment required for an esthetically pleasing outcome for an implant, results and should be opted specifically in the maxillary anterior 

especially in the anterior region, because of which esthetic failures region. 
are more common than mechanical failure.17 Poor emergence pro- 

le, loss of papilla, recession and exposure of implant threads are PRESENCE OR ABSENCE OF ROOT PATHOSIS 
lew common soft tissue problems associated with implant place- 

ment. While evaluating the soft tissue of the patient, the biotype 
should be assessed. The gingival biotype has been classified as: thin, 
normal and thick. Thin biotype may be difficult to handle, especial 
y n the anterior region. Esthetics is so important in the anterior 
region that implant supported restoration have been done without 
the complete removal of the root structure of the tooth to be 
replaced. 'Socket Shield'18 js one such technique in which the oper 
ator leaves the labial/buccal portion of the root structure of he 

ooth, in order to preserve the bony architecture and the soft tissue 

ntegrity especially in the maxillary anterior region. According to 
orabinejad and Goodacre!9 poor esthetics may be associated with 
mplants and endodontic restoration of the affected tooth provides 

ic results. Endodontically treated teeth still provide the best esthetic 

Long term success of any endodontically treated tooth depends 
upon the health of the supporting structures. The clinician should 
rule out any fracture of the root. Horizontal fractures in the coronal 
one third can be managed conventionally, but fractures extending 

beyond half root length may not have a good prognosis. Vertical 

root fractures cannot be managed using an endodontic approach 
and are candidates for extraction followed by restoration with 

implants. Extensive root resorption, periodontal breakdown and 
alveolar bone loss and Grade ll mobility indicate the need for an 
implant supported restoration. 

Following are two case reports which highlight the decision mak- 
ing process keeping in mind the factors discussed in the above sec- 
tion, when tasked with rehabilitation of grossly decayed teeth. 

With the best esthetics. 
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CASE REPORT 1 

A 27 year old female pati 

dental patients. J Endod 2001;27:791- 6. 

11. Pouad AP, Burleson J. The effect of diabetes mellitus on 

endodontic treatinent outcome: data from an electronic patient 
record. J Amlent Assoc 2003;134:43-51. 

atient reported with a grossly decayed 16. 

re was almost complete loss of coronal tooth structure. Since the 

sound r root structure, adequate alveolar bone, no systemic condition 12. Jaffin RA, Berman CL The excessive loss of Branemark fixtures 

shit and the patient was also kecn on preserving the tooth, so a 

tooth had proximal cotacts on both ihe mesial and distal surlaces, 

in Type IV bone: a 5-year analysis. J Periodontol 1991;62:2-4. 
13. Caplan DJ, Kolker J, Rivera EM, Walton RE. Relationship 

between number of proximal contacts and survival of root 

canal treated teeth. Int Endod J 2002;35:193-9. 
14. Moiseiwitsch JRD, Caplan D. A cost-benefit comparison 

between single tooth implant and endodontics. J Endod 

2001;27:235 

derision was made to restore the tooth using endodontics, post and 

core, and prosthetic 
rehabilitation. 

CASE REPORT 2 

A 57 vear old male patient reporled with pain in the lower right 

region of the jaw. On examination grossly decayed 46 was observed. 

On radiographic examination a vertical root fracture was observed 

in the distal root and extensive resorption in the mesial root was also 

seen. The tooth supporting structures were severely jeopardized, as 

a result decision was made to extract the tooth and restore it with an 

15. Grytten J. Models for financing dental services: a review. 

Community Dent Health 2005;22:75-85.; comment 188-9; 
author reply 189. 

16. Doyle SL, Hodges JS, Pesun IJ, Baisden MK, Bowles WR. 
Factors affecting outcomes for single-tooth implants and 
endodontic restorations. J Endod 2007;33:399-402. 

implant supPported prosthesis. 

Evidence based decision making is becoming the norm for clini- 

cal practice. The clinician should keep themselves upto date with the 17. Goodacre CJ, Bernal G, Rungcharassaeng K, Kan JY. Clinical 

emerging trends so that they can guide the patient to make an 

informed decision regarding their healthcare needs. For an 

endodontist, rehabilitation of a grossly decayed tooth remains a 

challenge. He/She should keep in mind various factors which have 

been outlined before deciding the best possible modality for their 

patients. 
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BONE REGENERATION WITH PRF: ACT ASSISTED CASE REPORT 

Dr Dhananjay Sharma, D- Diksha Sharma, Dr Richa Sharma 
www.m -

Abstract. The surgical intervention aim to today. Lessor concentrations 
cannot be relied 

3 

remove periapical pathology to obtain bone to enhance wound healing. 
Piatelet"rich 

regeneration and healing of perlaplcal tissues 

which requires a large time to heal. Ihe cases 

fibrin (PRF), developed in France by 

Choukroun ot al2001), is second 

reported here present the management of the 
generatlon platelet concentrate widely used 

periapical cyst using platelet"rlch fibrin (PRE) 

in lesser time than usual by accelerating 
to accelerate soft and hard tissue healing. lts 

advantages over the better known platelet" 

wound healing by increasing the healing 
ease of 

rich plasma PRP) inciude 
kinesisS. 

Koywords: Platoelet Rich Fibrin, Bone 

Remodulation, Accelerated Healing Kinesis 

preparation/ application, minimal expensse 

and lack of biochemical modification (no 

bovine thrombin or anticoagulant is required 

PRF Preparation: 
Introduction 

Radicular or periapical cysts are the most 

The protocol for PRKF preparation is very 
common inflammatory cysts. Over the years, 

simple. whole blood is drawn into the tubes 
the cyst may regress, renmain stationary or 

increase in size. eriapical cysts become without anticoagulant and is immediately 

centrifuged. Within a few minutes, the 
symptomatic when they are infected or reach 

absence of anticoagulant allows activation of 
large dimensions and cause nerve 

compression. hey develop from the the majority of platelets contained in the 

epithelial remnants of Vlalassez of the sample to trigger a coagulation cascade. 

periodontal ligament. emenants of Fibrinogen is at first concentrated in the 

Hertwig s epithelial sheath gets stimulated to uPper part of the tube, until the effect of the 

proliferate by an inflammatory process that circulating thrombin transforms it into a fibrin 

originates from an infection or pulp necrosis network. The result is a fibrin clot containing 

of a non"vital tooth with the development of a the platelets located in the middle of the tube, 

periapical granuloma. Liquefa ction of the just between the red blood cell layer at the 

apical granuloma occurs giving rise to bottom and acellular plasma at the top (igure 

radicular cyst. 1). Unike PRP, the PRF results from a natural 
The treatment of the cysts can be either non and progressive polymerization which occurs 

surgical management or surgical during centrifugation. This clot is removed 
management being either marsupialization or from the tube (Figuro 2) and the attached red 

(Fis igure enucleation. The major reason for which a blood cells scraped off and discarded 

3). clinician tends to treat the lesion non" 

surgicaly is the extensive time it takes to heal 

and the post op morbidity. ere is where 

Surgical Ireatment when augmented by PKF 
comes into play. 

PRE is a volume of autologous plasma that 
has a platelet concentration above baseline. 
Normal platelet counts in blood ranges 
between 150,000/pL and 350,000/uL, 
averaging eround 200,000/pL. Hence 
100,000 platelets /pL in a mi voume of 
plasma is the working definition or PRF 

Figure 1 
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weeks for two consecutive times. 

The pain persisted in upper left central 

Inclsor. lence It was decided to entirely 

enucleate the cyst with intraoral approach 

and the use of PRF ror inducing tissue healing 

and bone remodulation. | he patient received 

detalled explanations of surgical procedures 

POssi ble that will be Per for med, 

complications and infor med consent waas 

obtained from the patient. I he systemic 

antibiaotic prophylaxis was performed before 

Figure 2 treatment. Ubturation was completed 

using gutta"percha and A plus sealer with 

the lateral condensation method just prior to 

starting the surgieal surgery. Before 

procedure 0 mi blood was taken via 

phlebotomy from the ante cubital vein (figure 

4) of the right hand of the patient and was put 

to centrifuge according to the Choukroun : 

was then Protocol. Peria pical surgery 

performed by raising a full-thickness 

mucoperiosteal flaP by giving two vertical 

Figure 3 incisions and crevicular incision (igure /). On 

reflecting the flap, loss of labial cortical plate 

Case Report was evident in relation to the left central 

incisor periapicallyigure 9). The eystic 
lining was enucleated igure 0) and kept in 

A 24-yearrold male patient at the elinic, with 

the chief complaint of pain in relation to the 

T07% formalin which was then sent for biopsy. 
upper left central incisor (igure 5) with a 

history of blunt force trauma 0 years back. he biopsy confirmed the cystic lesion later. 

On further examination, discoloration was Apicectomy of Lmm of the apical portion 

observed (tigure 5) in relation to the upper (Figure 11) or the root of both the central and 

left central incisor. Pain on percussion was lateral incisor was done with a lang tapered 

carbido bur. Retrograde cavity preparations 
performed (igure 12) along the long 

positive in relation to both upper left central 

and lateral incisors.Vitality test showed were 

negative respomse. On radiographic axis of the tooth to a depth of j-4 mm in both 

examinationigure b), large periapical the central and lateral incisor Mlineral 

Trioxide Aggregate -MIA was used as a roo 

end illing material and was condensed with 

MTA pluggers in tho apical 3-4 mm (igure 

radiolucency was noticed. A Dirrerential 
Diagnosis of Periapical Cyst was made and 

conventional root canal thera py was initiated. 

The canals were negotiated with K riles ISO 13).A inal inspection of the eystic eavity was 

no. l5. Working length was determined done prior to placement or PRF into the eystic 

igure ) using Ingles radiogra phic meth od. 

Oing the erown down epproach; 
cavity. he elot was removed from the tube 

and attached red bload cells vwere scraped and 

chemomechanical preparation of the canals removed. Ihe PRF slot was then cut to the 
were completed with ISO no. b0 in both the 

appropriate size and inserted inta the bone 
teeth. he canais were dried with sterile 

defect resulting from the enucleation of the 

Paper points Iripple Antibiotic Paste was oyst with the purpose of tiling it (igure 14). 
Fiap was repositionea (figure 15) and sutures placed as an intracanal medication for 3 
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laced (Figure 16) with 3-0 mersilk. lco 
ack was prepared immediately and patlent 

5instructed to keep it on operated site 
wa 

mittently. he patient was given post 

Antibiotics, operative instructions. 

analgesics, oral rinse with mouthwash had 

been prescribed for 5 days after surgery. 

Sutures were removed after week. Ihe 

patient was recalled every ,49 months for 

routine intraoral examination along with CT| 

.cans and 1OPAR. Kadiographic examination 
Figure 7 

revealed bone regeneration with bone 

trabeculae appearance observed both in 

radiographs and also in Coronal and Axial 

sections or C| (igure 17,18). 

Figure 8 
Figure 4 

Figure 9 
igure 5 

Figure 10 
Figure 6 
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Figure 11 Figur 15 

Figure 12 
Figure 166 

Munuha 
4 Months 

I Monin 

Figure 13 Figure 17 

I Month 4 Monuhe 
Mcnths 

Figure 18 

Figure 14 
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on tunotinsnl annpanarte kti ars 

prevalence in maxillan 1) Grovwtntn:(Anaoftn Fmmns) 
of 

maxillary
bono and the roluotanoe 

extract 
the anterlor tooth, whlon present Arnflnrntery trnnt) 

3 rinogan Sonttsted i rncy tffo) apical processes nd thelr prolonged 

arch lend to the maintenance in tho 

form. -matlon of cysts. uP necroaia leading to PRE oontaine Gramh tnentest tat imidave 

apical 
inflammation apPoars to be the oollular nnnbolern, Infim rm rmatrir m1ia1 ssr 

most common etiology of perlaploal oyat. and nodulntors that asart an1iiriia rn n asr 

However, it usually goos unnotlced and rarely affaot and ibrinoqyon 

exceeds the palpable lze, Unually oomes 

under notice after a radlologlcal examlnatlon. 

blomnterlnl 90nffoold 

The surgical approach of maxillary perlaploal 
VVhil there are signifieant variations in 

cystic lesion is marsuplallxatlon or total makeup, the Initial PRF consienty eontaine 

enucleation through imtraoral approaah. he highly aoncentrated pletelets anda number o 

treatment is dependent on the alxe and plasma proteins associated with platstats 

location of the lesion, the bone Integrity of the during ts preparetion by centritugation. 

cyst walls and its proximity to vltal strueture. Platelets are produced by megakaryocye » 

wound healing is an organlzed process 
anucieated celis. A variety of growth factors 

involving leukocyte and platelet activity. coagulation factors, adhesion molecues, 

For this process to wark effectively, the cytokines, chemokines and integrins re 

platelets play a vital role. Growth factors stored in platelets. After activation, the 

present in blood platelets are important to platelets in RF can release a muititude of 

guide the regenerative cells to the healing growth factors at concentrations significantiy 

area. Patelet concentrates are used routinely higher than the 
baseline blood eveis, 

Tor many years in various surgical and medical Including 
transforming growth factorß, 

specialties. Omar et al. demonstrated that platelet"derive d growth factor (PDGF), insuin 

ike growth factor GF), basic ibrobiast 

monocytes are the first to send positive 

signals to stimulate bone progenetlc cells 
T. 
his effect is crucial because t wiil 

growth factors, vascular endotheilial growtn 

factor (VEGF), apider mal growth factors, and 

mmedlately trigger a cascade of reactlons many others. Many of hese anabalic 

hat will lead to osteogenesis. Ihe use or PRF, 
that is a healing with an autologous materlal l 

such as TGF-B, IGF, 
cytokines, 

basic 

lbroblast growth factor and PDGF, are 

a way to accelerate and enhance the natural 
chondro"promoting and chondro"protective. 

wound he aling mechanisms or the body 
Pletelet"rich fibrin (PRF) i biood plasma that 

PRF also contains a variey of plasma 

protelns, which are known to be sritical 

has been enriched with platelets A 
concentrated source of autoiogous platelet** 
PR several different growth fadtors 

a components 
in the healing 

mechanism of 

conneetive tissues. Different from serum, 

plasma contains fibrinogen and other clotting 

and other cytokines that stimulate healing o fastors, whieh can be aetivated to form a 

bone and sort tissue which are released provlsional fibrin acaffold for cells to adhere 
Since platelets 

nrough degranulation. PRE ha been m'grate 
and prollferate. 

oreekthrough in stimulation and acceleration 

of bone and soft tissue healing. lt represents a 

agoregate along the ibrin fibers during 

clottingr the resultant 
thre'dimensional 

elatively new biotechnology theat is part o of scaffold can also act as a reservoir of growth 

wng Interest In tissue engineering and factors that exert favorable effects on colls. 
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There are many different ways documented for reconstruction of oral and maxillofacial 
(OMF) region among which the use of flaps (local or distant) is commonly practiced 
worldwide. Modern techniques of OMF reconstruction aim to restore function as well 
as improve aesthetics. This article intends to review the literature on varied flaps used 
in oral and maxillofacial surgery (OMFS) and summarize their precise clinical implica-
tions taking into consideration the ease, difficulties, and the ultimate  clinical  outcomes. 
A review of the literature of local or distant flaps used in OMFS was done using Google 
database. There are many different methods of reconstruction in patients who have 
had defect in the OMF region due to vascular reasons. It is important for the OMF sur-
geon who is involved with the management of such patients to have an understanding 
regarding the choice of flap used to reconstruct such defects.
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Introduction
Management of varied pathologic lesions of the jaws often 
demands resection in partial or total along with the sur-
rounding structures, producing defects of varying sizes. Such 
defects may also result due to maxillofacial trauma, burns, 
etc. Reconstruction of such defects (►Table 1) is important 
in many respects that include restoration of function and 
 aesthetics rehabilitation.

The first and the foremost technique that is thought for the 
reconstruction of maxillofacial defects is the use of soft tissue 
flaps that range from different sizes and forms (►Table 2).1,2 
These flaps may comprise simple advancements of skin to 
composites involving many different types of tissue. This 
 article aims to review the literature on plethora of flaps used 
in oral and maxillofacial surgery (OMFS) and summarize 
their precise clinical implications taking into consideration 
the ease, difficulties, and the ultimate clinical outcomes.

Terminologies and General Concepts
The term flap originated in the 16th century from the Dutch 
word “flappe,” meaning something that hung broad and 

loose, fastened only by one side. The history of flap dates as 
far back as 600 BC, when Sushruta Samita described nasal 
reconstruction using a check flap.

A flap in technical terms is a tissue that is transferred from 
one side (donor site) to another (recipient site) while main-
taining its own blood supply. Depending on the position of 
the donor and recipient sites, flaps can be broadly classified 
as local or distant (regional) flaps.

Local flaps are those that are derived from the  immediate 
area of resection common examples of these include  buccal 
pad of fat flap, nasolabial flap, and facial artery musculo-
mucosal (FAMM) flap. These types of flap are advanced, 
 transposed, or rotated into position and a supplied by either 
an axial pattern or by a random pattern. Axial flaps receive 
their blood supply from a single nutrient vessel  whereas 
 random pattern flaps receive capillary blood supply in 
a  random pattern from all direction and not from a single 
nutrient vessel. The Rehrmann buccal advancement flap is 
good example of a random flap.

In distant or regional flaps the donor site is distant from 
the recipient site. These flaps were used to be the workhorse 
of reconstruction of the oral cavity in the past, but they are 
now losing their shine due to introduction of better options. 

Published online: 2019-03-04
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These flaps have an intact vascular pedicle where the blood 
supply originates from a bridging segment connection the 
pedicle to the flap. The bridging segment is normally  covered 
by skin and subcutaneous tissue. If this skin is removed, the 
flap becomes and island flap. Examples of regional flaps 
include pectoralis major flap and temporalis flap.

Free vascularized tissue transfer or free flaps is a 
 modification of regional flap where flap is harvested from 
a distant site by dividing its vascular pedicle. This pedicle is 
subsequently anastomosed to the blood supply and drainage 
at the site of the newly created defect. Tissues that can be 
transferred as a flap includes skin, fascia, bone, and bowel. 
Combination of different tissues are referred to as composite 
free flaps examples osteocutaneous free flaps, etc.

Compared with skin grafts, local flaps often produce supe-
rior functional and esthetic results. A great advantage of local 
tissue transfer is the close resemblance to the missing skin 
in color and texture. Regional tissue can also be recruited 
to repair facial defects with certain limitations.3 After the 
advent of free flaps, clinicians have overcome the difficulties 
of other flaps, but at the same time, free flaps are a sensitive 
technique and attract surgical expertise.

Discussion

Defects as a result of tumor resection in the OMF region 
may leave the patient with a significant functional and 
esthetic defect that is clearly related to the anatomic site 
and tumor size. A plethora of regional cutaneous and 
myocutaneous flaps are available for the management of 
such defects and are well-accepted surgical option.4

In OMFS, reconstruction of surgical defects due to patho-
logical lesions or tumors has always been a challenge for 

clinicians due to its anatomical complexity that makes the 
reconstruction of these defects a tedious task.

In the past, most oropharyngeal defects were closed 
 primarily using skin flaps or tubed pedicle flaps of skin from 
the trunk. These included forehead flap, deltopectoral flap, 
pectoralis major myocutaneous flap (PMMC), etc.  However, 
defects reconstructed using regional pedicle flaps gave a 
compromised esthetic and functional result, and there arose 
the need for better options. Researchers have worked upon 
multiple newer techniques, but the fact that each of them 
has got certain limitations has left the clinician with a lot of 
 disparity and personal choice (►Table 3).

Local Flaps
Buccal Fat Pad
Buccal fat pad (BFD) is an encapsulated, specialized fatty 
tissue located between the buccinator muscle medially, the 
anterior margin of the masseter, and the mandibular ramus 
and zygomatic arch laterally (►Fig. 1). BFD was known as a 
surgical difficulty for many years because of its accidental 
encounter during various surgical procedures in the ptery-
gomandibular area but later Egyedi4 has proven it as a boon 
for OMF surgeons. The flap is harvested through an incision 
in the posterosuperior vestibular sulcus opposing the sec-
ond molar tooth. After incising the fascia, the fat pad is easily 
delivered into the oral cavity by blunt dissection. If the defect 
is not continuous with the donor site, the flap can be tun-
neled through mucosa. The flap is sutured into position and 
allowed to mucosalize, which occurs within 3 to 4 weeks.5 
This is a pedicled flap with its blood supply derived from the 
buccal and deep temporal branches of the maxillary artery 
and from vessels from the transverse facial artery. Because 
of its accessibility, available size, and mini mal donor site 
morbidity, it has been used reliably to reconstruct soft and 
hard palatal, retro molar fossa, buccal mucosa, and oropha-
ryngeal defects. The flap is also used to help repair oral antral 
communications, in conjunction with an advancement flap, 
caused by dental extraction.6

Facial Artery Musculomucosal Flap
FAMM flap was described by Pribaz and colleagues in 1992,7 
which contains mucosa, submucosa, buccinator muscle, 
buccal fat, and facial artery. It has been used in oropharyn-
geal reconstruction following cancer ablation, congenital 

Table 1  Indications for reconstruction using flaps

Defects produced by cancer surgeries

Posttraumatic defects

Facial reanimation

Oro-antral communication

Palatoplasties

Cleft palates

Postburn defects

Major pathologies, viz. cysts, etc.

Hair transplantation

Rhinoplasties

Table 2  Classification of flaps based on blood supply,  including 
the Mathes and Nahai subclassification

Random (no named blood vessel)

Axial (named blood vessel) Mathes and Nahai classification

One vascular pedicle (e.g., tensor fascia lata)

Dominant pedicle(s) and minor pedicle(s) (e.g., gracilis)

Two dominant pedicles (e.g., gluteus maximus)

Segmental vascular pedicles (e.g., sartorius)

Table 3  Criteria for choosing a an ideal flap

Provision of a suitable color match to the surrounding skin 
of the recipient bed

Assurance of a compatible thickness

Retention, or provision of recovery, of clinically perceptible 
sensory innervations

Attainment of sufficient laxity and tissue ablation such that 
mobile margins, as in an eyelid or lip, are spared retraction 
and deranged function

Assurance that the resultant suture lines of either primary 
or secondary defects are restricted to anatomic units and 
fall within natural skin lines
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or posttraumatic oroantral fistulas, cleft palate defects, for 
soft palate lengthening, and to repair defects of the septal 
 mucosa, alveolar ridge, floor of mouth, vermilion, and orbits.8 
The flap can be either superiorly or inferiorly based as it can 
be used either in the anterior maxilla region, lips, or anterior 
floor of mouth (►Fig.  2). It has been shown to be a useful 
flap in certain situations although the variability of the facial 
artery can make it less reliable.9

Nasolabial Flaps
Hagan and Walker formally described the nasolabial muscu-
locutaneous flap in 1988.10 Garatea described a  modification 
of the musculocutaneous nasolabial flap for intraoral 
 reconstruction in 1991.11 A nasolabial flap consists of a  finger 
or tissue lying either side of the nasolabial skin crease. It 
can be based superiorly, inferiorly, or tunneled into the oral 
 cavity, and is mainly used as a transposed flap to reconstruct 
defects of the side of the nose, upper lip, lower lip, and  cavity 
(►Fig.  3). This flap is a cutaneous flap based on the facial 
artery. As they utilize the nasolabial folds, the scar associated 
with the flap is minimal. These flaps are placed in position, 

and the pedicle is then released 4 weeks later as a secondary 
procedure once the flap has gained a blood supply from the 
recipient bed. As per the recent advances, tunneling of the 
flap into the oral cavity eliminates the need of pedicle release.

Regional Flaps
Pectoralis Major Myocutaneous Flap
Pectoralis major myocutaneous flap is the most commonly 
used muscle skin transfer used in soft tissue reconstruction 
of defects of the upper neck and jaw region that may include 
the underlying ribs. It was first described by Hueston and 
McConchie in 1968. Pectoral is major flap was introduced 
into head and neck reconstruction by Ariyan in 1979.11,12 
PMMC flap has an axial blood supply and is based  superiorly 
on the pectoral branch of the thoracoacromial artery. It is very 
 useful in the head and neck region for reconstruction of soft 
tissue defects of the oropharynx, oral cavity,  hypopharynx, 
and skin of the neck, to augment pharyngeal repairs follow-
ing salvage. It is tunneled underneath the skin of the neck 
and so can re-create the sternocleidomastoid and protect 
the carotid vessels (►Fig.  4). It is a well-accepted versatile 
and reliable reconstructive technique for the head and neck 
region. However, because of its bulk, especially in the obese, 
the esthetic outcome is poor. Still it can be used as an option 
when free flaps are not indicated and shows failure.

Fig. 1 Buccal pad of fat flap.

Fig. 2 Facial artery musculomucosal flap.

Fig. 3 Nasolabial flap.
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Temporalis Flap
This flap was first described in 19956 and has been used for 
reconstruction of temporomandibular joint and orbital- 
zygomatic defects. It is supplied by the deep temporal 
 branches of the maxillary artery can be harvested with cra-
nial bone or coronoid process of the mandible (►Fig. 5). It has 
also been used as a myofascial flap intraorally. Estellés Ferriol 
et al in 200513 discussed that the myofascial flap is simpler to 
manage than the free microvascular flaps and safe because of 

its great vascularization. The merits of this flap includes its 
slim size, flexibility, and the fascia in contract with the oral 
 cavity, which epithelize within 3 weeks making it resistant to 
the  proteolytic action of saliva. The flap is capable of support-
ing skin grafts and/or nourishing bone grafts.14 It requires only 
one surgical site, and the incision is extended into the hairline, 
and the muscle is elevated from an inconspicuous area. Thus 
it produces minimal functions and esthetic morbidity. Tempo-
ralis muscle flap has been criticized because of its short arc of 
ration due to which it cannot reach the midline and most of 
the muscle bulk is used in the pedicle.

Free Flaps
Radial Forearm Free Flap
Radial forearm free flap was first described by Yang et al in 
198114 and popularized by Soutar et al.15 It is the workhorse 
of oral reconstruction due to its versatility, reliability, and 
flexibility. It is most often harvested as a fasciocutaneous 
flap that undergoes epithelialization and submucosal fibro-
sis providing the ideal attached mucosal lining for prosthetic 
rehabilitation (►Fig.  6). It is excellent for reconstruction of 
oral cavity, oropharyngeal, and hypopharyngeal defects, such 
as those found after hemiglossectomy or laryngectomy with 
partial pharyngectomy. Advantages with this flap include the 
large amount of thin, pliable skin that is available, relatively 
easy to raise, and has reliable vasculature, but some  tissue 
includes the need for a split-thickness skin graft and the 
unsatisfactory appearance of the forearm scar.

Fibular Free Flap
Fibular free flap (FFF) was first used for mandible reconstruc-
tion by Hidalgo in 1989.16 It is the most commonly used free 
flap for mandible reconstruction in this era. The vascular 
pedicle includes the personal artery and vein. FFF is popu-
lar for several reasons; for example, it can be harvested by a 
 second surgical team and provides a long segment of the bone 
(~25 cm) that is generally not a weight-bearing bone of the 
body and that can actually be cut into smaller segments to 
re-create curvature of the mandible (►Fig. 7).  Osseointegrated 
dental implants can often be placed postoperatively.5 Even 
distraction osteogenesis appliances have been successfully 
applied to and lengthened FFFs. It can also be used for bony 
reconstruction of the maxilla and orbital floor. If the patient’s 
blood supply to the foot is dominated by the peroneal artery, 
an FFF from that leg is contraindicated.5

Free Iliac Crest Flap
This osteocutaneous flap uses the iliac crest bone with or 
without skin based on the deep circumflex iliac artery (DCIA) 
and vein. This flap was first described for reconstruction of 
the maxillofacial region by Bitter.17 The main benefit of using 
the iliac crest as a free flap is the curvature of the ilium that 
is similar to that of the mandible (►Fig. 8). It can be quite 
a morbid procedure. Though causes gait problems due to 
pain, abdominal wall weakness, and frank herniation, some 
of these problems may be resolved by only using the inner 
table of the ilium. There may also be a considerable amount 

Fig. 4 Pectoralis major myocutaneous flap.

Fig. 5 Temporalis flap.
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of soft tissue associated with the blood supply for the free 
flap, making it bulky and susceptible to trauma from upper 
teeth and making prosthetic  rehabilitation very difficult.5

Fig. 6 Free radical forearm flap.

Fig. 7 Free fibula flap.

Fig. 8 Free iliac crest flap.
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Conclusion
There is a wide variety of reconstructive techniques  available 
for use in the OMF region post-ablative surgery.  Smaller 
defects can be repaired with grafts such as split grafts 
 whereas bigger defects can be dealt with local and region-
al flaps such as BFD, FAMM flap, temporalis flap, PMMC 
flap, etc. In this era, majority of larger defects are repaired 
using free vascularized tissue transfer, particularly the radial 
 forearm free flap and FFF.

These flaps may be used on their own or in combina-
tion with other flaps to close a variety of three- dimensional 
defects that may occur as a result of tumor resection. It is 
important for the OMF surgeon to become familiar with 
these techniques, particularly those of free flap reconstruc-
tive. Familiarity with common problems associated with 
cutaneous free flap reconstruction such as the retention and 
growth of hair and excessive flap thickness is also important. 
Such knowledge will help in understanding the problems of 
reconstruction and aid planning the oral rehabilitation of the 
patient post convalescence.
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ABSTRACT
Aim: To compare the intraoral gothic tracing method with pano-
ramic radiographs in patients requiring complete dentures.

Materials and methods: The present study was conducted 
on 20 edentulous subjects of both genders. Hanau Wide-Vue 
semi-adjustable articulator was used to record sagittal condylar 
guidance in all patients. Panoramic radiographs were taken in 
all patients and Frankfurt horizontal plane was traced on both 
sides of orthopantomogram (OPG) and second plane was 
marked by joining the most superior and most inferior point on 
the glenoid fossa curvature. Frankfort’s horizontal plane was 
crossed with this line to record radiographic condylar guid-
ance angle. NNT software was used to record the condylar 
guidance angle.

Results: Mean ± standard deviation (SD) clinical SCG (25.15 
± 3.24) and radiographic seismocardiography (SCG) (27.54± 
5.01) was non significant (p > 0.05) on left side. Mean ± standard 
deviation (SD) clinical SCG (26.84 ± 3.69) and radiographic 
SCG (29.3 5 ± 4.58) was significant (p < 0.05) on right side. 
The SCG did not show difference in values recorded by both 
methods on both sides. The difference in values in both sides 
by clinical method and radiographic method was non-significant 
(p > 0.05).

Conclusion: There was correlation between sagittal condylar 
guidance obtained by both intraoral gothic arch method as well 
as radiographic method done on digital panoramic radiographs.

Clinical significance: Correct centric jaw relation determines 
the success of the complete denture. Radiographic and clinical 

methods provide sufficient minute details necessary for the 
betterment of management.

Keywords: Intraoral gothic arch, Panoramic radiographs, 
Sagittal condylar guidance.
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INTRODUCTION

The management of complete edentulous patients has 
options such as complete denture and implant supported 
denture. The fabrication of complete denture overcomes 
the difficulty encountered by patients due to missing 
teeth. A good quality complete denture is sufficient to 
restore all the functions of oral cavity. However, there 
can be variation in the response to complete denture and 
that is subjective in nature.1

There are certain factors which affects insertion 
of complete denture in edentulous patients. Correct 
recording of border and jaw relations determines the 
future outcome of the treatment. Incorrectly recorded 
maxilla-mandibular jaw relations leads to failure and 
difficulty in performing functions such as biting, chewing 
etc. Various studies have documented several methods 
of recording centric relation such as functional, static, 
graphic and cephalometric. The choice of method is 
operator specific. However, graphical and static methods 
are most preferred among dentists.2,3

Functional recording is done while patients perform 
all the functions such as protrusion, retrusion, left 
and right lateral movements. Record bases should be 
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very stable during this procedure and neuromuscular 
coordination need to be in harmony. Static or direct 
method is the oldest direct interocclusal record 
method. In this method wax or thermoplastic material 
is inserted between the ridges and patient is asked to 
bite on it.4

Graphical method can be intraoral or extraoral 
depending upon the placement of recording device. It 
is useful in recording eccentric relation maxilla with 
mandible. Gothic arch tracing is one of the graphic method 
widely used except in cases of arthopathy, reduced inter- 
arch space etc. Hence panoramic radiographs can be used 
for recording condylar guidance angle.5 The present 
study was conducted to compare the intraoral gothic 
tracing method with panoramic radiographs in patients 
requiring complete dentures.

MATERIALS AND METHODS

The present study was conducted in the Department of 
Prosthodontics, Crown and Bridge, Institute of Dental 
Studies and Technologies, Modinagar, Ghaziabad, Uttar 
Pradesh. It consisted of 20 edentulous subjects (males–12,  
females–8) of age ranged 35 to 60 years both genders. 
Patients with temporomandibular disorders or conditions 
affecting hard tissues were excluded from the study. All 
were informed regarding the study and written consent was 
obtained. Ethical clearance was obtained prior to the study.

General information such as name, age, gender etc. 
was recorded. Primary impression was taken with 
impression compound and the cast was poured with 
plaster of paris. Special tray was formed with acrylic base 
plate and border molding was done using green sticky 
wax. After this, secondary impression was obtained with 
zinc oxide eugenol paste. Secondary cast was prepared 
with impression plaster. Occlusal rims were made on 
secondary cast in order to record the jaw relation. 

In present study, Hanau Wide-Vue semi-adjustable 
articulator was used. A standardized method of face 
bow recording was adopted and indirect technique 
for mounting maxillary cast was used. After this, with 
the help of centric relation record mandibular cast was 
mounted to articulator and the intraoral tracers were 
fixed to the occlusion rims. On maxillary occlusal rim, 
center-bearing plate and on mandibular occlusal rim, 
center bearing point was fixed (Fig. 1). 

The horizontal inclinations of the condylar guidance 
and centric locks were slightly loosened on the articulator. 
The protrusive interocclusal records were used to 
program the articulator. On the lower occlusal rim, the 
record was seated and onto the imprint of occlusal record, 
the upper member was guided. Simultaneously, the right 
and left condylar guidance were moved in to and fro 
motion for correctly seating the upper and lower rims 
into the protrusive relation record. Condylar guidance 
on both the sides of articulator was set (Fig. 2). 

Panoramic radiographs were taken in all patients and 
NNT software was used to record the condylar guidance 
angle. Frankfurt horizontal plane was measured on 
both sides of OPG and the superior most and inferior 
most point on the glenoid fossa curvature was marked 
for forming second plane which then moved to cross 
the frankfort’s horizontal plane to achieve radiographic 
condylar guidance angle (Fig. 3). Results thus obtained 
were subjected to statistical analysis using Chi-square 
test. A p-value less than 0.05 was considered significant. 
Results

Table 1 shows SCG measured on both left and right 
side with clinical method and radiographic method. 
There was no statistical difference in either of method 
between left and right side (p > 0.05).

Table 2 shows that on left side, mean ± SD clinical SCG 
was 25.15 ± 3.24 and radiographic SCG was 27.54 ± 5.01.  
On right side, mean ± SD clinical SCG was 26.84 ± 3.69  

Fig. 1: Both centric record and protrusive interocclusal records Fig. 2: The protrusive interocclusal records on articulator
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Table 2 shows that on left side, mean ± SD clinical SCG 
was 25.15 ± 3.24 and radiographic SCG was 27.54 ± 5.01. 
On right side, mean ± S.D clinical SCG was 26.84 ± 3.69 
and radiographic SCG was 29.35 ± 4.58. The difference 
on right side was significant (p = 0.01).

DISCUSSION

Gothic arch tracing is the technique in which left and right 
condyles forms an arch which is intersected. With the advent 
of various modifications over a period of time, this technique 
has become popular among dentists. Hence this method 
has revolutionarized in the field of dentistry. Silverman6 in 
his study of fallacies of concepts of centric occlusion used 
tracing plate in which patients were made to bite. In his 
study, biting point of the patient was located with the help 
of intra oral gothic arch tracer. Author substantiated the role 
of muscles in retrusion of the mandible.

In present study, the intraoral gothic tracing method 
was compared with panoramic radiographs in patients 
requiring complete dentures. Both the methods were 
almost similar in terms of time consumed in recording 
SCG. Intraoral gothic tracing method is one of the 
accurate methods of recording centric relation. The 
intraoral tracings cannot be observed during the tracing, 
hence this method is getting replaced by other methods. 
Other shortcoming is lack of equal pressure, it is not 
effective in patients with prognathic maxilla or mandible. 
Macroglosia and flabby ridges are other limitations of 
the method. On the contrary, all these factors do not 
affect radiographic method but this method is technique 
sensitive. Moreover, panoramic radiographs also uses 
harmful X-rays which may show its deleterious effects 
on both soft and hard tissue of oral cavity.

Gilboa et al.7 in their study assessed the panoramic 
radiographic images and articular morphology for 
recording condylar guidance. Authors used dry human 
skulls for the study. A positive correlation was found 
between radiographic and clinical method in their study. 
However, they suggested that radiographic methods 
are better in terms of standardization and effective 
measurements may be performed on it.

In present study we included 20 patients (males–12, 
females–8) who required complete denture. We compared 
clinical method of jaw recording with radiographic 
method. Mean clinical SCG was 25.15 and radiographic 
SCG was 27.5 on left side whereas it was 26.84 clinically 
and 29.35 radiographically on right side. On right side, 
a significant (p < 0.05) difference was observed in both 
techniques. Our results are in agreement with Weinberg8 
who evaluated concepts of basic articulators and found 
a positive correlation between radiographic and clinical 
method.

Fig. 3: Sagittal condylar guidance on panoramic radiograph

Table 1: Measurement of SCG by intraoral gothic arch  
tracing and radiographic method

Patient
Right clinical 
SCG

Left clinical 
SCG

Right 
radiographic 
SCG

Left 
radiographic 
SCG

 1 26 25 30.5 25.7
 2 27 26 32.4 23.6
 3 30 26 25.6 24.2
 4 28 25 27.8 31.1
 5 29 26 29.4 30.2
 6 25 27 22.5 32.3
 7 25 30 24.7 35.2

 8 26 25 28.9 30.5
 9 27 26 30.2 24.2
10 28 25 34.3 25.9
11 30 28 32.6 23.1
12 25 29 30.7 22.8
13 26 26 32.9 21.1
14 28 30 25.6 22.4
15 25 25 24.2 22.4

16 26 26 23.1 23.1
17 28 25 22.5 32.9
18 27 27 23.7 27.4
19 26 26 30.0 22.2
20 28 25 31.4 21.1
Mean ± SD 26.84 ± 3.69 25.15 ± 3.24 29.35 ± 4.58 27.54 ± 5.01

Table 2: Comparison of sagittal condylar guidance with intraoral 
gothic arch tracing method and radiographic method

Side Mean SD p-value
Left
Clinical SCG 25.15 3.24 0.12
Radiographic SCG 27.54 5.01
Right
Clinical SCG 26.84 3.69 0.01
Radiographic SCG 29.35 4.58

and radiographic SCG was 29.35 ± 4.58. The difference on 
right side was significant (p = 0.01).

RESULTS

Table 1 shows SCG measured on both left and right side 
with clinical method and radiographic method. There 
was no statistical difference in either of method between 
left and right side (p > 0.05).
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Nandini et al.9 in study analyzed chandra tracer, 
hight tracer, functiograph, intraoral tracer and check 
bite method found no significant difference among all. 
In graphic recording methods, the central bearing point 
should be at centre to avoid displacement of record 
base. In patients with less bone height, the horizontal 
force may unstable the record base.10 Hence care should 
be taken in cases of minimal residual alveolar ridges. 
Even with the flabby or loose ridges with excessive 
soft tissue overgrowth, the stability of record base is 
compromised.11 

Christensen12 in their study advocated the methods 
of sagittal condylar guidance. Author found radiographic 
method better against clinical method. He found higher 
SCG value radiographically as compared to intraoral 
method. The manual method was used in his study 
whereas in present study digital radiographic tracing 
was done with NNT software. Hence the chances of error 
were negligible in present study as compared to his study.

Eccentric relation of maxilla with mandible can be 
recorded with graphic method. It is one of the accurate 
method of recording centric relation. Lee et al.13 in their 
study compared condylar guidance by two techniques 
such as checkbite and ARCUS digma 2. They found no 
statistically significant difference between both genders. 
A statistically significantly difference does existed 
between the lateral condylar inclinations of ARCUS 
digma 2 than checkbite method. 

Donegan14 in his study assessed the sagittal condylar 
guidance with the help of wear facets and protrusion 
records found symmetrical SCG angle both left and right 
side. Stramotas15 in his study used panoramic radiographs 
in determination of linear and angular measurements. 
Author suggested that radiographic method is better in 
recording centric jaw relation however, a slight error in 
orientation of reference plane may vary the values. Gray  
et al.16 conducted a study in which transcranial 
radiographs of the temporomandibular joint was taken. 
Authors suggested that panoramic radiographs are 
efficient and effective in providing SCG on both left and 
right side. The advantage of panoramic radiographs is 
that both sides can be visualized on the same image. 
The only limitation is slight magnification on the right 
side of the image. 

Shreshta et al.17 in their study calculated the horizontal 
condylar guidance using clinical and radiographic 
methods. Three clinical methods such as protrusive 
method, intraoral central bearing device and Lucia jig 
record was compared with CT scan method on 12 patients 
age ranged 20 to 40 years. Nonsignificant difference was 
observed on left and right side. Authors found strong 
association between jig and wax method. CT scan values 
were slight higher than clinical values. 

Brewka18 conducted a study assessed cephalometric 
hinge axis with panoramic radiographs found alteration 
in clinical as well as radiographic values of sagittal 
condylar guidance values. Thakur et al.19 conducted a 
clinical study to record static and functional methods 
for recording centric relation and condylar guidance 
using interocclusal wax and extraoral gothic arch tracing 
and found that gothic arch tracing had higher values 
as compared to wax record on both right and left side. 
It recorded centric relation more posterior than the 
static method. However, horizontal condylar guidance 
was similar with both gothic arch tracing method and 
interocclusal wax method. 

CONCLUSION

There was correlation between sagittal condylar guidance 
obtained by both intraoral gothic arch method as well 
as radiographic method done on digital panoramic 
radiographs. Both techniques found to be effective in 
recording relation. Panoramic radiographs may be useful 
in cases where other method poses difficulty to record 
relation.

CLINICAL SIGNIFICANCE

Radiographic (panoramic) and clinical methods prove to 
be effective in recording details required in fabrication of 
complete denture. Correct centric jaw relation determines 
the success of the complete denture. 
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ABSTRACT: Dentistry specially aims at preserving pulp vitality. However, if endodontic therapy is 
unavoidable due to any reason then conservation of remaining tooth structure becomes the most important 
aspect of treatment but an endodontically treated tooth having insufficient coronal tooth structure to retain 
crown is needed to be restored with post and core first, followed by crown. Post system can be used, 
depending on clinical situation. The traditional custom-cast dowel core provides a better geometric 
adaptation to excessively flared or elliptical canals, and almost always requires minimum tooth structure 
removal. Custom cast post-and-cores adapt well to canals with extremely tapered canals or those with a non 
circular cross section and/or irregular shape, and roots with minimal remaining coronal tooth structure.

3 41 2Ankita Agarwal, Narendra Kumar, Kunwarjeet Singh, Anshul Jain
1PG student, Department of Prosthodontics and Crown & Bridge Institute of Dental Studies & Technologies 
2Professor and HOD, Department of Prosthodontics and Crown & Bridge Institute Of Dental Studies & Technologies
3Professor, Department of Prosthodontics and Crown & Bridge Institute Of Dental Studies & Technologies
4PG Student, Department of Oral & Maxillofacial Surgery ITS Dental College

INTRODUCTION: The esthetic and functional restoration 
of a pulpless tooth is a demanding challenge. A post does not 
reinforce or strengthen the tooth but it provides retention to 
the core. Posts can be prefabricated or custom made. 
Although fiber posts has attained prevalence amonst clinician 
due to their ease of placement and lesser laboratory 
involvement but still advantages of custom made posts are 
still not overcome by any other type of post. They are precise, 
fits snuggly in the canal and most important is that the core 
and the post are a single unit so the chances of core fracture are 
not seen generally. The endodontically treated tooth must be 
prepared for post and core restoration in such a way that it can 
bear both vertical and lateral forces during function.[1] Also, 
core should merge completely with the remaining coronal 
structure so as to prevent any chance of secondary caries 

which can later cause dislodgment of post and core. 
CASE REPORT: A 25 years old male patient reported to the 
dental OPD of Department of Prosthodontics and crown and 
bridge, Institute of Dental Studies and technologies, 
Modinagar with the chief complaint of dislodged crown and 
deformed gold core in 11, the upper front tooth region 
fabricated about 7yrs back. Intraoral examination revealed, 
PFM crown and deformed gold core on 11. 12, 21, 22 were 
also endodontically treated and restored with custom cast post 
and core and PFM crowns. Also crowding was observed in 
mandibular anterior region and deep bite was also present. 16, 
27, 34, 36, 43, 45, 46 were missing. Patient was having 
Angle's class I molar relationship and moderate oral hygiene 
status.
TECHNIQUE : After a thorough radiological and clinical 

CUSTOM MADE POST : 

NOT YET FORGOTTEN!!!
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examination and keeping in mind the needs and constraints of 
the patient, the following treatment was done for 11:
• The deformed gold post and core was retrived and 
canal was again prepared to required post length, with the help 
of peeso reamers and endodontic files to later receive the 
custom made post of appropriate diameter (figure:1). 

                                      Figure: 1
• The remaining tooth structure was prepared with 
tapered flat end and tapered round end bur to create a proper 
shoulder and chamfer finish line to completely encircle the 
remaining tooth structure at 360   (figure:2) .

                                            Figure: 2
The angled dowel was adjusted with carbide bur to extend to 
properly prepared dowel length after which post pattern was 
fabricated by mixing monomer and polymer to running 
consistency. The canal should be lubricated with petroleum 
jelly to prevent adhesion of acrylic resin with dentine inside 
the canal. The core pattern was fabricated with proper 
merging to remaining tooth structure after post pattern 
fabrication. The final pattern was stored in normal cold water. 
(figure: 3&4).

                                        Figure: 3

                                        Figure: 4 
• Provisional restoration was given to stabilize 
occlusion.
• The pattern was casted in base metal alloy. The fit of 
casted pattern was check and necessary adjustments was done 
(figure:5).

                                         Figure: 5
• All post space was cleaned from saliva and was dried 
before post cementation. Post was luted using glass ionomer 
cement (3M ESPE KetacTM) which filled all the dead space 
in root canal system. (figure: 6).

                                   Figure: 6
• Impression was made using polyvinylsiloxane 
(Photosil, DPI) (figure:7).

                                       Figure: 7
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• Porclein fused metal crown was try fitted to check 
the marginal integrity, fit and occlusal relations. After 
necessary corrections were made the crown was finally 
cemented using glass ionomer cement (3M ESPE KetacTM ) 
(figure:8)

                                        Figure: 8
DISCUSSION: The primary purpose of a post is to retain a 
core in a tooth with extensive loss of coronal tooth structure 
[2,3] . Cast post and cores were the standard for many years 
and are still used by many clinicians. They offer advantages in 
certain clinical situations. For example, when multiple teeth 
require posts, it is sometimes more efficient to make an 
impression and fabricate them in the laboratory rather than 
placing a post and buildup in individual teeth as a chair-side 
procedure. A cast post and core may be indicated when a tooth 
is misaligned and the core must be angle in relation to the post 
to achieve proper alignment with the adjacent teeth. Cast post 
and cores also may be indicated in small teeth such as 
mandibular incisors, when there is minimal coronal tooth 
structure available for antirotation features or bonding. Cast 
post and cores are generally easy to retrieve when endodontic 
retreatment is necessary [4]. This case report discussed 
retrival of gold post and the fabrication of custom- made post 
and core using autopolymerizing resin and further casting and 
luting it. A ferrule has been shown to double the resistance to 
fracture versus teeth restored without a ferrule. The traditional 
custom-cast dowel core provides a better geometric 
adaptation to excessively flared or elliptical canals, and 
almost always requires minimum tooth structure removal. [5]
CONCLUSION: Preserving as much tooth structure as 
possible is important, particularly within the root canal, in 
which the amount of remaining dentin is difficult to assess. A 
post and core is used to provide retention and support for cast 
restoration. It should be of adequate length for good stress 
distribution but not so long that it jeoparadize the apical seal. 
[6] Pulpless teeth are weaker and require restorations that both 
conserve and protect remaining tooth structure. Non-axial 
forces (abutments, teeth without adjacent teeth and those with 

reduced bone support) are most deleterious. Remaining 
vertical coronal tooth structure (ferrule) is paramount to resist 
fracture and is more important than post design, material or 
luting cement. Clinical success depends on application of 
sound biomechanical principles for the specific tooth and 
clinical situation. [7]
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Aim: This study was undertaken to evaluate the bond strength of different luting
oxide ceramic crowns. 
Materials and Methods:
for fabrication of zirconium oxide ceramic copings. These copings were then divided into three 
groups: 
of ten copings each for cementation. The samples were then subjected to a crosshead speed of 
0.5mm/min for dislodgement of copings along the apico
testing machine. The data obtained was subjected to s
Statistical Analysis: The statistical tests used were ANOVA test for difference between the mean 
values and chi
at 5% (p<0.05). The F
Bonferroni test is used for multiple comparisons.
Result:
Group II cement was 256 ± 58.04 and for Group III 
the least retentive strength for retaining zirconium oxide copings. 
Conclusion:
successfully with no additional internal 
50-µm aluminium oxide.
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INTRODUCTION 
 

As art is the disposition of intelligible matter, regarding 
esthetics dentistry is no exception to it. The desire for fixed 
replacement of fractured, discoloured or missing teeth with 
esthetics simulating that of natural teeth has been influenced 
by advancements of material science and technology. Till date, 
dental profession is continuously facing the challenge to 
improve both the mechanical as well as the optical properties 
for ultimate esthetics and function. Situations like high demand 
for anterior esthetics, metal allergies and thin biotype 
constraints led to the discovery of metal free ceramics.
free ceramics provide superior esthetics because they allow 
diffuse transmission of light, reproducing a depth of colour 
and translucency, which minimizes gingival shadowing 
and yields an appearance of vitality (Tan and 
Different types of ceramics have emerged in modern 
times with optical properties like glass ceramics, silica based
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ABSTRACT 

This study was undertaken to evaluate the bond strength of different luting
oxide ceramic crowns.  
Materials and Methods: Thirty extracted human premolar teeth were prepared and used in the study 
for fabrication of zirconium oxide ceramic copings. These copings were then divided into three 
groups: - Group I (GC Gold Label), Group II (Calibra) and Group III (Panavia F 2.0), w
of ten copings each for cementation. The samples were then subjected to a crosshead speed of 
0.5mm/min for dislodgement of copings along the apico-occlusal axis until failure on Universal 
testing machine. The data obtained was subjected to statistical analysis. 
Statistical Analysis: The statistical tests used were ANOVA test for difference between the mean 
values and chi-square test for difference between the proportions. The level of significance was taken 
at 5% (p<0.05). The F-test is used for comparisons of the components of the total deviation 
Bonferroni test is used for multiple comparisons. 
Result: The result showed that the mean retentive force for Group I cement was 126.9 ± 31.52, for 
Group II cement was 256 ± 58.04 and for Group III cement was 271.4 ± 51.15. Group I cement had 
the least retentive strength for retaining zirconium oxide copings.  
Conclusion: It was concluded that Groups II and III are capable of retaining zirconium oxide copings 
successfully with no additional internal surface treatment other than airborne

µm aluminium oxide. 
open access article distributed under the Creative Commons Attribution

provided the original work is properly cited. 

As art is the disposition of intelligible matter, regarding 
esthetics dentistry is no exception to it. The desire for fixed 
replacement of fractured, discoloured or missing teeth with 
esthetics simulating that of natural teeth has been influenced 

ements of material science and technology. Till date, 
dental profession is continuously facing the challenge to 
improve both the mechanical as well as the optical properties 
for ultimate esthetics and function. Situations like high demand 

etics, metal allergies and thin biotype 
constraints led to the discovery of metal free ceramics. Metal 
free ceramics provide superior esthetics because they allow 
diffuse transmission of light, reproducing a depth of colour  

es gingival shadowing               
and Dunne, 2004). 

Different types of ceramics have emerged in modern                  
optical properties like glass ceramics, silica based 
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ceramics, lithium disilicate 
zirconium oxide ceramics. Zirconium oxide was identified in 
1789 by German chemist Martin Heinrich Klaproth (
and Maccauro, 1999). Zirconium oxide ceramics have several 
advantages over other ceramic materials as they 
transformation toughening mechanism, operating in their 
microstructure which gives zirconium oxide ceramics its 
acceptable properties. Zirconium oxide ceramics provide 
unsurpassed esthetics, biocompatibility, high flexural strength, 
toughness, and desirable optical properties (
The success of fixed restoration not only depends on the type 
of ceramic or core material but also on the choice of cementing 
media.  A strong durable bond is required to prevent 
microleakage, to increase the fracture resistance of the restored 
tooth or restoration, to provide good marginal adaptation and 
retention (Blatz et al., 2004). The selection of cementing media 
is a challenging task. Complete coverage zirconium oxide 
based crowns, due to high fractur
using conventional methods (
based ceramics can be etched by hydrofluoric acid (
2004) and bonded by Bis-GMA based resin luting agents. 
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This study was undertaken to evaluate the bond strength of different luting cements to zirconium 

Thirty extracted human premolar teeth were prepared and used in the study 
for fabrication of zirconium oxide ceramic copings. These copings were then divided into three 

Group I (GC Gold Label), Group II (Calibra) and Group III (Panavia F 2.0), which consisted 
of ten copings each for cementation. The samples were then subjected to a crosshead speed of 

occlusal axis until failure on Universal 
tatistical analysis.  

Statistical Analysis: The statistical tests used were ANOVA test for difference between the mean 
square test for difference between the proportions. The level of significance was taken 

for comparisons of the components of the total deviation 

The result showed that the mean retentive force for Group I cement was 126.9 ± 31.52, for 
cement was 271.4 ± 51.15. Group I cement had 

 
It was concluded that Groups II and III are capable of retaining zirconium oxide copings 

surface treatment other than airborne-particle abrasion with 
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 ceramics and most recently 
zirconium oxide ceramics. Zirconium oxide was identified in 
1789 by German chemist Martin Heinrich Klaproth (Piconi 

). Zirconium oxide ceramics have several 
advantages over other ceramic materials as they undergo 
transformation toughening mechanism, operating in their 
microstructure which gives zirconium oxide ceramics its 
acceptable properties. Zirconium oxide ceramics provide 
unsurpassed esthetics, biocompatibility, high flexural strength, 

desirable optical properties (Atsu et al., 2006). 
The success of fixed restoration not only depends on the type 
of ceramic or core material but also on the choice of cementing 
media.  A strong durable bond is required to prevent 

he fracture resistance of the restored 
tooth or restoration, to provide good marginal adaptation and 

The selection of cementing media 
Complete coverage zirconium oxide 

based crowns, due to high fracture resistance can be cemented 
using conventional methods (Atsu et al., 2006). The silica 
based ceramics can be etched by hydrofluoric acid (Blatz et al., 

GMA based resin luting agents. 
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However, it is difficult to modify the surface of zirconium 
oxide ceramic for the purpose of cementation because of its 
matrix being resistant to etching (Palacios et al., 2006). The 
aim of the study was to evaluate the retentive bond strength 
between three luting cements (GC Gold Label, Calibra and 
Panavia F 2.0) and their effect on the retention of zirconium 
oxide ceramic copings, to analyze whether resin luting agents 
are superior to conventional cements for retention of zirconium 
oxide ceramic copings and to determine the mode of failure for 
each cement group. 
 
MATERIALS AND METHODS 
 
The present in vitro study was conducted in the Department of 
Prosthodontics including Crown and Bridge and Implantology, 
Institute of Dental Studies and Technologies, Modinagar, Uttar 
Pradesh and in collaboration with Images Dental Private 
Limited, New Delhi and Department of Mechanical 
Engineering, I.T.S. College of Engineering, Greater Noida to 
evaluate the bond strength of different luting cements to 
zirconium oxide ceramic crown. Thirty human premolar teeth, 
indicated for extraction for orthodontic purposes were included 
in the study. Criteria for selection of extracted teeth for this 
study were: teeth free from caries or previous restoration and 
sound permanent premolars with normal crown anatomy and 
of almost similar size and shape as far as possible. The selected 
extracted teeth were used for the fabrication of zirconium 
oxide copings which were then divided into three Groups: - 
Group I, conventional glass ionomer cement (GC Gold Label), 
Group II, resin cement (Calibra) and Group III, resin cement 
containing adhesive phosphate monomer (Panavia F 2.0), 
which consisted of ten copings each for cementation. 
 
The methods used for study was divided under following 
headings 
 
Preparation of teeth for coping fabrication: Thirty freshly 
extracted non carious, human permanent premolar teeth were 
collected and were cleaned by placing them in 1% hydrogen 
peroxide and were subsequently washed with distilled water. 
The teeth were stored in normal saline at room temperature. 
The roots of teeth were then notched with diamond disc so that 
acrylic resin can bond mechanically to the teeth, resisting their 
removal from acrylic resin while tensile testing. Teeth were 
then embedded in splitted halves of PVC ring (2 inches in 
length and 1 inch in diameter) using autopolymerizing acrylic 
resin with the cementoenamel junction positioned 1mm above 
the PVC ring. The split halves of PVC ring facilitate their 
removal after auto polymerizing resin achieves dough stage. 
Then, the acrylic blocks were finished using acrylic trimming 
burs and polishing agents. The occlusal surface was sectioned 
flat 4 mm above the top of the acrylic resin. Gross reduction of 
teeth was done using air rotor handpiece. A high speed air 
motor hand piece was secured in a milling machine for final 
tooth preparation. The samples were then mounted in dental 
stone, using a base former. The mounted tooth assembly was 
kept on the platform of the milling machine (Figure 1) and was 
tilted at an angle of 10 degree which was determined using 
protractor. This was done so that a standardized angle of 
convergence of 20 degree was achieved (Figure 2). With the 
hand piece rigidly secured, the axial surface was prepared by 
rotating the platform against the diamond bur so that 
preparation can be standardized. Using  

 
 

Figure 1. Milling machine attached with a hand piece and 
mounted tooth assembly for preparation of teeth 

 

 
[ 

Figure 2. Mounted tooth assembly on platform of milling machine 
tilted to achieve  convergence of 20 degrees 

 

 
 

Figure 3. Wire passed through hole in the coping and attached to 
the upper apparatus of the Universal Testing Machine 

 
water spray, the axial surface was reduced to a depth of 1mm. 
The preparation when viewed from the occlusal view was oval 
in shape, with a longitudinal diameter approximately 11 mm 
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and transverse diameter 6 mm. A taper of 10 degree was 
automatically incorporated into the preparation. Finally, the 
preparation was refined using finishing burs.  
 

 
 

Figure 4. Specimen with crosshead being moved 
 

 
 

Figure 5. Debonded specimen 
 

Preparation of zirconia copings: The prepared teeth were 
then used for the fabrication of zirconia copings in the dental 
laboratory. The teeth were placed in Cercon Eye (Dentsply, 
USA) and scanned. The data was transferred to Cercon Brain 
for milling through computer. The copings were milled from 
the commercially available zirconia blank using Cercon 
milling machine. The milled coping was then kept in Cercon 
Heat. The overall thickness of the zirconium oxide coping was 
0.6 mm except at the occlusal aspect. The thickness of the 
zirconium oxide coping was increased occlusally to 4 mm so 
that a hole, 1mm in diameter was drilled. This hole served as a 
connection between the testing apparatus and the specimen. 
 
Internal surface treatment of the zirconia copings: The 
intaglio surface of each coping was airborne-particle abraded 
with 50-µm aluminium oxide for a maximum of 15 seconds 
under 4- to 5- bar pressure using a sand blasting machine. 
 
Cementation of zirconium oxide coping specimens: The 
liquid: powder ratio, mixing and manipulation of cements was 
carried out, according to the manufacturer’s recommendations. 
The specimens were cemented under finger pressure (until the 

initial set of cement) to the prepared tooth surface with Group 
I, Group II and Group III cements. Excess cement was 
carefully removed. The full seating of the coping was 
confirmed by intimate contact of the coping to the tooth 
surface. After final setting of the cements, the cemented 
samples were stored in normal saline for 24 hours at room 
temperature. 
 
Evaluation of retentive bond strength and mode of failure 
 
After 24 hours the specimens were placed on the platform of 
Universal Testing Machine.  An orthodontic wire of 23 gauge 
was passed through the hole drilled in the occlusal part of the 
cemented coping and this wire was attached to the opposing 
upper apparatus of the Universal Testing Machine with the 
help of especially fabricated wire locking device (Figure 3). 
The platform was stationary and the upper apparatus was 
moved at a constant speed for tensile testing. The specimens 
were subjected to a constant screw crosshead speed of 0.5 
mm/min (Figure 4) for dislodgement of copings along the 
apico-occlusal axis until failure on Universal Testing Machine 
(Figure 5). The retentive force value of the specimens was 
directly obtained from the computer display attached to the 
machine in Newtons. The mode of failure of dislodged 
specimens was determined visually. For visual examination, 
the observations made were categorized into- 
 
Adhesive failure - Cement principally on prepared tooth (>3/4 
of axial surface) Cement principally on coping and tooth 
Cement principally on ceramic coping (>3/4 of axial surface) 
 
Cohesive failure - Fracture of tooth or rootFracture of coping 
 
Statistical analysis: The data was the statistical analysed using 
SPSS version 16.0. The values were represented in Number 
(n), Percentage (%) and Mean (υ). The statistical tests used 
were ANOVA test for difference between the mean values and 
chi-square test for difference between the proportions. The 
level of significance was taken at 5% (p<0.05). The F-test is 
used for comparisons of the components of the total deviation 
Bonferroni test is used for multiple comparisons. 
 
RESULTS 
 
Table 1 shows the mean value of retentive force (in Newtons) 
for each cement Group. The mean retentive force for Group I 
cement (GC Gold Label) was 126.9 ± 31.52, for Group II 
cement (Calibra) was 256 ± 58.04 and for Group III cement 
(Panavia F 2.0) was 271.4 ± 51.15. Table 2 shows one-way 
ANOVA results for retentive force between and within groups. 
The difference was found to be statistically significant since 
the p-value was < 0.05. Table 3 shows comparisons within the 
groups, which were done using Bonferroni Multiple 
Comparisons. The comparison of Group I (GC Gold Label) 
was done with  Group II (Calibra) and  Group III (Panavia F 
2.0). The difference between Group I (GC Gold Label) and 
Group II (Calibra) was found to be statistically significant (p-
value < 0.05) and the difference between Group I (GC Gold 
Label) and Group III (Panavia F 2.0) was also found to be 
statistically significant (p-value < 0.05). The comparison of 
Group II (Calibra) was done with Group I (GC Gold Label) 
and Group III (Panavia F 2.0). The difference between Group 
II (Calibra) and Group I (GC Gold Label) was found to be 
statistically significant (p-value < 0.05) but the difference  
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between Group II (Calibra) and Group III (Panavia F2.0) was 
found to be statistically non significant (p-value > 0.05). The 
comparison of Group III (Panavia F 2.0) was done with Group 
I (GC Gold Label) and Group II (Calibra).The difference 
between Group III (Panavia F2.0) and Group I (GC Gold 
Label) was found to be statistically significant (p-value < 0.05) 
but the difference between Group III (Panavia F 2.0) and 
Group II (Calibra) was found to be statistically non significant 
(p-value > 0.05). Table 4 shows the frequency of mode of 
failure with each Group. The frequency of mode of failure with 
Group I (GC Gold Label) for cement principally on tooth 
surface was 5 (50.00%), for cement principally in coping was 0 
(0.00%), for cement on tooth surface and coping was 3 
(30.00%) and for tooth fracture, tooth removal or coping 
fracture was 2 (20.00%). The frequency of mode of failure 
with Group II (Calibra) for cement principally on tooth surface 
was 1 (10.00%), for cement principally in coping was 6 
(60.00%), for cement on tooth surface and coping was 0 
(0.00%) and for tooth fracture, tooth removal or coping 
fracture was 3 (30.00%). The frequency of mode of failure 
with Group III (Panavia F 2.0) for cement principally on tooth 
surface was 3 (30.00%), for cement principally in coping was 5 
(50.00%), for cement on tooth surface and coping was 0 
(0.00%) and for tooth fracture, tooth removal or coping 
fracture was 2 (30.00%). The frequency of mode of failure 
with Group I (GC Gold Label), Group II (Calibra) and Group 
III (Panavia F 2.0) was compared using the chi-square test.  
The difference was found to be statistically significant (p-value 
< 0.05). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 
All ceramic restorations are popular due to their outstanding 
esthetic qualities and metal free structure (Ernst et al., 2005). 
The attractive properties of zirconium oxide ceramics such as 
high strength, excellent mechanical properties and 
biocompatibility allow several applications in restorative 
dentistry, one of which is as a core material for all ceramic 
crowns and fixed partial dentures (Palacios et al., 2006). But 
their extensive use as an all ceramic restoration requires a 
reliable bond between zirconia and tooth structure. Keeping 
these facts in view, the present study was undertaken in vitro to 
evaluate the bond strength of different luting cements to 
zirconium oxide ceramic copings (Cercon). In order to carry 
out the present study, three brands of luting cements were 
procured from the market (GC Gold Label, Calibra and 
Panavia F 2.0). However, lack of retention is a common cause 
of fixed prosthesis failure. A reliable luting agent would 
therefore enhance fixed prosthodontic treatment (Rosenstiel et 
al., 1998). Therefore, retentive strength data are crucial for 
obtaining information about the potential clinical performance 
of luting cements for all-ceramic restorations (Ernst et al., 
2005). In the study mean retentive force for Group I (GC Gold 
Label) and Group II (Calibra) was 126.9 ± 31.52 Newton and 
256 ± 58.04 Newton respectively and the mean retentive force 
for Group III (Panavia F 2.0) was 271.4 ± 51.15 Newton.  The 
results showed that the Group I (GC Gold Label) showed the 
least retentive strength values as compared to Group II 
(Calibra) and Group III (Panavia F 2.0) with Cercon zirconia 

Table 1. Mean retentive force (in Newtons) for various cement Groups 
 

Group No. Cements No. of    pecimens Mean Standard deviation Standard error 
Group I GC Gold Label 10 126.9 31.52 9.97 
Group II Calibra 10 256 58.04 18.36 
Group III Panavia F 2.0 10 271.4 51.15 16.17 

 
Table 2. One-way ANOVA results for retentive force between and within cement Groups 

 
Comparison  Sum of squares df Mean square      F p-value 
Between Groups 125947.400 2 62973.700 27.073 0.003* 
Within Groups 62803.300 27 2326.048 
Total 188750.700 29  

                              * Significant 
 

Table 3. Post Hoc Tests – Bonferroni Multiple Comparisons 
 

Assigned Group Group comparison               p-value significance 
Group I 
(GC Gold Label) 

Group II 0.003* 
Group III 0.003* 

Group II (Calibra) Group I 0.003* 
Group III 1.000 

Group III 
 (Panavia F 2.0) 

Group I 0.003* 
Group II 1.000 

                                                         * Significant 
 

Table 4. Frequency of mode of failure with each cement Group 
 

    Mode of Failure  Group I      Group II  Group III  Total Significance (p-value) 
Cement principally on 
tooth 

5 1 3 9 

0.024* 

50.00% 10.00% 30.00% 30.00% 
Cement principally in 
coping     

0 6 5 11 
0.00% 60.00% 50.00% 36.70% 

Cement on tooth surface 
and in coping 

3 0 0 3 
30.00% 0.00% 0.00% 10.00% 

Tooth fracture/coping  
fracture/root fracture 

2 3 2 7 
20.00% 30.00% 20.00% 23.30% 

              Total 10 10 10 30 
100.00% 100.00%  100.00% 100.00% 

                           * Significant 
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ceramic. Heintze SD, reviewed various studies done to 
evaluate the effectiveness of luting agents on the retention of 
crowns and stated that resin-based luting agents such as 
Panavia resulted in a higher failure stress than glass ionomer 
cements (Heintze, 2010). Ernst CP also showed that the 
retentive strength values of Ketac cem Aplicap (glass ionomer 
cement) to zirconium oxide ceramic crowns was lowest among 
all resin luting agents and adhesives tested. Superbond C&B 
Monomer resin cement demonstrated highest median retentive 
strength but was not significantly different from Panavia, 
RelyX luting, Dyract Cem Plus and Rely X Unicem (Ernst et 
al., 2005). In the present study, results showed that the 
retentive bond strength values of copings cemented with Group 
II (Calibra) and Group III (Panavia F 2.0) had no significant 
difference. Palacios RP, also found that there was no 
significant difference in the retentive strength of the resin 
cements (Panavia F2.0 and Rely X Unicem) used for 
cementation of zirconia copings (Palacios et al., 2006). In this 
study, the teeth were prepared using dental rotary instruments, 
diamond burs. The teeth were prepared with flat occlusal 
surface and had an axial height of 4mm. The axial preparation 
was done to a depth of 1mm. The prepared teeth were then 
used for the fabrication of zirconium oxide ceramic copings. 
Palacios RP, determined the retention of zirconium oxide 
ceramic crowns with three luting agents and for the fabrication 
of these crowns, the occlusal surface of teeth was prepared flat 
with axial height 4mm however, the axial surface was reduced 
to a depth of 1-1.5 mm (Palacios et al., 2006). Although in the 
study done by Ernst CP, the occlusal surface of teeth was kept 
flat but the axial height was 3mm. The teeth were prepared for 
the fabrication of zirconia crowns to determine their retentive 
strength using different luting agents (Ernst et al., 2005).  
 
Heintze SD, reviewed various studies on retentive strength of 
both all-ceramic and metal ceramic crowns and showed that 
the crown height varied between 3 mm and 6 mm and in 
almost all studies, the occlusal surface was trimmed flat 
(Heintze, 2010). In the present study, the convergence angle 
was kept 20 degrees. This degree of convergence was selected 
because a lower angle of draw may increase the retention and 
resistance to crown removal regardless of the type of cement, 
since it has been shown that retention increases exponentially 
as the taper decreases from 10 degrees (Palacios et al., 2006). 
The contribution of cement retention is better assessed with a 
20 degrees convergence (Johnson et al., 2004) and was found 
to be a common clinical finding (Palacios et al., 2006). 
Palacios RP, in his study kept the convergence angle 20 
degrees (Palacios et al., 2006). However, in the study done by 
Ernst CP a convergence angle of 10 degrees was used (Ernst et 
al., 2005). Heintze SD reviewed various studies done to 
evaluate the effectiveness of luting agents on the retention of 
crowns and found that the convergence angle varied between 
4.8 degrees and 33 degrees (Heintze, 2010). In the present 
study, air-borne particle abrasion of the intaglio surface of the 
zirconium oxide copings was done with 50-µm aluminium 
oxide for 15 seconds under 4 bar pressure. Studies done by 
Blatz MB and Yang B, showed that air-abrasion significantly 
improved resin-zirconia ceramic bond strength and its 
durability by increasing the surface roughness, cleaning and 
activating the ceramic surface when combined with adhesive 
monomer containing primers such as 4-methacryloxyethyl-
trimellitate-anhydride (4-META) or 10-methacryloxydecyl-
dihydrogenphosphate (MDP) (10,11). Palacios RP, also used 
air-abrasion with 50-µm aluminium oxide for a maximum of 
15 seconds under 4- to 5- bar pressure in his study (Palacios et 

al., 2006). Yang B, showed that regular pressure air-abrasion 
of zirconia ceramic at 0.25 MPa created greater surface 
roughness and larger bonding surface area than low pressure 
air-abrasion at 0.05 MPa or using no air-abrasion (Yang et al., 
2010). In the present study, for cementation of zirconium 
copings to prepared teeth using different luting agents, finger 
tip pressure was applied. The pressure applied by Ernst CP 
during cementation was by hand (fingertip) without any kind 
of additional device (Ernst et al., 2005). Swift Jr EJ, in his 
study also applied finger tip pressure for cementation of silver-
palladium alloy castings to prepared teeth (Swift et al., 1997). 
Tuntiprawon M also showed that the finger press was 
advocated for cementation of silver-palladium alloy crowns to 
prepared teeth in his study [Tuntiprawon, 1999]. Piemjai M 
concluded that the seating force had no influence on the failure 
stress when pulling off the crowns (Piemjai, 2001). In the 
present study, after cementation, a wire of 23 gauge was 
passed through the hole, drilled in the occlusal part of the 
coping. This was done to facilitate the tensile test. It served to 
provide a connection with the testing apparatus.  
 
Zirconia has been shown to be a material with high fracture 
toughness so it did not result in fracture of the coping while 
testing. The crown retention test was more difficult for all 
ceramics because components allowing connection to the 
testing apparatus were not as easily integrated into all ceramic 
material. During testing, specimens were subjected to a tensile 
force at a crosshead speed of 0.5mm/min for dislodgement of 
the copings on Universal testing machine. Palacios RP also 
used a crosshead speed of 0.5mm/min for dislodgement of 
copings along the apico-occlusal axis until failure on Universal 
Testing Machine (Palacios et al., 2006). Johnson GH studied 
the effect of resin-based sealer on crown retention for three 
types of cement. In his study also for dislodgement of crowns, 
the crosshead speed used was 0.5 mm/min [Johnson et al., 
2004]. Swift Jr EJ and Zidan O, in their studies also crowns 
were subjected to a crosshead speed of 0.5mm/min for 
dislodgement (Swift et al., 1997; Zidan and Ferguson, 2003). 
Heintze SD reviewed various studies in which crosshead 
speeds varied between 0.012 mm/min and 10 mm/min 
(Heintze, 2010). However, in the study done by Ernst CP, he 
used a crosshead speed of 10 mm/min24 for dislodgement of 
zirconia crowns on Universal testing machine (Ernst et al., 
2005). In the present study, we determined the mode of failure 
visually. Only the axial surfaces were evaluated to determine 
the type of failure, since the flat occlusal surface did not retain 
cement in most of the samples. Palacios RP also evaluated 
only the axial surfaces to determine the type of failure since no 
cement retained on the uniform occlusal surface in most 
specimens (Palacios et al., 2006). In the present study, visually 
for Group I (Gold Label), 50% of the specimens had cement 
principally on the tooth followed by 30% of the specimens 
with cement on both the tooth and in the copings. For Group II 
(Calibra), 60% of the specimens had cement principally in the 
copings followed by 10% specimens which had cement on the 
tooth surface. For the Group III (Panavia F 2.0), 50% of the 
specimens had cement principally in the copings, followed by 
30% of the specimens with cement principally on the tooth.  
 
However, in the study done by Palacios RP, he determined the 
failure type visually and showed that for the cement group, 
Panavia F 2.0, 54.5% of the specimens had cement in the 
copings followed by 36% of the specimens with cement 
principally on the tooth (Palacios et al., 2006). The crown pull 
off test was not only an intricate and time consuming test but 
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also, a large number of parameters needed to be controlled and 
analyzed very carefully (Heintze, 2010). However, retention 
tests were important for determining clinical success of a fixed 
prosthesis. It has been documented that crown retention 
depends on many factors, such as taper, surface area of the 
preparations, internal surface roughness and type of cement. 
These factors may influence the stress distribution within the 
interposed cement layer, the efficiency of bonding of the 
cement to both surfaces being joined, and the durability of the 
cement including its long-term resistance to mechanical 
breakdown and/or dissolution. Luting cements are therefore, a 
critical but weak link between a fixed prosthesis (Ayad et al., 
1998). 
 
Conclusion 
 
Within the limitations of this study, following conclusions 
were drawn: Group I (GC Gold Label) showed the least 
retentive strength values as compared to Group II (Calibra) and 
Group III (Panavia F 2.0) with Cercon zirconia ceramic.  The 
retentive bond strength values of copings cemented with Group 
II (Calibra) and Group III (Panavia F 2.0) had no significant 
difference. 
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ABSTRACT

Resolvins and protectins are resolution of inflammation, which 
have historically been viewed as a passive process, occurring 
as a result of the withdrawal of pro-inflammatory signals, includ-
ing lipid mediators such as leukotrienes and prostaglandins.
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INTRODUCTION

The term “resolvins” or “resolution-phase interaction 
products” was coined by Professor Charles Serhan 
and colleagues because these compounds were first 
encountered in resolving inflammatory exudates. These 
novel mediators were endogenous agonists controlling 
inflammation through stimulation of resolution. These 
novel endogenous anti-inflammatory and pro-resolving 
mediators also provide the biotemplates to produce sta-
ble analogs and mimetics. Together with the lipoxins, 
they constitute a pharmacologic genus of pro-resolving 
and anti-inflammatory molecules[1] [Figures 1 and 2].

Resolvins and their Therapeutic Value (in 
Periodontitis)

The basic structure of this potent bioactive product 
generated from eicosapentaenoic acid (EPA) proved 
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to be 5, 12,18R-trihydroxyeicosapentaenoic acid. RvE1 
possesses an interesting and novel distinct structure con-
sisting of a conjugated diene plus a conjugated diene chro-
mophore present within the same molecule. Resolvins 
offer an entirely novel biological approach to treating 
significant inflammatory diseases, with a decreased 
potential for immunosuppression. Resolvins are poten-
tial candidates for drugs to treat a broad range of acute 
and chronic diseases caused by a failure to resolve the 
inflammatory response and restore immune homeosta-
sis. Such diseases include autoimmune diseases (Crohn’s 
disease, psoriasis, and rheumatoid arthritis), allergic 
diseases (asthma), and chronic inflammatory diseases. 
Resolvins offer an entirely novel biological approach to 
treat significant inflammatory diseases, with a decreased 
potential for immunosuppression.[2]

Topical application of 4 mg resolvin E1 per tooth 
every other day for 6 weeks in cases of periodontitis 
was shown to reduce PMN infiltration and stop inflam-
mation-induced tissue and bone loss. These mediate 
resolution and counterregulate excessive acute inflam-
mation. These are biosynthesized from precursors 
such as omega-3 polyunsaturated fatty acids, EPA, and 
docosahexaenoic acid (DHA) through sequential steps 
involving lipoxygenases and cyclooxygenases. The role 
of these endogenous chemical mediators is similar to 
that of lipoxins, i.e., inhibition of neutrophil recruit-
ment, etc. These stereoselective players counterregulate 
excessive acute inflammation and stimulate molecular 
and cellular events that define resolution.[3]

PROTECTINS (NEUROPROTECTINS)

In studies of resolvin formation in brain tissue in response 
to aspirin treatment, it was shown that new docosatrienes 
termed initially “neuroprotectins” were produced. Like 
the leukotrienes, there are three double bonds in conju-
gation, hence the term “triene,” though there are six dou-
ble bonds in total. As it is now recognized that the for-
mation and actions of these docosanoids are not restricted 
to neuronal tissue, it has been suggested that the simpler 
term “protectins” is preferable. PD1 is present in murine 
inflammatory exudates and lung, in peripheral human 
blood and exhaled breath condensates and in a wide range 
of cell types. The lipoxygenase product 17S-hydroperoxy-
DHA is converted first to a 16-epoxide and then to the 
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Figure 1: Families of lipid autacoids

Figure 2: Specialized pro-resolving mediators are generated through inflammatory resolution

10,17-dihydroxydocosatriene (10R,17S-dihydroxy–doco-
sa-4Z, 7Z, 11E, 13E, 15Z, 19Z-hexaenoic acid) denoted 
as 10R, 17S-DT or PD1 (or NPD1). Synthesis of NPD1 is 
induced as a response to oxidative stress and/or activa-
tion of neurotrophils, and again, it appears that this highly 

stereospecific structure is essential for biological activity. 
Further, oxygenation can occur and 17S-hydroperoxy-
DHA can be oxidized at the terminal carbon atom by cyto-
chrome P450 enzymes or it can react with 5-lipoxygenase 
to form two regioisomeric dihydroxyp[3] [Figure 3].
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Abstract:
Patients with periodontitis may have one or few teeth with hopeless prognosis, which would have to be 
extracted before initiation of orthodontic therapy. Periodontal therapy aims to prolong the lifespan of dentition, 
as preserving natural dentition is always the best treatment option. The decision to retain a tooth is always 
based on the probability of long-term success of one or more treatment modality. A 17-year-old female patient 
seeking fixed orthodontic treatment presented with the left mandibular first molar tooth (36) having hopeless 
periodontal prognosis with advanced primary periodontal and secondary endodontic lesion, grade III mobility, 
and grade II furcation involvement. Root canal treatment followed by periodontal surgery using a combination 
of bone graft (allograft) and platelet‑rich fibrin membrane resulted in a clinical and radiographic indication of 
periodontal healing. The tooth (36) was even used for orthodontic anchorage 3-month postsurgically and was 
maintained for 2 years. Appropriate diagnosis and meticulous multidisciplinary treatment approach can lead to 
the restoration of health and function of the teeth with severe loss of attachment and bone loss and can even 
be used for orthodontic anchorage.
Key words:
Allograft, orthodontics, periodontal disease, platelet, prognosis

INTRODUCTION

The number of patients (both children and 
adults) receiving orthodontic treatment has 

increased both in numbers and in percentage 
over the last few years. Most orthodontic 
patients are children and adolescents who 
except in unusual condition generally have 
a healthy periodontium with the first molar 
being used as the anchorage tooth during 
orthodontic therapy. An underlying periodontal 
problem not only can worsen during orthodontic 
therapy but also prevent optimum results. It 
is important to identify periodontal problems 
before orthodontic treatment and sequentially 
plan the orthodontic and periodontal therapy to 
improve the patient’s periodontal health.[1,2] The 
rationale of periodontal treatment is to prolong 
the lifespan of periodontally diseased dentition 
and to preserve the tooth not only in good 
esthetic and functionally healthy condition but 
also to restore the lost periodontium.[3] According 
to McGuire[4] classification of prognosis, teeth 
with advanced bone loss, severe attachment loss, 
and mobility is often considered hopeless and 
is usually extracted. Recently, Martinez-Canut 
et al.,[5] introduced a prediction model that 
helps in determining the prognosis of the whole 
dentition/tooth, based on survival expectancy, 
and also to assess the accuracy of the prediction of 
any tooth extracted for periodontal reasons. The 
aim of the case report was to present a change 
in periodontal prognosis and survival rate of 

a mandibular first molar by multidisciplinary 
approach, which was later, used as orthodontic 
anchorage.

CASE REPORT

In January 2015, a 17-year-old systemically 
healthy, nonsmoking female patient seeking 
treatment of malaligned teeth was referred 
from the Department of Orthodontics to the 
Department of Periodontology of the Institute for 
opinion regarding severe mobility in the lower 
left back tooth for 2 months. Medical history and 
family history were noncontributory and the 
patient got one of her front tooth extracted due 
to caries 2 years back. On extraoral examination, 
swelling in the left mandibular area overlying 
the posterior teeth was observed, and the 
submandibular lymph nodes were nonpalpable 
and nontender. On intraoral examination, 
maxillary anteriors were proclined, mandibular 
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left central incisor (31) was missing, mandibular left lateral 
incisor (32) was mesially tilted, slight swelling in the mandibular 
vestibular region, and periodontal abscess was present in 
relation to the left mandibular first molar tooth (36). Grade III 
mobility, advanced Grade II lingual furcation involvement, 
probing depth of 8 mm (mesial, buccal) and 7 mm (distal and 
lingual), respectively, and clinical attachment loss being 8 mm 
on mesial and buccal aspects, 6 mm on lingual, and 5 mm 
on distal surfaces of tooth were recorded. The tooth did not 
respond to any vitality tests. There was open contact between 
teeth 35 and 36 resulting in food impaction. Radiograph 
showed periodontal ligament widening and radiolucency in 
the furcation area along with a deep infrabony defect on the 
mesiobuccal root extending to root apex of tooth 36 [Figure 1].

The presence of traumatic bite along with food impaction in 
between mandibular anteriors and between 35 and 36 leading 
to angular type of bony destruction involving 36 was seen. 
Pattern of bone loss, pulpal involvement, and radiographic 
appearance confirmed the diagnosis of primary periodontal 
with secondary endodontic lesion due to localized food 
impaction in 36. Prognosis of the tooth as per McGuire’s 
classification[4] was hopeless and as per Martinez-Canut et al., 
prediction model, a code of 0.406 was generated with the 
survival rate being 4–13 years.[5]

Case management
Treatment planning was done after deliberation, knowing that 
the tooth had advanced periodontal–endodontic lesion and 
will be used as an orthodontic anchorage tooth. Treatment 
of such type of defect is usually controversial whether to 
undergo extraction or root resection/hemisection, but an 
interdisciplinary attempt was taken to preserve the tooth 
in total. Patient was explained about the condition and the 

planned treatment and also informed written consent was 
obtained from the patient before treatment. After drainage of 
the periodontal abscess and completion of phase 1 periodontal 
treatment, the patient was scheduled for endodontic treatment. 
After 1 month of revaluation of endodontic therapy, Grade III 
mobility was reduced to Grade I. Thereafter, periodontal 
surgery was scheduled and the patient was followed up.

Surgical procedure
Using intracrevicular incision, a localized mucoperiosteal flap 
was elevated. After the flap was reflected, thorough debridement 
was done and granulation tissue and tissue tags were removed. 
Demineralized freeze-dried bone allograft (DFDBA) was 
placed along with platelet‑rich fibrin (PRF) membrane in one 
wall defect present on mesiobuccal root and lingual furcation 
defect [Figure 2]. Interrupted direct sutures were placed in each 
interdental space using nonresorbable black silk (4-0) suture.

Clinical outcome
The patient was recalled at 10 days for suture removal and 
was further recalled for follow-up at 1, 3, 6, and 9 months 
and thereafter at 2 years. Orthodontic forces were applied 
after 3-month postsurgically and tooth 36 was used as one 

Figure 4: Two-year postsurgical healing
Figure 3: Orthodontic anchorage taken from left mandibular first molar tooth (36) 

3 months postsurgically

Figure 1: Preoperative view (a) clinical; (b) radiographic
ba

Figure 2: During surgery (a) presence of one-wall defect in relation to mesial root 
of left mandibular first molar tooth (36); (b and c) vertical defect and furcation 

defect filled with demineralized freeze-dried bone allograft and platelet-rich fibrin 
membrane

c

ba
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of the anchorage teeth [Figure 3]. Clinical attachment loss 
of 4-mm mesially and on mesiobuccal aspect was present at 
3-month postsurgically, which reduced to 3 mm at 6 months 
and remained stable at 2-year follow-up visit; and follow-up 
radiographs also showed good amount of bone fill in tooth 
36 [Figures 4 and 5]. Furthermore, as per Martinez-Canut et al., 
prediction model result, tooth with the present parameters 
will not be lost.[5]

DISCUSSION

Patients with advanced periodontal disease may have specific 
teeth with hopeless prognosis, which usually undergo extraction 
before orthodontic treatment.[6] The aim of periodontal 
treatment is to arrest periodontal disease progression and 
maintain patients’ teeth irrespective of the prognosis. Graetz 
et al.[7] reported that in both aggressive and chronic periodontitis 
patients, approximately 80%–88% of questionable and 60%–66% 
of hopeless teeth survived at the end of 15-year supportive 
periodontal therapy. Effective treatment of periodontitis is 
substantially influenced by various risk factors and hence 
requires identification.[7] High-risk patients presenting a worse 
scenario and higher probability of tooth loss due to periodontal 
disease and identification of risk factors leading to individual 
tooth loss is a foremost research goal in periodontal prognosis.[8]

Conventional prognostic determinants were based on only 
tooth-related factors. The presence of local factors, systemic 
factors, environmental and genetic factors must be considered 
and analyzed as risk factors for disease.[5,8]

Various factors such as age, severe periodontitis, heavy 
smoking, bruxism and baseline number of teeth, type of 
tooth, furcation involvement, probing pocket depth, bone loss, 
mobility, and crown/root ratio have been studied to determine 
the prognosis of the whole dentition/tooth, based on survival 
expectancy. Knowledge of survival expectancy offers guidance 
for decision-making regarding whether to maintain or to extract 
periodontally compromised teeth.[5,8]

Advanced bone loss involving molar at a young age as of our 
patient could suggest acute episodes with aggressive form 

of the disease, but there are other factors such as no genetic 
predisposition/family history, presence of poorly aligned teeth, 
trauma from occlusion, food impaction as possible contributory 
factors for her condition.[9] Gould and Picton[10] found higher 
periodontal index scores in teeth with poorly shaped contacts 
when compared with teeth with sound proximal contacts. 
Occlusal discrepancy could be considered as an independent 
risk factor contributing to periodontal disease.[11]

In this case, in relation to the left mandibular molar, greater loss 
of attachment and subsequent bone loss due food impaction 
and due to mesial tilting of mandibular lateral incisor traumatic 
bite were observed. Jernberg et al.[12] reported greater probing 
depth and clinical attachment loss for sites with open contacts 
and food impaction compared with contralateral sites without 
open contacts or food impaction.

Bone loss leading to pulpal involvement secondarily may 
occur due to the spread of inflammatory irritants from the 
periodontal ligament to the pulp through dentinal tubules, 
apical foramina, accessory and lateral canals. The treatment 
of primary periodontal with secondary endodontic lesions 
requires sequential planning of both endodontic and 
periodontal therapy as discussed in this case report.[13-15]

The goal of treating periodontal-endodontic lesion is to eliminate 
the etiology, complete sealing of the root canal system, followed 
by resolving the periodontal component of the lesion, facilitating 
the regeneration of hard and soft tissues, and formation of new 
attachment apparatus.[16] Lesions involving both periodontal and 
endodontic pathologies requires careful management. Pulpal 
pathologies tend to resolve with endodontic therapy, though, 
endodontic complications, failures; fractures should also be taken 
care as they may act as a cause of tooth loss alongside periodontal 
disease progression. The long-term prognosis of such cases is 
related to the extent of periodontal attachment loss. The success 
of therapy depends on the ability to regenerate periodontal 
attachment and to obliterate the defect in case periodontal lesion 
is advanced with the presence of a multiwalled bony defect.[17]

In our case, endodontic therapy was done initially as the tooth 
was nonvital due to the spread of periodontal infection till the 

Figure 5: Healing as depicted in radiographs (a) preoperative; (b) postendodontic treatment; (c) at 3-month postsurgery; (d) at 6-month postsurgery; (e) at 9-month 
postsurgery; (f) at 2-year postsurgery
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apex leading to secondary pulpal infection. The patient was 
followed for 1 month and reduction of pulpal and periapical 
inflammation with substantial healing was observed both 
clinically and radiographically, but the presence of primary 
periodontal component, which led to development of angular 
bony defect, needed further evaluation, hence, regeneration 
was attempted.

In our patient, both periodontal and orthodontic interventions 
were required, but which one to go first? Health of the 
periodontal tissues is important so that optimal orthodontic 
treatment outcome can be obtained, while orthodontic therapy 
improves the overall functional and esthetic rehabilitation 
of a periodontally compromised dentition.[18] Removal of 
plaque and plaque retentive factors should be done before the 
commencement of orthodontic treatment, and in patients with 
periodontal defects, orthodontic treatment is usually performed 
before periodontal surgery as it may lead to change in the shape 
of periodontium and elimination of defects reducing the need 
for or extent of surgery. In patients with advanced furcation 
defect, hemisection may be attempted, but if orthodontic 
intervention is required in such cases, orthodontics should 
be attempted first, as keeping the tooth intact during the 
orthodontics simplifies the concentration of tooth movement.[13]

On the other hand, the prudent clinician knows which defect 
can be improved with orthodontic treatment and which 
requires multidisciplinary approach. Periodontal evaluation 
before orthodontic therapy are required where active disease in 
spite of adequate phase 1 therapy is present, also where vertical 
defects are present, as movement of teeth may lead to additional 
loss of connective tissues.[19] Regenerative periodontal therapy 
is usually implemented before orthodontic treatment (10 days 
to 4 months) to create favorable preorthodontic conditions in 
complex clinical scenarios but can be done postorthodontic 
therapy as well depending on the case.[18]

The sequence of periodontal and orthodontic treatment should 
be evaluated after mutual consultation between periodontist 
and orthodontist.

Orthodontic treatment may be started, if the result of 
periodontal therapy is stable 2–6 months after periodontal 
surgery for periodontal tissue remodeling, restoration of health, 
and evaluation of patient’s compliance.[18]

In our case, periodontal treatment was done before orthodontic 
therapy, as control of inflammation was required during the 
orthodontic process and also maintenance of health of bone 
around teeth was mandatory, as the tooth was to be used as 
an orthodontic anchorage tooth.

A variety of regenerative materials have been used in 
periodontal surgeries. DFDBA along with PRF was chosen as 
regenerative material in our case with one wall defect being 
present on mesiobuccal root and furcation defect present 
lingually in 36. DFDBA has been widely used in periodontal 
therapy, as it is both osteoinductive and osteoconductive. In 
various animal experiments, Urist reported that DFDBA being 
osteoinductive could stimulate the formation of new bone.[20] 
It maintains the space for tissues to form and osteoconductive 
property of the graft may act as scaffold for the growth of 

mineralized tissue, but various researchers have reported 
differences in osteoinductive property of DFDBA wherein few, 
donor bone has shown no activity at all and had thus acted as 
source of Type I collagen only.[21] These confines of DFDBA 
have let to the search of a regenerative material with similar 
regenerative abilities and minimum disadvantages in terms of 
antigenicity and cost. When platelet concentrates were added 
to DFDBA, a more predictable result was obtained.[22]

PRF, a second-generation platelet concentrate that was 
introduced by Choukroun et al. in 2001,[23] has also shown 
optimistic and promising results. It is a fibrin matrix concentrate 
enriched with platelets and growth factors that stimulate 
tissue regeneration and healing. It leads to faster angiogenesis, 
promotes wound healing, and formation of more resistant 
connective tissue. It enhances bone formation by stimulation of 
alkaline phosphatase activity, production of osteoprotegerin, 
differentiation of osteoblasts, and increasing the RUNX2 
expression.[24] Moreover, the cost factor and risk of disease 
transmission is less due to PRF being an autologous material.[22,25]

Varughese et al.[26] reported greater attachment gain and bone 
fill with osseograft along with PRF membrane and GTR in 
treatment of perio-endo lesion. Similarly, Bansal and Bharti[22] 
reported significant improvement in pocket depth and clinical 
attachment level gain in intrabony defects with DFDBA and 
PRF. In the present case report, PRF membrane combined 
with bone graft, resulted in clinically successful resolution of 
defect after 6-month follow-up period maintained up to 2-year 
postoperatively. No postsurgical complications were seen like 
bleeding, pain, relapse of the condition, or development of any 
root caries which could act as the limiting factor in the success 
of the therapy.

Furthermore, during orthodontic treatment, periodic 
periodontal examination is a must which requires professional 
cleaning and examination of periodontal tissues. The follow-up 
visit interval varies for individual patient from 8 to 12 weeks 
to 6 months, and it should be determined considering all the 
risk factors for periodontal disease and the planned orthodontic 
movements. If the patient fails to comply with oral hygiene 
maintenance, orthodontic treatment should be modified.[18,19]

In the present case, the patient is a 17-year-old young compliant 
female and was followed up at 1, 3, 6, and 9 months and 
thereafter at 2 years, wherein scaling and adequate oral 
hygiene reinforcement was done. This was done as control 
of inflammation reduces the chances of orthodontic forces 
to become detrimental to tissues. Furthermore, our protocol 
of continuous monitoring and assessment of periodontal 
condition; adequate maintenance and periodic reinforcement of 
oral hygiene instructions; and motivation helped us to restrict 
any acute flare‑ups during the treatment, with the patient’s 
compliance playing an important role.

CONCLUSION

The benefits of integrating periodontics, endodontics, and 
orthodontics in patients with deep periodontal defects 
requiring orthodontic tooth movement may restore esthetics 
and functional health of the occlusion while restoring patient’s 
periodontal health.
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Peri-implantitis is an infectious disease which
is site-specific and leads to inflammatory
reaction and bone loss around a functional
Osseo integrated implant and is probably one
of the main causes of implant loss. The etiol-
ogy of the peri-implant infection is affected
by the variety of factors that affect the peri-
implant environment which includes patient
related factors, social factors and para- func-
tional habits.  These factors are affected by tis-
sue status around the implant, design of the
implant, degree of roughness, implant exteral
morphology, and amount of mechanical
load. Most common microorganisms associ-
ated with failure of implant are spirochetes
and Gram-negative motileanaerobes, or fail-
ure of implant might be associated with
excessive mechanical loading. Diagnosis of
peri- implantitis is governed by changes in
gingival color, bleeding on probing around
dental implant, suppuration andcontinous
loss in bone height around the implant.
Treatment of peri- implantitisis aimed at
arresting the disease progression andfocus-
primarily on infection control, implant sur-
face detoxification, and alveolar bone regen-
eration. Mucositis and moderate forms of
peri-implantitis which can be treated effec-
tively using conservative methods. This arti-
cle gives a brief description of the etiopatho-
genesis, clinical features, and diagnosis of
peri-implantitis along with the review of the
various surgical and non- surgical treatment
options available for the management of peri-
implantitis.

INTRODUCTION
Replacement of missing natural teeth with
titanium implants is emerging as a routine
practice with reported 95% to 98% survival
rates over 10 years period which is acting as
an encouraging factor for the clinicians to
practice dental implant as rehabilitation pro-
cedure1,2. Despite of high survival rates
reported, there are remarkably increasing
number of patients reporting with peri-

implant diseases3. Peri-implant disease refers
to the pathological inflammatory changes
that take place in the tissue surrounding a
load-bearing implant4. Two clinical entities
included under peri- implant disease are
Peri-implantitis and peri-implant Mucositis.
Peri-implantitis is defined as an inflammato-
ry process affecting the tissues around an
osseo integrated implant in function, result-
ing in loss of supporting bone5 whereas Peri-
implant mucositis has been defined as soft
tissue inflammation around a functioning
dental implant with bleeding on probing
(BOP), two entities are distinguishable by
bone loss factor associated with former along
with presence of plaque associated inflamma-

tory reaction6 (Figure 1). Depending upon
the pocket depth and bone loss peri- implan-
titis has been divided into three categories
(Table 1). The prevalence rate of 63.4% peri-
implant Mucositis for individuals and 30.7%
of implants and a rate of peri-implantitis of
18.8% of individuals and 9.6% of implants
has been reported after 5 years of functioning
following implants placement7. A systematic
review by indicated the prevalence of peri-
implantitis for 10% implants and 20%
patients during 5 - 10 years after implant
placement8.

Healthy peri-implant tissue acts as a bio-
logical barrier to the agents that cause peri-
implant disease. While comparing tooth and

PERI- IMPLANTITIS MANAGEMENT
A COMPREHENSIVE COMPENDIUM
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FIG 1: Healthy Peri implant tissues vs Peri implantitis
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peri- implant tissue, tooth has certain inher-
ent factors which are protective in nature
includinge junctional epithelium, connective
tissue and immune system cells. Peri- implant
tissue has lack ofconnective tissue attach-
ment, avascular, acellular connective tissue
zone adjacent to implant and absence of peri-
odontal ligament blood supply10. The dental-
gingival unit is distinct from the interface
between titanium implant surface and supra
alveolar connective tissue and epithelium.
The lining of peri- implant mucosa is a strat-
ified squamous keratinised epithelium which
is confluent with the junctional epithelium
which via hemidesmosomes attaches to
implant titanium surface. The junctional
epithelium is non keratinised and is 2 mm
long, 1-2 mm of connective tissue seperates
junctional epithelium from alveolar bone,
making a zone of  3 to 4 mm which act as
“biological barrier” for osseointegration zone
from plaque factors10. 

Peri-implantitis can be modified by three fac-
tors:11

1. Factors related to patientssuch as systemic
diseases (osteoporosis, diabetes etc) and
previous history of periodontal disease.

2. Factors related to social status of an indi-
vidual including smoking, improper oral
hygiene, drug abuse etc

3. Parafunctional habits (malocclusion and
bruxism).
In addition to the above, inflammation

leading to tissue destruction, alteration in
microbiota around implant12 (the sub gingi-
val microflora around implants and deep
peri-implant pockets showed significantly
higher proportions of spirochetes and motile
rods such as Bacteroides forsythus,
Fusobacterium nucleatum, Campylobacter,
Peptostreptococcus micros, Prevotella inter-
media Staphylococcus spp., enterics and

Candida spp13,14) and iatrogenic factors such
as faulty restorations, cement left following
restoration delivery, biomechanical overload,
exposed (Figure 2) and/or loose components,
can also play a significant role in the develop-
ment of peri-implantitis11. Excessive
mechanical stress, poor design of the implant,
and the corrosion that can occur when a non-
noble metal structure is connected to a titani-

um implant, corticosteroids intake, radiation
therapy and chemotherapy are important
factors in the onset and development of peri-
implantitis12.

The signs and symptoms associated with
peri-implantitis lesions include radiological
evidence of saucer shaped defect resulting
from vertical destruction of the crestal bone
with osseointegration of the apical part of the

Dental Practice // May -  June 2018 // Vol 15 No 6 00

TABLE 1: Classification of Peri- Implantitis9

CATEGORY CRITERIA

EARLY PD> 4mm (bleeding and/or suppuration on probing)a

Bone loss <25% of the implant lengthb

MODERATE PD> 6mm (bleeding and/or suppuration on probing)a

Bone loss 25-  50% of the implant lengthb

SEVERE PD> 8mm (bleeding and/or suppuration on probing)a

Bone loss >50% of the implant lengthb

a. Noted on one, two or more aspects of the implants
b. Measured on radiographs from time of definitive prosthesis loading to current radiograph. If not available, the

earliest available radiograph following loading should be usedFIG 2: Exposed screw

1. IMPLANT ASSESSMENT
PROTOCOL
! Bleeding on probing

(BOP)
! Suppuration
! Inflammation
! Probing and Relative

attachment loss (RAL)
! Radiographs

2. PERI-  IMPLANT HEALTH
! BOP: No BOP
! Suppuration: No Suppuration
! Inflammation: No Inflammation
! Probing Depth ! 5mm
! Radiographs: No appreciable bone loss

4. PERI-  IMPLANTITIS
! BOP: (+/- )
! Suppuration: (+/- )
! Inflammation: (+/- )
! Probing Depth: increased
! Radiographs: evident bone loss

3. PERI-  IMPLANT MUCOSITIS  FEATURES
! BOP: (+/- ) likely
! Suppuration: (+/- )
! Inflammation: yes, manifest in BOP 
! Probing Depth: increased (likely pseudo pockets)
! Radiographs: no bone loss or less than 3 threads

FIG 3: Components of routine peri-implant tissue assessment. (1.) A routine implant assessment protocol involves
monitoring inflammation via appearance of tissues and, or, bleeding on probing. Probing depths should be regu-
larly recorded; relative attachment level (RAL) can also be monitored. (2.) Peri- implant health is described.
Radiographs should be taken bi-annually at minimum with comparisons drawn to time of prosthetic attachment.
(3.) Key features of Peri- implant mucositis are listed. Probing depths in combination with inflammatory changes
are associated with peri-implant mucositis. (4.) Peri- implantitis will often have suppuration, in addition to clinical
signs of inflammation. Radiographs establish definite destruction of implant supporting bone.
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fixture and formation of peri-implant pocket;
bleeding on probing, suppuration, swelling of
the peri-implant tissues, and hyperplasia.
Pain is not present unless in case of acute
infection12. The diagnosis of peri-implantitis
should be carefully differentiated from peri-
implant Mucositis, former leads to primary
failures to achieve tissue integration, and
problems lacking an inflammatory compo-
nent. The diagnostic techniques for the
assessment of peri-implantitis include peri-
implant probing the peri- implant area,
mobility assessment, bleeding on probing
(BOP), suppuration, peri-implant radi-
ographic assessment, indices and microbiolo-
gy including PICF (Peri Implant Crevicular
Fluid) and saliva analysis12. Peri- implant tis-
sue assessment (Figure 3) seems to be of great
help in diagnosing peri- implantitis.

PREVENTION AND MANAGEMENT OF 
PERI-IMPLANTITS
Prevention of peri-implant disease starts with
a thorough and structured planning includ-
ing individual evaluation and minimization
of risk factors (smoking, compliance, oral
hygiene, periodontal disease, and systemic
diseases), establishment of favourable and
appropriate conditions for hard as well as soft
tissue, adequate implant design and minimal-
ly traumatic approach followed by regular
periodontal probing and clinical examina-
tions15.

The oral microflora is thought to be the
most important factor for the success or the
failure of a dental implant. Salivary pellicle
covers the implant surface as soon as implant
is exposed to the oral cavity and microorgan-
isms starts to colonize the exposed implant
forming plaque biofilm.Various treatment
modalities for peri- implantitis management

FIG 4: Local factors associated with periodontitis and peri
implantitis

FIG 5: Restoration of peri implant health post treatment

TABLE 2: Qualitative effectiveness (x: yes/ o: no) of different cleaning methods 
depending on implant surface

Smooth Sandblasted Plasma
surface and acid- sprayed 

etched surface surface 
(SLA)

Rubber Cap O O O
Metallic curatte, rotating titanium brush O X X
Plastic curette O O O
Ultrasonic systems with metallic tips X (POLISHED)
Ultrasonic systems with plastic tips O X X
Air Polishing X X X

TABLE 3: AKUT Protocol

STAGE RESULT THERAPY
Pocket Depth (PD) < 3mm, no plaque or bleeding No therapy

A Pocket Depth (PD) < 3mm, plaque and/or bleeding Mechanically cleaning,
on probing polishing, oral hygiene

instructions

B Pocket Depth4-5 mm, radiologically no bone loss Mechanically cleaning,
polishing, oral hygiene
instructions plus local
anti- infective therapy
(eg. CHX)

C Pocket Depth > 5mm, radiologically bone loss < 2mm Mechanically cleaning,
polishing, oral hygiene
instructions plus local
and systemic anti-
infective therapy (eg.
CHX)

D Pocket Depth > 5mm, radiologically bone loss > 2mm Resective or 
regenerative surgery
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are based on either the evidence available for
treating periodontitis or on clinical empirical
values but not on particular scientific find-
ings12. Debridement of implant surface
remains the basic procedure for treating peri-
implantitis as well as periodontitis as both are
associated with dental plaque induce disease
with local factors being the main etiological
factor for the both (Figure 4).

However, the screw-shaped design of the
implants, combined with various surface
modifications of titanium, may facilitate
plaque accumulation, resulting in bacterial
biofilm formation. Mechanical debridement
on such surfaces may have a limited effect
and can certainly not result in the complete
removal of all adhering microorganisms.
Hence, additional non- surgical therapies
including antiseptics, antibiotics, laser treat-
ments and ultrasonics, have been successfully
tried to improve the non-surgical treatment
options of peri-implant mucositis and peri-
implantitis.  Resective surgical procedures as
well as regenerative procedures using a mem-
brane in combination with bone graft substi-
tutes have been proposed in advanced cases
of peri- implantitis to treat bone defects12.
Successful removal of etiological factors leads
to restoration of peri implant health (Figure
5). 

Treatment options for treating peri-
implant infections include non- surgical/
conservative and surgical modalities.
Depending upon the degree and severity of
peri- implant infection, either either non-
surgical therapy alone or surgical therapy fol-
lowed by non- surgical treatment might be
needed.

NON- SURGICAL THERAPY
In addition to antiseptic therapy, anti- infec-
tive therapy using various drugs and manual
treatment (e.g. with curettes, ultrasonic and
air polishing systems) innovative techniques
such as laser-supported and photodynamic
therapy methods are recently described as
conservative therapy options for treating
peri- implantitis15.

a) Antiseptic Therapy: In conditions with
probing depth of 4-5 mm in addition with
bleeding on probing and presence of plaque,
antiseptic treatment is advocated. However,
suppuration may/may not be present. The
antiseptic therapy is performedin addition to
the mechanical treatment.It comprises of
application of the gold standard antiseptic

available, i.e. chlorhexidine digluconate,
either in the form of gel applied on desired
site or daily rinse of 0.1%, 0.12% or 0.2%.
Usually, regular use for a period of 3- 4 week-
sis necessary to achieve desired treatment
results16,17.

b) Anti- infective Therapy: In cases with peri-
implant sulcus depthof6 mm or more, bleed-
ing on probing and dental plaque is usually
seen while suppuration may/ may not be
present18. The antibiotics are then included
as a treatment modality to eliminate or
reduce the putative pathogenic microorgan-
isms from peri- implant sulcus.  Prior to
administering antibiotics, the mechanical and
the antiseptic treatment protocols have to be
applied. An antibiotic effective against gram
negative anaerobessuch as ornidazole or
metronidazole is administered during last 10
days of anti- infective therapy. The applica-
tion of local antibiotics through the use of
controlled delivery devices over systemic
antibiotics has been preferred to overcome
systemic side effects associated with systemic
antibiotics. The antibiotic must remain at the
site of action for at least 7–10 days at a con-
centration high enough to be effective.
Various systemic antibiotics that have been
used successfully in treating peri- implantitis
via systemic and local route includes tetracy-
cline, doxycycline, amoxicillin, metronida-
zole, minoxicycline hydrochloride,
ciprofloxacin, sulfonamides + trimetho-
prim19.

c) Local Debridement: The implant should be
cleaned by instruments softer than titani-
um20,21, such as polishing with a rubber cup
and paste, floss, interdental brushes, or
usingteflon-, carbon-, plastic- and titanium
curettes/ scaling instruments. These have
been shown not to roughen the implant sur-
face unlike metal and ultrasonic scalers22.
Damage to implant surface can be prevented
by using with a non-metallic tip carbon fiber
curettes or ultrasonic tip. 30%-40% less
residual biofilm areas has been reported by
using ultrasonic methods24. Depending on
the surface topography of the implants,
Louropoulou25 et al. recommend different
therapeutic methods (Table 2).

d) Photodynamic Therapy is a non-invasive
and effective method that can be used to
reduce microbial load in patients with peri-
implantitis 26. 3% hydrogen peroxide or 2%

chlorhexidine can be effectively used as topi-
cal antiseptics. Implant surface decontamina-
tion cab effectively be achieved by applying
gauze soaked alternately in saline and
chlorhexidine. Reactive oxygen species gener-
ated by photodynamic therapy with help of a
high-energy single-frequency light (e.g. diode
lasers) in combination with photosensitizers
(e.g. toluidine blue). In a range of wavelength
of 580 to 1400 nm and 10 and 50 ug/ml tolu-
idine blue-concentrations, photodynamic
therapy generates bactericide effects against
aerobic and anaerobic bacteria (such as
Aggregatibacter actinomycetemcomitans,
Porphyromonas gingivalis, Prevotella inter-
media, Streptococcus mutans, Enterococcus
faecalis)27. As a recommendation, photody-
namic therapy has to be considered as an
additional treatment option. Due to the fact
that it is a relatively new approach, the data is
rare and there are no long-term-studies avail-
able. 

e) Laser Therapy acts by bactericidal action,
Er:YAG- (erbium-doped: yttrium-alu-
minum-garnet) CO2, Diode and
Er,Cr:YSGG- (erbium, chromium-doped:
yttrium-scandium-gallium-garnet) lasers are
used in the treatment of peri-implant diseases
as effective non- surgical intervention.
Er:YAG and Er,Cr :YAG can reduce to 90%
biofilms but cannot re- induce cell stimula-
tion28. However, treatment with CO2
excimer LASER of wavelength 308 nm, led to
significant reduction in count of anaerobic
bacteria. The non-surgical treatment of peri-
implantitis lesions using an erbium-doped:
yttrium, aluminum, and garnet (Er:YAG)
laser showed lower counts of F. nucleatum 1
month after therapy30. Mechanical debride-
ment/ clorhexidine and Er: YAG laser are
found to be of equal efficacy in achieving clin-
ical attachment level gain and reduction in
probing depth at 6 months after therapy,
however, Er:YAG laser with adjunctive use of
chlorhexidine has shown significantly greater
reduction in bleeding on probing. However,
the efficacy of the Er:YAG laser was found to
be limited to 6-month duration, especially in
cases with advanced peri-implantitis condi-
tion31. Further it was suggested that a one
cycle of treatment with the Er: YAG laser
might not be sufficient for achieving the sta-
ble results of peri-implantitis and hence addi-
tional cycles of treatment with Er: YAG laser
in addition with osseous regenerative proce-
dures, might be required.
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SURGICAL THERAPY
The surgical therapy utilise the principal of
regenerative/ resective procedures as adjunct
to aforementioned non- surgical therapy pro-
cedures. The indication for the appropriate
treatment strategy has been demonstrated in
patient studies leading to the development of
the “cumulative interceptive supportive ther-
apy (CIST)” concept1,4,32. In 2004 it was
modified and called AKUT-concept by Lang
et al1 (Table 3). This concept includes regular
recall of implant patient for assessment of
bleeding, plaque, suppuration, sulcus prob-
ing depth and radiographic bone loss.

Open flap debridement with either resec-
tive or regenerative therapy is recommended
in cases where non- surgical treatment fails33.
The concept given by Schmageadvocates the
use of CIST- protocol only after local disin-
fection and mechanical debridement in A
and B stage. Intervention should be per-
formed if probing depths exceed 5 mm or are
progressive as well as under occurrence of
local inflammation signs34.

a) Resective surgery: Resective surgery in
peri- implantitis patients have shown to
improve various clinical parameters such as
inflammatory clinical signs, bleeding on
probing and sulcus probing depth. It utilises
the principls of bacterial decontamination,
osteoplasty and ostectomy to eliminate peri-
implant osseous defects15. Along with
implantoplsty which includes polishing and
smoothening of  supracrestal implant surface
(implantoplasty). Decontamination of
implant surface has shown to reduce anaero-
bic bacterial load, however improvement in
clinical outcome with decontamination has
not been reported35. Also, due to increased
recession post- surgically this procedure is
not advocated in high sensitive areas especial-
ly in esthetic areas.

b) Regenerative Surgery: Re- osseointegration
using resective surgery is seen only in superfi-
cial minor defects. However, complete regen-
eration and re- osseointegration is desired
long term implant survival and to fulfill func-
tional and esthetic demands. Following the
principles of Guided Bone Regeneration
(GBR) experimentally induced defects in ani-
mal models it were able to regenerate using
various graft materials and/or resorbable
membranes15. Surgical flap helps in compre-
hensive debridement and decontamination

of the affected implant.In a clinical trial surgi-
cal therapy was carried out, using: (1) autoge-
nous bone grafts covered by membranes, (2)
autogenous bone grafts alone, (3) mem-
branes alone, and (4) a control access flap
procedure showed that defects treated with
membrane-covered autogenous bone
demonstrated significantly larger amounts of
bone regeneration and reosseointegration
than those treated with the other three proce-
dures23. However, membrane exposure is a
frequent complication after such procedures.
Exposure of porous e-PTFE membranes may
result in bacterial penetration and lead to
infection36.

Bone regeneration via various approaches
has been described with various success rates.
Xenograft materials in combination with
resorbable membrane have been reported to
be advantageous in terms of re-osseointegra-
tion15. However, due to scarce data of
prospective randomized clinical studies there
is no clinically reliable evidence regarding the
long-time stability of such “defect fillings”.

EXPLANTATION
If there is advanced bone loss and the implant
cannot be saved, it has to be removed. If a
decision has been made to remove the
implant, explantation trephines are available
to suit the implant system concerned. It
should be noted that these trephines have an
external diameter of up to 1.5 mm greater
than the diameter of the implant to be
removed12. Thus, explantation may be asso-
ciated with significant bone removal includ-
ing buccal or lingual bone cortices, and dam-
age to adjacent natural teeth where the inter-
radicular space is limited. Alternatively, con-
tinued bone loss is allowed to occur from peri
- implantitis, resulting in bone loss sufficient
enough to allow easy removal of implant via
extraction forceps.. Implants may be
removed by forceps when there is less than 3
to 4 mm of residual bone support12.

CONCLUSION
Implant placement for replacement of miss-
ing teeth is most favoured approach for den-
tist as well as patients. Peri- implantitis is
emerging as a reason for implant failure.
Ideally, the management for peri- implant
infections should consider infection control,
implant surface detoxification and regenera-
tion of lost supporting tissues.Although, var-
ious treatment modalities of treating peri-
implantitis are comparable, surgical therapy

shows superior clinical outcomes.However,
studies with longer monitoring period are
required to reach definitive conclusions to
rely on.Prevention and early identification of
etiology and contributing factors associated
with peri-implant disease should be empha-
sized. Newer treatment approaches need to
be critically evaluated using long-term con-
trolled studies to identify successful, reliable
and predictable treatment of peri-implantitis.
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Case Report

IntroductIon

Periodontal plastic surgery procedures aimed at coverage of 
exposed root surfaces, have evolved into routine treatment 
modalities. Several techniques have been developed to 
cover the denuded roots which  include laterally positioned 
flaps,[1] papilla flaps,[2] free gingival grafts (FGG),[3] semilunar 
coronally repositioned flap,[4] coronally advanced flap (CAF) 
and additive treatments including connective tissue,[5] root 
surface bio modification agents,[6] enamel matrix derivatives[7] 
and Guided tissue regeneration (GTR) membranes. In 1926, 
Norberg[8] introduced the coronally repositioned periosteal 
flap operation and the term Coronally Advanced Flap (CAF) 
was coined by Pini Prato G and Cortellini P.[9] CAF is the first 
choice surgical technique, when there is presence of adequate 
keratinized gingiva apical to the recession defect. However, 
selection of surgical technique depends on local anatomic 

characteristic of the site to be treated and patient’s esthetic 
demand. CAF does not increase the width of the keratinized 
gingiva and provides little or no periodontal regeneration. To 
overcome disadvantage of coronally advanced flap, concept 
of guided tissue regeneration was introduced for recession 
treatment along with coronally repositioned flap by Tinti C 
et al.[10]

Recently, clinical use of resorbable allograftic membranes 
allograft such as amnion is resulting in predictable root 
coverage. The amnion is a membrane lining the Amniotic sac 
that surrounds and protects human embryo. Cryopreserved 
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Bioresorbable Amniotic Membrane (CAM) was found 
effective in wound healing and epithelialization as it helps 
in cellular adhesion of gingival cell, growth of fibroblast and 
angiogenesis.[11] In periodontal plastic surgeries, the processed 
allograft amniontic membrane may provide an effective 
alternative to auto graft tissue in the treatment of recession 
defects.[12]

CAF along with connective tissue graft is however gold 
standard for recession coverage but results in second donor 
site with associated morbidity and increase duration of surgery. 
To overcome this drawback, PRF as a membrane can be used 
for recession coverage, PRFis a concentrated suspension of 
the growth factors developed in France by Choukroun et al in 
2001.[13]  This case report presents bilateral isolated gingival 
recession treated with a combined coronally advanced flap 
(CAF) with either PRF or amniotic membrane.

case report

A 22-year-old male patient reported to the Department 
of Periodontology with a complaint of hypersensitivity 
to cold and unesthetic appearance. He had no significant 
medical history. On clinical examination, isolated recessions 
were identified on the right and left maxillary canine 
teeth with 4 mm of Miller’s Class I on the right and left 
canine [Figure 1a and e]. Scaling and root planing was done 
followed by reinforcement of oral hygiene instructions. 
Informed consent was obtained after explaining the surgical 
procedure to the patient. The use of either platelet-rich 
fibrin (PRF) or amniotic membrane (AM) was assigned by 
toss of a coin.

Surgical procedure
The operative site, that is, 13 and 23, was anesthetized using 2% 
lignocaine with adrenaline (1:80,000). A coronally positioned 
flap technique was performed at the surgical site in relation 
to 13 and 23. This was performed by making two horizontal 
incisions in both mesial and distal interdental papillae, followed 

by a crevicular incision, two vertical releasing incisions at 
the mesial and distal aspects of 13 and 23. A full thickness 
flap followed by a partial thickness beyond mucogingival 
junction was reflected. A sharp dissection was done beyond the 
mucogingival junction, to facilitate planned coronal positioning. 
The exposed root surfaces were scaled and root planed.

Preparation of platelet-rich fibrin membrane
After preparing the recipient site, 5 ml of venous blood was 
placed in a test tube without anticoagulant and centrifuged 
immediately. It was centrifuged for 10 min at 2700 rpm. The 
resultant product consisted of the following three layers: The 
topmost layer consisted of acellular Platelet-Poor Plasma, 
a PRF clot in the middle, and red blood cells at the bottom. 
The membrane was prepared by squeezing the clot between 
two gauze pieces on sterilized glass slabs [Figure 1f]. The 
recession defect was either covered with a PRF membrane 
or AM obtained from Tata Memorial Hospital, Mumbai 
[Figure 1b, c and g]. A tin foil and periodontal dressing were 
placed over the surgical area. The patient was advised to use 
0.2% chlorhexidine digluconate mouth rinse, twice daily. 
Systemic analgesics were prescribed and were advised to 
follow the routine postoperative instructions. The dressing and 
sutures were removed 10 days after surgery. Follow-up was 
done for 18 months. Postoperative examination was done for 
one, 3, 6, and 18 months. At the end of the 18 months, both 
the treatment procedures showed 100% root coverage and 
increased gingival biotype [Figure 1d and h].

dIscussIon

PRF and AM have been used in various root coverage 
procedures as adjunct to release growth factors and pluripotent 
stem cells.

The biological properties of these bioresorbable amniotic and 
chorion membrane such as antimicrobial, anti-inflammatory, 
in promoting rapid vasculogenesis, epithelialization and 
above all an abundant source of stem cells has made these 

Figure 1: (a) Preoperative recession depth. (b) Amniotic membrane. (c) Coronally advanced flap with amniotic membrane. (d): Postoperative. 
(e) Preoperative recession depth. (f) Platelet-rich fibrin membrane. (g) Coronally advanced flap with platelet-rich fibrin membrane. (h) Postoperative
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is a highly effective method for root coverage. Advantages 
of PRF membrane as a graft material are no 2nd surgical site, 
accelerated tissue healing postsurgery, less patient discomfort 
during initial wound-healing period. A high level of observed 
clinical parameter equivalence between CTG and PRF groups 
powerfully supports the clinical value of PRF use. CTG or 
PRF membrane covered by a coronally positioned flap, are 
effective in the treatment of gingival recession defects with 
significant root coverage.

Shah et al.[23] in 2014 used Amnion allograft with coronally 
advanced flap (CAF) for the treatment of gingival recession 
and observed complete root coverage and excellent esthetics 
with increase in gingival biotype at 6 months postoperatively.

Lafzi et al.[24] in a recent split mouth randomized controlled clinical 
trial compared amnion membrane to subepithelial connective 
tissue graft for recession coverage and found that application 
of AM instead of connective tissue decreased surgical time 
discomfort of the patient considerably; however, root coverage 
between the two methods was not significantly different.

However, another randomized clinical trial in the same year 
reported an inferior root coverage of about 80.7% at the test 
site (CAF + PRF) as compared to about 91.5% achieved at 
the control site (CAF); however, it was an additional gain 
in gingival/mucosal thickness compared to conventional 
therapy.[25] Both the studies demonstrated a significant increase 
in keratinized tissue thickness, which can be attributed to 
long-term stability of results obtained and prevention of 
recession recurrence.[26]

The present case report demonstrated that both CAF + PRF 
and CAF + AM are equally effective in providing clinically 
significant outcomes in respect to root coverage with AM 
showing the better percentage of root coverage as compared 
to PRF. Thus, both the treatment modalities can be used for 
the coverage of gingival recession depending up the choice 
of the clinician.

conclusIon

Subepithelial connective tissue grafts have been a gold standard 
for root coverage. Use of palatal donor tissues for root coverage 
allows treating multiple sites at same surgical time.

Within the limitation of the case report, use of the AM or PRF 
seems to be an effective measure in ensuring root coverage and 
eliminating the need for 2nd surgical site intraorally. Long-term 
monitoring period and study with more number of patients are 
needed to reach the definitive conclusion.

Declaration of patient consent
The authors certify that they have obtained all appropriate 
patient consent forms. In the form, the patient has given his 
consent for his images and other clinical information to be 
reported in the journal. The patient understands that name and 
initial will not be published and due efforts will be made to 
conceal identity, but anonymity cannot be guaranteed.

fetal tissues a suitable choice in the field of reconstructive and 
regenerative medicine. In the field of dentistry, these tissues 
find an application especially in oral maxillofacial surgery and 
periodontology.[14]

Cryopreserved bioresorbable AM has been known to 
accelerate soft-tissue healing in periodontium and is also 
effective in helping epithelization facilitated migration and 
adhesion.[15] Gurinsky demonstrated that the allograft amnion 
when processed could be effectively used as an alternative 
to autografts used in the treatment of gingival recession.[16] 
Increase in gingival tissue biotype thickness and recession 
coverage has been reported by various studies with the use 
of amnion membrane. A recent case report compares the 
effectiveness of bioresorbable AM in comparison with PRF in 
bilaterally occurring multiple Miller’s Class I recession. The 
clinical outcome of the surgical procedure accounted for 100% 
root coverage, an enhanced gingival biotype, with both the 
membranes similar to the present case report.[17] Amnion cells 
help in synthesis of various molecules associated with innate 
immunity system, such as β-defensins, elastase-inhibitors, 
elafin, lactoferrin, or interleukin-1 receptor antagonist; which 
might affect antimicrobial capacities of human amniotic 
membrane.[18,19]

Fetal tissue is comparable to gingival and oral tissues in 
structure as the lesions of both heals without scaring and 
shares common fibroblast phenotypes.[20] Unique properties 
of amnion membrane as an allograft make it a new substitute 
for the treatment of gingival recession defects as it contains 
a variety of specialized proteins such as fibronectin, laminin, 
glycosaminoglycans, proteoglycans, laminin, and variety of 
collagen fibers. It accelerates the wound healing process and 
provides a scaffold for proliferation and migration of cellular 
elements as it contains large number of cytokines including 
transforming growth factor β, vascular endothelial growth 
factor, epidermal growth factor, platelet-derived growth 
factor β and fibroblast growth factor. It has been reported to 
be nonimmunogenic, to reduce inflammation, reduces scar 
tissue, has antibacterial properties, reduces pain at the site 
of application, and acts as a natural biological barrier. Thus, 
making it a new novel method of application to accelerate the 
healing of oral wounds.[20]

Thus, PRF can be considered as a natural fibrin-based 
biomaterial which can guide epithelial cells to migrate to 
its surface and leads to the formation of new vasculature. 
The three-dimensional meshwork of PRF has connected 
trimolecular or equilateral junctions that allow the formation 
of cytokines enmeshment and cellular migration supported 
by flexible fibrin meshwork,; italso provides elasticity and 
flexibility to the PRF membrane. PRF, as a physiologic fibrin 
matrix, serves as a net to stem cells, especially when accelerated 
angiogenesis develops in the fibrin membrane.[21] Furthermore; 
this matrix contains leukocytes and promotes their migration. 
After migration and degradation of fibrin, fibroblasts start the 
collagen synthesis.[22] Use of a connective tissue graft (CTG) 
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Contra - Indications
Case Report

Periodontal  Indications

Endodontic & Restorative Indications

bridge, if the remaining abutment support is odern advances in all phases of sufficient, the root of the involved tooth is dentistry have provided the extracted.opportunity for patients to 2. Endodontic failure: Hemisection is useful in maintain a functional dentition for lifetime. cases in which there is perforation through Therapeutic measures performed to ensure the floor of the pulp chamber, or pulp canal retention of teeth vary in complexity. The of one of the roots of an endodontically treatment may involve combining restorative involved tooth which cannot be instrum- dentistry, endodontic and periodontics so that ented.1 3. Vertical fracture of one root: The prognosis the teeth are retained in whole or in part.  Such of vertical fracture is hopeless. If vertical teeth can be useful as independent units of fracture traverses one root while the other mastication or as abutments in simple fixed 2 roots are unaffected, the offending root may bridges.  Continued periodontal breakdown may be amputed.lead to total loss of tooth unless these defects can 4. Severe destructive process: This may occur be repaired or eliminated and health of the as a result of furcation or sub. gingival tissues restored. Thus tooth resection procedures caries, traumatic injury, and large root are used to preserve as much tooth structure as 43 perforation during endodontic therapy.possible rather than sacrificing the whole tooth.The term tooth resection denotes the 1. Strong adjacent teeth available for bridge excision and removal of any segment of the tooth abutments as alternatives to hemisection.or a root with or without its accompanying 2. Inoperable canals in root to be retained.crown portion. Various resection procedures 43. Root fusion-making separation impossible.described are root amputation, hemisection, radisection and bisection. Root amputation A 38 year old male patient reported to the refers to removal of one or more roots of Department of Prosthodontics for the restoration multirooted tooth while other roots are retained. of endodontically treated mandibular posterior Hemisection denotes removal or separation right tooth. Clinical examination revealed of root with its accompanying crown portion of missing mandibular right first premolar and mandibular molars. grade-I mobility of mandibular right first Radisection is a newer terminology for molar(figure1).Radiographic examination removal of roots of maxillary molars. Bisection / revealed an expansive radiolucency at the apical bicuspidization is the separation of mesial and area of the mesial root of the first molar and loss distal roots of mandibular molars along with its of inter-radicular bone (Figure 2) with Tarnow crown portion, where both segments are then 4 and Fletcher's Class-C(3)furcation involvement. retained individually. Weine has listed the It was determined to be a case of Weine's class-following indications for tooth resection III type(4) of endodontic and periodontic problem. Treatment options for such furcation 1. Severe vertical bone loss involving only one involvement includes: a) Scaling and rooting root of multi-rooted teeth. planning; b) Open flap clean out; c) Guided 2. Through and through furcation destruction. Tissue Regeneration and d) Resective surgery. 3. Unfavorable proximity of roots of adjacent First three options are limited by the extent of the teeth, preventing adequate hygiene furcation involvement and are ruled out. After maintenance in proximal areas. 4 reflecting a conservative flap root resection of 4.  Severe root exposure due to dehiscence. mandibular right first molar was performed using diamond cylindrical bur. Mesial root was 1. Prosthetic failure of abutments within a extracted (Figure 3). Patient did not report any splint: If a single or multirooted tooth is post-op complication and results remained periodontally involved within a fixed stabilized at 6 moths follow up.bridge, instead of removing the entire 

Abstract

Keywords:
Advances in dentistry, as well as the increased desire of patients to maintain their dentition have led to treatment of teeth that once would have been removed. Root resection denotes removal or separation of root crown portion of mandibular molars. It is a suitable treatment option when the decay is restricted to one root and the other root is healthy.  It is a conservative procedure to save the original tooth structure, which can act as abutment for fixed restorations. The results of this procedure are predictable and success rates are high. In this paper a case is presented in which root resection was done because the mesial root was carious. Mesial half of tooth was extracted and the remaining tooth was used as an abutment for fixed partial denture. Root resection, Amputation, Hemisection.
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Figure 2: Pre- Operative Radiograph

Figure 1:Pre- Operative View

Figure 3: Resected Mesial Root
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Discussion 

9defect would compromise the periodontal support of the adjacent teeth. Although such involvement diminishes the long-term prognosis of the affected tooth, extraction is not always an option. Root resection therapy is one of the several treatment modalities that can be used in such cases.Root amputation and hemisection should be considered as another weapon in the arsenal of the dental surgeon, determined to retain and not remove the natural teeth. With recent refinements in endodontics, periodontics and restorative dentistry, root amputation has received acceptance as a conservative and dependable dental treatment and teeth so treated have endured the demands of function.
1. Garg R, Manoj M, Khan MM, Babu S.P.K.K. Division for Conservation- A Case Report on Hemisection. Arch of Dent and Med Res 2015;1:91-4.2. Parmar G, Vashi P. Hemisection: A case-report and review. Endodontology. 2003;15:26-9.3. Basaraba N. Root Amputation and tooth hemisection. Dent Clin of N Amer 1969;13 : 1214. Weine FS. Endodontic Therapy, 5th Edition.5. Kurtzman GM, Silverstein LH and Shatz PC, “Hemisection as an alternative treatment for vertically fractured mandibular molars,” CompendContinEduc Dent, vol. 27, pp. 126–9, 2006.6. Marshall-Day CD, Skourie KL. A roentgenographic survey of periodontal disease in India. J Am Dent Assoc 1949;39:572. 7. Marshall-Day CD, Septhens RG, Quigley L. Periodontal disease: Prevalence and incidence. J Periodontol 1955;26:185. 8. Ramfjord SP. The periodontal status of boys 11 to 17 years old in Bombay, India. J Periodontol 1961;32:237. 9. Becker BE. Untreated periodontal disease: A longitudinal study. J Periodontol 1979;50:234–244. 10. Payot P, Bickel M, Cimasoni G. Longitudinal quantitative radiodensitometric study of treated and untreated lower molar furcation involvements. J ClinPeriodontol 1987;14:8–18. 11. Björn A, Hjort P. Bone loss of furcated mandibular molars. A longitudinal study. J ClinPeriodontol 1982;9:402–408

Root amputation is a useful alternative procedure to save those multi-rooted teeth, which have been indicated for extraction. Before selecting a tooth for root amputation, patient's oral hygiene status, caries index and medical status should be considered. Also, accessibility of root furcation for easy separation as well as good bone support for the remaining root 5should be assessed.For a variety of reasons, maxillary and mandi bularmolars are shown to be more susceptible to periodontal disease. Proper maintenance of molar teeth becomes problematic as apical migration of osseous supporting structures allows bacterial invasion of the fruition. Undeniably, untreated furcated molars willlead redictably to more bone 6-11loss.Black mentions root amputations under the heading of"Rad-icalTreatment". He felt.That unresolved periodontal suppurations provided  niduses for systemic infections. Thus if palliative measures were ineffective, the offending tooth or 11root should be promptly extracted. Messenger and Orbanin 1954 reported on four cases of root amputation in order to achieve pocketelimination. All teeth had been treated with standard root canal therapy prior to root removal. The resected teeth were reported functioning well as long as 15 years 10postoperatively.Amen indicates that  root amputation and hemisection are especially useful in isolated areas of extensive breakdown where adequate new attachment is unlikely, and resective techniques necessary to eliminate the 
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Figure 6: Post- operative view

Figure 5: Post-operative Radiograph

Periodontics

56 Sep  Oct 2018   Issue 61- ||Vol : 11 Issue : 1 || 

Award 2019Award 2019

The Hero of      Dentistry 

 Heal Talk Award

Nomination st rts.....Hurry up....
a st

pl  l h 1 e r 

Ap y Til  T at 3  Dec mbe 2018

6
Whatsapp Contact : 9897032872



© 2018 Indian Journal of Dental Sciences | Published by Wolters Kluwer - Medknow72

Original Article

IntroductIon

Periodontal therapy has always strived to control or eliminate 
periodontal disease in an attempt to restore the structures, 
integrity, and the function of tissues that have been lost as a 
result of inflammatory periodontal disease.[1] A well-coordinated 
sequence of a number of biologic events including cell 
migration, adherence, multiplication, and differentiation has 
increased the predictability of periodontal regeneration.[2] 
Treatment of intrabony defects has often focused on the bony 
defect and this has led to the use of a number of grafting 
materials to stimulate bone repair.[3] Bone grafting materials 
when retained in the defect site provide a structural framework 
for clot development, maturation, and remodeling that supports 
bone formation in osseous defects.[4] A wide array of bone 
graft substitutes is available today and has shown to produce 
greater clinical bone defect fill than flap debridement alone.[5] 
Bioceramic alloplasts primarily composed of calcium phosphate 

are available as tricalcium phosphate and hydroxyapatite. 
Hydroxyapatite became the ceramic of choice, producing 
predictable short‑term and long‑term results.[6] The graft 
material acts as a biocompatible material within the gingival 
tissue, and as it resorbs, it acts as a mineral reservoir and assists 
bone formation through osteoconductive mechanisms, resulting 
in clinically acceptable responses.[7,8]

A different approach used for periodontal regeneration in 
the present era is the use of growth factors that are a class of 
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naturally occurring proteins which effectively stimulate the 
formation of mineralized as well as nonmineralized tissues.[9] 
Platelet‑rich plasma (PRP) as introduced by Marx is defined 
as an “autologous concentration of platelets in a small volume 
of plasma” and is considered to be a rich source of autologous 
growth factors.[10] In the field of dentistry, PRP has been used in 
different clinical procedures (i.e., sinus floor elevation, alveolar 
ridge augmentation, mandibular reconstruction, maxillary cleft 
repair, treatment of periodontal defects, gingival recession, 
and treatment of extraction sockets), where it has been applied 
alone or in addition to bone grafts.[11-16] PRP once grafted into 
the defect site begins to release alpha granules within 10 min 
of clot development and secrete over 90% of their prepackaged 
growth factors within 1 h, thereby initiating a greater and 
faster initial cellular response than a normal blood clot. 
Platelet‑rich‑derived fibrin clot formation stimulates collagen 
synthesis in the periodontium and effectively promotes wound 
healing at sites of injury in periodontal tissue.[17,18]

Thus, the purpose of this study was to clinically and 
radiographically evaluate the use of porous hydroxyapatite 
bone graft with and without PRP in the treatment of periodontal 
intrabony osseous defects.

MaterIals and Methods

Patient selection
This randomized controlled study was carried out in the 
Department of Periodontology after approval by the Ethical 
Committee. The criteria for inclusion were systemically healthy 
individuals between age groups 18 and 60 years of either sex, 
no history of any medication affecting the periodontium in 
the past 6 months, and those who had not undergone any 
periodontal treatment in the past 6 months. Patients who had 
a clinical evidence of an intrabony defect with probing pocket 
depth (PD) ≥5 mm and radiographic evidence of angular bone 
loss in the affected site were included in the study. Patients 
excluded were individuals with systemic diseases (diabetes 
mellitus and platelet deficiencies), pregnant and lactating 
females, individuals with a present history of tobacco usage, 
and individuals on anticoagulant or immunosuppressive 
therapy.

Initial therapy
The patients were subjected to oral prophylactic procedures, 
occlusal equilibration, if required, and routine laboratory 
investigations before surgery. Patients’ oral hygiene status was 
evaluated by plaque Index (Silness and Loe)[19] and gingival 
index (Loe and Silness).[20] On reevaluation of Phase I therapy, 
only those patients who had attained a score of ≤1 were selected 
for the surgical phase.

Clinical parameters
To standardize the reproducibility of clinical measurements, 
occlusal acrylic stents for positioning the periodontal 
probe were fabricated on a cast obtained from an alginate 
impression.[21] The following clinical parameters were recorded 

in a tabulated pro forma to the nearest millimeter with the 
help of a University of North Carolina-15 probe by a single 
investigator for each surgical site before surgery (baseline) and 
at 3 and 6 months after surgery. The pocket probing depth was 
calculated as the difference between the measurements from 
the fixed reference point (apical most end of the groove of 
the stent) to the base of the pocket and to the gingival margin. 
The clinical attachment level was recorded as the difference 
from the fixed reference point to the base of the pocket and 
fixed reference point to the cementoenamel junction (CEJ). 
Gingival recession was calculated as the difference between 
the measurements from the fixed reference point to the gingival 
margin and to CEJ.[22,23]

Radiographic parameters
Preoperative radiographs were obtained at baseline and 
then at 3 and 6 months postsurgery. The size of the defect 
or defect fill was measured using depth of the infrabony 
component (INFRA I), INFRA II, and the bony defect width 
as described by Eickholz et al.[24]

Group allocation
Before the commencement of the surgical procedure, 
the site to be treated was randomly allocated into 
experimental (PRP + Hydroxyapatite [HA]) or control (HA 
alone) study groups.

Platelet-rich plasma procurement
Just before the surgery, 10 ml of blood was withdrawn from 
the antecubital vein of the patients and collected in tubes 
containing sodium citrate anticoagulant. The test tube was 
placed into the automated centrifuge machine always ensuring 
that the tubes were counterbalanced, as per the centrifuge 
manual. The first cycle of 2400 rpm for 10 min separated 
the whole blood into a platelet-poor plasma layer at the top, 
a white buffy coat in the middle, and a layer of red blood 
corpuscles (RBC) at the bottom. The upper two layers and 
the top 1–2 mm of RBC layer were expressed into another 
tube (without anticoagulant) and centrifuged at 3600 rpm 
for 15 min that resulted in an upper portion of clear yellow 
supernatant with a very low concentration of platelets and a 
red‑tinged bottom layer with highly concentrated platelets. 
At the time of application, PRP was combined with an equal 
volume of a sterile saline solution containing 10% calcium 
chloride (a citrate inhibitor) and human thrombin (an activator) 
which resulted in a sticky gel that was relatively easy to apply 
in surgical defects.[22,25]

Surgical procedure
A standardized conventional periodontal flap surgery was 
performed by a single operator. The site was anesthetized using 
adequate local anesthesia (2% lidocaine hydrochloride with 
adrenaline 1:80,000). Intracrevicular buccal and palatal incisions 
were given and full thickness mucoperiosteal flaps were elevated 
to expose the defect. A thorough debridement was carried out to 
ensure a clean site followed by thorough root planing. For the 
control site, adequate quantity of the graft (Biograft HA®) was 
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mixed with a few drops of saline to obtain a workable mass and 
the defect was filled [Figure 1]. At the experimental site, HA graft 
was mixed with PRP gel in a proportion of 1:1 and was inserted 
up to the vertical height of the corresponding adjacent bone 
level [Figure 2]. Flap was repositioned and sutured with 3‑0 silk 
suture material (Ethicon) followed by a periodontal dressing. 
Postoperative instructions and medications were prescribed to 
the patients and were recalled after 10 days for suture removal. 
Postoperative care included reinforcement of oral hygiene and 
scaling when necessary. Patients were periodically monitored 
and the clinical and radiographic parameters were recorded at 
3 and 6 months postsurgery.

Statistical analysis
The collected data were assessed for both the control and 
the experimental groups individually as well as compared 
with each other using SPSS v19 (IBM, SPSS Statistics for 
Windows, IBM Corp, Armonk, New York, USA). Baseline, 
3 months and 6 months postoperative data were tabulated and 
analyzed statistically.

results

In the present study, twenty sites were selected from ten 
systemically healthy individuals (4 males 6 females; average 
38.3 years) after fulfilling the inclusion criteria and were 
randomly allocated to control group or experimental group 
with the arch-wise distribution as shown in Table 1.

There was a reduction in mean plaque and gingival index scores 
from baseline to 6 months in both the groups with no statistical 
difference between the groups at all time periods [Table 2].

A statistically significant mean PD reduction was observed 
in the control group from baseline to 6 months (4.1 ± 1.66; 
P = 0.000) with a greater PD reduction in the experimental 
group (4.4 ± 1.35; P = 0.000). The difference between both the 
groups with respect to the mean PD reduction was statistically 
insignificant at different time intervals (P > 0.05) [Table 3].

There was a greater CAL gain in the experimental group than 
in the control group at the end of 6 months (50% vs. 43.24%), 
although both of which were statistically significant (P = 0.00). 
On comparison between the groups, the change in the 

differences of their means from baseline to 3 and 6 months 
was not significant (P > 0.05) [Table 3].

No significant difference in the amount of gingival recession 
was seen in both groups at any point of time (P = 0.09 in 
control group and P = 0.46 in the test group from baseline to 
6 months). The difference between the groups was also not 
statistically significant (P = 0.34) [Table 3].

In the control group, the amount of defect fill from baseline 
to 6 months posttreatment was 56.91% (P = 0.0007). For the 
experimental group, greater defect fill was observed from 
baseline to 6 months (57.16%; P = 0.00, respectively). When 
a comparison was made between the groups, statistically 
significant difference (P = 0.008) was seen in the differences 
of means between the groups from baseline to 3 months. 
However, from baseline to 6 months, the difference was not 
significant (P = 0.06) [Table 3].

dIscussIon

The management of periodontal osseous defects including the 
destruction of the periodontium has always been a challenge 
in clinical periodontics. A plethora of literature is available 
substantiating the use of bone graft materials along with growth 
factors with an aim to optimize the outcome of periodontal 
regeneration by assisting the proliferation, migration, and 
differentiation of periodontal ligament cells, cementoblasts, 
and osteoblasts.[26] This study combined PRP with porous 
hydroxyapatite bone graft (Biograft HA®) to enhance the 
regenerative potential of the graft used.

Figure 2: Experimental group (a) baseline probing pocket depth in 21, (b) 
baseline radiograph showing intrabony defect, (c) intrabony defect after 
debridement, (d) defect filled with platelet-rich plasma + hydroxyapatite 
bone graft(e), 6-month postoperative radiograph showing bone fill, (f) 
6-month postoperative probing depth

a b c

d e f

Figure 1: Control group (a) baseline probing pocket depth in 
36, (b) baseline radiograph showing intrabony defect,(c) intrabony 
defect after debridement, (d) defect filled with hydroxyapatite bone graft, 
(e) 6-month postoperative probing depth, (f) 6-month postoperative 
radiograph showing bone fill

a b c

d e f

Table 1: Distribution of intrabony defect in relation to 
tooth type and treatment modality

Group Arch Anterior Bicuspid Molar Total
Test (10) Maxilla 3 1 2 6

Mandible 1 1 2 4
Control (10) Maxilla 5 0 2 7

Mandible 0 1 2 3
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Various bone grafting materials have been used to fill 
periodontal intrabony defects with particle size between 300 
and 500 µm in diameter, which has resulted in clinically 
acceptable responses.[7,27] Hence, the particle size of porous 
hydroxyapatite bone graft (Biograft HA®) used in this study 
was 350–500 µm. It has been seen that porous HA bone grafts 
have excellent bone conductive properties which permit 
outgrowth of osteogenic cells from existing bone surfaces 
into adjacent bone graft material.[28] Since there are no organic 
components contained in HA, this bone graft material does 
not induce any allergic reaction; however, true periodontal 
regeneration is not achieved because the healing which occurs 
is a connective tissue encapsulation of the graft with a long 
junctional epithelium.[29,30]

Different techniques of PRP preparation have been known to 
yield substantially different amounts of cells, i.e., platelets and 
leukocytes as well as different levels of growth factors.[31] As 
periodontal defects are small in size, only 8–10 ml of venous 
blood was withdrawn with a preparation time of about 30 min 
that is performed simultaneously during the surgery, thereby 
not increasing the chair‑side time. The method of procurement 
of PRP used in this study was similar to that used in the study 
performed by Okuda et al.[22] According to de Obarrio et al.,[32] 
PRP preparation assumes a sticky consistency, due to high 

fibrin content, making it a hemostatic and stabilizing agent 
that aid bone graft immobilization and has been suggested as 
an important event in wound healing. PRP is an autogenous 
preparation and is inherently safe and free from concerns over 
transmissible diseases.[26] In the present study also, the lack of 
adverse reactions, abscesses, or rejection of implanted materials 
suggested that HA and PRP used were well tolerated and failed 
to show any foreign body reaction during the entire study period.

Improvement in plaque and gingival scores in the present 
study can be attributed to the fact that only those patients who 
showed maintenance of optimal oral hygiene were included in 
the study, and this level was maintained throughout the study 
period by reinforcement of plaque control measures and oral 
hygiene instructions at various recall periods. These results are 
in accordance with the results of Hanna et al.[33] and Okuda 
et al.[22] who reported that all patients enrolled for the study 
maintained very low mean plaque and gingival index scores at 
baseline and 6 months demonstrating high compliance with oral 
hygiene instructions. The change in probing depth and clinical 
attachment level could not be attributed to any significant 
difference in the levels of oral hygiene between both the groups.

Periodontal pocket is considered as a pathognomonic sign of 
periodontal disease and reduction in PD is one of the requisites 

Table 2: Comparison of mean values of oral hygiene status within and between control and experimental groups

Parameter Time 
interval

Control group Experimental group Control versus experimental group

Mean±SD Difference from 
baseline (P)

Mean±SD Difference from 
baseline (P)

Difference in 
difference of means

P

Plaque 
index

Baseline 0.53±0.22 - 0.7±0.37 - −0.17±0.50 0.21
3 months 0.45±0.26 0.07±0.26 (0.39) 0.5±0.31 0.2±0.23 (0.02)* −0.125±0.33 0.27
6 months 0.25±0.20 0.27±0.28 (0.01)* 0.2±0.19 0.5±0.26 (0.00)* −0.225±0.38 0.07

Gingival 
index

Baseline 0.85±0.27 - 0.725±0.34 - 0.125±0.27 0.37
3 months 0.42±0.26 0.425±0.43 (0.01)* 0.425±0.21 0.30±0.28 (0.00)* 0.125±0.42 0.45
6 months 0.22±0.20 0.625±0.39 (0.00)* 0.2±0.19 0.525±0.29 (0.00)* 0.1±0.26 0.53

*Significant P<0.05. ‑: Value for difference between groups indicates that experimental group value is higher than control group. SD: Standard deviation

Table 3: Comparison of mean values of various parameters within and between control and experimental groups

Parameter Time 
interval

Control group Experimental group Control versus experimental group

Mean±SD Difference from 
baseline (P)

Mean±SD Difference from 
baseline (P)

Difference in 
difference of means

P

Pocket 
probing 
depth

Baseline 6.5±1.43 - 7.6±1.35 - −1.1±2.02 0.09
3 months 3.1±1.29 3.4±1.95 (0.0003)* 4.2±0.92 3.4±1.07 (0.0000)* 0±2.58 1.0
6 months 2.4±1.17 4.1±1.66 (0.000)* 3.2±0.92 4.4±1.35 (0.0000)* −0.3±2.54 0.66

Clinical 
attachment 
level

Baseline 7.4±1.89 - 8.2±1.69 - −0.8±2.44 0.33
3 months 4.9±1.10 2.5±2.07 (0.004)* 5.2±1.51 3.0±0.99 (0.0000)* −0.5±2.11 0.42
6 months 4.2±1.31 3.2±1.93 (0.005)* 4.1±1.66 4.1±1.52 (0.0000)* −0.9±2.28 0.26

Gingival 
recession

Baseline 0.9±0.74 - 0.6±0.84 - 0.3±0.82 0.40
3 months 1.8±1.55 −0.9±1.37 (0.06) 1.0±1.05 −0.4±0.96 (0.22) −0.5±1.50 0.35
6 months 1.8±1.62 −0.9±1.52 (0.09) 0.9±1.10 −0.3±1.25 (0.46) −0.6±1.57 0.34

Defect size/
defect fill

Baseline 62.22±20.5 - 91.95±22.21 - −29.73±29.22 0.06
3 months 36.74±16.3 25.47±16.26 (0.007)* 46.93±30.22 45.02±13.28 (0.01)* −19.55±16.15 0.008*
6 months 26.81±14.6 35.41±22.41 (0.007)* 39.38±24.64 52.56±14.92 (0.000)* −17.15±22.90 0.06

*Significant P<0.05. ‑: Value for difference between groups indicates that experimental group value is higher than control group. SD: Standard deviation
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for successful periodontal therapy. When both experimental 
and control groups were assessed individually, the mean 
reduction in the probing depth from baseline to 6 months 
showed statistically significant results. This reduction can be 
attributed to the decrease in inflammation, shrinkage of the 
pocket wall, change in the tissue tone and the placement of 
graft material into defect, that may modify the gingival tissue 
consistency thereby impeding the penetration of periodontal 
probe.[34,35]

Results of the present study are in conformity with the triple 
combination therapy including PRP, bovine porous bone 
mineral (BPBM), and guided tissue regeneration (GTR) carried 
out by Lekovic et al.,[36] who reported a slightly greater reduction 
of PD (4.19 ± 0.81) in the test group (PRP + BPBM + GTR) when 
compared to 3.98 ± 1.02 in the control group (PRP + BPBM) 
implying that GTR adds no clinical benefit to PRP + BPBM. 
Okuda et al.[22] reported that the test group (PRP + HA) 
exhibited statistically significant changes compared to the 
control sites (HA alone) which differ from the results of the 
present study due to a longer duration of evaluation, although 
the mean PD reduction of both groups was comparable to the 
present study.

The mean gain in the clinical attachment levels was greater 
in the experimental group than the control group 6 months 
posttreatment. On comparing the two groups, the results 
were found insignificant during any of the time intervals. 
The explanation for slightly higher mean gain in CAL for 
PRP + HA could be the potential of PRP to contribute in tissue 
healing. Arikan et al.[37] and Cáceres et al.[38] suggested the 
ability of PRP to stimulate gingival fibroblast and to modulate 
several cell responses potentially involved in wound healing 
such as cell adhesion, cell migration, and myofibroblastic 
differentiation. The results of this study are comparable with 
the studies of Yilmaz et al.[39] and Demir et al.[40]

The amount of gingival recession increased with time in both 
the groups; however, it was higher in the control group and 
was statistically not significant between the two groups at 
6 months (P = 0.34). The results of the present study are in 
conformity with the results of the study carried out by Kaushick 
et al.,[41] who reported no significant change in the levels of 
gingival margin between the groups at the end of 6 months. 
Following periodontal therapy, the reduction in the probing 
depth was due to a combination of gingival recession and 
gain in the attachment levels. Hence, the levels of the gingival 
margins were not significant.

The defect fill from baseline to 3 months was greater in 
the experimental group than in the control group with a 
significant difference on the intergroup comparison. This can 
be interpreted as an increased remodeling of the graft due to 
addition of PRP which delivers a highly concentrated source 
of autologous platelets containing a variety of biological 
mediators and improves the handling properties of the graft 
material with which it is combined, facilitating graft placement 
and stability.[41] The bone gain by PRP + HA observed in this 

study is in accordance with that of Marx et al.,[10] who reported 
that the addition of PRP to grafts evidenced a radiographic 
maturation rate 1.62–2.16 times that of grafts without PRP. 
In the present study, there was no significant difference 
between the groups at the end of 6 months. The results are in 
accordance with the results of Okuda et al.,[22] who observed 
no statistical difference in the mean radiographic intrabony 
defect gain between the PRP + HA group and saline + HA 
group at 12 months although better results were seen in the 
test group (PRP + HA was 70% and saline + HA was 56%). 
These findings were explained by the fact that both treatments 
have the ability to retain HA granules in intrabony defects for 
a period of 12 months or longer, suggesting a longer period 
of monitoring to determine whether the end result is true 
regeneration rather than repair. Defect resolution following 
bone grafting can be a result of connective tissue encapsulation 
of the graft and the long junctional epithelium formation or 
because of remodeling of the graft and replacement by host 
bone.[41] The varying results from different studies may be 
derived from the use of different graft materials, the varying 
morphology of the initial defects, and/or study designs.

The explanations of the reason for the lack of additive effect 
of PRP will be speculative due to the limitations of the present 
study which were small sample size, shorter follow‑up period, 
absence of re‑entry, and histological examination. Furthermore, 
the potential mechanisms of PRP for bone formation were not 
tested. No blood parameters were evaluated which might have 
led to the production of PRP with low platelet counts.

conclusIon

Both treatment modalities demonstrated a significant 
improvement in the probing depth, clinical attachment level, 
and radiographic size of the defect at 6 months. Within the 
limitations of the current study, it can be concluded that 
PRP addition to a bone graft in the treatment of periodontal 
intrabony osseous defects shows improved defect fill as 
compared to the use of bone graft alone. The synergistic 
effect of PRP is safe and effective in treatment of periodontal 
intrabony osseous defects. However, long‑term clinical trials 
with larger sample size are needed to evaluate the individual 
role of PRP along with the regenerative potential when used 
in combination with bone substitutes.
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L O C A L D R U G  D E LIV E RY: A  C O N S E R VATIV E  A PP R O A C H  
IN  T H E  T R E AT M E N T  O F  P E RI O D O N TA L P O C K E T

Dr. Raees Salmani, Dr. Rana A freen, Dr. Ritika Narang, Dr. Manish Khatri

A bstr act :  Periodontal disease is a chronic 
infection affecting the gingiva and the 
s u p p o r t i n g  s t r u c t u r e s :  c e m e n t u m ,  
periodontal ligament and alveolar bone. 
Various treatment options like mechanical 
debridement and use of antimicrobials have 
been followed in the treatment of periodontal 
pocket. Introduction of local drug delivery 
system in the treatment of periodontal pocket 
is effective therapeutic option for achieving 
better clinical outcomes when used as an 
adjunct to the conventional nonsurgical 
periodontal therapy. 
K e y w o r d s :  Per iodon t i t is ,  Per iodon ta l  
pocket, Mechanical debridement, Scaling, 
Root planning.
In t r oduct ion:  Periodontal disease results 
from a complex interaction between the 
subg ing iva l  b io f i lm and host- immune 
inflammatory events that develop in the 
gingival and periodontal tissues in response to 

1the bacterial challenge  which form a highly 
structured and complex biofilm in periodontal 
pocket. As this continues, the biofilm reach 
far subgingivally and it becomes difficult for 
the patient to remove it during oral hygiene 

2practices.  Periodontal therapy for such 
conditions includes mechanical debridement 
that causes elimination of  the subgingival 
flora and providing a clean, smooth and 
compatible root surfaces. But limitations of 
mechanical debridement include the complex 
anatomy of the root, the location of the 
lesion, and presence of tissue invasive 
microorganisms. Bacterial invasion into the 
dentinal tubules may hamper the treatment 
and prevent sufficient reduction of the 

3bacterial load.  In order to overcome these 
l im ita t ions various an t ibacteria l agen ts 
(systemic and local) have been used along 
w i th mechan i ca l  debr idemen t  in the 

management of periodontal disease.  
4 , 5 , 6Systemic antimicrobial  agents enter 

periodontal pockets following their intestinal 
absorption and passage from the blood 
stream into oral tissues, gingival crevicular 
fluid and saliva. But disadvantages include 

 development of resistant bacterial strains
 super imposed in fect ions and uncerta in 

patient compliance. The drug must be given 
in high doses in order to maintain an effective 
drug concentration in the gingival crevicular 
fluid. This may result in various side effects 
like nausea, vomiting and gastrointestinal 

8disturbances.  In order to overcome these 
disadvantages local antibiotic therapy has 
been introduced. 
Local antibiotic therapy involves the direct 
placement of an antimicrobial agent into sub 
gingival sites, minimizing the impact of the 
agent on non-oral body sites. W.D . Miller was 
the first to search the propinquity between 
the periodontal disease and bacteria in 1880 , 
prescribed the use of an antimicrobial 
mouthrinse (L isterine) to aid against pyorrhea 

7alveolaris.  It was in the year 1979 Dr. Max 
Goodson et al first proposed the concept of 

 contro lled delivery in the treatment of 
8periodontitis.

A dva ntages 
Ø Small amounts of the drug can produce a 

high concentration in the periodontal 
pocket with minimal side effects.

Ø Less potential of inducing resistant 
bacterial strains in other parts of the 
body.

Ø Controlled release devices can maintain 
a high concentration of the drug for an 
extended period. 

Ø Reduces potential problems with patient 
compliance.

Ø May employ antimicrobial agents not 
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suitable for systemic administration, 
such as var ious broad spec trum 
antiseptic solutions.

D isa dva ntages 
Ø D i f f i cu l ty  i n  p l a c i ng t hera p eu t i c  

concentrations of the antimicrobial 
agent into deeper parts of periodontal 
pockets and furcation lesions.

Ø It is time consuming if many periodontal 
sites are to be treated at same time.

7Indica t ions  
Ø Periodontal patients with successful 

phase 1periodontal therapy.
Ø Medically compromised patients with 

periodontitis where surgical therapy is 
contraindicated.

Ø A s  a n  a d j u n c t  t o  m e c h a n i c a l  
debridement or as sole therapy.

Ø Patients having recurrent or refractory 
periodontitis, 

Ø D ur i ng p er i odo n t a l  r ege n era t ive  
procedures.

7C ontr a indica t ions  
Ø P e r i o d o n t a l  p a t i e n t s  w i t h  

hypersensitivity reaction to any of the 
antimicrobial agents.

Ø L o c a l  de l ivery  o f  me tron idazo l e  
prepara t ion is con tra ind i ca ted in 
alcoholics.

Ø Irrigation devices are contraindicated in 
p a t i en t s  sus c e p t ib l e  t o  i n f e c t ive  
endocarditis to avo id the risk of 
bacteremia.

Ø Antimicrobial agents through ultrasonic 
scalers are contraindicated in patients 
with cardiac pacemakers, asthmatics 
and infective conditions (A IDS, T B etc.).

C lassif ica t ions:
I.  B ased on the ir  m ech a nism of 

a c t i o n  (L A N G E R  a n d  P E P PA S  
1 9 8 8)

1 . D iffusion controlled systems
 A . Reservoirs      
 B . Matrices 

2 . Chemically controlled systems
 A . B io-erodible systems          
 B . Pendant chain system

3 . Swelling controlled system
4 . Magnetically controlled systems
II.  B ased on the  a p p lica t ion  [R a ms 

a nd Slo ts] 1 9 9 6
1 . Personally applied (in patient home self-

care)
A . Non sustained subgingival drug 
delivery
H ome oral irrigation
H ome oral irrigation jet tips
B . Sustained subgingival drug delivery

2 . Professionally applied (in dental office)
A .  N onsusta ined subgingiva l drug 
delivery        
B . Sustained subgingival drug delivery

III.  B a s e d  o n  t h e  d u r a t i o n  o f  
m edica m ent r e le ase  (G r eenste in  

9a nd Tonet t i  2 0 0 0)
A . Sustained release devices              
B . Controlled release devices 

IV.  D e p ending on degra d a bil i ty .
1 . N o n - d e g r a d a b l e  d e v i c e s  ( f i r s t  

generation)    
2 . Degradable devices (second generation)
B rief O ut l ine  of So m e Im p ort a n t  Loca l 
D rug D elive ry Pr oducts
C hlor hexid ine :  PerioChip which measures 
4 .0x 0 .5x 0 .35mm consists of biodegradable 
hydrolysed gelatin matrix, cross-linked with 
glutaraldehyde and also containing glycerine 
a nd wa t er,  i n t o  wh i c h  2 . 5  mg o f  
chlorhexidine gluconate is incorporated per 
chip . It reduces the numbers of the putative 
periodontopathic organisms like P. gingivalis, 
P . i n t e r m e d i a ,  B .  f o r s y t h u s ,  a n d  

10Campylobacter rectus.
M etr onid a zole :  E lyzol is an oil-based 25% 
metronidazole, applied in viscous consistency 
to the pocket and demonstrates good 
biocompatibility and the ability to inhibit B . 
fragilis growth; therefore, they may be useful 

11in the treatment of periodontal diseases.
Tetr acycline : A ctisite is a non-resorbable, 
safe, inert copolymer loaded with 25% w / w 
tetracycline H C I has ethylene / vinyl acetate 
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copolymer fiber with diameter of 0 .5 mm, 
containing tetracycline 12 .7mg per 9 inches. 
It maintains constant concentrations more 
than 1000 μg / mL for a period of 10 days. 
B ioresorbable fiber has been developed with 
base of collagen film, which is commercially 
available as Periodontal plus A B . It offers the 
advantage of no second appointment for 

12removal as it degrades within 7 days.
D oxycycline : A tridox (10% doxycycline) is 
used as a syringe in a gel system. G C F levels 
became its peak to 1 ,500-2 ,000 in 2 hours 
following treatment with A tridox. These 
levels remained above 1000 μg / mL through 
1 8  hours ,  and then leve ls gradua l ly 

13decreses.
M i n o c y c l i n e :  F D A  ap proved lo c a l ly 
delivered, Arestin is a sustained release form 
of minocycline microspheres for subgingivally 
d e l i v e r e d .  T h e  2 %  m i n o c y c l i n e  i s  
e n c a p s u l a t e d  i n t o  b i o r e s o r b a b l e  

14microspheres in gel carrier.

The various commercially available local drug 
delivery agents are summarized in table 1 .
T a b l e  1 :  L o c a l l y  D e l i v e r e d  
A nt imicr obia l  A gents Ava ila b le  in  the  

1 5M ar k e t

Recent  A dva nce m ents in  Loca l D rug 
D elive ry A gents

16 , 171 . Loca l de live ry of gr o wth factors
P late let-derived growth factor (PD G F ),  

vascular endothelial growth factor (VEG F), 
and pyridino line cross-linked carboxyt- 
erminal telopeptide of Type I collagen (IC TP) 
are mediators involved in mitogenesis, 
angiogenesis, and bone turnover. These 
mediators are necessary for regeneration of 
periodontal tissues. Growth factors such as 
PD G F can stimulate ce lls invo lved in 
periodon ta l regenerat ion and enhance 
periodontal wound healing and regeneration. 
2 . N ovel C hitosa n-P VA-B ased Loca l 

18 , 19 , 20D elive ry Syste m
Chitosan is a natural polysaccharide that has 
become known to identify new materials and 
develop new systems for use in regional 
therapy as a material with great potential for 
use in biomedical applications. A  newer 
formulation based on the incorporation of 
chitosan-based microspheres into Poly V inyl 
A lcohol film was prepared that delivered 
antibacterial agent ornidazole into gingival 
crevicular fluid.

21 , 223 . A lendr on a te
B isphosphonate like A lendronate as a very 
potent inhibitor of bone resorption might be 
explained by its inhibition of osteoclasts thus 
a f f e c t i ng t h e  bo n e  m a t ura t i o n  a nd  
remodelling during bone formation. O nce 
reached into the bone, alendronate has a 
prolonged skeletal retention (half life upto 
several years) and significant amount can be 
released during the resorptive process which 
may in turn provide protection to alveolar 
bone.

2 3 , 244 . S imvasta t in
Some specific competitive inhibitors of 3-
hydroxy-2-me thy l-g lutary l  coenzyme A  
(H MG CoA ) reductase like simvastatin (SMV), 
lovastatin, and pravastatin are widely used to 
lower cholesterol and effective in the 
t r e a t m e n t  o f  h y p e r l i p i d e m i a  a n d  
arteriosclerosis. Statins also appear to affect 
the bone formation by increasing the 
expression of bone morphogenetic protein-
2 , inflammation, and angiogenesis.
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AGENT  PRODUCT AVAILABLE FORM DOSAGE FORM APPROVAL
·

 
Chlorhexidine

 
·

 
Periochip(2.5mg Chlorhexidine)

·

 
PeriocolCG(2.5mg Chlorhexidine)

·

 
Chlosite (1.5mg Chlorhexidine)

 

· Biodegradable chip
· Biodegradable chip

FDA approved

·

 

Metronidazole

 

·

 

Elyzol (25% Metronidazole)

 

· Biodegradable gel Under investigation 
in USA

·

 

Tetracycline

 

·

 

Actisite (25%w/v tetracycline HCL)
· Periodontal plus AB (2mg of 

tetracycline in 25mg of collagen)

· Non-resorbable fiber
· Resorbable fiber

FDA approved

· Doxycycline · Atridox (10% Doxycycline) · Biodegradable mix in 
syringe

Under investigation 
in USA

· Minocycline · Dentomycin gel (2% minocycline)
· Arestin (2% minocycline)
· Periocline (2.1% W/V 

minocycline)

· Biodegradable gel
· Biodegradable mix
· Ointment

Under 
Investigation in 
USA



5 . H erb a l agents
Ø E uca lyp tus E x t r act :

property of 60% ethanol extracts from 
the E . globulus leaf is effective against 
severa l  per iodon topa th ic  bac ter ia ,  
including P. gingivalis and P.intermedia. 
In particular, amongperiodontopathic 
bacteria, the growth of P. gingivalis is 
strongly inhibited even with a low 
concentration (10 mg / ml) of eucalyptus 
extracts.

27 , 28Ø N ee m Le af :  Neem leaf extract 
shows potential anti-plaque activity, 
reduces bacteria and plaque levels that 
cause the progression of periodontitis. It 
is repoted that bioactive materials 
present in neem leads to the presence of 
gallotannins during the early stages of 
plaque formation that could effectively 
reduce the bacterial number available 
through aggregate formation for binding 
to the tooth surface by increasing their 
physical elimination from the oral cavity.

29 , 30Ø B loodr oot : It can restrict the 
growth of bacteria responsible for 
periodontal disease due to its natural 
alkaloids, sometimes included in oral 
health products such as toothpaste and 
mouthwashes, this herb can decrease 
the inflammation thereby  decreases the 
deepen ing of periodonta l pockets,  
further preventing bone loss & tooth 
loss.

29 , 30Ø C h a m o mile :  Its anti-inflammatory 
and antibacterial properties helps in 
r e d u c i n g  t h e  i n f l a m m a t i o n  i n  
periodontal tissues and reduces the 
bacterial load in the oral cavity.

Ø H erb a l C o m bin a t ions:  O ther than 
t h e  i n d i v i d u a l  h e r b s ,  h e r b a l  
combinations are also available to treat 
the periodontitis. O ne powerful mixture 
includes peppermint oil, menthol, sage 
oil, chamomile, caraway oil, clove oil, 
myrrh tincture and echinacea extract-all of 
which reduce periodontitis symptoms and 
can improve the periodontal health status.

25 , 26  Antibacterial 
C onclusion: Various studies suggest that 
local drug delivery application into the 
per iodon ta l  pocke t  can improve the 
periodontal status. H owever these systems 
can not replace completely the conventional 
scaling and root planning. Local drug 
administration should be based on patient 
clinical findings, proper investigation and 
diagnosis and by considering both system`s 
merits and demerits. Therefore it is concluded 
that although locally delivered antimicrobials 
can not be substituted, they can be of added 
benefit if used as an adjunct with scaling and 
root planing.
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Introduction
Gingival	 recession	 is	 defined	 as	 “the	
displacement	 of	 marginal	 tissue	 apical	
to	 the	 cementoenamel	 junction	 (CEJ).”[1]	
Over	 the	 years,	 various	 procedures	 have	
evolved	 including	 pedicle	 and	 soft‑tissue	
grafts	 to	 obtain	 root	 coverage.	 The	 most	
predictable	 plastic	 procedure	 is	 coronally	
advanced	 flap	 (CAF)	 with	 subepithelial	
connective	 tissue	 graft,	 which	 remains	
the	 “gold	 standard”	 of	 periodontal	 plastic	
surgery.	 It	 provides	 excellent	 predictability	
and	 improved	 long‑term	 root	 coverage,	
but	 it	 is	 limited	 in	 supply	 and	 significantly	
increases	patient	morbidity.[2]	Owing	to	this,	
allografts	 present	 an	 attractive	 opportunity	
for	coverage	of	gingival	recession.
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Abstract
Background: An	 amnion	membrane	 is	 a	 placenta‑derived	 tissue	 that	 consists	 of	 numerous	 growth	
factors,	 proteins,	 and	 stem	 cell	 reserves	which	 help	 in	 accelerated	wound	healing	 and	 regeneration.	
Platelet‑rich	fibrin	(PRF)	also	releases	growth	factors	after	activation	from	the	platelets	and	gets	trapped	
within	fibrin	matrix	which	has	been	shown	to	stimulate	the	mitogenic	response	in	the	periosteum	for	
bone	repair	and	regeneration	during	normal	wound	healing.	This	preliminary,	controlled,	randomized	
clinical	 trial	 with	 an	 18‑month	 follow‑up	 was	 aimed	 to	 evaluate	 the	 effectiveness	 of	 coronally	
advanced	 flap	 (CAF)	 with	 either	 PRF	 membrane	 or	 bioresorbable	 amniotic	 membrane	 (AM)	 in	
treatment	 of	 localized	 gingival	 recession	 defects.	 Materials and Methods:	 Sixteen	 healthy	 adult	
patients	 presenting	 with	 Miller	 Class	 I	 recession	 defects	 were	 treated	 surgically	 with	 CAF	 along	
with	 AM	 (Group	 I)	 or	 PRF	 (Group	 II)	 for	 coverage	 of	 the	 recession	 defects.	 For	 all	 patients,	
plaque	 index,	 gingival	 index,	 bleeding	 on	 probing,	 clinical	 attachment	 level,	 depth	 of	 recession,	
width	 of	 recession,	 width	 of	 attached	 gingiva,	 and	 gingival	 thickness	 were	 evaluated	 at	 6	 months	
and	 18	 months	 postoperatively.	 Statistical	 analysis	 was	 done	 using	 paired	 t‑test,	 repeated	 measure	
analysis	of	variance	test,	Bonferroni	test	for	intragroup	comparison	and	unpaired	t‑test	for	intergroup	
comparison.	 Results:	 The	 results	 showed	 statistically	 nonsignificant	 (P	 <	 0.01)	 difference	 in	
all	 clinical	 parameters	 at	 the	 6‑	 and	 18‑month	 follow‑ups	 in	 both	 groups.	 Gingival	 recession	 in	
both	 PRF	 and	 amnion	 group	 when	 evaluated	 individually,	 significantly	 reduced	 from	 baseline	 to	
6	months	 (P	=	0.000)	 and	 from	baseline	 to	18	months	 (P	=	0.000).	However,	 the	mean	value	 from	
6	months	to	18	months	was	statistically	nonsignificant.	Conclusion:	The	present	study	demonstrated	
that	 both	 CAF	 +	 PRF	 and	 CAF	 +	 AM	 are	 equally	 effective	 in	 providing	 clinically	 significant	
outcomes	with	 respect	 to	 root	coverage	with	AM	showing	 the	better	percentage	of	 root	coverage	as	
compared	to	PRF.
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Use	 of	 placental	 allografts	 in	 dentistry	 is	
a	 more	 recent	 development.	 The	 human	
placenta	 comprises	 two	 membranes:	
(1)	 the	 inner	 amniotic	 membrane	 (AM)	
and	 (2)	 the	 outer	 chorion	 membrane.	
With	 the	 improvements	 in	 the	 processing,	
AM	 has	 found	 application	 in	 various	
fields	 of	 medicine,	 constructive	 surgeries,	
arthroplasty,	 etc.[3]	 Cryopreserved	 AM	 is	
effective	 in	 cicatrisation,	 wound	 healing	
epithelization	 facilitated	 migration,	 and	
reinforced	 adhesion,[4]	 thus	 making	 it	
effective	 in	 the	 treatment	 of	 periodontal	
surgery.[5]

Regenerative	 potential	 of	 platelets	 was	
introduced	 in	 1974,	 and	 Ross	 et al.[6]	 were	
among	 the	 pioneers	 who	 first	 described	
the	 release	 of	 growth	 factors	 from	platelets	
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which	 have	 been	 shown	 to	 stimulate	 the	 mitogenic	
response	 in	 the	 periosteum	 for	 bone	 repair	 during	 normal	
wound	 healing.[7]	 Platelet	 concentrates	 which	 include	
platelet‑rich	 plasma	 (PRP)	 and	 platelet‑rich	 fibrin	 (PRF)	
have	 been	 found	 effective	 in	 the	 enhancement	 of	 early	
wound	healing[8]	and	have	been	speculated	as	promoters	of	
periodontal	tissue	regeneration.[9]	Among	these	concentrates,	
PRF	is	a	second‑generation,	autologous	platelet	concentrate	
that	 includes	 a	 leukocyte	 aggregate	 and	 a	 high‑density	
fibrin	 network	 that	 provides	 a	 slow	 polymerization	 system	
similar	 to	 the	 nature	 of	 growth	 factors	 including	 vascular	
endothelial	 growth	 factor,	 insulin‑like	 growth	 factor,	
platelet‑derived	growth	factor	(PDGF),	transforming	growth	
factor	 (TGF),	epidermal	growth	 factor,	 and	basic	fibroblast	
growth	 factor.	 By	 virtue	 of	 this	 content,	 PRF	 accelerates	
hemostasis	 and	wound	 healing	 and	 has	 a	 supportive	 effect	
on	 the	 immune	 system,	 cell	 migration,	 and	 proliferation.	
PRF	 preparation	 is	 a	 cost‑effective	 process	 with	 short	
chair‑side	duration	and	does	not	need	bovine	thrombin	and/
or	 anticoagulant	 addition.	 Furthermore,	 the	 material	 does	
not	 require	 the	 biochemical	 handling	 of	 blood	 and	 can	 be	
formed	easily	as	a	regenerative	membrane.[10]

The	 ultimate	 goal	 of	 recession	 therapy	 is	 achieving	
complete	 recession	 coverage	 in	 harmony	with	 the	 adjacent	
tissues.	Given	 the	 encouraging	 effects	 of	 PRF	 and	 amnion	
membrane	 in	 healing	 and	 regeneration,	 it	 is	 hypothesized	
that	 PRF	 and	 AM	 might	 enhance	 the	 outcomes	 obtained	
with	CAF.

Thus,	 the	 aim	 of	 this	 preliminary	 randomized	 clinical	
trial	 with	 an	 18‑month	 follow‑up	 was	 to	 evaluate	 the	
effectiveness	 of	 CAF	 with	 either	 PRF	 membrane	 or	
bioresorbable	AM	in	treatment	of	localized	Miller’s	Class	I	
gingival	recession	defects.

Materials and Methods
The	 clinical	 trial	 has	 been	 registered	 with	
CTRI/2017/04/008349	 on:	 13/04/2017.	 The	 protocol	 was	
approved	by	the	Institutional	Review	Committee	for	human	
subjects	 and	 the	 study	 was	 conducted	 in	 accordance	 with	
the	Helsinki	Declaration	of	1975,	as	revised	in	2013.

A	 total	 number	 of	 16	 systemically	 healthy	 patients	 with	
sufficient	 vestibular	 depth	 and	 presence	 of	 adequate	width	
of	 attached	 gingiva	 between	 the	 age	 group	 of	 20	 and	
45	 years	were	 selected	 from	 the	Outpatient	Department	 of	
Periodontology,	 having	Miller’s	Class	 I	 gingival	 recession,	
and	 were	 included	 in	 the	 study	 based	 on	 the	 following	
inclusion	 and	 exclusion	 criteria.	 Inclusion	 criteria	 included	
systemically	 healthy	 patients	 with	 the	 presence	 of	 at	
least	 one	 Millers	 Class	 I	 recession,	 sufficient	 vestibular	
depth,	 and	 presence	 of	 adequate	 width	 of	 keratinized	
gingiva.	 Exclusion	 criteria	 included	 the	 patients	 who	 had	
undertaken	 any	 periodontal	 treatment	 before	 6	 months	 of	
initial	 treatment,	 pregnant	 and	 lactating	mothers,	 smokers,	
and	patients	with	poor	oral	hygiene.

At	 day	 0,	 full	 mouth	 plaque	 index	 (PI),	 gingival	
index	 (GI),	 and	 bleeding	 on	 probing	 index	were	 recorded,	
and	 ultrasonic	 scaling	 was	 done	 in	 all	 the	 selected	
16	 patients.	After	 4	 weeks,	 patients	 who	 maintained	 their	
oral	 hygiene	 and	 had	 fair	 plaque,	 gingival,	 and	 bleeding	
on	probing	 index	scores	were	finally	 included	 in	 the	study.	
Among	 the	 selected	 16	 patients	 (12	males	 and	 4	 females)	
who	 were	 included	 in	 the	 study,	 6	 patients	 (2	 male	 and	
4	 female)	 were	 excluded	 from	 the	 trial	 since	 they	 did	 not	
maintain	 their	 oral	 hygiene	 [Figure	 1].	 Finally,	 10	 male	
patients	with	 twenty	 sites	 (11	maxillary	 and	9	mandibular)	
underwent	 parallel	 mouth	 root	 coverage	 study.	 Acrylic	
stent	was	 fabricated	 at	 the	 selected	 site	 for	 reproducibility	
of	 measurements	 to	 determine	 the	 treatment	 outcome.	
Written	 informed	consent	was	 taken	 from	all	 patients	 after	
giving	 detailed	 information	 regarding	 PRF	 and	 amniotic	
membrane	 and	 methodology	 to	 be	 used	 in	 the	 study.	 The	
patients	 were	 then	 divided	 randomly	 using	 flip	 of	 coin	
into	 two	 groups	 keeping	 participants	 blinded.	 A	 parellel	
mouth	 design	 was	 used	 for	 the	 study.	 For	 all	 patients,	 PI,	
GI,	 bleeding	 on	 probing,	 clinical	 attachment	 level,	 depth	
of	recession,	width	of	recession,	width	of	attached	gingiva,	
and	 gingival	 thickness	 were	 evaluated	 at	 6	 months	 and	
18	months	 postoperatively.	 The	 recruitment	 and	 follow‑up	
of	 all	 subjects	 were	 done	 from	 August	 2014	 to	 March	
2016.	 The	 trial	 was	 for	 a	 period	 of	 18‑month	 recall	 and	
was	completed	within	that	time.

Surgical procedure

All	 the	 participants	 in	 the	 study	 were	 blinded	 to	 the	
treatment.	The	patients	were	asked	to	do	a	presurgical	rinse	
with	 10	 ml	 of	 0.2%	 chlorhexidine	 diluted	 solution.	 The	
selected	 site	 was	 locally	 infiltrated	 using	 (2%	 lignocaine	
hydrochloride	 with	 adrenaline	 1:80,000)	 before	 initiating	
the	 surgical	 procedure.	 All	 the	 selected	 Miller	 Class	 I	
recession	 defects	 underwent	 root	 coverage	 procedure	
by	 CAF.	 Primary	 two	 horizontal	 incisions	 were	 made	
in	 mesial	 and	 distal	 directions	 from	 the	 CEJ	 up	 to	 1	 mm	
past	 the	 proximal	 line	 angle	 of	 the	 adjacent	 teeth	 leaving	

Figure 1: Study flow chart
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the	 interdental	 papillae	 intact.	 Two	 vertical	 releasing	
incisions	 were	 given	 interdentally	 on	 the	 labial	 aspect	 of	
the	 involved	 tooth	 connecting	 the	 horizontal	 incisions	 and	
extending	 beyond	 the	 mucogingival	 junction.	 Subcrestal	
crevicular	 incision	 was	 given	 using	 BP	 blade	 No.	 12/15	
at	 the	 tooth	 of	 interest	 connecting	 horizontal	 and	 vertical	
incision.	 A	 full‑thickness	 flap	 was	 elevated	 3–4	 mm	
beyond	 the	marginal	 bone	 crest	 using	 blunt	 dissection	 and	
then	 partial	 thickness	 flap	 was	 extended	 apically	 into	 the	
vestibule	 using	 sharp	 dissection	 so	 that	 the	 flap	 would	
be	 easily	 repositioned	 as	 far	 coronally	 as	 needed.	 The	
buccal	 part	 of	 the	 intact	 papillae	 was	 de‑epithelialized	 to	
act	 as	 a	 connective	 tissue	 recipient	 site	 for	 the	 coronally	
advanced	 repositioned	 flap.	 Root	 planing	 of	 exposed	 root	
surface	 was	 done	 using	 universal	 curette	 2R/2L	 and	 or	
4R/4L	(Hu‑Friedy).	The	recession	defect	was	either	 treated	
with	the	formed	autologous	PRF	membrane	or	freeze‑dried,	
irradiated	 amnion	 membrane	 which	 was	 procured	 from	
tissue	 bank	 of	 Tata	 Memorial	 Hospital,	 Mumbai.	 	 The	
membrane	 was	 trimmed	 and	 placed	 to	 cover	 the	 bony	
recession	 defect	 extending	 from	 the	 CEJ	 to	 cover	 the	
adjacent	 bone	 mesially,	 distally,	 and	 apically	 by	 2–3	 mm.	
The	 buccal	 flap	 was	 coronally	 repositioned	 to	 cover	 the	
membrane,	 and	 the	 CAF	 was	 retained	 in	 position	 with	
nonabsorbable	4–0	braided	silk	[Figure	2].

Platelet‑rich fibrin preparation

The	 PRF	 in	 the	 present	 study	was	 prepared	 in	 accordance	
with	 the	 protocol	 developed	 by	Choukroun	 et al.	 in	 2001.	
Intravenous	blood	(by	venipuncture	of	the	antecubital	vein)	
was	 collected	 in	 10	 ml	 sterile	 tube	 without	 anticoagulant	
and	 immediately	 centrifuged	 in	 centrifugation	 machine	 at	
3000	 revolutions/min	 (approximately:	 400	 g)	 for	 10	 min.	
After	centrifugation,	the	resultant	product	formed	consisted	
of	 three	 layers.	 The	 topmost	 layer	 consisted	 of	 acellular	
platelet‑poor	 plasma	 (PPP),	 PRF	 clot	 was	 present	 in	 the	
middle,	 and	 RBCs	 were	 seen	 to	 be	 settled	 at	 the	 bottom	
of	 the	 test	 tube.	 PRF	 clot	 was	 easily	 separated	 from	 red	
corpuscles	 base	 (preserving	 a	 small	 red	 blood	 cell	 layer)	
using	 a	 sterile	 Tweezer	 and	 scissor	 just	 after	 removal	 of	
PPP.	The	 clot	was	 then	 transferred	 onto	 a	 sterilized	 gauge	
piece	 which	 was	 compressed	 between	 two	 sterilized	 glass	
slabs,	to	transform	it	to	the	shape	of	a	membrane.[9]

Postoperative instructions

An	 extra‑oral	 cold	 compress	 and	 analgesic	 plus	
anti‑inflammatory	 drugs	 were	 given	 for	 pain	 and	 edema	
control.	 Patients	 were	 asked	 not	 to	 use	 a	 toothbrush	 in	
the	 surgical	 region	 for	 4	 weeks;	 instead,	 mouthwash	 was	
prescribed.	 Instructions	 were	 given	 to	 the	 patients	 to	
protect	 the	surgical	area	 from	excessive	 trauma	or	 traction.	
Sutures	were	removed	after	10	days	followed	by	evaluation	
at	 6	 months	 and	 18	 months.	 All	 data	 collected	 were	
statistically	evaluated	for	the	comparison	of	the	outcome	of	
the	treatment.

Statistical analysis

The	 collected	 data	 at	 baseline,	 6	 months,	 and	 18	 months	
postoperative	 were	 tabulated	 and	 analyzed	 statistically.	
The	 software	 used	 for	 the	 statistical	 analysis	 were	 SPSS	
(Statistical;	 Package	 for	 Social	 Sciences)	 version	 19.0	 and	
GraphPad	Quick	Calcs	 Software	 (Online	 Software©	 2012,	
Graph	Pad	 Software	 Inc.)	 from	 IBM	company,	New	York,	
USA.	The	 statistical	 tests	 used	were	 paired	 t‑test,	 repeated	
measure	 analysis	 of	 variance	 test,	 Bonferroni	 test	 for	
intragroup	 comparison,	 and	 unpaired	 t‑test	 for	 intergroup	
comparison	between	control	and	experimental	groups.

Results
There	 was	 no	 significant	 difference	 between	 the	 two	
groups	 for	 the	 plaque,	 gingival,	 and bleeding	 on	 probing	
score	[Tables	1‑3].	No	complication	was	experienced	in	the	
surgical sites	and	the	healing	was	uneventful.	The	reduction	
in	 pocket	 depth	 and	 gain	 in	 clinical attachment	 level	 was	
also	 statistically	 insignificant	 from	 baseline	 to	 6	 months,	
baseline	to	18	months,	and	6–18	months.	Gingival	recession	
in	 both	 PRF	 and	 amnion	 group	 evaluated individually,	
significantly	reduced	from	baseline	to	6	months	(P	=	0.000)	
and	from	baseline	 to	18	months	(P	=	0.000).	However,	 the	
mean	 value	 from	 6	months	 to	 18	months	 was	 statistically 
nonsignificant.	 On	 intergroup	 comparison	 of	 mean	 value	
of	differences	at	all	 time	period,	 the result	was	statistically	
nonsignificant.	Similar	nonsignificant	 results	were	obtained	
for	 width of	 recession,	 width	 of	 keratinized	 gingiva,	 and	
gingival	thickness.

Discussion
The	 present	 randomized	 parallel	 mouth	 controlled	 trial	
was	 conducted	 to	 compare	 the	 relative	 effectiveness	 of	
two	treatment	modalities	 in	 the	 treatment	of	facial	gingival	
recessions,	 namely,	 CAF	 along	 with	 PRF	 membrane	
and	 a	 CAF	 along	 with	 a	 bioresorbable	AM.	 The	 ultimate	
goal	 of	 periodontal	 plastic	 surgical	 procedures	 utilized	
in	 the	 treatment	 of	 marginal	 tissue	 recession	 is	 the	
complete	 regeneration	 of	 all	 the	 supportive	 components	
of	 the	 periodontium,	 resulting	 in	 complete	 coverage	of	 the	
denuded	 root	 surface	 in	 an	 esthetic	 as	 well	 as	 functional	
manner.

Figure 2: (a) Preoperative recession site for placement of amniotic 
membrane. (b) Amniotic membrane. (c) Postoperative site after 18 months. 
(d) Preoperative recession site for placement of PRF membrane. (e) 
Platelet‑rich fibrin membrane. (f) Postoperative site after 18 months
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In	the	present	study	to	treat	the	gingival	recession,	coronally	
positioned	 flap	 procedure	 is	 performed	 either	 with	 PRF	
membrane	or	AM.	CAF	is	the	first	choice	surgical	technique,	
when	 there	 is	 the	 presence	 of	 adequate	 keratinized	 gingiva	
apical	 to	 the	 recession	 defect.	 Optimum	 root	 coverage	
results,	 good	 color	 blending	 of	 the	 treated	 area,	 and	
recuperation	 of	 the	 original	 morphology	 of	 the	 soft‑tissue	
margin	 can	 be	 predictably	 accomplished.	 Past	 studies	
of	 Pini	 Prato	 et al.[11]	 and	 Wennström	 and	 Zucchelli[12]	
concluded	 that	 the	 mean	 root	 coverage	 obtained	 from	 this	
technique	 varies	 from	 60%	 to	 100%	 and	 this	 is	 one	 of	
the	 most	 commonly	 practiced	 techniques.	 This	 procedure,	
however,	 does	 not	 increase	 the	 width	 of	 the	 keratinized	
gingiva	 and	 provides	 little	 or	 no	 periodontal	 regeneration	
in	gingival	recession	defects.	To	overcome	the	disadvantage	
of	 CAF,	 concept	 of	 guided	 tissue	 regeneration	 (GTR)	
was	 introduced	 for	 recession	 treatment	 along	 with	
coronally	 repositioned	 flap.	 Several	 meta‑analytical	 studies	
demonstrated	 that	 addition	 of	 autogenous	 connective	 tissue	
to	CAF	is	 the	“gold	standard”	means	of	 root	coverage	with	
no	antigenic	response.[12]	However,	procurement	of	CT	graft	
from	 second	 donor	 site	 increases	 the	 patient	morbidity	 and	
also	 lengthens	 the	 duration	 of	 surgery.	 To	 overcome	 this	
drawback,	 numerous	 barrier	 membranes	 are	 commercially	
available	 based	 on	 GTR	 concept.	 Recently,	 clinical	 use	
of	 other	 resorbable	 allograft	 membranes	 for	 GTR	 have	
gained	 popularity	 with	 promising	 results	 and	 amends	
their	 use	 with	 the	 modern	 concept	 of	 biological	 GTR.	
According	 to	 Tinti	 et al.,[13]	 cryopreserved	 bioresorbable	
AM	used	in	the	present	study	was	found	effective	in	wound	
healing	 and	 epithelization	 as	 it	 helps	 in	 cellular	 adhesion	
of	 gingival	 cell,	 growth	 of	 fibroblast,	 and	 angiogenesis.
[14‑16]	With	 the	 improvement	 of	 bioactive	 surgical	 additives	
to	 accelerate	 the	 therapeutic	 process	 is	 the	 mainstay	 in	
clinical	 research.	 In	 this	 sense,	 PRF	 appears	 as	 a	 natural	
and	 satisfactory	 alternative	 with	 encouraging	 results	 and	
low	risks.	Autologous	PRF	clot	may	be	used	as	a	membrane	
in	 the	 treatment	 of	 gingival	 recession	with	 various	 degrees	
of	 success	 rate.	 PRF	 is	 a	 concentrated	 aggregate	 of	 the	
growth	 factors	 developed	 in	 France	 by	 Choukroun	 et al.
[9]	 in	 2001.	 This	 platelet	 concentrate	 contains	 PDGF,	 TGF,	
and	 many	 other	 unidentified	 growth	 factors	 that	 modulate	
factors	 involved	 in	 wound	 healing.	 The	 plaque,	 gingival,	
and	 bleeding	 on	 probing	 score	 were	 comparable	 between	
the	 two	 groups	 and	 there	 was	 no	 significant	 difference	
between	 the	 two	 groups.	 This	 observation	 of	 the	 present	
study	 indicates	 that	 patients	 maintained	 optimum	 level	 of	
hygiene	 throughout	 the	 study.	 Further,	 both	AM	 and	 PRF	
membrane	 was	 well	 tolerated	 by	 the	 tissue	 with	 excellent	
tissue	contour	and	color	blend.	When	intergroup	comparison	
of	 mean	 value	 of	 differences	 was	 done	 at	 baseline	 for	
pocket	probing	depth	and	CAL,	the	results	were	statistically	
insignificant.	 The	 reduction	 in	 pocket	 depth	 and	 gain	 in	
clinical	 attachment	 level	 was	 also	 statistically	 insignificant	
from	 baseline	 to	 6	 months,	 baseline	 to	 18	 months,	 and	
6–18	months.	These	results	are	 in	accordance	with	 the	case	
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report	of	Shetty	et al.,[17]	who	reported	100%	roots	coverage,	
enhanced	gingival	biotypes	with	both	 the	membrane.	 In	 the	
present	 study,	gingival	 recession	 in	PRF	group	significantly	
reduced	 from	 baseline	 to	 6	 months	 (P	 =	 0.000)	 and	 from	
baseline	 to	 18	 months	 (P	 =	 0.000).	 However,	 the	 mean	
value	 from	 6	 months	 to	 18	 months	 was	 statistically	
nonsignificant	 (P	=	1.000).	  	These	 results	 are	 in	 agreement	
with	 the	 studies	 	 of	 Padma	 et al.,[18]	 Jankovic	 et al.,[19]	
and	 Anilkumar	 et al.,[20]	 who	 stated	 that	 the	 satisfactory	
improvement	 in	gingival	 recession	may	be	 attributed	 to	 the	
high	percentage	of	undamaged	platelets,	 contained	within	a	
fi	 brin	 matrix.	 The	 maintenance	 of	 stable	 gingival	 margin	
between	 6	 and	 18	 months	 in	 the	 present	 study	 was	 in	
accordance	with	 the	 study	 by	Gupta	 et al.[21]	 and	 Shepherd	
et al.,[22]	who	reported	no	change	in	mean	recession	coverage	
postoperatively	 between	 2	 and	 4	 months	 follow‑up	 when	
PRP	was	 used.	 This	may	 suggest	 that	 platelet	 concentrates	
promote	 more	 rapid	 attachment	 to	 the	 tooth	 with	 the	
stable	 result.	 Furthermore,	 fibrin	 matrix	 in	 PRF	 functions	
such	 as	 fibrin	 glue,	 which	maintains	 the	 flap	 in	 a	 constant	
position,	enhances	neovascularization,	and	reduces	necrosis.	
In	 the	 present	 study	 gingival	 recession	 in	 Amnion	 group	
significantly	reduced	from	baseline	to	6	months	(P	=	0.000)	
and	 from	 baseline	 to	 6	 months	 (P	 =	 0.000).	 However,	 the	
mean	 value	 from	 6	 months	 to	 18	 months	 was	 statistically	
nonsignificant	 (P	 =	 0.343).	 These	 results	 are	 in	 the	
accordance	to	the	study	of	Mehta	et al.,[23]	Shah	et al.,[24]	and	
Gurinsky,[25]	who	 stated	 that	 processed	 dehydrated	 allograft	
amnion	 may	 provide	 an	 effective	 alternative	 to	 autograft	
tissue	in	the	treatment	of	shallow‑to	moderate	Miller	Class	I	
gingival	 recession	defects.	Thus,	 the	authors	concluded	 that	
the	self‑adherent	nature	of	the	amnion	allograft	significantly	
reduced	 surgical	 time	 and	 made	 the	 procedure	 easier	 to	
perform	relative	to	techniques	involving	the	use	of	autograft	
or	 allograft	 dermis	 tissue.	 Nonsignificant	 results	 were	
obtained	in	our	study	between	6	and	18	months	suggest	that	
bioresorbable	 AM	 self‑adhesive	 property	 provided	 stable	
results	 as	 was	 stated	 by	 Velez	 et al.,[4]	 who	 analyzed	 the	
effects	 of	 cryopreserved	 bioresorbable	 AM	 on	 periodontal	
soft‑tissue	 healing	 and	 observed	 that	 it	 was	 effective	 in	
helping	 cicatrization	 and	 reinforced	 adhesion.	 However,	
on	 intergroup	 comparison,	 the	 result	 was	 statistically	
nonsignificant.	 Furthermore,	 the	 results	 were	 stable	 even	
after	 18	 months	 postoperatively.	 This	 suggests	 that	 AM	
forms	 a	 physiologic	 closure	 with	 the	 host	 tissue	 impeding	
bacterial	 contamination	 and	 multiple	 studies	 support	
amnion’s	ability	 to	decrease	the	host	 immunologic	response	
through	 localized	 suppression	 of	 polymorph	 nuclear	 cell	
migration.	 Further,	 the	 thinness	 of	 amnion	 membrane	
resulted	 in	 better	 adaptation	 of	 the	 membrane	 over	 the	
recession	 site	 and	 consequently	 better	 coverage	 of	 the	
gingiva	in	accordance	with	the	study	of	Agarwal	et al.[26]

The	 intergroup	 comparison	 of	 mean	 value	 of	 differences	
at	 all	 time	 periods	 between	 the	 group	 for	 width	 of	
recession,	 width	 of	 keratinized	 gingiva,	 and	 gingival	

thickness	 was	 statistically	 nonsignificant.	 These	 results	
suggest	 comparable	 clinical	 efficacy	 of	 PRF	 and	 amnion	
membrane.	These	 results	 are	 in	 accordance	with	 the	 report	
of	 Shetty	 et al.,[17]	 who	 suggested	 increase	 in	 thickness	 of	
the	 keratinized	 tissues,	 reported	 in	 both	 groups,	 and	might	
contribute	 to	 a	 long‑term	 stable	 clinical	 outcome,	 with	
reduced	 probability	 of	 the	 recurrence	 of	 recession.	 Similar	
results	 were	 reported	 by	 Shah	 et al.,[24]	 who	 suggested	
enhancement	 of	 gingival	 biotype	 6	months	 postoperatively	
after	 the	 treatment	 of	 gingival	 recession	 using	 amnion	
membrane.	 A	 thick	 biotype	 has	 a	 tendency	 toward	
maintaining	a	more	stable	soft	tissue	in	various	periodontal	
surgical	procedures.	Hence,	all	 the	optimum	desired	results	
as	an	allograft	 for	 root	 coverage	were	achieved	by	amnion	
allograft.	 A	 recent	 6‑month	 study	 evaluated	 the	 use	 of	
CAF	+	PRF	 against	CAF	+	bioresorbable	AM	on	gingival	
recession.	 The	 site	 treated	with	 bioresorbable	AM	 showed	
more	 stable	 results	 than	 the	 PRF‑treated	 sites.	 Within	
the	 limitation	 of	 the	 study,	 use	 of	 the	AM	 as	 an	 additive	
material	 alternate	 to	 subepithelial	 connective	 tissue	 in	
reducing	the	need	for	another	surgical	site	and	substitute	to	
PRF	in	reducing	the	need	for	preparation	of	the	autologous	
biomaterial	is	advocated.	However,	further	testing	is	needed	
to	confirm	their	long‑term	stability.

Conclusion
Soft‑tissue	 maintenance	 is	 the	 primary	 line	 of	 defense	 in	
protecting	 the	 tissue	 from	 bacterial	 infection.	 Although	
the	 growth	 factors	 and	 the	 mechanisms	 involved	 are	 still	
poorly	 understood,	 the	 ease	 of	 applying	 PRF	 in	 the	 dental	
clinic	 and	 its	 beneficial	 outcome,	 including	 reduction	
of	 bleeding	 and	 rapid	 healing,	 holds	 promise	 for	 further	
procedures.	The	biomechanical	GTR	proposed	herein,	using	
the	bioresorbable	AM,	not	only	maintains	the	structural	and	
anatomical	configuration	of	the	regenerated	tissues	but	also	
contributes	to	the	enhancement	of	healing	through	reduction	
of	 postoperative	 scarring	 and	 subsequent	 loss	 of	 function	
and	 also	 provides	 a	 rich	 source	 of	 stem	 cells.	The	 present	
study	demonstrated	 that	both	CAF	+	PRF	and	CAF	+	AM	
are	 equally	 effective	 in	 providing	 clinically	 significant	
outcomes	with	 respect	 to	 root	 coverage	with	AM	 showing	
better	percentage	of	root	coverage	as	compared	to	PRF.
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Editorial

Generalized periodontitis; 
Stage IV, Grade C; currently 
stable.
1. Current smoker >12 
cigarettes per day 2. Optimally 
controlled diabetes.

Wondering what is the title all about? The 
title tells you how the diagnosis needs 

to be mentioned as per the new classification 
system (according to my understanding). The 
new 2018 classification system has brought 
with it new intricacies when compared to 
the 1999 classification. The overview of the 
new classification makes it look far easier and 
simpler than 1999 classification. The “overview” 
can be deceptive and may not be the accurate 
view. An in-depth reading of the 320-page 
document, published in the two leading journals 
of Periodontology, shall give the readers, a 
precise view of what the new classification is all 
about and it is up to each individual to decide 
on its own, the merits and de-merits of new 
classification.
I shall also mention here that the experts who 
had participated in creating this document have 
has worked in detail on few aspects of 1999 
classification to bring in changes. Many areas 
of older classification have just been extended 
by adding new diseases in the already long 
list, making it almost impossible for anyone to 
remember the subclassifications and diseases 
included in the list. The subclassification of 
“Periodontitis as a manifestation of systemic 
disease” will substantiate this point. Similarly 
the subclassifications of all other categories have 
been made extensive, making it much more 
difficult for anyone to recollect all subcategories. 
The time will be the best judge to evaluate and 
confirm the effect of these widespread and 
exhaustive subclassifictions on formulating 
correct diagnosis.

The experts have worked in detail and tried 
to resolve one of the most controversial aspect 
of 1999 classification- chronic vs aggressive 
debate and localized aggressive vs generalized 
aggressive periodontitis debate. Ultimately 
the experts have come to conclusion that its 
“periodontitis.” I had mentioned this in my 
earlier editorial[1] before this classification was 

introduced. The features of aggressive or chronic 
periodontitis almost remain the same and it was 
very difficult to apply the 1999 classification in 
a clinical scenario. The pertinent question which 
arose was, if there is not much difference in 
treating chronic or aggressive periodontitis, then 
why spent time on differentiating between them. 
Dr Armitage (man behind 1999 classification) in 
publications accepted this. While in 2004, he was 
advocating strict application and differentiation 
between chronic and aggressive periodontitis,[2] 
by 2011 he had reconciled to the fact that this 
difference is futile for a clinical treatment 
scenario.[3]

Few of the changes made are for good and 
introduction of new concept of staging and 
grading (mimicking oncology) may have made 
diagnosis very exhaustive (as you can see in the 
title of this editorial), I feel it will do good for the 
practice of Periodontology.

Earlier, a case of periodontitis would be 
diagnosed as mild, moderate or severe chronic 
periodontitis or localized aggressive periodontitis 
or generalized aggressive periodontitis. These 
diagnoses were not able to have an impact on 
the patient as well as dentist, especially non-
periodontists, about the severity and complexity 
of disease, and the kind of expertise required to 
provide optimal treatment to the patient. The 
new system of mentioning stage and grade will 
change this. As a common man knows what 
does a Stage IV cancer means, a time will come 
when the non-periodontist dentists as well as 
common men will start realizing what does 
a Stage IV, grade C periodontitis mean. They 
would understand the severity of condition, 
urgency of consulting the dentist for treatment 
and that involvement of periodontist in treatment 
is necessary.

Although the application of this staging and 
grading has its own perils, and will require sound 
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clinical judgment to arrive at the most appropriate clinical 
diagnosis. There are problematic areas. To use grading, patient 
should have radiographs for last 5 years. This may not be an ideal 
and practical situation in our country. The alternative given for 
this is to use percentage of bone loss/age. This aspect is also very 
controversial. Let me explain how the application of this criteria (in 
absence of radiographs) can mislead in grading. A 50-year patient 
reports with 4 mm bone loss and 10 mm root of worst affected 
tooth and does not have previous radiographs. To grade, we use 
the percentage of bone loss/age criteria. The percentage of bone 
loss is 40% and when divided by age it come to 0.8, i.e., Grade B. 
Now by default, you have considered that the loss has occurred 
over 50 years. If we realistically see, we will have teeth from 6 years 
of age. So 50 years is as such not the right age to be used, and what 
if the disease started at the age of 47 and this 4 mm bone loss has 
occurred in last 3 years. So the grading can be very misleading.

Another good thing has been the introduction of concept 
of defining periodontal health. This is important from a 
preventive aspect as well as is a therapeutic endpoint to use. 
So the treating dentist clearly knows what is health. Earlier 
even one or two gingival bleeding sites were considered to be 
gingivitis. But now they are considered with in the realm of 
normalcy and are considered a part of health.

No classification is complete and everlasting in Periodontology. 
As the history suggests, the periodontists have special affinity 
toward revisiting classification systems every 15‑20 years, even 
much earlier, sometimes. We had a classification introduced 
in 1989, 1993 and 1999. 1989 classification had a major flaw of 
missing out on gingival diseases component. If the legends of 
Periodontology who have defined the subject of Periodontology 
with their research and who devised the 1989 classification 
can go wrong at such a basic level, then any classification can 
be a fault. Already voices of dissent have started appearing 
in journals regarding the exhaustiveness and inapplicability 
of 2018 classification in clinical scenarios. People have also 
suggested that persons exclusively in private practices should 
mandatorily be part of such groups which device classifications 
so that we not only have research and theoretical aspects coming 
from eminent academicians but more practical aspect also is 
given due importance in devising a classification system.

I foresee a new version of classification of periodontal 
diseases in next few years considering the difficulties of 
applicability (1999 classification also had its own issues of 
applicability).

My humble submission is that we should not change the name of 
disease. Periodontitis is periodontitis. Now, with internet savvy 

public, who googles about each disease to seek information 
before going to a dentist, multitude of names of same disease 
creates confusion. A disease called as juvenile periodontitis 
before 1999, becomes localized aggressive periodontitis after 
1999 and again becomes periodontitis after 2018… must be 
difficult for a common man to understand. We are only not 
researching and so should change names. Much more research 
is going on in cardiology or diabetes. Diabetes has remained 
diabetes for the longest period of time and name has not 
changed.[1] Myocardial Infarction is MI. Common people can 
relate to these names and have a basic idea of what this disease 
is all about.

Is it the appropriate time that ISP can work on this and 
present a new practically oriented classification for the world 
to follow… How long will we keep following what is fed to 
us by American Academy of Periodontology and European 
Federation of Periodontology.

Happy Classifying…

Ashish Kumar
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Editorial

Clinical Good Practice 
Guidelines (CGPR): A step in 
right direction...

The burden of periodontal disease in our 
country is huge. Maximum number of 

periodontal patients are examined and diagnosed 
by the general dentists. We, as periodontists, 
have to rely upon the general dentists for 
correct diagnosis, providing initial treatment 
and referral at the right time to a specialist for 
management of advanced cases. The referral 
at right time is important as patients will have 
better prognosis if periodontal disease is treated 
as early as possible. Only periodontists alone 
will never be able to shoulder the huge burden 
of periodontal diseases in Indian population. 
A definite synergy and cooperation needs to 
be established between the periodontist and 
general dentist to provide the best possible care 
to periodontal patient and importantly at the 
right time.

Clinical Good Practice Guidelines (CGPR)… A 
set of guidelines, issued by Indian Society of 
Periodontology for general dentists/specialists 
of other branches, to help them manage the 
periodontal patients which come their way, in 
best possible manner and to provide quality 
treatment to the patient at every level. Many 
countries have such guidelines and are updated 
regularly. Our society has taken this novel 
step for first time and issued this document. 
The process of formation of these guidelines 
was the brainchild of Dr. Ashish Jain, our past 
president of ISP and with an able support of 
Colgate, the experts were called at Mumbai for 
two-day brainstorming session for formulating 
these guidelines. The expert panel included 
dental practitioners, including the members 
of the Indian Society of Periodontology, 
representatives from the Indian Society of 
Prosthodontics, Indian Orthodontic Society, 
general dentists and experts from the field of 
Endocrinology, reviewed the current available 
data regarding various aspects of periodontal 

diseases. At the end of two days, a consensus 
document was created which was further 
corrected and a final copy of the guidelines 
was released at 43rd ISP National Conference at 
Chandigarh.

The guidelines provide information about 
the periodontal tissues, burden, barrier, and 
challenges, etiology and classification, basic 
instrumentation, initial screening and charting, 
diagnosis and referrals, treatment strategy, 
halitosis and dentine hypersensitivity and 
peri-implant diseases.

The guidelines provide details for basic 
instrumentation required in a dental setup 
for periodontal treatment, diagnosis and 
recommendations regarding the conditions that 
can be solely managed by general dentists and 
conditions requiring referral. The expert panel 
reinforced that Scaling and Root Planing is a 
procedure that can be easily performed by the 
general practitioner and is considered the ‘gold 
standard’ for initial treatment of periodontal 
disease.

Guidelines also provide indications for surgical 
intervention, management of common complaints 
like dentinal hypersensitivity and halitosis and 
supportive periodontal therapy.

I sincerely hope that these guidelines would 
create awareness among the practioners about 
the periodontal disease and its management. 
The general practitioner will be able to provide 
quality treatment at the right time and will be 
able to recognize the appropriate time of referral. 
I also hope that these guidelines would be 
regularly updated by ISP incorporating the new 
evidence on all aspects for the general dentist to 
be benefitted.
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Editorial

Surrogate endpoints… 
Uncommon for a common man!

Historically periodontal therapy has never 
been on the priority list of any patient. The 

reasons could be many…. Lack of knowledge, 
pain, chronicity of the disease, disease occurrence 
in older age group, when treatment preferences 
are for other systemic diseases, economics could 
be few of them. Other factors which play a role 
in non-prioritizing periodontal treatment could 
be myths (may be because of lack of knowledge), 
hearsay (with quite a bit of reality) about 
post-treatment effects of sensitivity, increase in 
mobility, recession, spacing becoming visible and 
ultimately unaesthetic appearance.

Another major factor which plays a role in 
patient not giving adequate importance to 
periodontal therapy requirements is the inability 
of periodontist to demonstrate in most of the 
conditions what they have achieved after 
treatment. For example, in endodontics, patients 
get relieved of pain after the therapy or gets a 
new crown which gives him an esthetic look and 
functional tooth that is so motivating for him 
to get the treatment. Similarly, in orthodontics, 
a beautiful smile even after a difficult, costly 
prolonged treatment of more than one year, is 
the incentive for which the patient is motivated 
to take the treatment.

We have nothing much to show as post-operative 
outcomes in most of the procedures except for 
few esthetic surgeries. Rather the patients have 
lot of complaints in this period. And the irony 
is that the procedures in which we can show 
results are barely asked for, by patients in Indian 
clinical practice scenario. The worrying aspect of 
these esthetic procedures are their unpredictable 
results. We deal with periodontal diseases in 
surrogate endpoints like pocket depth, clinical 
attachment loss, furcation involvement etc., 
rather than using true endpoints.

We diagnose the periodontal diseases with 
parameters which are surrogate, we evaluate 
our treatment success with same surrogate 
endpoints and in long term we use the same 
surrogate parameters to determine whether the 
patient has maintained the oral hygiene or not. 

The worst part is that we use the same surrogate 
endpoints even to explain to the patients what 
has happened at the time of diagnosis, what 
we plan to do and what can be expected after 
treatment.

What does patient understand by pocket depth 
or clinical attachment loss (CAL) or furcation 
involvement or gingival colour changes at the 
time of diagnosis. We try to tell them about 
bone loss which they cannot understand as it 
is not visible and they are at their imaginative 
best. How much a radiograph can explain the 
amount of bone loss to a layman is still a question 
unanswered. Even after the therapy is over, we 
evaluate the above mentioned parameters and 
are very elated if they have improved.

My question is, how does it matter to the patient 
if pocket depth is reduced or there is a CAL gain 
or bone gain or improvement in furcation status?

How many patients have we encountered in our 
practice/departments who have primarily come 
for the treatment of increased pocket depth or 
loss of attachment or furcation involvement and 
want them to be treated. The answer would be 
none till date.

Patients come with complaint of dirty teeth, 
bleeding, mobility, recession, halitosis, spacing, 
inability to masticate and want these to be 
treated and eventually want to save the tooth. 
The most important question that is asked by 
a periodontal patient is “how long will these 
teeth last if I take the treatment”. Ultimately they 
want all these to be treated because they want 
the teeth to survive functionally and esthetically 
for a long time.

So, the fundamental aim of periodontal therapy 
is to save teeth for the patient to use it essentially 
for longest period of time.

I would put across a hypothetical situation; 
how we, while using surrogate parameters, 
tend to forget the actual goals we should look 
at. An example of case of treated periodontitis 
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where periodontally excellent results have been obtained. 
There is normal pocket depth, no bleeding on probing or any 
other signs of periodontal disease on reduced periodontium. 
The reduced periodontium has resulted in post-operative 
recession, which is a common after-effect of periodontal 
surgeries. After some time, the exposed root surface 
encounters root caries and pulp involvement. The tooth had to 
extracted. The reason may seem to be caries but why did caries 
occur…. because of exposed root surface. Did the patient get 
periodontal treatment for reduction of pocket, recession, CAL 
gain or to lose the teeth because of caries? The real question is 
“Did we succeed in achieving our ultimate goal of periodontal 
therapy”? The answer is a big No. We might have treated 
periodontal disease effectively in this case, got our surrogate 
parameters in right proportions post-treatment but loss of 
tooth (even because of caries) has resulted in overall failure 
as long term survival of tooth was not possible. The patient 
was ultimately not benefited from the treatment as loss of 
tooth resulted in loss of function and esthetics.

There is no doubt that the surrogate parameters have been 
proved with lot of studies that they indirectly infer about the 
long term survival of teeth but in a practical sense they are of 
no use to the patient.

Patients will understand the importance of periodontal 
therapy if we could explain in quantitative terms how much 
bleeding has reduced, how much is the improvement in 
mobility, improvement in halitosis, recession, spacing etc., 
And ultimately how long the patient, who has undergone 
periodontal therapy, can effectively use the teeth for function.

Till we do not explain the patient our treatment modalities in 
the terms the patient can understand (patient centric outcomes) 
and can approximately tell the patient how long is he going 
to benefit with the therapy (the life span of the tooth) till then 
it will always be a very hard task to motivate the patient to 
undertake treatment for periodontitis.

We should look at using patient centric outcomes to diagnose, 
evaluate and explain to the patient his periodontal condition 
for him to be motivated and remain interested in periodontal 
therapy. The use of patient centric outcomes provides patient 
centric tangible benefits and not clinician centric results. 
The periodontal therapy becomes more meaningful and of 
relevance to the patient.

At this moment, we may not know how to effectively use these 
patient centric parameters for tangible patient benefits, but we 
will never have an answer to this question till we start working 
on it and try to find answers. We need to get over with our 
fascination with surrogate parameters.

As someone rightly said “Problems are mere absence of ideas.”
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Editorial

Can ISP be the collaborator….
For multi-centre trials?
Is Anyone Listening……?

We have post graduation of Periodontology 
running in various colleges across India, 

with an average of 3 students in each department. 
There are main dissertations which students 
work on for almost 2 years. There are other 
projects and research studies going on in many 
departments.

Despite all this, we exactly do not know the 
burden of periodontal disease present in our 
population, although rough estimates of various 
localized epidemiological studies put it around 
60-70 percent.

Is it not important that we conduct a serious 
nationwide survey with same criteria applicable 
in all parts of country? Can we collect this data 
by having uniform guidelines applicable to the 
study? Can we utilize the services of various 
Departments of Periodontology in different parts 
of country and collect the relevant information 
at the same time throughout the county. Can ISP 
collaborate with Departments of Periodontology 
in various dental colleges in different parts 
of country, look into the standardization of 
conducting this survey, collect the data from 
various participants of the study, analyse it and 
come out with results? Can ISP make a serious 
attempt to present and apprise the dental and 
medical fraternity, people and government of 
India about the alarming situation arising out of 
periodontal diseases?

Is it not possible for departments to collaborate 
on certain clinical trials e.g. may be on etiology, 
certain diagnostic tests, chair side kits, treatment 
modalities or any other common area of interest 
and have multi-center clinical trials.

We just need to have standardization and 
uniformity in every aspect during the conduction 
of the trials and correct data collection. This will 
increase the validity of results, as we will have 
larger number of population from different areas 
of country participating in it. The results obtained 
at different centres can be collected, compared 
and conclusions drawn. If the results are similar, 

it will increase the applicabilty of results over 
larger population but if results are different, then 
we will have to look at the factors responsible for 
the difference.

In any case, it will help the population at 
large by developing stategies which can be 
applied at mass level to control and treat 
periodontal diseases. Can the apex body of 
Periodontology in India “Indian Society of 
Periodontology” fondly called as “ISP” take a 
call on this? ISP can help in identifying burning 
research topics for multi-center trials, centres 
interested in participating, providing guidelines, 
standardizing the research protocol for multi-
center trials, may be if possible provide some 
seed money  for the research and helping in 
getting some funding for this serious scientific 
work which is collaborative in nature? 

Can we look forward to see ISP as collaborator of 
research that can be useful for defining the national 
policies?
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Editorial

An Ode to Kirkland flap… 
Obituary to Modified Widman 
flap

There was a time not so long ago…when it 
was compulsory for all the post-graduate 

students to perform the Modified Widman flap 
(MWF) surgery during their post-graduate (PG) 
course. Head of the departments would make 
sure that their students practice MWF on enough 
number of cases (where indicated) to hone their 
skills before the PG could demonstrate the ability 
to his examiners and later on use the same ability 
and expertise to provide best of treatment to his 
or her patients.

Also, there was a time, not so long ago…. when 
it was compulsory for a PG student to select a 
case indicated for MWF surgery for his final 
exam clinicals. The case selection criteria was 
stringent and it was expected from the student 
that the patient who has to undergo MWF 
during exams should have a full set of teeth, 
including third molars.

The first incision, the removal of lining, removed 
gingival collar and the fine smooth thin margins 
are always a sight to adore (if executed properly).  
This type of performance in an examination and 
demonstration of such skills could give a fair 
idea to examiners about the proficiency of the 
students.

Times change. So do the choices. The students 
do not want to perform surgeries where their 
skills would be tested. “Easy” is the way out. 
A penchant to make easier choice has crept in. 
At least from surgical point of view nothing 
can be easier to execute than Kirkland flap. 
So every student wants to perform a Kirkland 
flap during his or her exams. And the only 
reason for opting Kirkland flap is “esthetics,” 
as cited by students. As if removal of 0.5 mm 
of gingival collar will cause an upheaval in 
the esthetics of a person who is suffering from 
chronic periodontitis- for a person who was 

never concerned for the health of periodontium 
and teeth and is so worried about esthetics. Is 
esthetics an “issue” or being used as a scapegoat 
to avoid MWF. The students are not interested 
in learning the finer skills of Periodontology. It 
is a rare sight to see any student perform MWF 
during exams.

And this change has taken place in last few 
years…very swiftly.

Who is to blame for this downward shift? 
Teachers or students…. I have no sides to take. 
We need to introspect to what level have teachers 
gone wrong and to what level have students 
made a mistake. But the students are students 
and are bound to make mistakes but it is the 
duty of teachers to take remedial measures at 
right time.

Can generally students do something in 
post-graduation, which their teacher does not 
want? The answer is No.

“Are we failing our students” by allowing them 
to take an easy way out and permitting them to 
do what they want?

The periodontists who themselves have never 
practiced MWF during their training days; don’t 
expect them to have the muscle to direct their 
students to perform MWF when they take on the 
mantle of teaching.

Thus from a position of MWF being “de jure” not 
far back, it has given way to Kirkland flap now 
becoming “de rigueur”… I am sure history will 
not forgive us this “retro” shift.

Are we, in our departments, writing a slow 
obituary to MWF?
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What’s there in a name…?

The classification of periodontal diseases has 
always been a controversial entity. There are 

more than 25 classification systems (old and new) 
that can be found in periodontal literature. Every 
new classification system that has been proposed 
for periodontal diseases has changed the name 
of disease. Sometimes in a decade we had 
4 classification systems proposed (1989‑1999) and 
the last classification system, which was proposed 
by American Academy of Periodontology (AAP) 
in 1999, lasted for almost 20 years. There have 
been innumerable articles published in last 
20 years on the difficulties with the application 
of 1999 classification system.

My question is, why do the names of the diseases 
require a change so frequently? Changing 
of disease names creates confusion among 
clinicians who are from different time periods 
of classifications, among clinicians of other 
specialities, and most importantly among the 
media-savvy general public, who intents to 
research about disease on internet search engines 
and gain knowledge about it. The multiplicity 
of names for the same disease creates confusion 
among the public.

A huge amount of research has (much more than 
periodontal field) is being carried out on various 
systemic diseases like diabetes, cardiovascular 
diseases, respiratory diseases, endocrinal 
disorders etc. But have you ever heard any 
change of names for the disease entity. Diabetes 
has remained diabetes for longest period of time. 
Hypertension is hypertension till date. Stroke is 
stroke and myocardial infarction is called the 
same. Do you think research has not been done 
in these fields?

The best part of periodontal diseases is that 
whether it is chronic or aggressive periodontitis 
or periodontitis as a manifestation of systemic 

disease, the clinical features remain the same: 
gingival inflammation, bleeding on probing, 
pocket formation, clinical attachment loss, gingival 
recession, furcation involvement, mobility, 
exudation etc. The only difference will be severity 
and time factor and in few cases etiology.

There should be changes in classification system if 
required on the basis of research but why change 
names of disease so frequently? Whether it is 
plaque induced or non-plaque induced gingivitis, 
it is ultimately “gingivitis.” Whether it is chronic 
periodontitis or aggressive periodontitis or 
periodontitis as a manifestation of systemic 
disease, it is “Periodontitis.” at the end of the day.

Another question, which comes to my mind 
frequently, is why can’t we have a classification 
system proposed by Indian Society that can be 
followed by us and world over…
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Editorial

Is “Impact” the “Factor” that 
matters…?   (Part II)

In continuity of my Editorial from last issue, 
Impact Factors (IF) were intended to indicate 

the quality of journals and not individual articles. 

Its use in the process of academic evaluation have 

made IF very controversial. The use of IF to assess 

the worth of individual papers and their authors 

is very contentious.[1]

The most controversial, flawed and threatening 
aspect of IF usage is to determine ‘author 
impact’. The use of IFs by academic officials 
as an useful tool to indicate person’s scientific 
merit and for deciding on promotions, as are 
its undesirable and detrimental applications. 

IFs of journals in which individual’s research is 

published cannot be used to define the impact 
of their research.[1]

The limitations of the journal IF to determine 

impact of a particular article published in that 

journal was very aptly highlighted by Stephen 
Curry and his team consisting of Marcia McNutt, 
who was as editor-in-chief of Science, personnel 

at Springer Nature, eLife, PLoS, the Royal Society 
and EMBO Press.[2]

Curry along with his co‑researchers plotted the 
citations from 11 journals for articles published 

in 2013–14 (used to calculate 2015 impact factors). 

The eleven journals comprised of Science, Nature, 

eLife and 3 Public Library of Science (PLoS) 
journals.[2]

Majority of articles published in these journals 
had fewer citations than the impact factor for 

their journal. 74.8% of Nature articles, 75.5% of 

Science papers and 65.3% PLoS Genetics were cited 

below their impact factor of 38.1, 34.7 and 6.7 

respectively. This means that 74. 8% of articles 

published in Nature had citations less than 38 
in two years (its impact factor of 38). 75.5% of 

Science papers were cited less than 35 times in 

2 years (its impact factor was 34.7). 65.3% of 

papers published in PLoS Genetics had citations 

less than 7 in 2 years (its impact factor of 6.7).[2]

Similarly, in 2005, 89% of Nature’s impact factor 
was a result of 25% of the articles.[3]

So, the IF is of disputed value when IF of a 
journal is used for the appraisal of the class of a 

specific article, author or individual’s research 
achievements.[4‑9] There are other parameters to 

judge these qualities.

Despite all the reservations about impact 

factor, and till we have a better system in place, 

Hoeffel[10] articulated the position aptly by 

stating that“Impact Factor is not a perfect tool to 
measure the quality of articles but there is nothing 
better and it has the advantage of already being 
in existence and is, therefore, a good technique for 
scientific evaluation. Experience has shown that in 
each specialty the best journals are those in which it 
is most difficult to have an article accepted, and these 
are the journals that have a high impact factor. Most 
of these journals existed long before the impact factor 
was devised. The use of impact factor as a measure 
of quality is widespread because it fits well with the 
opinion we have in each field of the best journals in 
our specialty.”[10]
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We are back... On time.... 
Striving to be better...

“What defines us is how well we rise after 
falling” - Anonymous. 

When I was given this daunting task of running 
our journal, JISP, as an Editor in September 2017, 
we were running much behind the schedule; so 
much so that the two issues of 2016 and 4 issues 
of 2017 were pending to be published.

I was not only expected to clear the backlog as 
soon as possible and but was also supposed to 
get the journal back on track and on time.

I had no idea when and how will this happen. 
But with God’s grace, help from our Secretory, 
Dr Ashish Nichani, former Editor, JISP, EC 
members, and especially reviewers we could do it. 
My team consisting of Dr. Mansi Bansal (assistant 
editor), Dr. Manish Khatri (business manager) and 
technical support team at Medknow have worked 
overtime and not only cleared the backlog but with 
present issue (Jan-Feb 2018), we are back on time.

A great deal of appreciation goes to the authors, 
who have kept their confidence in JISP and all 
the reviewers for their extreme cooperation and 
hard work. The response to our hard work was 
visible when we saw a huge jump in number 
of manuscripts submitted (84) to JISP in month 
of January 2018. This is the highest number of 
manuscripts ever submitted in month of January 
till date. The highest before this in any year since 
2009 was 39. This increase in submission can also 
be attributed to the fact that there is reduction in 
response time to authors for their manuscripts.

I hope the authors will keep their confidence in 
JISP going and reviewers will keep sharing their 

knowledge by reviewing the manuscripts and 
making them better for publication and in turn 
raising the standard of our journal.

I would also like to thank the office bearers and 
EC members of ISP for accepting my suggestion 
of awarding certificates of appreciation from ISP 
to all the esteemed reviewers in recognition of 
their tireless honorary hard work of reviewing 
the manuscripts.

We are working hard. We are striving to be 
better….than before.

“We remember, we rebuild, we come back stronger”

-Barack Obama
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Ascertaining the regenerative 
potential of the “gold standard” 
grafts: Achieving 100% root coverage 
in Miller’s Class III recession 
with periosteal pedicle graft and 
autogenous bone
Shailly Luthra, Harpreet Singh Grover, Anil Yadav, Sujata Masamatti

Abstract:
Recession of the gingiva is defined as the stripping of a portion of the dental root surface as a result of gingival 
margin shifting apically. Various techniques have been advocated for root coverage. The practice of utilizing 
periosteal pedicle graft for covering gingival recession defects is a contemporary development. Utilizing bone 
grafts for hard tissue regeneration has also been implemented. This case report assesses the effectiveness 
of the surgical approach utilizing autogenous bone and periosteum for recession coverage. A participant with 
Miller’s Class III gingival recession in #23 and #24 was treated using this technique. The loss of periodontal 
attachment was recorded to be 8 mm and 5 mm on the mid‑buccal surface of the upper left canine and first 
premolar, respectively. Clinical parameters were recorded at 1, 3, 6, 9, and 12 months postoperatively. Complete 
root coverage was achieved when evaluated from baseline till 12 months, with clinical attachment level and 
keratinized tissue gain. The results of esthetics in terms of color match and tissue contours were satisfactory to 
the patient as well as to the clinicians.
Key words:
Bone, esthetics, gingival recession, periosteum

INTRODUCTION

Recession of the gingiva is defined as the 
stripping of a portion of the dental root 

surface as a result of gingival margin shifting 
apically.[1] Often gingival recession is observed 
in both periodontally healthy and diseased 
individuals.[2] Gingival recession can be caused 
by vigorous toothbrushing, tooth malposition, 
high muscle attachment, frenal pull, unrestrained 
gingivitis with accretion of dental plaque and 
calculus owing to inappropriate brushing 
methods, and issues related to restorative and 
orthodontic procedures.[3] Various surgical 
approaches have been documented in the 
literature to address the problem of gingival 
recession.[4] Conventionally, free gingival 
autografts followed by subepithelial connective 
tissue grafts have been used successfully. Later 
on, additive methods such as incorporation of 
guided tissue regeneration (GTR) membrane 
and growth factors have become popular.[5] 
Irrespective of the surgical method, most of the 
Miller’s Class I and II defects show complete 
root coverage, providing that there are a skilled 
operator and an appropriate case selection. 

However, for Miller’s Class III cases and IV cases, 
the surgical outcome cannot be predicted owing 
to the loss of proximal soft and hard tissues.[6,7]

This case report presents the esthetic results (100% 
root coverage) obtained through transposition of 
the local periosteum along with autogenous bone 
collected from the same surgical site in addition 
to a mucoperiosteal‑transpositional flap[8] for the 
treatment of Miller’s Class III gingival recession 
in the maxillary left canine and first premolar 
teeth.
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CASE REPORT

A  49-year-old female  reported to the outpatient department 
of periodontology, with the primary concern of receding gums 
and sensitivity in the upper left side. She was diagnosed as a 
case of chronic generalized periodontitis (as per the criteria 
given by the American Academy of Periodontology [AAP] 
World Workshop Classification, 1999) [Figures 1a and 1b] and 
had a Miller’s Class III gingival recession in the maxillary left 
canine, and the first premolar was confirmed clinically by bone 
sounding and radiographically also. On examination, she had 
cervical abrasion on the canine due to faulty toothbrushing 
habit [Figure 1c]. The gingival biotype was thick (>1 mm), 
accompanied by adequate width of attached gingiva and 
vestibular height. Bleeding on probing, plaque index, loss 
of periodontal attachment, and the height of the attached 
gingiva were recorded.[9] The loss of clinical attachment was 
recorded to be 8 and 5 mm on the mid-buccal surface of the 
upper left canine and first premolar, respectively. Her general 
health conditions were good; she was a nonsmoker and was 
not on any medications for the past 6 months. She underwent 
a single sitting full-mouth supragingival scaling followed by 
subgingival after 1 week. The consent form was signed by 
the patient. The patient underwent oral prophylaxis and was 
instructed to undergo oral hygiene maintenance program until 
inflammatory indices reached <1 and a plaque index value 
of <15% was achieved. A glass ionomer restoration was done 
for the canine abrasion on the day of the surgery [Figure 2]. 
Surgery was performed under local anesthesia (Xylocaine 
with 0.2% adrenaline). A vertical releasing incision extending 
beyond the mucogingival line was made from the distal corner 
of the base of the papilla between the maxillary left lateral 
incisor and canine and also between the maxillary left first 
and second premolars. A sulcular incision was given to release 
and raise a full‑thickness flap. Bony ledges were reduced at 
the canine and first premolar region [Figure 3] to ease flap 
tension, and the autogenous bone obtained by this osteoplastic 
procedure was utilized as graft [Figure 4]. Root planing was 
done for the exposed root surfaces using Gracey curettes to 
achieve a clean, smooth, and hard surface. The cleaned surface 
was thoroughly rinsed using saline for 60 s. The surface was 
treated with 24% ethylenediaminetetraacetic acid gel for 
2 min and irrigated with normal saline for 60 s [Figure 5]. The 
periosteal tissue was incised both at the flap base and laterally 
up to the attached gingival border, enabling its separation from 
the submucosal tissue to evert the same and reposition it as 
a membrane [Figure 6]. Already harvested autogenous bone 
graft was packed in the crater-like defects on the mesial and 
distal aspect of teeth 23 and 24 and the exposed root surface on 
the buccal aspect [Figure 7]. The everted pedicled periosteum 
was transpositioned coronally and secured with a synthetic 
5‑0 bioabsorbable suture [Figure 8]. The mucoperiosteal flap 
was also coronally transpositioned and sutured using the same 
suture material [Figure 9].

Antibiotics (amoxicillin 500 mg TDS and Metronidazole 
400 mg BD) and analgesics (ibuprofen 400 mg with Paracetamol 
325 mg combination) were prescribed for 5 days. Chlorhexidine 
solution 0.2% was prescribed for 4 weeks.

The sutures were removed after 15 days. Healing was 
uneventful. Epithelialization of the repositioned periosteal 

flap for defect coverage was seen 15 days after surgery. 
A 1 month [Figure 10] 3, 6, 9, and 12 months, clinical follow-up 
was performed. The obtained results were matched with the 
presurgical values of bleeding on probing, plaque index, loss 
of clinical attachment, and the height of attached gingiva. The 
bulk of the tissue due to infolding of the periosteum reduced 
by 3 months [Figure 11] and the tissue contour completely 
merged by 6 months.

A 6-month postoperative examination revealed complete 
root coverage with gain in clinical attachment level in both 
teeth [Figure 12]. There was increase in keratinized gingiva 
in both teeth during the 9th [Figure 13] and 12th month which 
was corroborated with the static position of the mucogingival 
junction [Figure 14]. The results achieved with a gain in clinical 
attachment levels and improved esthetics were very satisfying 
both to the clinician and the patient.

DISCUSSION

The objective of any plastic procedure in periodontology should 
be to accomplish results which mimic the healthy tissues in 
the vicinity not only in terms of gingival position, color and 
texture but also in establishing an anatomically appropriate 
attached gingival width.

The morphology of the defect determines which technique 
is ideal in obtaining the best clinical results in terms of root 
coverage. Care must be taken with the treatment plan and 
flap design as the perfect results can be attained using the 
ideally recommended techniques. Minimal isolated recessions 
are handled successfully using surgical flap techniques only, 
whereas in areas for the deep-large defects with no attached 
gingiva, the free gingival or connective tissue grafts or even 
membranes turn out to be more imperative to help achieve 
ideal results.[4,5,7]

The primary benefit of techniques using GTR along with 
membranes versus procedures employing tissue grafts  is 
the elimination of problems of an additional donor site. 
These GTR procedures have proved most effective in cases 
of gingival recession defects between 4.5 and 5.5 mm when 
there is an adequate keratinized gingiva.[5,6] By means of 
these methodologies, the percentage of complete root surface 
coverage obtained ranges between an average of 74% recession 
depth reduction and 41% complete root coverage during a 
6- to 18-month postsurgical follow-up.[10] The key setback 
occurs if there is any dehiscence of the wound and subsequent 
contamination of the membrane by bacteria. GTR procedures 
are also not very effective in cases of minimal or no attached 
gingiva.[8]

The criteria for an absolute recovery of the periodontal tissues 
are the maintenance of ample blood supply in the grafts or 
flaps and recolonization of the treated sites by the omnipotent 
mesenchymal cells of the periodontal ligament.[11] If these 
prerequisites are not adequately fulfilled, the tissue gets 
necrosed resulting in scarring causing a reparative instead of 
regenerative healing.[8,11]

The periosteum is a rich vascular plexus and is deemed as being 
the “umbilical cord of bone,”[12] and autogenous bone is the 
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Figure 2: Glass ionomer cement restoration done

Figure 3: Harvesting autogenous bone from bony ledges under the canine and first 
premolar after full-thickness flap reflection

Figure 4: Harvested autogenous bone

Figure 5: Root biomodification done Figure 6: Periosteal pedicle graft being reflected

Figure 7: Packing harvested bone on defect site Figure 8: Periosteal pedicle graft sutured
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Figure 1: Preoperative view
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Figure 11: Three months postoperative

Figure 13: Nine months postoperative

Figure 12: Six months postoperative

Figure 14: Twelve months postoperative

Figure 10: One month postoperativeFigure 9: Flap was coronally advanced and sutured
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“gold standard” graft material due to its osteogenic capability 
in achieving the most predictable osseous tissue regeneration.[13] 
The use of periosteum was initially documented in 2001 and 
was first employed for covering onlay grafts in alveolar ridge 
augmentation surgery[14] and was later modified for periodontal 
surgical procedures.[14] The periosteum as a barrier membrane 
was used by Lekovic et al. in cases of periodontal defect treatment 
first in the year 1991[15] and later by him and also Kwan et al. in 
1998.[16,17] Of late, the role of periosteum in gingival recession 
coverage has also been reported.[18] The methodology employs 
using the local periosteal tissue as a vascularized membranous 
graft in covering defects. The periosteum stays pedicled at 
the  Coronal (cresa) end and can be extended and transpositioned 

coronally with no retractional pull. Just like a connective 
tissue graft, the abundantly vascularized periosteum can be 
utilized for recession coverage and it is re-epithelialized by the 
neighboring mucosa, even in the absence of a mucoperiosteal 
flap coverage.[8,18] The theory of this technique is hence 
comparable with procedures using transpositional flaps along 
with connective tissue grafts. The main advantage in using the 
everted periosteum procedure versus all other surgeries utilizing 
free grafts is no morbidity at the donor site.[8,18] Moreover, there 
is a minimal possibility of transplant tissue necrosis in such a 
highly vascularized tissue.[8,18]

Bone replacement grafts are the established treatment modality 
in cases of osseous periodontal defects.[19] Bone grafts are 
autografts, allografts, alloplasts, or xenografts. The use of 
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these grafts is based on their osteogenic potential or being 
either osteoinductive or osteoconductive.[20] Autologous bones 
collected from intraoral or extraoral sites have the advantage 
of being nonimmunogenic and containing osteoblasts and 
osteoprogenitor stem cells, capable of proliferation.[13,19-21] 
Therefore, it is the most foreseeable graft for regeneration of 
osseous tissue and is thus considered as “gold standard” among 
bone grafts. The use of bone graft along with membrane is 
proven to give more predictable and successful defect fill.[21]

The parameters for accomplishing successful recession coverage 
procedures focus not only on objective consequences (root 
coverage percentage) but also on patient’s desires (in terms of 
esthetic color match, overall discomfort, and cost-effectiveness). 
This established the need for clinicians to develop novel, 
cost‑effective techniques, along with providing the benefits of 
comfort and esthetics.

Therefore, it can be inferred that the technique of periosteal 
eversion along with autogenous bone grafts is extremely 
effective in covering recession defects. The primary advantage of 
the procedure is maintenance of a vascularized periosteum with 
a less traumatic surgical approach. Since both the periosteum 
and bone graft are harvested from vicinity of the recession 
defect, there are no additional complications at the donor site. 
Furthermore, there is no second surgical site, involving that the 
intraoperative time is reduced with an uneventful postoperative 
healing along with the added benefit of cost‑effectiveness.

CONCLUSION

Root coverage can be classified as primary coverage, which 
is achieved immediately after grafting and secondary 
coverage, when creeping attachment occurs due to activation 
of the mesenchymal cells of the periodontal ligament. With 
enough time and in the absence of mechanical and infectious 
inflammatory stimuli, this can turn into new attachment 
formation.[22,23] Periosteum and bone being autogenous grafts 
contain abundant osteoblasts along with osteoprogenitor cells, 
fibroblasts, and their progenitor cells. These cells have immense 
regenerative potential to recreate soft and hard tissue; both 
these grafts can be put to use in wider recession defect coverage.

One-year postoperative results in this case report using both 
these tissues revealed that this technique proved highly 
successful in the coverage of multiple adjacent recession 
defects, even in cases of Miller’s Class III gingival recession 
where 100% root coverage was achieved. This technique should 
be employed for the treatment of multiple gingival recession 
defects to compare results with already established approaches.
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ABSTRACT: Context: Periodontitis, viewed for years as primarily the outcome from infection, is now seen 
as resulting from a complex interplay between bacterial infection and host response. The host response is now 
seen as a key factor in the clinical expression of periodontitis, with only some 20% of periodontal diseases now 
attributed to bacterial variance and more than 20% to smoking and tobacco use, although the role of tobacco 
has also been estimated as higher. 
Aims: To estimate effect of smoking and brushing frequency on the oral health status in the population of 
district Ghaziabad.
Aims: To estimate effect of smoking and brushing frequency on the oral health status in the population of 
district Ghaziabad.
Settings and Design: The study population consistedof 1290 subjects from total population of district 
Ghaziabad. 640 subjects were selected from rural area and 650 were from urban area. Study population 
subjects were further categorized into different smoking habits and brushing frequency.

Methods and Material: A cross-sectional study was conducted with multi stage stratified random 
sampling techniques to select the sample population and the oral health assessment was made on the basis 
of, oral hygiene index–simplified (OHI-S), and Community Periodontal Index of Treatment Needs 
(CPITN).
Statistical analysis used: The statistical analysis was done using the CHI-Square test.
Results: Significantly more number of females was found to be having good oral hygiene status than males. 
Periodontal disease was found to be highly prevalent in the study population and severity of disease increased 
with lack of oral hygiene and smoking habits.
Conclusions: Significant association was observed between males and females having different scores of 
OHI-S, and CPITN index in different areas.

Introduction:
Population studies of the distribution and risk factors of 
periodontaldiseases offer a unique investigational model that 
provides power andgeneralization to observations made 

1among more limited populations. Periodontal diseases are 
multifactorial in origin having different forms and 
progression. The incidence and prevalence rates of 

periodontitis may be different in different areas depending on 
various risk factors. 
Although destructive forms of periodontal disease in are 
relatively uncommon, children and adolescentsmay manifest 
any form of periodontitis. However, it has beenshown that 
aggressive periodontitis may be more common inchildren and 
adolescents, while chronic periodontitis is morefrequent in 
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adults.Prevalence estimates range widely in different 
geographicalregions, and demographic and ethnic groups. 
The estimatesof prevalence rates of early onset aggressive 
periodontitisin the general populations in different 
continentsare: 0.4 – 0.8% in North America, 0.1 – 0.5% in 
WesternEurope, 0.3 – 1% in South America, 0.5 – 5% in 

2Africa and0.4 – 1% in Asia.
Many indices have been used by researchers and clinician to 
evaluate oral hygiene and periodontal status. Oral hygiene 
index simplified (OHI-S) is used to assess oral hygiene status 
of individuals by measuring debris and plaque on index teeth 
having well defined criteria and scoring system. Community 
periodontal index of treatment need estimate periodontal 
status and treatment needs by examining index teeth and 
having well defined criteria and scoring system. 
Thus in this epidemiological study an attempt has been made 
to estimate effect of smoking and brushing frequencyon the 
oral health status in subjects aged between 20- 50 years and 
above, in district Ghaziabad (Uttar Pradesh, India) using the 
Community Periodontal Index of Treatment Needs, along 
with the modified Oral Hygiene Index.

Subjects and Methods:
A cross-sectional study was conducted in which multi stage 
stratified random sampling techniques were used to select the 
sample population as under:

1) FIRST STAGE
Out of four Tehseels of District Ghaziabad, two were
selected by simple randomization (Modinagar and
Hapur). 

2) SECOND STAGE 
The selected Tehseels were further divided into three
zones by the systemic randomization. (Modinagar,
Bhojpur and Hapur).

3) THIRD STAGE 
Six wards were selected (Multanipura, Fafranabasti, 
Adarshnagar, Modipone, Govindpuri, Modisteel 
Colony) from Modinagar, Ten villages (Sara, 
Yakutpurmavi, Kadrabad, Rori, Saidpur, Phaphrana, 
Sikrikhurd, Bhakharwa, Khanjarpur and Bhojpur) from 

Bhojpur, and Seven villages (Anwarpur, Abdullahpur 
Mori, Upada, kurana-kamalpur, Nizampur, Firozpur and 
Firozabad) from Hapur were selected by Fisher and Yates 

. 3table of Random Number

4) FOURTH STAGE

Full information was collected from the ward members 
and village Pradhans about the areas to be examined like 
the total number of residents, age group etc. The study 
population consisted of random sample of 1290 subjects 
from total population of district Ghaziabad. The selected 
subjects for the study were informed briefly about the 
study plans and were asked to sign a consent form. 
Valuable information from every patient was collected 
via structured questionnaire which consisted of questions 
of our interests like Age, Brushing Frequency, and 
Smoking or Chewing tobacco habit. Every individual, 
along with routine dental examination, was assessed for 
the periodontal disease status by using sterilized Mouth 
Mirror and Explorer (Shepherd's Crook) for the 
simplified oral hygiene index introduced in 1964 by John 

4C. Green and Jack R. Vermilion. and with WHO CPITN-
C Probe for Community Periodontal Index of Treatment 
Needs introduced byJukkaAinamo, Jean Martin and 

5Jennifer Sardo-Infirri in 1982. 

The statistical analysis was done using the CHI-Square test to 
determinesignificant association between males and females 
in rural and urban area having different brushing frequency 
and different smoking habits. The formula used for CHI-

2square test was:

Exclusion criteria
1. Those subjects who were using Datun, Mouth wash, 

and any other oral hygiene methods other than 
brushing. 

2. Subjects less than 20 yrs of age.
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Inclusion criteria
1. Subjects who Brushes their teeth either once or twice 

a day. 
2. Subjects who Smokes one packet of Bidi/Cigarettes 

in a day was consider as a smoker in the study. 
3. Subjects who Chew's more than 3 Packets of 

Tobacco were consider as a Tobacco chewer.
Results:

The study population had a total of 1290 subjects; 640 were 
from rural area and 650 were from urban area.

In Table no.1 when we compare the C.P.I.T.N score on the 
basis of gender and dwelling areas it was found that  20.2% of 
rural males, 25.8% of rural females, 20.1% of urban males and 
29.5% of urban females had C.P.I.T.N score 0.
While score 1 was found in 23.55 of rural male , 23.9% of 
rural female; 19.6% of urban male and 29.1% of urban 
female.

Score 2 was there in 19.3% of rural male ,19.1% of rural 
female ; 24.1% of urban male and 18.3% of urban female. But 
19.3% of rural male 16.8% of rural female; and 20.1% of 
urban male 13.3% of urban female had  score 3.

Score 4 was noticed in 17.5% of rural male and 14.2% of rural 
female and 15.8% of urban male and 9.7% of urban female so 
from above results on comparing the C.P.I.T.N scores 
between the groups urban females were found to have the 
lowest C.P.I.T.N scores. On the other hand, rural males 
performed the worst in terms of C.P.I.T.N scores.

On comparing the oral hygiene scores in Table no.2 , 21.1% 
of rural males, 18.7% of rural females and 8.3% of urban 
males and 15.1% of urban females had good oral hygiene 
(OHI score 0-1.2)
Fair oral hygiene scores (OHI score 1.3-3) were recorded in 
36.25% of rural males, 35.9% of rural females, 31.7% of 
urban males and 39.3% of urban females.

Poor oral hygiene (OHI score 3.1- 6) was noticed in 42.6% of 
rural males, 45.3% of rural females, 59.9% of urban males and 
44.9% of urban females. On analyzing the O.H.I-S scores, 

urban males were found to fare the worst between all the 
groups. Rural males and rural females however fared better 
than the urban populations.

On analyzing the samples on the basis of smoking habit in 
Table no. 3, it was found that 32.3% of rural males, 17.8% of 
rural females, 49.46% of urban males and 7.5% of urban 
female were smokers. 53.7% of rural males, 70.5% of rural 
females, 26.65 of urban males and 72.3% of urban females 
were non-smokers.

14.5% of rural males, 11.6% of rural females, 23.9% of urban 
males and 20.1% of urban females were tobacco chewers.   
On analyzing the data, significantly higher number of males, 
both from urban and rural areas were smoking tobacco. 
However a very high population of rural females was using 
smokeless tobacco.

On comparing the brushing frequency (once / twice a day) in 
Table no. 4 , it was found that 65% of rural males and 65% of 
rural females brushed their teeth once a day, while 34.4% of 
rural males, and 34.9% of rural females brushed twice a day.

In the urban population 67.4% of males and 60% of females 
brushed once daily, while 32.5% of urban males and 39% of 
urban females brushed their teeth twice a day. There was not 
any appreciable difference between the groups based on 
brushing frequency was noticed.

On evaluating the oral hygiene status with brushing frequency 
in Table no. 5, it was noticed that out of the 836 those who 
brushed once a day only 10.17% had good oral hygiene; and 
out of 454 subjects who brushed twice, 25.5% had good oral 
hygiene.
29.6% of the sample population who brushed once and 42.1% 
of those who brushed twice had fair oral hygiene. 60.1% of the 
subjects who brushed once and 27.3% of those who brushed 
twice had poor oral hygiene.

Discussion:
It was a cross-sectional survey done by using multi-stage 
sampling procedure. Sampling method is a critical issue in 
descriptive type of epidemiological surveys to assess the true 
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magnitude of the disease; sample population is expected to 
represent the whole population without any bias. 

The above data clearly indicates the huge percentage of 
population (approximately 46%) was smoker or using pan, 
tobacco etc. Approximately 80% of the smokers were males 
and 20% were females. Smoking prevalence was found to be 
more in urban males (49.6%). Again (23.9%) of urban males 
were tobacco chewers. 

Nearly 65% of the subjects brushes once a day, while only 
35% twice a day. This shows a huge difference in brushing 
frequency among the subjects. 

When we compare subjects from both the areas on the basis of 
C.P.I.T.N coding it was observed that males from both rural 
and urban areas had code 1 & 2 only in approximately (20%) 
but females had (29.5%) this suggests females had good oral 
health rather than males.

C.P.I.T.N score 3&4 were found to be nearly equal among 
males from both the areas. 
Again males and females from rural areas had good oral 
hygiene score (21.15% & 18.77%) respectively rather than 
urban male (8.3%) and urban female (15.11%). fair oral 
hygiene score (1.3-3) was noticed equally in subjects from 
both the areas. 

But poor oral hygiene score (3.1-6) was found to be more in 
urban males (59.9%) among rest of subjects from different 
areas. 
Habit of smoking and tobacco chewing was again found to be 
more in urban areas (49.9%) and (23.9%) rather than rural 
area (32.3%) and (14.5%) respectively. This suggests that 
habit of smoking and tobacco chewing is more common in 
urban areas than rural areas. Smokers were having poor oral 
hygiene status in comparison to non- smokers. (Jagadeesan et 

6al 2001).
If we compare both the areas on the basis of brushing 
frequency only 65% subject's brushes once a day while 35% 
twice a day. 
On comparing O.H.I.S with brushing frequency good oral 
hygiene score (0-1.2) was found only in (10.17%) of subjects 

who brushes once a day, and (25.5%) who brushes twice a day. 
But (60.16%) had poor oral hygiene who brushes once a day. 
This clearly shows that brushing frequency increases oral 

7hygiene status.  (Berit Olsson et al. 1978).
Smokers were found to be having worst score in OHI-S in 
rural male (74.8%), rural female (67.3%), urban male (77.7%) 
and urban female (71.4%) in comparison to non-smokers with 
values 22.7% (rural male), 36.2% (rural female), 16.3% 
(urban male) and 40.3% (urban female). In other category of 
oral habits the OHI-S score was better than smoker but poor 
than non-smoker with values in rural male (22.7%), rural 
female (36.2%), urban male (16.3%) and urban female 
(40.3%). 

The pattern of observation was not consistent in CPITN 
Coding 3 and 4 in rural male. The highest percentage for same 
Coding was observed in smoker (43%). In rural female the 
highest percentage was in other habit category (44.4%). In 
urban male the maximum percentage was observed in other 
habit category (53%) and in urban female the maximum 
number was observed in smoker category (33.3%). 
The number of subjects in brushing twice category were 
observed to be more in OHI-S category 0-1.2 scoring in all the 
study groups with values 29.3% (rural male), 28.8% (rural 
female), 17.4% (urban male) and 24.1% (urban female) in 
comparison to brushing oncecategory with values  9.3% 
(rural male), 13.8% (rural female), 4.4% (urban male) and 
6.2% (urban female). More number of subjects was found in 
OHI-S score 3.1-6 in brushing once category in comparison to 
brushing twice category indicating better oral hygiene 
performance in brushing twice group. These results are in 

8,9conformity with several studies reported.
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Tables in Numerical Orders

The Chi- Square Statistic is 29.8169. The P- Value is 
<.002975. The Result is Significant at P<.05

Table No-1

The Chi- Square Statistic is 37.960. The P- Value is 
<.00001. The Result is Significant at P<.05

Table No-2

The Chi- Square Statistic is 216.737. The P- Value is 
<.00001. The Result is Significant at P<.05

Table No-3

The Chi- Square Statistic is 3.9821. The P- Value is 
.263398. The Result is not Significant at P<.05

Table No-4
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The Chi- Square Statistic is 135.1035. The P- Value is 
<.00001. The Result is Significant at P<.05

Table No-5

Table Legends

Table no 1

CPITN scoring on the basis of area and gender

Table no 2

OHIS scoring on the basis of area and gender

Table no 3

Comparison of Smoking habits on the basis of area and 
gender

Table no 4

Comparison of brushing frequency on the basis of area 
and gender

Table no 5

OHIS scoring on the basis of brushing frequency
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O.H.I.S Score OnceTwice
0-1.2 85 (10.17%) 116 (25.5%)
1.3-3 248 (29.6%) 214 (42.1%)
3.1-6 503 (60.1%) 124 (27.3%)
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Paramolar tubercle‑Bolk cusp: A case report
Shivani Sharma, Sumit Tyagi1, Vimal Kumar2
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Case Report

INTRODUCTION

Many morphological variables have been identified both 
in primary and permanent dentitions. Bolk,[1] in 1916, was 
the first to describe an additional cusp formation occurring 
on the buccal surfaces of  upper and lower permanent 
molars in man and he named this cusp the “paramolar 
tubercle.” The term “paramolar tubercle” has been applied 
to any stylar anomalous cusp, supernumerary inclusion, or 
eminence occurring on the buccal surfaces of  both upper 
and lower premolars and molars.[2]

Dahlberg,[3] in 1945, introduced paleontological 
nomenclature when he referred to this structure as 
“parastyle” when present in the upper molars and as 
“protostylid” when present in the lower molars. Parastyle 
may occur in both deciduous and permanent molars and are 
usually expressed on the buccal surface of  the mesiobuccal 
cusp (paracone) of  the upper molars. In rare instances, it is 

expressed on the distobuccal cusp (metacone) of  the upper 
molars and the buccal surfaces of  the upper premolars. 
Similarly, a double cusp formation is extremely rare.[4]

Hanihara[5] gave a classification of  protostylid, and its 
various types were described as follows:[6] Type 0 – absent, 
buccal groove is straight and there is no trace of  irregularity. 
Type 1 – Absent, no evidence of  protostylid, but the 
beginning of  one is suggested by the curvature and 
branching of  the buccal groove. There may be a small, but 
distinct pit at the lower end of  the buccal groove separating 
protoconid from the hypoconid and the buccal groove is 
slightly bent in a distal direction at the point of  the pit. 
Type 2 – Present 1, the divergence of  buccal groove is 
more developed than Type 3. The small triangular area 
with tip downward between the branches of  the buccal 
groove. Type 3 – Present 2, the two branches of  the 
buccal groove are more developed than Type 3. The small 
triangular area with tip downward between the branches 

Human teeth may show variations which may be found on the crown, either in the form of anomalous 
cusps or in an increased number of roots which, in some instances, are associated with an anomalous cusp. 
This paper describes the incidental finding of an uncommon dental trait like “Bolk cusp” or “tuberculum 
paramolare” or “paramolar tubercle.” Paramolar tubercle is an additional cusp occurring on the buccal 
surface of a permanent maxillary molar. The presence of these extra cusps may be associated with dental 
problems such as caries, sensitivity, occlusal interference, and hence, there is a need for continuous dental 
surveillance.
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of  the buccal groove. Type 4 – Present 3, a very shallow 
groove appears at the corner of  the buccal surface. The 
area between this groove and mesial branch of  the buccal 
groove bulges slightly and gives triangular shape with its tip 
upward. Type 5 – Present 4, triangular area is more strongly 
developed than Type 5. Type 6 – Present 5, protostylid is 
strongly developed so that the tooth seems to have an extra 
cusp on the buccal surface.

These morphological anomalies have great significance 
both orally and anthropologically. The presence of  these 
extra cusps may have dental problems such as caries in 
the pits or developmental grooves between the accessory 
cusp and the tooth,[7,8] sensitivity or devitalization due to 
fracture or attrition of  the protruded portion of  the cusp 
that has pulpal extension,[9‑11] premature tooth contact that 
leads to occlusal interference and habitual repositioning of  
the jaw.[12] Hence, recognizing anatomical variations is of  
great significance.

The purpose of  this report is to highlight the incidental 
finding of  the uncommon dental trait, the paramolar 
tubercle or the Bolk’s cusp, in permanent dentition.

CASE REPORT

Figure 1 shows a female patient who was referred to the 
Department of  Periodontics for routine oral prophylaxis. 
Intraoral examination of  the patient revealed the presence 
of  a tuberculum pulpale on the mesiobuccal cusp of  
the maxillary right second permanent molar, with a 
pointed tip and a well‑formed cusp. Inset in Figure 1, 
shows a radiograph with a well‑defined pulp within this 
superstructure (SS).

DISCUSSION

Accessory cusps are common variations of  tooth 
morphology that are occasionally seen clinically.[13] 
Cusp of  carabelli, protostylid, central accessory cusp, 
variations in the cusp number, and number of  roots are 
all termed as “nonmetric dental traits.” The nonmetric 
features are recorded visually in terms of  presence, 
absence, degree of  development, or expression of  
nonmetric features.[6]

Bolk[14] did not mention the pulp in his extensive studies of  
SS. Supernumerary cusps, or extra cusps as they are often 
called, are additional SS occasionally found on teeth. These 
SS two types are as follows: Type I – Structures of  enamel 
and dentin which may or may not have a pulp chamber 
and canal and Type II – Structures composed of  enamel 
overgrowth or prominence.[15]

Further, Type I SS having a pulp may be classified as, 
formation supradentalis (formation on the tooth), 
formation supradentalis without a root (tuberculum 
pulpale), and formation paradentalis. Type I SS without the 
pulp are formations that represent coronal units without 
the pulp. These features manifest themselves in two forms: 
Protuberantio apulpalis and Ruga adamantinea.[15]

Formation supradentalis ‑ This form exhibits a 
supernumerary cusp and includes not only the tuberculum 
but also a supernumerary root connected with that cusp, 
both of  which have a pulp. Both can be located on the 
lingual or buccal of  the crown in either upper or lower 
dentitions. Supernumerary roots without a cusp do not 
fall into this category.[15]

Formation supradentalis without a root (tuberculum 
pulpale), when situated on the mesiobuccal side on the 
upper molars, has been termed by Bolk as “tuberculum 
paramolare.” These are very well‑developed cusps standing 
independently and well separated from the buccal surface 
by a distinctly expressed groove. They are located between 
the buccal cusps of  the tooth or can emerge either mesiallv 
or distally.[15]

It should be mentioned that every so‑called tuberculum 
pulpale cannot always be determined with accuracy as 
really having a pulp. In cases, where tuberculum pulpale 
is strongly pronounced the presence of  pulp may be 
presumed. Periapical radiographs have been of  little 
significance in assessing the internal structure of  the 
paramolar tubercle as it superimposes on the normal 
anatomy of  the tooth.[15] In these areas, spiral computed 
tomography (SCT) or volume acquisition CT has proved 
to be a useful diagnostic tool.[16]

Figure 1: Extra cusp on the mesiobuccal aspect of the maxillary right 
second molar. Inset shows intraoral periapical radiograph of the same 
with well‑defined cusp
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It was previously presumed that tuberculum paramolare 
is only a rudiment of  the deciduous predecessors of  
the second and third permanent molars. However, since 
permanent molars have no predecessors, these elements 
were described as the consequence of  a superproduction 
of  the germinal tissue.[15]

In developing teeth, epithelial signaling centers, the enamel 
knots, form at future cusp positions and are the first signs 
of  cusp patterns that distinguish species.[17] Enamel knot 
signals, together with mesenchymal signals, regulate the 
patterning of  the cusps and hence the shape of  the tooth 
crown.[18] Factors that induce knot cell differentiation 
may include ActivinβA and bone morphogenetic 
proteins (BMP), which induce the expression of  the 
cyclin‑dependent kinase inhibitor p21, one of  the first 
differentiation markers of  knot cells. This inductive 
potential might be regulated in vivo by inhibitors, such as 
ectodin, BMP‑3, and follistatin. It has been proposed that 
BMP‑4 affects cusp patterning through regulating the 
timing and rate of  differentiation. However, the extra cusps 
could also be explained by ActivinβA’s promoting of  cell 
proliferation, leading to spontaneous cusp induction. At 
present, cusp patterning seems to be a dynamic process 
regulated by the whole developmental history of  the 
tooth.[19]

The occurrence of  paramolar tubercle is relatively 
uncommon. They usually present unilaterally in the 
permanent dentition. The occurrence of  this structure is 
very low in upper first molars (0%–0.1%) as compared 
with upper second molars (0.4%–2.8%) or upper third 
molars (0%–4.7%) in all the given populations.[20]

Due to its low prevalence, there is limited information 
available about the anatomical and morphological 
characteristics of  these tubercles or its relation with the 
pulp chamber and root canals of  the tooth with which it 
is associated.[20] Bolk[1] reported that paramolar tubercles 
in maxillary molars tended to unite at the root but that 
those in mandibular molars tended to possess their own 
roots. He also stated that a paramolar tubercle was always 
united with the anterior buccal cusp of  the molar and its 
roots were attached to mesiobuccal roots. In addition, he 
even reported that the paramolar root was often present 
without the tubercle in lower molars.

Formation paradentalis ‑ It has been so termed, because of  
its position. This subclass is a denticle occurring adjacent 
to but not connected with the upper or lower molars. 
These paradental formations can be found in either the 
upper or lower arch, buccal or lingual, between the first, 

second, and third molars and may be either sharp or blunt. 
It is sometimes similar in form to a premolar but has no 
connection with the molar. This structure has probably 
developed by the independent action of  the accessory 
dental lamina.[15]

SS without the pulp is not a product of  the dental 
lamina. They are built up either exclusively of  enamel or 
also of  dentin. According to their outer morphological 
appearance, such features give the impression of  an enamel 
protuberance, although they may also have a dentin basis.[15]

The paramolar tubercles are clinically relevant as they 
influence treatment modalities in many dental disciplines. 
During orthodontic treatment, paramolar tubercles, 
interfere with cementation of  the brackets, and correct 
alignment of  orthodontic archwires and thus often 
necessitates its removal by ameloplasty.[15]

These SS are potent sites for plaque retention, as 
maintenance of  oral hygiene in these areas is difficult and 
recurrence of  dental caries, gingival inflammation, and 
localized periodontitis is often more possible. In addition, 
a tubercle that projects from the tooth or the alveolus 
may coincide with the recession of  the gingiva, a lowered 
buccal alveolar bone level or both, leading to deterioration 
of  surrounding periodontal health.[21]

When the pulp is present in a paramolar tubercle, the 
relationship between the pulp of  the tubercle and that 
of  the tooth must be determined. When the canal of  the 
tubercle is connected with the main canals, then both 
should be treated at the same time. Thus, the existence of  
a tubercle and an additional root canal presents a special 
problem in endodontic therapy.[21]

CONCLUSION

Paramolar tubercle is an additional cusp occurring on the 
buccal surface of  a permanent maxillary molar. Due to 
their overall low occurrence, there is limited information 
about the root anatomy of  paramolar tubercles. Periapical 
radiographs do not always image the root canal associated 
with the paramolar tubercle. In view of  the clinical 
relevance, teeth with paramolar tubercle can promote 
problems such as dental caries, gingivitis, periodontitis, and 
may pose problems to the clinician in procedures such as 
orthodontic banding and rubber dam placement. Although 
small paramolar tubercles may not have pulp tissue, a 
very large tubercle may contain separate pulp chamber 
and associated root canal. For successful management of  
such teeth requiring endodontic or periodontal therapy, 
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advanced radiographic diagnostic aids such as SCT or 
volume acquisition CT should be used.
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Abstract

Keywords:

Alveolar Corticotomy-assisted orthodontic treatment is an effective technique that has shown to reduce longer time required for orthodontic 
treatment which has gradually led to itsacceptance and popularity as an adjunct to the orthodontic treatment. This technique includes selective alveolar 
decortication in the form of decortication lines and dots performed around the teeth that are to be moved. It leads to increased tissue turnover and a 
transient osteopenia, which is followed by a faster rate of orthodontic tooth movement which offers several advantages, including faster tooth movement, 
shorter treatment time, enhanced post-orthodontic treatment stability and extended envelope of tooth movement. This article presents a comprehensive 
review of the literature, including historical background, indications, and contraindications along with a case report on Corticotomy.

 Corticotomy, PAOO (Periodontally Accelerated Osteogenic Orthodontics), tooth movement

Introduction

Advantages I

Definition

Indications
17

Disadvantages 

Complications 

History

Contraindications & Limitations 

8 (6) Patients with compromised width of the atherapeutic combination.
13dea l  es the t ic ,  r es to ra t ive  and  · The use of ACS as an aid to orthodontic ttached gingiva.

reconstructive dental treatmentsare therapy remained limited. However since 2001, 
facilitated by favorably positioned teeth there have been renewed attempts at 1. Enhanced skeletal malocclusion treatment  

1 popularizing this therapeutic approach. A and an enhance dmuco-gingival complex.  (i.e., an increase in the limits of tooth 
modified, more localized surgical technique Patients requiring comprehensive dental movement and a decreased need for 

13proved very effective in helping to intrude rehabilitation, correction of malocclusion or extractions) 
9tooth alignment,frequently require orthodontic supra-extruded molars with magnets. 2. Decreased treatment times (increased rate 

treatment in order to obtain acceptable esthetic · In addition, another variant—which of tooth movement) 
1 expands the technique and combines it with and functional treatment outcome.  However, 3. Increased alveolar volume and a more 

lyophilized bone grafts—was presented as a orthodontic treatment requires 2-3 years structurally complete periodontium 
means to accelerate and significantly shorten whichcan be an obstacle in undergoing ideal (correction of preexisting fenestrations and 

10rehabilitative dental care. Bycombining dehiscence) conventional orthodontic treatment time.
periodontal surgery (corti-cotomy) with 4. Alveolar reshaping, enhances patient? s · Wilcko brothers—an orthodontist and a 
orthodontic treatment the time required for profile periodontist—reported4 a 1/2 to 1/3 reduction in 
traditional orthodontic therapy is reduced by 60- 5. Simultaneous recovery of shallow traditional orthodontic treatment time, their 
75%. This article is aseries of various unerupted teeth publications and conference presentations 
orthodontic cases that have been treated 6. In certain situations, the additional alveolar aroused intense curiosity, mainly because they 
successfully with satisfactory results within a bone can also provide improved lip posture were based solely on case reports. In this 

1 13context, many clinical orthodontists and short span of time using the PAOO technique. 7. Less likelihood of root resorption. 
researchers began to study into this subject in 8. History of relapse has been very low 
order to gain an in-depth understanding of how Alveolar corticotomies (ACS) are defined 9. There is less need for appliances and head 
alveolar corticotomies affect orthodontic as asurgical intervention limited to the cortical gear 

10portionof the alveolar bone. In osteotomiesboth 10. Both metal and ceramic brackets can be  movement.
17cortical and trabecular bone material is used 

removedin considerable quantities with 1. Enhanced correction of severe bimaxillary 
11incisions piercing the cortical layer, and at protrusion. 1. Expensive procedure 

12thesame time penetrate minimally into the bone 2. Mildly invasive procedure and like all 2. losure of complex skeletal open bites,  2barrow. surgeries it has risk of some pain, swelling, facilitated molar intrusion with removable 
13Attempts to shorten the time needed and the possibility of infection. appliances.

14fortooth movement can be divided into three 3. Patients who take NSAIDs on a regular 3. Intrusion and molar uprighting combining.
14categories: basis or have other chronic health problems 4. ACS and mini-implants. 17(1)  Local administration of chemicals, will not be treated with this technique. 5. Optimization of treatment of patients with 

15(2) Physical or mechanical stimulation of  cleft lip and palate.thealveolar bone, such as the use of direct Although Periodontal  accelerated 6. To accelerate corrective orthodontic electricalcurrent or magnets, and osteogenic orthodontics may be considered a treatment, as a whole, (3) Surgery, includingdental distraction and  less-invasive procedure than osteotomy-7. To facilitate the implementation of 3alveolar corticotomies. assisted orthodontics or surgically assisted rapid mechanically challenging orthodontic 
13 expansion, there have still been several reports movements, The first reports on surgical approaches to regarding adverse effects to the periodontium 8. To enhance the correction of moderate to 

13 after corticotomy, ranging from no problems to correct poorly positioned teeth are assigned to severe skeletal malocclusions. slight interdental bone loss and loss of attached L. C. Brian, in 1892, and G. Cunningham, in 9. Resolve crowding and shorten treatment 4 16 gingiva, to periodontal defects observed in some 1893. The former reported such cases at the 18,19,20time. cases with short interdental distance.  Meeting of the American Dental Society of 10. Accelerate canine retraction after premolar Subcutaneous hematomas of the face and the Europe and the latter presented the possibility of extraction neck have been reported after intensive immediate correction of irregular teeth during 21,2211. Enhance post orthodontic stability cortectomies.  In addition, some post-the Dental Conference in Chicago that year. 12. Facilitate eruption of impacted teeth 5 operative swelling and pain is expected for · Some fifty-odd years later, in 1959, Köle  13. Facilitate slow orthodontic expansion 
13 several days. No effect on the vitality of the used a combination of interradicular 14. Molar intrusion and open bite correction pulps of the teeth in the area of corticotomy was corticotomies and supra-apical osteotomies to 21reported.  Long-term research on pulpal vitality speed up tooth movement. This treatment Despite an increasing number of reportson after rapid movement has not been evaluated in approach never gained widespread acceptance, the use of alveolar corticotomies as an aid to the literature. In an animal study, Liou et al probably due to the association of horizontal orthodontic treatment, few studies have 22demonstrated normal pulp vitality after rapid subapical  osteotomies ,  which posed reportedsetbacks when employing this tooth movement at a rate of 1.2 mm per week. considerable risks to the periodontium and tooth combinedtreatment. Recently, however, Wilcko 6 However, pulp vitality deserves additional pulp vitality. Furthermore, the use of removable et algave an objective account of scenarios investigation. It is generally accepted that some orthodontic appliances provided poor control of wherethe use of ACS-orthodontics should be root resorption is expected with any orthodontic t o o t h  m o v e m e n t ,  w h i c h  i n e v i t a b l y  23avoided,i.e., tooth movement.  An association between compromised orthodontic treatment outcome. (1) Patients showing any sign of active perio- 7 increased root resorption and duration of the · In 1975, Du¨ ker  performed the first animal dontal  disease, 24,25,26applied force was reported.  The reduced study replicating the technique described by (2) Individuals with inadequate lytreated  5 treatment duration of Periodontal accelerated Köle. ·A few years later, subapical osteotomies endodontic problems, osteogenic orthodontics may reduce the risk of were replaced by cuts limited to the cortical (3) Patients making prolonged use of  27root resorption. Renet al. reported rapid tooth portion of the alveolar bone. Hence the first corticosteroids, movement after corticotomy in beagles without description of a surgical attempt to enhance (4) Persons who are taking any medications any associated root resorption or irreversible orthodontic treatment using only corticotomies, 28thatslow down bone metabolism, such as 

13 pulp injury. Moon et al.  reported safe and thereby reducing the risks inherent in the bisphosphonatesand NSAIDs. sufficient maxillary molar intrusion (3.0 mm previous approach. Furthermore, the use of (5) Patients on long term steroid theraphy due to intrusion in two months) using corticotomy fixed orthodontic appliances increased the the presence of devitalized areas of bone combined with a skeletal anchorage system with control and efficiency afforded by this 
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Department of Department of Periodontics for 8. Generson RM, Porter JM, Zell A, Stratigos GT. 

Combined surgical and orthodontic management of rapid movement of the premolars in the upper 
anterior open bite using corticotomy. J Oral Surg. front teeth region. A detailed case history 1978;36:216-9. revealed the medical and family history to be 9. Hwang H, Lee K. Intrusion of overerupted molars by non-significant. Consent was taken from the corticotomy and magnets. Am J Orthod Dentofacial 
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Abstract Xeroderma Pigmentosa is a rare dermatological autosomal recessive disorder that man-
ifests itself early in life as severe sunburn usually after a short exposure to sunlight. The prime char-
acteristic features include photosensitivity, hyperpigmentation and ichthyosis in sun exposed areas,
and an increase in the risk of basocellular and squamous cell carcinomas and melanomas of the skin
and eyes. The case report highlights the preventive treatment options along with all necessary pre-
cautions that should be taken to protect the patient from any iatrogenic inadvertent exposures that
may be deleterious to his present state. The purpose of the report is also to discuss the important
role of dental professionals when dealing with debilitating medical conditions.
! 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Background

Xeroderma pigmentosum is a rare genetic disorder that presents
itself early in life as a severe sunburn usually after a short expo-
sure to sunlight. It is also characterized by photosensitivity,
hyperpigmentation and ichthyosis in sun exposed areas, an
increase in the risk of basocellular and squamous cell carcino-
mas and melanomas of the skin and eyes (Hasan and Khan,
2011). On the other hand, deprivation of sunlight causes skin

ageing, making it parched, coarse, and atrophic (Mareddy
et al., 2013).

The oral manifestations of Xeroderma Pigmentosa include
erythroplakia, leukoplakia, actinic cheliosis and squamous cell
carcinoma of the tip of the tongue and lips (Hasan and Saeed,
2015). Along with cases of scrotal tongue, benign migratory
glossitis, chronic desquamative gingivitis (Hasan and Khan,
2011) and keratoacanthoma (Saawarn et al., 2011), it has been
also been reported that these patients usually have poor oral
hygiene habits, a high rate of caries, dental plaque, and peri-
odontal disease (Hasan and Saeed, 2015).

Dental trauma resulting in loss of front teeth brought a
13 year old boy to the department. Severe hyperpigmentation
and dry, flaky skin, drew the attention of the dentist to his der-
matological condition.
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2. Case report

A 13 year old male child reported to the Department of
Pedodontics and Preventive Dentistry of the Institute with
pain following loss of front teeth due to a fall one week ago.
Intra oral examination revealed avulsion of maxillary right
central and lateral and left central incisors as shown in
(Fig. 1). The overlying mucosa was inflamed and red.

On general examination, the boy appeared to have brown-
ish black pigmentation on the face, neck and exposed parts of
the arms and legs as shown in (Fig. 2{a–d}) At some places
there were thickened plaques of skin along with wound forma-
tion due to extreme dryness.

Pigmentation was scanty on the areas unexposed to sun,
like, trunk, groin, thighs and legs. His mother revealed that
the child was born normally but started having this pigmenta-
tion a few months after birth, which was initially less in extent
but progressed with age. He also complained of photophobia
and diminished vision. The boy was a resident of a nearby
village and went to the local school. He had difficulty in doing
homework and understanding texts. His elder brother also

suffers with a similar condition but it is less in severity. The
children had been shown to a local doctor for this condition
at the time it had started appearing. The doctor had advised
them to keep the skin completely covered, avoid any sun expo-
sure and apply moisturizing lotion frequently. The parents had
never sought any further medical aid for their children due to
the poor socio economic condition.

The child was referred to the Department of Pediatrics of
the attached hospital from where he was sent to the Depart-
ment of Dermatology. A provisional diagnosis of Xeroderma
Pigmentosa was made. The parents were informed of the
child’s condition and the treatment plan was explained to
them. Consent was obtained from the parents for the same.

A fixed space maintainer was decided to replace the missing
avulsed teeth. Ethical clearance for the treatment was obtained
from the Institutional Ethical Committee. Denture teeth of
adequate mesiodistal width were adjusted and waxed up on
the cast in their correct position. Occlusal interferences were
removed. The teeth were then joined together from the palatal
side by light cured fiber reinforced composite. This space main-
tainer was then seated in the correct position in the patient’s
mouth by a self-cure composite resin as shown in (Fig. 3).

3. Discussion

Oral manifestations are rarely seen in Xeroderma Pigmentosa
but a patient suffering from this condition might require dental
treatment. Dental management of a Xeroderma Pigmentosa
patient has some important considerations as there is a possi-
bility of occurrence of cancer in perioral and oral region.

In the present case, a removable partial denture would be
the simplest space maintainer that can be given to the patient.
It consists of an acrylic denture base with acrylic resin teeth.
Allergic reactions to denture bases have been reported due to
leaching of monomer in self cure resin appliances (Rashid
et al., 2015). Toxic substances leached from the resins can have
cytotoxic effects and cause irritability in the mucosa (Mac
Cabe and Basker, 1976). Hence, a removable space maintainer
was not fabricated for the patient. Rather a fixed space main-
tainer with fiber reinforced composite and resin teeth was
given. Fixed space maintainers are indicated in maxillary ante-
rior region once all the permanent teeth have erupted. Growth
in the intercanine width is complete with the eruption of the
permanent teeth. Thereafter growth in transverse direction

Fig. 1 Pre treatment intraoral appearance of the patient.

Fig. 2 Extra oral skin lesion; 2a) the dry and parched lips and
perioral area; 2b) back of the neck; 2c) the arms and hands; 2d)
legs showing the skin lesion.

Fig. 3 Post treatment intraoral photograph showing the space
maintainer inserted.
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takes place with growth in the sutures which is more significant
posteriorly than anteriorly (Bishara et al, 1997). Acrylic den-
ture teeth are made up of highly cross linked polymethyl
methacrylate and these show negligible leaching of monomers
in organic solvents (Loyaga-Rendon et al., 2007). Also, the
artificial teeth in this case are not in direct contact with the gin-
gival tissues so allergic reactions are not expected. A major
advantage of fiber reinforced space maintainer is that no tooth
preparation is required so the integrity of the young pulp is
maintained. Other advantages include the fact that anaesthesia
is not normally required, soft tissues are not disturbed which
simplifies impression procedures, and margins are supragingi-
val, facilitating oral hygiene maintenance.

The condition of XP might get aggravated by any kind of
exposure to natural or UV light (Park and Dock, 2003).
Hence, care has to be taken to avoid contact with all possible
sources of light. The light curing unit was used only for labo-
ratory fabrication of the space maintainer and self-cure com-
posite was used for seating the appliance in the patient’s oral
cavity. Also, exposure of light from other sources was also
kept to a minimum.

There is no known cure of Xeroderma Pigmentosa (Park
and Dock, 2003). Only palliative management consisting of
reducing exposure to sunlight and consistent dermatological
care, along with surgical excision of persistent tumors can pro-
long the life expectancy. Clinical examination should be car-
ried out on a regular basis to monitor the same.

Xeroderma Pigmentosa has not been much reported espe-
cially from developing nations like India (Chaudhary et al.,
2012). If every case gets reported, it will help in providing a
better insight into the incidence and prevalence of the condi-
tion in rural and urban areas. Proper counseling which
involves genetic counseling seems to be an important aspect
(Wayli, 2015) related to this disease, as an increased incidence
of consanguineous marriages has been reported to be associ-
ated with it.

4. Conclusion

A disease like xeroderma pigmentosum can go undetected by
parents of rural areas because of the unawareness and lack

of knowledge related to this condition. Timely management,
proper counseling and spread of awareness can help save lives.
Hence, the significance of a careful examination and history
taking can never be underestimated. Dental practitioners
may encounter rare systemic conditions whose management
requires a multidisciplinary approach for improving the qual-
ity of life of the medically compromised child patient.
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Abstract 
Various studies in literature worldwide report high prevalence of Early Childhood caries (ECC). Traditional restorative methods 
for ECC are not always affordable or possible, as it require patient cooperation for desirable outcome. Silver diamine fluoride 
(SDF) was first promoted in Japan in late 1960’s. It is painless and simple to use for young children or patients with special 
needs. When SDF is applied on carious lesions, the fluoride enhances remineralization and the silver ions act as an antibacterial 
agent and inhibit the growth of cariogenic biofilms. SDF also preserves the dentin collagen from further degradation. SDF at 38% 
has been used mostly in various countries.  
 
Keywords: Dental caries, Fluoride, Public health tool. 
 

Early childhood caries is an infectious, and 
transmissible disease of teeth affecting young children 
caused by various factors and is related with 
susceptible, uninsured, and financially weak 
populations.1 It is also the most prevalent condition 
included in the 2015 Global Burden of Disease Study, 
ranking 12th for deciduous teeth affecting 560 million 
children.2 Untreated decay in very young children can 
lead to increased risk of caries in other deciduous and 
permanent teeth, missed school hours, pain, and 
infections; costly emergency treatments; due to 
widespread decay and the associated requirement for 
general anesthesia; and limited growth as well as 
development.3 Therefore, untreated caries and 
underutilization of dental services are two most 
prominent public health problems for children in 
developing and undeveloped nations.1 

It is essential to search an efficient, affordable 
method of treating dental caries in preschool children 
who are at high risk of caries and with restricted access 
to dental care to decrease the burden of untreated 
caries.4 The conventional management for a decayed 
tooth involves removal of infected and demineralized 
tooth structure and subsequent replacement with a 
filling material.5 Additionally, management of dental 
caries can be difficult and may require highly 
developed skill of the dentist as well as extensive 
instrumentation and restoration cost. Also, good 
cooperation from patient is mandatory. This is 
especially difficult in case of very young children due 
to their limited adaptive capacity. Hence, managing a 
carious tooth in such children can be a riddle for the 
provider. In such cases, arresting caries treatment has 
been proposed to manage untreated dental caries.6 In 
recent times, SDF has been popularized for its 
capability to stop the caries progression and 
concurrently arrest the formation of new carious 

lesions.7 Also, SDF can be used in children who are too 
young to have their carious teeth restored by traditional 
methods. In addition, SDF application can be an 
affordable way of managing dental decay in many 
children from low income families or living in areas 
where there is limited access to dental service provider. 
 

Japanese used silver as tooth cosmetics to prevent 
dental caries since 1000 years.8 In 1891, silver amalgam 
and nitric acid was used on carious teeth and had caries 
arresting properties.9 Silver nitrate was directly applied 
to carious cavities with analogous outcomes, and it was 
termed as Howe’s solution, which was used for caries 
inhibition.10 In Western Australia, 40% silver fluoride 
(AgF) was applied as the treatment for deep dental 
caries in primary teeth at school dental care services.11 

Till late 1960s and 1970s, SDF was not much 
exposed to other parts of the world other than Japan. 
Since 1960’s, it was established as a therapeutic agent 
by the Central Pharmaceutical Council of the Ministry 
of Health and Welfare in Japan for dental treatment.11 

For past few decades, SDF has also been in used in 
Australia12 and China13 to prevent dental decay. SDF 
has been used in many community dental health 
programs in various concentrations has been used in 
Argentina, Brazil and Spain; and additionally 
community health programmes were designed for sub-
Saharan Africa and for other countries of Africa.14 
Although an article in an American journal published in 
1995 reported that there were health care providers in 
Southern California who applied SDF to seize caries 
progress in young children with early childhood 
caries.15 However, SDF was not commonly available in 
some countries of Europe and the USA. In 2014, SDF 
was approved by the US Food and Drug Administration 
for management of tooth hypersensitivity.7 



Though its extensive use started in China in start of 
21st century as a caries arresting agent in school going 
children.16,17 From 2005 to 2009 in Australia, a series of 
in vitro studies were conducted and proved effect of 
SDF on Streptococcus mutans and dental bio-film as a 
caries arresting and antimicrobial agent respectively.18-

21 In Yee et al.22 in Nepal and 2009 Braga et al.23 in US 
used SDF as caries arresting agent. In 2013, SDF was 
used to prevent root caries in elderly.24 Studies were 
conducted in India providing literature of successful use 
of SDF as a caries arresting agent.25,26 A study in 2018 
found that SDF was successful in arresting active caries 
in primary teeth of young children in USA and was also 
well received by their parents.4 Still, many studies are 
being conducted in various countries of the world to 
establish SDF as an aid for the dental public health 
community professionals to address dental caries in at-
risk populations.  

 
SDF versus Silver Fluoride 

Silver fluoride (SnF2) is a neutral colored solution 
having silver ions and fluoride ions. It is highly alkaline 
(pH = 11), which requires a two-stage application 
procedure using SnF2 as a reducing agent. SDF is 
proved to be more non reactive and can be maintained 
at a constant concentration. SDF is comparatively less 
alkaline (pH = 8-9) than AgF and does not need a 
reducing agent. 

Although SnF2 is much more soluble in water than 
the other silver halides, it forms colourless cubic 
crystals. SDF is formed of ammonia and SnF2. The 
ammonia ions coalesce with the silver ions to generate 
a complex ion called the diamine–silver ion, 
[Ag(NH3)2]+. Construction of these diamine– silver 
ions is a reversible reaction and is very stable. 

While AgF is not easily accessible, though SDF is 
widely available as 38% solution in a commercial 
preparation and is available in Japan as Saforide (Toyo 
Seiyaku Kasei Ltd, Osaka, Japan). Saforide has 380 mg 
water-soluble SDF in 1 ml colourless aqueous solution, 
or about 44,800 ppm of fluoride ions. SDF is 
commercially available in South America as Fluoroplat 
(LaboratoriosNaf, Buenos Aires, Argentina) and 
Safluoride di Walter in 10% solution (Polidental, Rio 
de Janeiro, Brazil). A 38% SDF solution is also 
available in Australia (Creighton Pharmaceutical, 
Sydney, Australia). In India, it is available in 38% 
concentration by brand name FAgamin. 
 
Mechanism of Action 
There could be following possible mechanisms of 
action of SDF against caries: 
1. The first mechanism may be the occlusion of 

dentinal tubules with silver. According to 
Shimizu,27 when SDF is applied on dentine, its dye 
permeability reduced and electric resistance 
enhanced. He also reported that silver and its 
compounds from SDF application blocked the 

diffusion of acid and invasion of microorganisms 
into the dentinal tubules. It also inhibited the 
further growth of microorganisms by oligodynamic 
action of silver.28 Additionally, obturation of the 
dentinal tubules decreased the surface area of 
dentin, which may be attacked by caries. It has also 
been seen that the use of 38% SDF repressed 
demineralization and preserved collagen from 
degradation in demineralized dentin.29 

2. The other mechanisms could be the cariostatic 
action of products produced by reaction between 
SDF and minerals of the tooth. The fluoride present 
in amplified the resistance of the dentin to action of 
acid resulting in reduced penetration of acid into 
inner dentin.30 When SDF is applied to dentin 
under in vivo conditions, its fluoride ions 
penetrated to a depth of 50–100 μ.31 It has been 
proved that SDF (Ag(NH3)2F) reacts with 
hydroxyapatite (HA) of tooth to release calcium 
fluoride (CaF2) and silver phosphate (Ag3PO4), 
resulting in hardening of affected dentine.  

 
A basic chemical reaction is shown below: 
Ca10(PO4)6(OH)2 + Ag(NH3)2 → CaF2 + Ag3PO4 + 
NH4OH 
CaF2 → Ca++ + 2F- 
Ca10(PO4)6(OH)2 + 2F− → Ca10(PO4)6F2 + 2OH− 

The Ag3PO4 that is formed on the tooth is insoluble 
to acid attacks. The CaF2 formed as a reaction product 
becomes a pool of fluoride ions for the formation of 
fluorapatite (Ca10(PO4)6F2).32 It is also proved that 
fluoride ions enhances calcification of tooth , and 
restores lattice imperfection,33 and improves the 
crystallinity of HA.34 
3. The anti-enzymatic actions of the reaction products 

between Ag(NH3)2F and organic component of the 
tooth can be the next mechanism of action for 
caries arrest. Its antibacterial properties arise from 
inhibition of the enzyme activities and dextran-
induced agglutination of cariogenic strains of 
Streptococcus mutans.35 Resistance of dentin to 
trypsin increased when SDF is applied on tooth 
surface.36 Also, a study reported that resistance to 
collagenase and trypsin for dentin protein increased 
after treating the tooth with SDF.37 

 
Clinical Applications 
1. For management of patients with high caries 

prevalence like with xerostomia.  
2.  Management of difficult young children with 

behavioral problems. 
3. To arrest caries in anterior primary teeth of young 

children- Earlier rampant caries was treated with 
removal of carious dentin and temporary 
restoration with zinc oxide eugenol. SDF can 
provide a better substitute for the such patients of 
irregular caries pattern.  



4. SDF is effective in arresting dentin caries in a 
Community-based Caries Control Program- SDF 
can be used to tackle the caries problem in 
community dental health programs especially in 
developing and low income countries. The main 
advantages could be 14: 
a. Control of pain and infection with affordable 

cost. 
b. Simplicity of treatment- so non-professionals 

can also apply SDF. 
c. Minimal support required so is feasible 

without piped water and electricity. 
d. Non-invasive procedure, thus the risk of 

spreading infection is very low. 
5. To prevent pit and fissure caries- SDF can be 

effective for the prevention of pits and fissures 
caries of the first molar.38 A study mentioned that 
fissure caries were less in SDF applied teeth when 
compared with SnF2 8% or Ag(NO)3.39 However, 
because of grayish-black and black stain at the pit 
and fissure by SDF may be mistaken for incipient 
caries, so the application should be mentioned 
appropriately in records. 

6. To prevent further caries 
7. Annual application of SDF is effective in arresting 

the root caries. 
8. SDF has an ability to occlude the dentinal tubule so 

is used for dentinal hypersensitivity and 4 times 
repeated application was suitable for its 
treatment.40 

9. To disinfect root canals- SDF can be effectively 
used as an endodontic irrigant.41 

10. For the patients who have behavioral or medical 
management issues. 

 
Contraindications42  
1. Allergy to silver 
2. Pregnancy 
3. Breastfeeding 
4. Ulcerative gingivitis 
5. Stomatitis 
 
Safety 42 

Average LD50 by oral administration is 520 
mg/kg, and by subcutaneous administration is 380 
mg/kg. One drop (25 μL) is sufficient to treat 5 teeth, 
and has 9.5 mg SDF. Suppose the child patient can be 
of 10 kg, the dose would be 0.95 mg / kg child. Hence, 
the relative safety margin of utilizing a full drop on a 
10kg child is: 380 mg/kg LD50 / 0.95 mg / kg dose = 
400-fold safety margin.  

 
Procedure to apply SDF  
1. Cover the counter with plastic and drape the patient 

with plastic bib. 
2. Standard personal protective equipment to be worn 

by both patient and Provider. 

3. Dispense one drop (25 uL/10kg per treatment visit) 

42 of SDF in dappen dish. 
4. Isolate and dry the affected teeth / tooth. 
5. Apply petroleum jelly on gingiva. 
6. Apply SDF on teeth with a smallest microsponge. 
7. Wait for 1 minute42 after application and remove 

the excess with cotton gauge. 
8. Rinse with water. 
9. Repeat the procedure every 6 months.42 
 
Adverse effects 

When SDF was applied to several teeth to arrest or 
prevent dental caries in various interventional studies, 
the only side effect reported was for 3 subjects who 
followed for up to 3 years reported “a small, mildly 
painful white lesion in the mucosa, which disappeared 
after 2 days without treatment.”16,17,22,24 No adverse 
pulpal response was observed. 
 
Non-medical side effects 
1. SDF darkens carious lesions.  
2. Patients may experience a transient metallic or 

bitter taste. 
3. Little amount of SDF can result in “temporary 

tattoo” on skin but does no harm. Stain on the skin 
diminish with the natural skin exfoliation, in 2-14 
days. 

4. SDF stains clinic surfaces and clothes. Spills to be 
cleaned up immediately with copious water, 
ethanol, or bleach. 

 
Effects on bonding of dental materials to tooth 
1. SDF had no effect on bonding of composite to non-

carious dentin using either self-etch or light cure 
etch systems.43 

2. In a study, rinsing with water after SDF application 
prevented a 50% decrease in bond strength for 
GIC.44 In another study, increased dentin bond 
strength to GIC was observed.45 

3. SDF decreased dentin bonding strength of resin-
based crown cement by ~1/3.46 As a result, rinsing 
will be adequate for direct restorations, while 
removal of the SDF treated superficial dentin will 
be advisable for cementing crowns. 

 

Application of SDF biannually is better than all 
other minimally invasive treatment choices. However, it 
is unclear what will happen if treatment is stopped after 
2-3 years and further research is required. SDF is more 
effective as a primary preventive material than other 
restorative materials which are available, except dental 
sealants which are >10 times more costly and needs 
professional follow up. 

The use of SDF as a preventive or therapeutic 
modality can prevent or delay dental treatment for all 
age groups. It can easily replace fluoride varnish for the 
caries arrest in subjects that have active caries. It is a 



powerful public health tool in the fight against dental 
caries especially in low income countries. 
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A B S T R A C T

Introduction: Streptococcus mutans is the prime microbe responsible for caries. Mouthwashes represent an ef-
fective means for decreasing their count. To ascertain this, three commercially available mouthrinses were
evaluated for their antimicrobial activity.
Materials and method: Chlorhexidine, Sodium "uoride and Herbal mouth rinse were evaluated for their e#cacy
against S. mutans in 60 children aged 6–12 years old. Plain water acted as the control group.
Results: The values obtained were subjected to statistical analysis. ANOVA test, student-t test and paired t-test
were used for evaluation. Chlorhexidine and "uoride showed statistically signi$cant reduction in S. mutans
count as compared to herbal rinse.
Conclusion: All the mouthrinses used in the present study have shown a de$nite decline in S. mutans count.

1. Introduction

Dental caries is a ubiquitous disease that results from the interaction
of speci$c bacteria and constituents of the diet within plaque formed on
the tooth surfaces.1 Streptococcus mutans are considered the main
causative microorganism associated with dental caries.2 A part of the
caries control programs is the use of chemoprophylactic agents that
target these S.mutans. Amongst the various antimicrobial delivery
systems, mouthwashes have been found to be one of the safest and
e!ective vehicles,2 especially in young children, as they have the ability
to deliver therapeutic ingredients to all accessible surfaces in the mouth
including interproximal surfaces.3

Among the various mouthwashes the most persistent reduction of
streptococcus mutans has been achieved by using chlorhexidine
mouthwash.2 Chlorhexidine is a cationic bisbiguanide, chemoprophy-
lactic agent. Its mechanism of action is mainly based on the rupture of
bacterial cell wall which subsequently causes precipitation of the cell
cytoplasmic contents.4 In relation to Streptococcus mutans, Chlorhex-
idine displays its action by abolishing the activity of phosphonyl pyr-
uvate and thus interfering with its metabolic activity.5

The major advantage of chlorhexidine over most other compounds
lies in its substantivity. It binds to soft and hard tissues in the mouth,
enabling it to act over a long period after use of a formulation.5 Addy
and Wright found that bacterial counts in saliva consistently drop to
between 10 and 20% of baseline after single rinse of CHX and remained
at this level for next 7 h. However, Schiott et al in 1970 found its e!ect

to be more than 12 h.
Though it is used as a gold standard against which other anti-

microbial agents are compared it has certain disadvantages like it alters
the taste sensation (Addy et al, 1985), produces brown staining of teeth
(Hoyos et al, 1977, Flotra et al) a!ects mucous membrane and tongue
(Kenrad, 1990), sensitivity (Yusuf and Khoo, 1988) and has an un-
pleasant taste.2,6 Thus a long term use of chlorhexidine is not ad-
vocated.

Another mouthwash recognized as a potent anti-cariogenic agent
commonly used in children is sodium "uoride mouthwash. Its pH is
neutral and is available in concentration of 0.05% (220 ppm) for daily
use and 0.2% (900 ppm) for weekly use. Fluoride displays its bacter-
iostatic properties by blocking an enzyme of the glycolytic pathway,
enolase. Subsequently, inhibition of carbohydrate uptake by oral mi-
crobes via PEP (phosphoenolpyruvate) dependent phosphotransferase
system (PEP-PTS) occurs.7 It alters the physicochemical properties of
teeth by making them more resistant to acid dissolution due to the
formation of "uorapatite. According to AAPD guidelines on "uoride
therapy revised in the year 2014 they stated that 0.2% of NaF mouth
rinse are e!ective in reducing dental caries in children.8 Though it has
anticariogenic and remineralizing potential, yet accidental swallowing
or prolonged use may lead to "uoride toxicity.

The commercially available antibacterial agents are reported over
the centuries to have several side e!ects. Alcohol in mouthrinses, was
considered as a pre-disposing factor in cancer of the mouth, but this was
subsequently discounted (Smigel, 1991). Sodium retention in patients
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with hypertension, using Viadent, Plax, and Cepacol, was reported by
Wagner et al (1989). Approximately 33% of the sodium contained in
these mouthwashes was retained by the oral mucosa after rinsing.

The increase in the prevalence of side e!ects associated with anti-
bacterial agents has encouraged the scientists to research for plant
based antimicrobial agents. Patients are seeking products they perceive
to be safer, healthier and without toxic chemical or synthetic in-
gredients.9

Various herbal mouthwashes are gaining popularity as they work
without alcohol and colours and contain naturally occurring in-
gredients called phytochemicals that achieve the desired antimicrobial
and anti-in"ammatory e!ects. Hiora, a herbal mouthwash, contains the
bene$ts of the following ingredients pilu, nagavalli, bibhitaki, yavani-
satva, peppermint satva, gandhapura taila, ela. All these ingredients
have been proven to individually possess high antimicrobial activity
against S. mutans.10–14 The dental literature reveals the use of herbal
mouthwashes mainly in adult population,3,15not much research has
been cited regarding its use in the pediatric population.

There is enough relevant evidence to suggest the antimicrobial ac-
tivity of mouth rinses containing active ingredients (chlorhexidine,
Hiora, "uoride) against streptococcus mutans. However comparison of
the three for their antimicrobial e#cacies in caries active children is
sparse. Therefore, the purpose of the study was to evaluate the levels of
S. mutans in children with high caries and to compare the e#cacy of
di!erent mouthwashes in reducing the salivary s.mutans counts upto or
comparable to caries free individuals.

2. Aim and objectives

The objective of this study was to evaluate the salivary s.mutans
counts in caries active and caries free children and compare the e!ec-
tiveness of Journal of Oral Biology and Craniofacial Research, doi: 10.
1016/j.jobcr.2018.05.002 the commercially available mouth rinses i.e.,
chlorhexidine, Hiora [Himalaya] and sodium "uoride in reducing the
salivary Streptococcus mutans count of caries active children.

3. Materials and method

The study was conducted in the Department of Pedodontics and
Preventive Dentistry. All the necessary ethical guidelines were followed
as prescribed by the Institutional Ethical Committee in accordance with
the Central Ethics Committee on Human Research, India and ethical
clearance was obtained.

The following mouthrinses were used in the study:-
0.2% of chlorhexidine gluconate (HexidineR), 200 ppm sodium

"uoride mouth rinse (FluoritopR), herbal mouthwash from Himalaya
company (HioraR)

4. Method

All patients in the age group of 6–12 years attending the OPD were
screened for participation in the study. No treatment was performed on
the patients during the time when the mouthrinses were used. The se-
lection was made on the basis of certain criteria.

4.1. Criteria for selection

4.1.1. Inclusion criteria

1 Healthy children between ages of 6–12 years.
2 Patient having one or more than one interproximal carious lesions,
well into the dentin, visualized radiographically.

3 All teeth and surrounding tissues were clinically and radio-
graphically free of any other pathologic condition

4.1.2. Exclusion criteria

1 Physical limitations, which might preclude the normal tooth
brushing and mouth rinsing.

2 Presence of any intraoral infections.
3 Medically compromised patients or those who were on any long
term medication.

4 Subjects with history of taking antibiotics 1 month prior to or during
the course of study.

5 Patient reporting with pain or history of pain requiring immediate
treatment.

5. Clinical examination

Examination was done by a single examiner. The parents were in-
formed about the child’s condition. The purpose and method of study
was explained to the children and parents/ Guardian. Written informed
consent was obtained from parents/guardian for participation in the
study.

5.1. Method of collection of saliva sample

All the children were instructed to have an early breakfast on the
day of sample collection and there was a gap given of 90 min before the
collection of saliva to avoid the in"uence of food consumption and
contamination on the composition of saliva.16 The child was made to sit
in an erect position on the dental chair and was given para#n block to
chew. Approximately 2–3 ml of the stimulated saliva was collected after
2 min of para#n chewing in sterile containers held near the mouth. The
containers were properly labeled on basis of the group which was al-
located to them. The samples were stored at 4 °C till evaluation.

5.2. Distribution of samples

Group I (n = 15) – 10 ml of 0.2% chlorhexidine gluconate
(HexidineR).

Group II (n = 15) 10 ml of herbal (HioraR) mouthwash.
Group III (n = 15) –10 ml of Sodium "uoride (FluoritopR)

mouthwash.
All the mouthwashes were prescribed to be used twice daily in the

interval of 12 h for 15 days to be used for full 1 min.
Group IV (n = 15) control group in which the children rinsed with

plain water.
Salivary samples of 15 caries free children were also taken to esti-

mate the baseline S. mutans counts.
The saliva samples for each child were collected on the $rst dental

visit and again after 15 days of using the mouth rinse. They were then
sent to the laboratory for microbiological assessment of Streptococcus
mutans count.

5.2.1. The method of salivary sampling for estimating Streptococcus mutans
Mitis-Salivarius-Bacitracin agar (Gold et al, 1973) was used as the

media for S.mutans culture.17 The plates were incubated within 4 h at
37 °C for 48 h under 5–20% CO2. Streptococcus mutans colonies were
identi$ed as highly convex, round or spherical, raised, dark blue in
color, ranging from a pinpoint to pin head size with a rough surface
using digital colony counter as shown in. The results were expressed in
CFU. All plates were processed and examined by the same investigator.
Con$rmation of mutans streptococci was performed under light mi-
croscope.

6. Statistical analysis

The Excel and SPSS (SPSS Inc, Chicago, Version 21.0) software
packages were used for data entry and analysis. Level of signi$cance
“p” value was kept at 0.05. p > 0.05 not signi$cant, p < 0.05
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signi$cant. Mean values, ANOVA, student t-test and paired t-test were
used for evaluating the data.

7. Results

The mean DMFT/deft scores in group I was 5.93 + 1.100, in group
II was 5.20 + 1.521, in group III was 6.87 + 1.885 and in group IV was
5.73 + 1.280. The total mean DMFT/deft score was 5.93 + 1.561. The
mean S. mutans count for the caries free subjects was
0.07400*105 + 0.065119 with a DMFT/deft of zero. When the pre
rinse and post rinse levels of S. mutans were evaluated, a decline in the
S. mutans count was seen across all the groups as seen in Table 1. Group
I had a pre- rinse value of 1.259*105 and a post- rinse value of
0.214*105 with a p- value of 0.003, Group II had a pre- rinse value of
0.649*105 and a post- rinse value of 0.297*105 but the result was not
statistically signi$cant with a p- value of 0.057, group III had a pre-
rinse value of 1.624*105 and a post- rinse value of 0.238*105 and the
result was statistically signi$cant with a p- value of 0.028 while group
IV had a pre- rinse value of 0.795*105 and a post- rinse value of
0.786*105 and the result was not statistically signi$cant with a p- value
of 0.184 as shown in Table 1.

The mean post treatment values of s.mutans counts of all the groups
showed a non-signi$cant p-value when compared with the caries free
subjects as shown in Table 2.

8. Discussion

Dental caries is a multifactorial disease with several well-known
components collectively acting for the disease to manifest. It is re-
cognized to require a host (tooth), a dietary substrate and acidogenic
bacteria.1

Among pathogenic "ora, Streptococcus mutans are considered the
main causative microorganism associated with dental caries.2 as
smooth surface caries very rarely occurs in the absence of strepto-
cocci,18 though it can occur in the absence of lactobacilli. In the present
study, high caries risk children were taken in accordance with AAPD
guidelines for caries risk assessment.19,20 The levels of S. mutans vary
among the caries free and caries active subjects. The number of salivary
S. mutans are found to be higher in caries active children. Correlation of
S. mutans count with caries status of children has been carried out by
numerous authors who have consistently found a higher number of S.

mutans in children having severe caries. (Kristo!erson k et al (1986),
Holbrook,22 Milgrom et al (2000), Hallonsten et al (1995), Matee et al,
Cristiane Yumi Koga-Ito et al)

Douglass et al in 1996 performed a study to evaluate dental caries
status and S. mutans levels in 4 year old Apache children. The results
revealed that the mean dmfs of the children categorized in the high
mutans streptococci range were greater than those of children cate-
gorized in the moderate range.21 158 pre-school children aged 4 years
were followed longitudinally for 2 years by Holbrook WP in 1993. Their
mean dmfs was 3.3 at 4 years and it rose to 5.8 at 6 years.22

In the present study a sample of 15 caries free children was eval-
uated for the presence of salivary S. mutans which was found to be
0.07400 ! 105. The total number of caries active children assessed
were 60 where the mean DMFT/deft score was 5.93 and the mean S.
mutans count was found to be 1.08 ! 105. These values are in ac-
cordance with the earlier studies which clearly establish that high
DMFT/deft scores are associated with high levels of salivary S. mutans
counts. Reduction of the microbial count is thus important to control
the caries activity in individuals.

Since caries is an infection, it can be thought of being treated with
antimicrobials. However, most of these agents are not selective and
have a broad spectrum of action such as chlorhexidine, iodopovidine,
"uoride, penicillin etc. It would be normal to $nd bacterial resistance to
prolonged use of these agents. The use of chemotherapeautic agents
was prescribed for 15 days as changes in the bacterial composition and
bacterial population has been noticed after short term use of che-
motherapeutic agents. Preventive strategies usually involve decreasing
the growth or activity of S. mutans. There are laboratory and clinical
evidence demonstrating that once the bio$lm’s bacterial ecosystem is
free of S. mutans, this bacterium $nds it di#cult to be reintroduced due
to competitive inhibition with other microorganisms. Thus reducing the
s.mutans count might permit growth of other bacteria such as s. san-
guinis and shift the acidic environment of the oral cavity towards a
health promoting microbiota. (Andréa C.B. Silva et al, Ludovico
Sbordone, Jens Kreth, 2005)

Larmas23 and Messer24 suggested that salivary mutans streptococcal
tests can be used for pre-selection of patients for dental examination,
demonstration of cariogenic infection, evaluation of the e!ectiveness of
chemotherapeutic rinses and providing for an objective measure of
treatment outcomes.

Thus, in the present study chlorhexidine, commercially available
herbal mouth rinse, Hiora (Himalaya) and "uoride mouth rinse (NaF)
were evaluated for their antimicrobial e#cacy by estimating the sali-
vary S. mutans counts pre-rinse and post-rinse for 15 days. The control
group simply rinsed with plain water twice daily for 15 days.

8.1. GROUP I

In the present study 10 ml of 0.2% of chlorhexidine showed a sig-
ni$cant reduction (p-value of 0.003) of s.mutans in 15 days that was
comparable to the caries free subjects. Loe and Schiott $rst discussed
the use of 0.2% chlorhexidine mouth rinse, 10 ml (20 mg) twice daily
for 60 s and stated that it leads to inhibition of plaque regrowth and
gingivitis. However with its 0.12% concentration a 15 ml dose is re-
quired which makes it equivalent to 20 mg.25

Jain I and Jain P too found a marked downfall in S. mutans count
from 4.72* 105 + 0.363 to 1.109* 105 + 0.394 after 2 weeks of rinse
with chlorhexidine.26

The e#cacy of di!erent concentration of Chlorhexidine against S.
mutans was evaluated by Jayaprakash et al.27 A 0.12% was found to be
more e#cacious than 0.2% and 0.06% chlorhexidine.

The metabolic activity of S. mutans bio$lms was studied by Cardoso
et al when treated with mouthwashes having di!erent compositions
and found 0.2% concentration of chlorhexidine to be better than 0.12%
of chlorhexidine.3

The $ndings of the present study are in accordance with the

Table 1
Mean Pre and Post-rinse streptococcus mutans level comparison of the study
participants in each study group+.

Study
Groups

N Mean DMFT Mean Pre- rinse S.
mutans count
(CFU)

Mean Post rinse S.
mutans count
(CFU)

p-value

I 15 5.93 + 1.100 1.259 * 105 0.214* 105 0.003
II 15 5.20 + 1.521 0.649* 105 0.297* 105 0.057
III 15 6.87 + 1.885 1.624* 105 0.238* 105 0.028
IV 15 5.73 + 1.280 0.795* 105 0.786* 105 0.184
Total 60 5.93 + 1.561 1.082* 105 0.384* 105 0.001

+Paired t-test applied.

Table 2
Inter-group comparison of post-rinse values of all groups with CF subjects++.

CF (MEAN S.MUTANS
COUNT)

STUDY GROUP (MEAN S. MUTANS
COUNT)

P-VALUE N

0.07400* 105 I (0.214* 105 + 0.130) 1.00 15
0.07400* 105 II (0.297* 105 + 0.446) 1.00 15
0.07400* 105 III (0.238* 105 + 0.217) 1.00 15
0.07400* 105 IV (0.786* 105 + 1.405) 0.146 15

++ Student-t test applied.

A. Sharma et al. Journal of Oral Biology and Craniofacial Research 8 (2018) 113–117

115



previous studies.

8.2. GROUP II

A reduction in S.mutans count was observed with Hiora though it
was not statistically signi$cant (p-value of 0.057).

The e!ectiveness of Tachyspermum ammi seeds activity against
Streptococcus mutans was analyzed by Khan et al where they found
that these seeds serve as a great potential source to be used as a ther-
apeutic agent against dental caries.10 Similarly the antimicrobial ac-
tivity of amomum subulatum and elettaria cardamomum against dental
caries causing microorganisms was studied by Aneja KR and Joshi R in
the year 2009 and found that these substances had a strong antic-
ariogenic potential against Streptococcus mutans.11

The antibio$lm formation activity of Terminalia bellerica plant
extract against streptococcus mutans and streptococcus sobrinus was
assessed by Yadav S and it was found to be a strong inhibitor of
Streptococcus mutans.12 Chaudhari LKD assessed the antimicrobial ef-
$cacy of 9 essential oils and found that cinnamon oil has the highest
while Wintergreen oil, showed no antibacterial activity.13 Assessment
of immediate antimicrobial e!ect of miswak (Salvadora persica) extract
was studied by Bhat PK where they found that it had signi$cant det-
rimental e!ect on the dental caries causing micro-organisms. 14

In the present study also, the decrease in the S. mutans count has
been observed on using Hiora for 15 days but the decline in the number
was not statistically signi$cant. The post treatment s.mutans value was
comparable to the caries free subjects which could be due to the co-
maparitively low pretreatment counts of s.mutans in the sample.

8.3. GROUP III

In Group III which was the "uoride mouth rinse group, a p-value of
0.028 was found.

Several studies have been conducted since a long time to $nd the
anticaries and remineralization potential of Fluoride mouth rinse.

Yoshihara evaluated the long-term use of "uoride mouth rinse on
the salivary levels of mutans streptococci and lactobacilli on children
aged 7, 10, and 12 yrs and found that children with "uoride mouth
rinse had lower levels of mutans streptococci.28

The e#ciency of 0.2% sodium "uoride mouth rinse in prevention of
dental caries was assessed by Aminabadi according to the DMFT index.
They found that following the use of 0.2% sodium "uoride mouthwash,
mean DMFT got declined.29

Ripa and Leske,30 Heidmann et al31 and Kaneko (2006) assessed the
bene$ts to the primary teeth from a school-based "uoride mouth rin-
sing program and found that after rinsing with "uoride mouth rinse
there were declines seen in caries levels.

The results of the present study collaborate well with the previous
researches and the $nal value of s.mutans is camparable to caries free
children.

8.4. GROUP IV

The reduction of S. mutans levels on rinsing with plain water was
non-signi$cant.(p value = 0.184) this indicates that rinsing alone with
plain water did not prove to be bene$cial in reducing the microbial load
and the use of chemoprophylactic agent as an adjunct to mechanical
cleansing is needed for maintaining proper oral health.

9. Inter group comparisons

The studies related to inter-group comparison of chlorhexidine and
Hiora have been carried out in the past. Jaidka S et al when compared
the e#cacy of chlorhexidine, xylitol and herbal (Hiora) mouth rinses on
7–14 years old children found that maximum reduction was seen in
herbal group (Hiora) followed by xylitol group and the least in

chlorhexidine group.32 The study was conducted on caries free subjects
wherein the mouthwash was used for 30 days. In the present study,
with the mean DMFT/deft scores of 5.93 and using the mouth rinses for
15 days proved Hiora to be inferior to both Hexidine and "uoritop.

Narayan A and Mendon C in the year 2012 conducted a study to
compare the e!ect of 4 mouth rinses namely, Triphala, Hiora,
Chlorhexidine and colgate plax on plaque formation and found colgate
plax to be least e!ective. Prasad KARV et al in the year 2015 performed
a study to analyze the anti-plaque e!ectiveness of Herbal (Hiora) and
0.2% Chlorhexidine gluconate mouth rinse and stated that both the
mouthwashes had similar anti plaque activity.10 The safety, e#cacy
and antimicrobial properties of herbal (Hiora) mouth rinse were com-
pared with chlorhexidine mouth rinse by Bhat N et al. They found that
the maximum zones of inhibition was formed by Chlorhexidine fol-
lowed by Hiora against s. mutans. The antimicrobial e!ectiveness of
Chlorhexidine mouthwash (Hexidine), Herbal Mouthwash (Hiora) and
Pomegranate-containing Mouthwash (Life-extension) was studied by
Dabholkar CS against Streptococcus mutans (S.mutans). Chlorhexidine
(0.12%) was proven to be the best followed by hiora and Pomegranate
mouthwash.

The results of the present study are in accordance with the previous
studies. Both chlorhexidine and Hiora have been found to be e!ective
in reducing the S. mutans count. However, the di!erence for Hiora
group was not signi$cant with p- value 0.057. There was more sig-
ni$cant reduction in salivary S. mutans count with use of chlorhexidine
rinse.

When inter group comparisons were made between chlorhexidine
and "uoride mouth rinse, it was found that the reduction in S. mutans
count in both the groups was statistically signi$cant.

Kulakarni and Damle (2003) assessed the e!ectiveness of sodium
"uoride, chlorhexidine and triclosan mouth rinses for their anti-
bacterial activity against S. mutans and found that chlorhexidine to be
the best. Sundas and Rao carried out a study to evaluate the e#cacy of
sodium "uoride (0.05%) and chlorhexidine (0.2%) mouth rinses on
plaque reduction and found the e!ectiveness of both to be statistically
equal.2 Further the e#cacy of Fluoride, Chlorhexidine and Fluoride-
chlorhexidine combined mouthwashes on Salivary Streptococcus mu-
tans count was evaluated by Sajadi et al (2015) and they found that
"uoride-chlorhexidine mouth rinse displayed signi$cant reduction of S.
mutans count in comparison with "uoride alone.

Similar results were observed in the present study and the e#cacy
of "uoride has been established in reducing the s.mutans count.

The e!ect of herbal and "uoride mouth rinses on salivary counts of
Streptococcus mutans in 12–15 years old school children was studied by
Somraj V (2017). Each child was asked to use mouth rinse daily for
1 year and found that both the mouth rinses were equally e!ective in
caries prevention and can be recommended for use in school-based
health education program to control dental caries.

10. Inter-group comparison of post-rinse subjects with caries free
subjects

The post-rinse S. mutans levels of all the mouthwashes were com-
parable to the S. mutans level of caries free subjects as the mean S.
mutans value for each group dropped down to the level of caries free
subjects. When subjected to statistical evaluation the di!erence seen
between post-rinse and caries free subjects was non-signi$cant.

11. Conclusion

Hexidine and Fluoritop both have shown equal e#cacy in reducing
the S. mutans levels after rinsing twice daily for 15 days. The reduced
levels are comparable to the bacterial levels in caries free subjects.
Hiora has also shown promising results and it can be assumed that
further reduction would occurr if it was used for a longer period. Long
term studies are indicated to see the e!ect of herbal mouthrinses in
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caries active children.
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Introduction 
Microabrasion is a non invasive, simple, cost effective method for 
removal of superficial enamel defects such as opacities and 
hyperplasia that adversely affect the esthetics of the teeth. It involves 
the application of an acid on the enamel of the affected tooth and 
abrading it with pumice 1. Earlier in 1916, Dr. Walter Kane 
successfully removed fluorosis stains by applying acid and heat 
(McCloskey 1984)2. McInnes (1966) used 5parts of 36% HCl and 
30% hydrogen peroxide, and one part ether as a topical treatment. 
Later, Chandra and Chawla (1975) modified this treatment slightly by 
applying the solution with cuttle bone and sandpaper disks in a rotary 
instrument3. However, others (Powell and Craig 1982; Myers and 
Lyon 1986) have reported improvement using a calcium sucrose 
phosphate gel to remove stain wherein etching the teeth for 2-3 min 
with 37% phosphoric acid followed by a pumice abrasion with rotary 
instrumentation of the surface is done4. The microabrasion technique 
using hydrochloric acid was given by Croll and Cavanaugh and 
whereas technique using  H3PO4 was given by Mondelli  et al1.

Microabrasion is considered to be a conservative5, safe, and 
atraumatic procedure which removes superficial stains and produces a 
highly polished surface of enamel leaving it less prone to 
demineralization6. It is a treatment option for esthetic improvement in 
fluorosis stains, inactive white spot lesions, post orthodontic treatment 
decalcifications, hyperplasia  due to trauma and infection and 
idiopathic hypoplasias, where the discoloration is limited to the 

l7superficial layer of dental ename . 

Microabrasion involves the removal of enamel and this lead to surface 
demineralization causing a change in the microhardness of enamel and 
loss of mechanical properties of the tooth. There is only a limited data 
available for changes in   microhardness of enamel after micoabrasion. 
Thus, the aim of the present study was to evaluate, in vitro, the change 
in the microhardness of enamel surface after microabrasion using two 
different agents i.e. 18% hydrochloric acid and 37% phosphoric acid 
with pumice.

Materials and method: - Approval for the study was obtained from the 
Institutional Ethical Committee. Thirty permanent anterior teeth 
having a labial surface devoid of caries, restoration or cracks and 
indicated for extraction were included in the study.  The teeth were 
cleaned of gross debris and placed in deionized water before the 
experiment was initiated. The teeth were randomly and equally 
divided into two groups of 15 teeth each.
     
Group 1-   teeth treated with the slurry of 18% HCl and pumice.
Group 2 - teeth treated with the slurry of 37% phosphoric acid and 
pumice.

All the teeth were embedded in plaster with the labial surface of the 
tooth facing upwards. Freshly prepared slurry of acid and pumice, 
respective of the groups, was applied to the labial aspects of teeth with 
the rubber cup in slow rotating motion mounted on a micromotor .The 
baseline microhardness values were obtained in both the groups. The 

microhardness was evaluated using Vicker's hardness tester. Hundred 
grams load was applied for 5 seconds. Three indentations were placed 
at an equal distance on the labial surface of the tooth. The diagonal 
lengths of the indentations were then measured by a scaled microscope 
and Vickers values were converted into microhardness values. After 
obtaining the baseline values, microabrasion was carried out by 
applying the acid and pumice for 5 sec followed by 10 seconds of 
washing and drying for 5-10 sec. These applications were repeated 10 
times for each specimen in both the groups. 

Results
The mean pretreatment VHN in the HCl group was 232± 32.74 and the 
mean post treatment VHN of enamel was 220.08 ± 33.41. The 
difference was found to be significant with the p value of 0.023. The 
mean pretreatment VHN in the H3PO4 group was 239.08 and the mean 
post treatment VHN of enamel was 193.39 ± 32.73. The difference was 
found to be highly significant with the p value of 0.0001.

Table 1: Pre and post treatment change in Vickers hardness number in 
each group

Discussion 
The purpose of microabrasion is to use the erosive action of acid and 
abrasive action of pumice as an adjunct to each other to remove the 
superficial surface defects of enamel seen in conditions such as 
fluorosis, trauma, demineralization or hypocalcification defects 8. 
Microabrasion creates a smooth and polished texture that reduces the 
microbial colonization of enamel without affecting the vitality of 

9tooth . 

Evaluation of changes produced on the surface of enamel is important 
as acid application has been shown to open the way for diffusion of 
ions and results in loss of mechanical properties of enamel.In the 
present study, the results obtained showed that the microabrasion 
procedure alters the microhardness of the enamel. A significant 
reduction in the microhardness of enamel was seen when teeth were 
microabraded with both 18% HCl and 37% phosphoric acid but 
H3PO4 showed a significantly higher reduction in microhardness as 
compared to Hcl. 

According to various studies, the microhardness values after 
microbrasion depends on the pH of the agents used, time of application 
and the pressure applied during the procedure10,11. In the present 
study, the total time of application of both the agents was kept at 50-60 
seconds with a light pressure from a rubber cup. Murrin and Barkmeier 
(1982) used 36% hydrochloric acid mixed with pumice applied to the 
enamel surface with a slowly rotating rubber cup for upto five 
uninterrupted minutes12. Croll and Cavanaugh (1986a, 1986b, 1986c) 
have advocated a regimen of upto 15 separate, 5-sec applications of 
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Groups Pre-treatment VHN Post treatment VHN p-value
Mean S.D. Mean S.D.

HCl 232.29 32.74 220.08 33.41 0.023
H3PO4 239.08 30.88 193.39 32.73 0.0001
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18% HCl-pumice paste followed in succession by 10-sec water 
13rinses . 

The microcrystalline structure of enamel consists of crystals 
surrounded by a layer of tightly bound water and migration of ions is 
possible. The acids used in microabrasion are capable of displacing 
these ions after penetration into enamel and increase the level of 
porosity and demineralization. This also depends upon the 
concentration of acids and the time of application5,14.

Bertolodo et al7 reported no significant statistical difference between 
abrasive agents (Hcl and H3Po4) in terms of microhardness. They used 
35% phosphoric acid and 6.6% hydrochloric acid and at these 
concentrations, suggested that an equalization occurs between the two 
agents in relation to erosive power .Conditioning pattern of the enamel 
is created by hydrochloric acid at this reduced concentration of 6.6% as 
compared to the present study where the concentration of HCl was 
18%.

Ulukapa H (2007)15 compared the effect of 18% HCL and pumice 
with other bleaching techniques and found the mean VHN before 
treatment to be 352+-16.16 which fell to 308+- 54.97 after 
microabrasion. They found a decrease of 85.7% in hardness but after 7 
days a rehardening of 99.4% occurred.  They stated that enamel 
microabrasion done with 18% HCL resulted in a reduction in the 
surface microhardness until 3rd day after which it increased.

A Study done by  Fragoso et al(2011)8 reported  that the times of 
immersion of 24 h or even seven days after microabrasion did not 
increase the abrasioned enamel's  hardness when stored in artificial 
saliva . In this study the specimens were stored in  artificial  saliva only  
after  the  microabrasion and polishing  procedures so it was possible  
to evaluate the isolated effects of these procedures in order to 
determine  if exposure  to saliva altered the results in this phase. 

Sonia et al (2009)1 evaluated the surface roughness and enamel loss 
following microabrasion with 18% HCl and 37% H3PO4 with pumice 
and found that  37% H3PO4 produced a rougher surface but HCl 
produced a deeper demineralization and greater enamel loss after 
microabrasion.  The difference in the results could be due to the 
different methods of application as a spatula was used to abrade the 
enamel surface in the previous study whereas in the present study 
rubber cups were used. 

A selective conditioning pattern was observed when enamel was 
submitted to microabrasion with H3PO4. In contrast, HCl 
demineralized the enamel surface more uniformly. This non selective 
conditioning may be the reason for the difference in the value of 
microhardness of HCl as compared to H3PO4.

Conclusion 
1. Microabrasion  procedure affects the microhardness of  the 

treated enamel 
2. Both HCl and  H3PO4  acid when used along with pumice showed 

a reduction in the microhardness of enamel which was 
significantly different from the untreated enamel .

3. Remineralizing agents/polishing agents should be applied after 
microabrasion to restore microhardness of enamel.
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INTRODUCTION
Early childhood caries is a common disease of young children. 
Though it is not life-threatening, yet it contributes to suboptimal 
health and failure to thrive [1,2]. American Academy of Paediatric 
Dentistry defines ECC as “the presence of one or more decayed 
(non-cavitated or cavitated lesions), missing (due to caries), or filled 
tooth surfaces” in any primary tooth in a child 71 months of age or 
younger [3,4].

Allport  defined temperament as “the characteristic phenomenon 
of an individual’s nature including his susceptibilities to emotional 
stimulation, his customary strength and speed of response and  
the quality of his prevailing mood” [5]. Though temperament is 
considered a genetic determinant that remains stable across 
lifetime, but interestingly, it is also modifiable by environmental 
influences [6-8].

It was the pioneering work of Thomas and chess in New York (1963, 
1968) which followed a group of children from birth through childhood, 
adolescence and early adulthood. They demonstrated evidence for 
temperament individuality of children that was manifested right in 
infancy and remained relatively stable in childhood and adolescence 
[9]. But in the present conditions normally mothers are going out for 
work and most of the children are bought up by caregivers that can 
indirectly affect the child’s behaviour and temperament.

Temperament can be defined as a child’s innate personality or 
behavioural style. It is, in essence, how he or she communicates or 
interacts with the environment. 

Association of ECC with factors like oral hygiene, diet, socio-
economic status and parental stress have been studied in detail. 
However, the role of psychosocial variables like child temperament, 
parenting stress as risk factors to caries remains unexplored. The 
authors therefore undertook that study to evaluate the impact of 
childhood temperament and dental caries.

AIM
This study was conducted with the aim of assessing the effect of 

child temperament as a risk factor for childhood caries in children 

from 3-6 years of age.
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ABSTRACT
Background: Psychological variable may affect early childhood 

caries (ECC), but this aspect has not been explored satisfactorily. 

This study evaluates the child temperament as a risk predictor 

for ECC.

Aim: To find the association of child temperament with ECC.

Settings and design: The study is a cross-sectional survey of 

1300 school children aged 3 - 6 years from Moradabad city. 

This survey was conducted during March 2008 to April 2009. 

The survey assessed the child temperament and analyzed its 

association with ECC. 

Materials and Methods: Children were examined for the 

evidence of caries, using dmft (decayed missing filled teeth) index 

based on W.H.O standard criteria (1997). Child temperament 

was assessed on the basis of five factors; namely, Sociability, 

Emotionality, Energy level, Attentivity and Rhythmicity using 

Malhotra Temperament Schedule MTS. Statistical Package 

for Social Sciences (SPSS) was used to analyse the data. 

Significance was deemed at p≤0.05. 

Results: Out of 1,300 parents involved in filling questionnaire 

for assessment of child temperament, 1053 (81%) responded 

and their children were included in study. No caries were found 

in 731 (69%), while 322 (31%) had evidence of caries in one or 

more teeth. Of the five temperament factors, Sociability, Energy 

score, Attentivity and Rhythmicity significantly associated 

with ECC levels. No correlation could be established with 

emotionality.

Conclusion: The children with ECC were found less sociable, 

less energetic, highly distractible and less rhythmic as compared 

to children without ECC. 

The objectives of study are:

1. To study the impact of sociability on early childhood caries,

2. To study the impact of emotionality on early childhood caries,

3. To study the impact of energy score on early childhood caries,

4. To study the impact of attentivity on early childhood caries,

5. To study the impact of rhythmicity on early childhood caries.

MATERIALS AND METHODS
This study was conducted to assess the association of child 

temperament with early childhood caries in preschool children of 

Moradabad city, India. 

1. Study Design: 

i. Type of study: Study is designed to be a cross-sectional 

survey to assess the temperament and its correlation with ECC 

of three to six years children in educational setup.

ii. Sample Size: Sample size was estimated at 1,300 to give a 

precision of 3% at 95% confidence interval.

iii. Pilot Study: A pilot study was conducted on 20 preschool 

children and their parents of Moradabad City. A group of 

subjects in the age group of three to six years were selected 

and examined according the criteria set for the study. 

2. Tools for assessment of temperament: In the present study 

temperament was assessed on the basis of these five variables-

i. Factor 1 (Sociability): Comprises of three variables, 

i.e, approach withdrawal, adaptability and threshold of 

responsiveness. Mean score of these three variables are 

summed to give the sociability score. The range of possible 

score is 3-15. High scores on this indicate that the child is 

quite responsive to the environment, adjustable, adaptable 

and uninhibited [9].

The variable adaptability measures that how easy or difficult it is to 

alter a child’s behaviour. A very adaptive child will respond directly to 

parent’s instructions even if it is against the child’s own inclinations, 
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S. 

No

Part Without caries (n=731) With caries (n=322) “p”

Mean SD Mean SD

A. Approach/withdrawal 16.80 3.52 16.30 3.61 0.030

B. Adaptability 19.13 3.43 18.42 3.53 0.002

C. Threshold of 
responsiveness

14.37 3.01 13.92 3.10 0.029

Total sociability score 50.54 48.64 0.005

S. 

No

Part Without caries (n=731) With caries (n=322) “p”

Mean SD Mean SD

A. Mood 20.38 3.89 19.66 3.57 0.003

B. Persistence 15.50 4.74 16.02 4.99 0.114

Total emotionality score 35.88 35.68 0.121

S. 

No

Item Without caries (n=731) With caries (n=322) “p”

Mean SD Mean SD

1. Activity 17.97 3.98 17.75 4.01 0.409

2. Intensity  18.67 5.48 17.62 5.91 0.006

Total energy Score 36.64 35.37 0.012

S. 

No

Item Without caries 

(n=731)

With caries 

(n=322)

“p”

Mean SD Mean SD

1. Ease to change mood 3.99 1.74 4.32 1.80 0.005

2. Ability to be distracted 4.20 1.60 4.33 1.51 0.207

3. Ability to be consoled 4.04 1.71 4.28 1.68 0.034

4. Response when engaged in some 
interesting task

2.25 1.26 3.08 1.29 0.010

5. Response when some child takes 
away his toy or book or any other 
possession

3.48 1.62 3.76 1.73 0.013

Total attentivity (Fleeting attention) score 17.96 91.77 0.0004

S 

No

Item Without caries 

(n=731)

With caries 

(n=322)

“p”

Mean SD Mean SD

1. Regular appetite 3.42 1.96 3.12 1.99 0.0024

2. Regularity in amount of food intake 3.43 1.63 3.21 1.59 0.0040

3. Regular sleep 3.39 1.60 3.13 1.53 0.0012

4. Change in period of sleep on 
weekends or holidays

2.87 1.34 2.94 1.43 0.455

5. Regular bowel movements 3.60 1.56 3.38 1.52 0.0032

Total rhythmicity score 16.71 15.78 0.0023

[Table/Fig-1]: Sociability

[Table/Fig-2]: Emotionality

[Table/Fig-3]: Energy Score

[Table/Fig-4]: Attentivity (fleeting attention)

[Table/Fig-5]: Rhythmicity score

whereas a poorly adapting child does not modify his or her behaviour 

despite frequent attempts at intervention by a parent.

ii. Factor 2 (Emotionality): This is constituted by two variables 

i.e. mood and persistence. Sum total of the mean scores of 

these two variables gives the emotionality score. The possible 

range of score is 2-10. High emotionality score indicates 

generally positive, happy mood and vice versa.

iii. Factor 3 (Energy): There are two temperament variables 

activity and intensity, which constitute this factor. High score 

means more physical as well as psychological energy exhibited 

in the child’s behaviour and vice versa. Range of score possible 

is 2-10 [9].

iv. Factor 4 (Attentivity): It comprises of only one temperament 

variable i.e. distractibility. It basically denotes attention span 

and has been named as attentivity. High scores indicate fleeting 

attention and high distractibility. Range of scores is 1-5 [9].

v. Factor -5 – (Rhythmicity): Rhythmicity has been designated 

as such and retained as the fifth independent factor. The 

possible range of scores is 1-5.  High scores indicate regular 

and predictable biological functions and low score mean 

irregularity [9].

In the present study temperament was assessed on temperament 

measurement schedule (Malhotra and Malhotra 1988) which is an 

Indian adaptation of Thomas and Chess’s parent temperament 

questionnaire. It is a bilingual scale (English and Hindi) measuring 

nine temperament variables described by Thomas and Chess 

(1968) through 5 items each, enquiring about the behaviour of the 

child in routine life situations relevant to our population [9]. 

MTS (Malhotra Temperament Scale) differs from the original 

parent interview schedule of Thomas, Chess and Birch (1968) in 

that it is based on situations that are applicable to Indian setting, 

the language has been changed to Hindi to keep the functional 

equivalence of the terms and that it finally derives five factors 

(Sociability, Emotionality, Energy Score, Attentivity, Rythmicity) from 

the nine variables measured.

Each item is rated on a 5 point scale with considering both the 

intensity as well as the frequency of occurrence of that particular 

behaviour. Scores of 1-5 represent the extremes of intensity and 

frequency of occurrence of that behaviour rated on negative and 

positive directions. Score of 3 at the midpoint represents average 

as per the parent’s perceptions [9].

The two earlier studies [10,11] used the Toddler Temperament 

Scale (TTS) and the Behaviour Style Questionnaire (BSQ) to 

measure temperament but because of its shorter length the MTS 

temperament survey used in the present study may be more user 

friendly measure (20 items) than the TTS and BSQ (100 items 

each).

3. Ethical Clearance and Study Approval: The study was reviewed 

and cleared by the ethical committee of Kothiwal Dental College 

and Research Center Moradabad Permission to conduct the survey 

in selected schools of Moradabad was obtained from the respective 

school authority.

4. Organization of survey

i. Schedule of the survey: The study was scheduled over a 

period of one year from March 2008 to April 2009.

ii. Calibration and training: The clinical examination of every 

child was done by or carried out by an investigator. Examination 

criteria employed was the dentition status and treatment needs 

proposed by WHO (1997).

iii. Lighting: The examination was performed under the natural 

light. The subjects were positioned so as to receive maximum 

natural illumination through open window.

iv. Method of obtaining data: Ten schools of Moradabad City 

were randomly selected from the list to make the sample of 

1300 children aged 3 - 6 years attending preschool and their 

parents were included in the study. A child Temperament 

Questionnaire, Malhotra temperament schedule MTS was 

translated in Hindi and written in Devnagri script (local vernacular 

language of the area) for collecting the required and relevant 

information on child temperament. Since, these variables are 

not included in the study so these lines should be removed 

from the text.  Questionnaire along with the consent form were 

distributed to the children, to be taken to their houses. Parents 

were requested to fill these questionnaires and return back the 

next day.
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v. Instruments and supplies details of clinical examination 

armamentarium: The following materials were used for the 

study. 

� s� 0LAIN�MOUTH�MIRROR
� s� 4WEEZER
� s� -OON�S�PROBE
� s� +IDNEY�TRAY
� s� $ISPOSABLE�GLOVES
� s� $ISPOSABLE�MOUTH�MASK
� s� 3TERILE�GAUZE�AND�COTTON�ROLLS�
vi. Infection Control: The diagnostic instruments were sterilized 

using autoclave in the department before going for survey. 

Surface disinfectants were taken to clean the surface near the 

examination area or wherever necessary.                                                                                                                     

RESULTS
Parents of 1,300 children were examined for ECC and provided 

with study questionnaire and requested to complete the same. A 

total of 1,053 parents (81%) responded to questionnaire and were 

retained for analysis. No caries found in 731 (69.4%) study subjects, 

while 322 (30.6%) had evidence of caries in one or more teeth. The 

correlation of ECC studied with each parameter of temperament.

Sociability: Children with caries were found less social (48.6%) 

as compared to non-carious groups (50.5%). The difference was 

statistically significant (p ≤ 0.005) in all the three components 

of sociability namely approach, adaptability and threshold of 

responsiveness [Table/Fig-1]. Adaptability segment of sociability 

has most obvious difference (p = 0.002).

Emotionality: Children with caries had an emotionality score of 35.7 

compared to 35.9 in non-carious children. Overall no statistically 

significant correlation observed between ECC and emotionality (p 

= 0.121). However the mood component has statistically significant 

correlation with ECC (p value = 0.003) indicating the children with 

caries had irritable behaviour [Table/Fig-2].  

Energy Score: Children with caries did not show any statistical 

correlation with overall energy levels (p= 0.012), however both 

component of energy scores were lower (35.4 in children with 

ECC and 36.6 in non-carious), indicating these children been less 

energetic as compared to non caries group [Table/Fig-3].   

Attentivity (Fleeting attention): Children with caries were found to 

have higher attentivity score (91.8) as compared to non-carious (18.0) 

with p value of 0.0004 indicating fleeting attention and easily more 

distractible nature as compared to non caries group [Table/Fig-4].  

The score is statistically significant correlation for mood change, 

ability to console, response when engaged in some interesting 

task, and promptness to response components of attentivity. The 

ability to be distracted was not found to have statistically significant 

correlation with ECC.

Rhythmicity Score: Subject with caries had fewer score in 

rhythmicity 15.8 as compared to non-carious (16.7) indicating 

irregular, unpredictable biological functions in children with ECC 

(p=002).  The score has statistically significant values for appetite, 

amount of food intake, sleep, and bowel movement. This indicates 

children with caries were irregular as compared to non caries group 

[Table/Fig-5].   

DISCUSSION
In the present study, children with caries were found to be less 

sociable, moderately emotional, less energetic, highly distractible and 

are less rhythmic. This means the study population demonstrated 

high preference for being alone than in company, shows moderate 

crying/ tantrums, low rates of speaking and moving, have fleeting 

attention and possess irregular biological functions. 

In this study low score of sociability among carious group signifies 

low approach, low adaptability and low threshold of responsiveness. 

The variable approach/ withdrawal refer to a child’s initial reaction to 

unfamiliar situations, such as a new person or environment. A child 
who is very approachable is not shy and will speak to strangers. 
A withdrawn child will not speak to a stranger when spoken to, 
withdraws physically, looks scared or frightened and may even 
cry [6]. Approach / withdrawal significantly predicted all struggling 
behaviour. Children who were less approachable or more withdrawn 
exhibited more disruptive behaviour during dental treatment [6].

Present study’s result showed that low adaptability and low 
adjustability comprised of the carious group children which signifies 
that these children’s attitude towards the preventive and dietary 
measures is difficult to modify which render more susceptible for 
developing carious lesions.

No correlation was observed with emotionality in total in the present 
study. However it was found that the children with caries were 
unhappy and had persistent negative mood. This suggested that 
owing to the caries experience they would have become irritable 
and is persistently in bad mood. These findings justify the low self-
esteem and emotional weakness of the children of caries group.

This study observed low energy level among the children with caries 
as compared to non-carious children. On the other hand due to 
debilitating effects of ECC and due to pain and suffering which the 
carious group children were going through they showed less activity 
& intensity and are thereby less energetic and active as compared 
to caries free children and the difference is statistically significant.

This study shows that sleep deprivation due to caries and disturbed 
sleep may also contribute to such behaviour as stated by Kagan 
et al., that sleep deprivation may affect the child’s temperament 
negatively and compromise the child’s adaptive functioning and 
interactions with others, including parents.

Carious group children in the present study exhibited less attentivity 
scores, indicating more distractibility and fleeting attention as 
compared to non-carious group.

Present study indicates less rhythmicity score observed in children 
with caries, reflecting irregular and less predictable biological 
functions as compared to caries free children.

Moy [11] also found similar clinical results and reported strong 
temper in children with ECC. While very insightful in their ideas 
and suggestions, these studies consisted of small sample sizes as 
compared to present study which has a bigger sample size.

Santos et al., have established that from a clinical point of view 
parental perceptions may be just as important as the child’s actual 
temperament which is in accordance to our study [12].

In yet another study researching the strong tempered profile and 
parental feeding practices, Quinonez et al8found that shyness and 
duration of feeding habit were risk factors for ECC.

Marino [13] found that children with bottle caries were more likely to 
be living in a single parent household. A higher incidence of sleep 
difficulties and strong temper were found in children more likely to 
take the bottle to bed.

Aczmarek [14] found significantly higher intensity decay were 
characterized by children with high levels  features of impulsiveness 
and children with low level features of sadness which is in agreement 
to the present study.

Hayes et al., [15] found that preschool aged night wakers were rated 
as high in intensity in parents’ ratings of the Carey Temperament 
Scale. 

Higher score of intensity and activity among caries free children 
suggests that more physical as well as physiological energy is 
exhibited in child’s behaviour [16].

William CB suggested that poor modulation of regulatory behaviours 

such as sleep, ingestion, elimination or arousal could be expressed 

as rhythmicity problems [17].
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Kendrick et al., [10] concluded  that there is no difference in the 

temperaments between the group of children with Baby Bottle 

Tooth Decay and the comparison group of children without Baby 

Bottle Tooth Decay which is in contrast to the present study.

Roy et al., [18] investigated the gender differences in temperament. 

It was found that girls were less socially desirable than boys.  Boys 

had higher activity level and non adaptability and as far as threshold 

level was concerned girls were rated as more sensitive. 

Hayes et al., [15] examined associations among temperament 

and sleep measures of 67 children. Temperamentally, bed sharers 

were found to be more intense and exhibit less adaptability and 

rhythmicity which corroborates with the present study.

Malhotra and Kaur [19] showed that children of psychotic as well 

as neurotic parents had low sociability, i.e., were withdrawing and 

less adaptable, lower emotionality (persistently negative mood), 

lower energy, i.e., less activity and less intensity of emotions, low 

distractibility and less regular biological rhythms.

CONCLUSION
Study found statistically significant correlation of ECC with sociability, 

energy score, attentivity and rhythmicity. No such correlation was 

found with Emotionality. 

It can be concluded that the children with ECC are less sociable, 

less energetic, highly distractible and less rhythmic as compared to 

their non-carious counter parts.
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ORIGINAL ARTICLE

Comparative Evaluation of Antimicrobial Activity of 
Quercetin against Endodontic Pathogens in Primary Molars
Shagun Sinha1, Roopa Korishettar2, Poornima Parameswarappa3, Neena I Eregowda4, Mallikarjun Kenchappa5, 
Shilpa Sasalawad6

AB S T R AC T 
Background: Endodontic irrigants have an important role in endodontic treatment of primary teeth, owing to their complex anatomy. Quercetin 
is a natural !avonoid that exhibits signi"cant antimicrobial properties.
Objective: To evaluate the antimicrobial activity of 0.2% chlorhexidine, 1% (w/v) quercetin, and 2% (w/v) quercetin against endodontic 
pathogens in primary molars.
Materials and methods: A total of 15 patients of 4–7 years of age with nonvital carious primary molars were selected. A sample from the root 
canal was obtained using number 15 paper point. Antimicrobial activity was measured using the disk di#usion method, for the following 
solutions: group I: 0.2% chlorhexidine solution, group II: 1% w/v quercetin solution, and group III: 2% w/v quercetin solution. For each sample, 
microbial culture was done under the microaerophilic condition. After 24 hours, the maximum inhibition zone was recorded in millimeters.
Results: The highest inhibition was shown by group I, 13.13 ± 0.74, followed by group III, 12.00 ± 0.65, and the lowest in group II, i.e., 8.53 ± 
0.63. On comparison between groups, statistically signi"cant di#erence was noted.
Conclusion: Maximum antimicrobial activity was shown by 0.2% chlorhexidine, followed by 2% quercetin that showed signi"cant antimicrobial 
activity against endodontic pathogens in primary molars.
Keywords: Antimicrobial, Chlorhexidine, Endodontic pathogen, Primary molars, Quercetin.
CODS Journal of Dentistry (2018): 10.5005/jp-journals-10063-0042

IN T R O D U C T I O N 
Microbial infection of the root canal system is the key etiology 
behind endodontic infections. The main objective of pediatric 
endodontic therapy is to maintain the primary teeth in the dental 
arch and to facilitate the proper eruption of permanent successors. 
The role of a clinician is to maintain strict asepsis in the vital pulp 
situation and to attain antisepsis for nonvital and necrosed pulps. 
Hence, the microbial reduction or elimination from root canals 
of infected teeth is vital for successful treatment.1 Endodontic 
infection in primary teeth is polymicrobial in nature, comprising 
of aerobic, anaerobic, and facultative microbes.2

The endodontic instrumentation alone is inefficient in 
eliminating the micro!ora from the root canals of primary teeth 
mechanically owing to their structural complexity. The dependence 
on irrigating solutions becomes more crucial, especially in primary 
teeth due to thin dentinal walls, complex morphology, and tortuous 
root canals.3

An ideal endodontic irrigant should exhibit powerful 
antimicrobial activity, dissolve organic tissue remnants, disinfect 
the root canal space, !ush out debris from the instrumented root 
canals, provide lubrication, and have no cytotoxic e#ects on the 
periradicular tissues.1 Numerous formulations have been used in 
root canals of permanent teeth with their respective advantages 
and disadvantages. However, there are lack of studies related to 
e$cacy of root canal irrigants used in primary teeth. 5.25% sodium 
hypochlorite and chlorhexidine are the commonly used irrigants. 
Each has its own merits and demerits. Sodium hypochlorite shows 
signi"cant antimicrobial activity and tissue-dissolving property. 
However, it is toxic to periapical tissues, allergic, and has unpleasant 
taste.4 Chlorhexidine shows substantivity and lower cytotoxicity. 
But it lacks the ability to dissolve the necrotic pulp tissue and 

exhibits limited activity against gram-negative bacteria.5 Hence, 
the search for an ideal irrigating solution for endodontic treatment 
in primary and permanent teeth is still ongoing.

In the past few years, researchers have shown great interest in 
the investigation of natural products to determine their e$cacy 
for various medical purposes, because of several advantages like 
ample material sources, ease of use, better e$cacy, and less side 
e#ects.6 Various endodontic irrigants derived from natural sources 
have been tested for their e$cacy in the recent years. Some of 
these include propolis, neem, aloe vera, garlic, triphala, and grape 
seed extract.7

Flavonoids are natural pigments with variable phenolic 
structures and are found in fruit, vegetables, grains, bark, roots, 

1Department of Pedodontics and Preventive Dentistry, Institute 
of Dental Studies and Technologies, Modinagar, Ghaziabad, Uttar 
Pradesh, India
2–6Department of Pedodontics, College of Dental Sciences, Davangere, 
Karnataka, India
Corresponding Author: Shagun Sinha, Department of Pedodontics 
and Preventive Dentistry, Institute of Dental Studies and Technologies, 
Modinagar, Ghaziabad, Uttar Pradesh, India, Phone: +91 9743493032, 
e-mail: shagun3.sinha@gmail.com
How to cite this article: Sinha S, Korishettar R, Parameswarappa P, et al. 
Comparative Evaluation of Antimicrobial Activity of Quercetin against 
Endodontic Pathogens in Primary Molars. CODS J Dent 2018;10(1): 
7–10.
Source of support: Nil
Con!ict of interest: None 

 

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to 
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain 
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.



Comparative Evaluation of Antimicrobial Activity of Quercetin against Endodontic Pathogens in Primary Molars

CODS Journal of Dentistry, Volume 10 Issue 1 (January–June 2018)8

stems, !owers, tea, and wine. The four main groups of !avonoids 
include !avones, !avanones, catechins, and anthocyanins. The 
flavones are characterized by a planar structure because of a 
double bond in the central aromatic ring.8 One of the widely 
researched !avonoid, quercetin, is a member of this group. It is 
found in abundance in onions, apples, broccoli, and berries. The 
key e#ect of !avonoids is their ability to scavenge oxygen-derived 
free radicals. Various studies have reported that !avonoids possess 
anti-inflammatory, antiallergic, antiviral, and anticarcinogenic 
properties. Quercetin is known to exhibit signi"cant antimicrobial 
property.9 Its antibacterial action probably depends on disruption of 
the membrane and inactivation of extracellular proteins by forming 
irreversible complexes, but the exact mechanism remains unclear.6

However, there is paucity of literature on evaluation of the 
antimicrobial e$cacy of quercetin against endodontic pathogens. 
Thus, the present study was conducted to comparatively evaluate 
the antimicrobial e$cacy of 1% (w/v) and 2% (w/v) quercetin against 
endodontic pathogens in primary teeth.

MAT E R I A L S A N D ME T H O D S 
Preparation of Irrigant Solution
1% (w/v) and 2% (w/v) solution of quercetin was prepared by adding 
1 g and 2 g of pure quercetin powder (Purebulk, USA) to 100 mL 
of 50% dimethylsulfoxide (DMSO) (Himedia, Mumbai) solution, 
respectively. 0.2% chlorhexidine solution (Indoco Remedies, India) 
was used as the control irrigant.

Source of Data
A total of 15% patients with age ranging from 4% years to 7% years, 
reporting to the Department of Pedodontics and Preventive 
Dentistry with nonvital carious primary molars, were selected for 
the study. Ethical clearance was taken from the institutional review 
board. A written consent was obtained from the parents prior to the 
procedure. Study design was experimental, in vivo study. Children 
with nonvital carious primary molar were included in the study. 
Molars showing less than two-thirds of root length, mobility, or 
resorption and children with systemic illness were excluded from 
the study.

Collection of Samples
Samples of endodontic micro!ora were isolated from root canals 
of primary molars. The sample thus obtained simulated the !ora 
at the periapex of the tooth.

The oral cavity and the tooth of interest were disinfected 
with povidone iodine to obtain a sterile "eld. Coronal access was 
gained to the root canals of the involved teeth under rubber dam 
isolation. Access was gained and all carious tissues were removed 
using a large round bur. In mandibular primary molar distal canal 
and in maxillary primary molar palatal canal were chosen for the 
sampling procedure. The pulp was extirpated with the help of a 
no. 15 sterile barbed broach. Following this, a no. 15 sterile paper 
point was inserted into the canal, 1% mm short of radiographic 
apex and held there for 2 minutes to obtain a sample of the mixed 
culture of microorganisms. This paper point was then transferred 
to a sterile test tube containing 2%mL of brain heart infusion (BHI) 
broth. The samples were taken to the microbiology lab for further 
processing.10

To check the antimicrobial e$cacy of the irrigants, the Agar disk 
di#usion method was used. The irrigants were divided into three 
groups: group I: 0.2% chlorhexidine solution, group II: 1% (w/v) 
solution of quercetin, and group III: 2% (w/v) solution of quercetin.

Culture of Samples
Blood agar Petri plates were prepared and 200% &L of microbial 
inoculum was spread uniformly onto the agar plates using a sterile 
cotton swab. Following this, 30 &L of irrigant solution from each 
of the three groups was poured onto three corresponding sterile 
"lter paper disks (6 mm diameter) using a pipette. The disks were 
then placed equidistantly on the agar Petri plates using a sterile 
tweezer. For each sample, one Petri dish was cultured under the 
microaerophilic condition in a candle jar at 37°C for 24 hours. After 
24 hours, the diameter of maximum growth inhibition around each 
disk was measured and recorded using a divider and a vernier 
caliper (Fig. 1).11

Statistical Analysis
The mean inhibition zone for all three groups was determined in 
millimeter. The statistical analysis of data was done using Tukey 
post hoc tests.

RE S U LTS 
Table 1 and Figure 2 show the mean zone of inhibition for all the 
three groups under the microaerophilic condition. The highest 
inhibition zone was shown by group I, that is, 13.13 ± 0.74, followed 
by group%III, with 12.00 ± 0.65, and the lowest zone was observed 
in group II, i.e., 8.53 ± 0.63.

Table 2 shows comparison between the mean zone of inhibition 
(mm ± SD) for all the three groups under the microaerophilic 
condition. When group I was compared with group%II and group%III, 
group% II was compared with group% I and group% III, and group% III 
was compared with group% I and group% II, statistically signi"cant 
di#erence was noted (p = 0.000).

Fig. 1: Cultured Petri plate showing zone of inhibition under 
microaerophilic conditions

Table 1: Mean zone of inhibition (mm) under microaerophilic conditions

Group n Mean Std. deviation
Group I 15 13.1333 0.74322
Group II 15 8.5333 0.63994
Group III 15 12.0000 0.65465
Total 45 11.2222 2.08772

p < 0.05, signi"cant
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DI S C U S S I O N 
Microbial reduction is the key objective of the endodontic therapy, 
which consecutively promotes the normal healing process of the 
periodontal tissues.1 During the biomechanical preparation of teeth 
with periapical lesions, endodontic irrigants play an important role 
in disinfecting the root canals.

Primary root canal infections are polymicrobial, typically 
dominated by anaerobic bacteria.2 The most frequently isolated 
microorganisms before root canal treatment include gram-
negative anaerobic rods, gram-positive anaerobic cocci, gram-
positive anaerobic and facultative rods, Lactobacillus species, and 
gram-positive Streptococcus species.12 Ruviére et al. evaluated 
the microbial species present in root canals of infected primary 
teeth. The microbes associated with root canals of teeth showing 
irreversible pulpitis were Campylobacter rectus (87%), Gemella 
morbillorum (78%), Streptococcus gordonii (71%), Capnocytophaga 
ochracea (69%), Treponema denticola (58%), and Streptococcus 
intermedius (49%). Whereas, the most prevalent species in root 
canals with teeth showing apical periodontitis were C. rectus 
(90%), T. denticola (88%), S. intermedius (77%), G. morbillorum (73%), 
Streptococcus oralis (67%), C. ochracea (63%), S. gordonii (55%), 
Streptococcus mitis (51%), and Leptotrichia buccalis (51%).13 A high 
percentage of failure after endodontic treatment of teeth with 
periapical lesions has been related to implications of the microbial 
origin.14 The obligate anaerobes are rather easily eradicated during 
root canal treatment. On the other hand, facultative bacteria such 
as Enterococci and Staphylococcus, once established, are more likely 
to survive chemomechanical instrumentation of the root canal.1

Many natural plants and their extracts have been used 
for medical purpose for centuries and their biological and 
pharmacological ef fects have attracted more and more 
investigations in recent years.6 Flavonoids, the main bioactive 
compound found in many natural products, such as green tea 
and cranberry, are known to be e#ective antimicrobial agents 
against a wide array of microorganisms. Quercetin is a natural 
!avonoid that exists in various parts of plants. It is known to exhibit 
antimicrobial properties. It inhibits gram-positive and gram-
negative bacteria through inactivating extracellular proteins. Apart 
from antimicrobial activity, it also displays other bene"cial e#ects: 
antitumor, antioxidant, anti-in!ammatory, and antiviral.9

The present study aimed at comparative evaluation of the 
antimicrobial activity of 0.2% chlorhexidine, 1% (w/v) quercetin, 
and 2% (w/v) quercetin against endodontic pathogens isolated from 
root canals of primary molars. As 0.2% chlorhexidine is a commonly 
used irrigant in endodontics with signi"cant antimicrobial activity, it 
was used as positive control.15,16 Since quercetin is known to exhibit 
antimicrobial properties, but till date no study has been done to 
evaluate its e$cacy against endodontic pathogens in primary teeth, 
it was chosen for the present study. As quercetin is insoluble in 
water, 50% DMSO was used as a solvent. Dimethylsulfoxide has no 
e#ect on microorganisms and it also potentiates the action of the 
extract, as stated by Bhargava et al.11 The samples were obtained 
from nonvital primary molars using a paper point. The palatal 
canal for maxillary molar and the distal canal for mandibular molar 
were chosen for collecting the sample as they are wider and easily 
accessible.10 Antimicrobial e$cacy was evaluated using the disk 
di#usion test and the maximum inhibition zone was measured 
after 24 hours.11

Results of the present study showed that under the 
microaerophilic condition, 0.2% chlorhexidine (13.1 mm) exhibited 
maximum antimicrobial activity, followed by 2% quercetin (12 mm), 
and least antimicrobial activity was shown by 1% quercetin 
(8.5 mm). On comparison between groups, statistically signi"cant 
di#erence was present.

In our study, 0.2% chlorhexidine showed the highest 
antimicrobial activity against endodontic pathogens. This "nding 
is consistent with studies done by Bulacio Mde et al. who stated 
that 0.2% chlorhexidine showed signi"cant antimicrobial activity 
against E. fecalis with an inhibition zone of 14 mm.15 A study done 
by Ferraz et al. also showed that 0.2% chlorhexidine exhibited 
significant antibacterial effect against different endodontic 
pathogens, with the inhibition zone ranging from 4 mm to  
12%mm.16 The antimicrobial e#ect of chlorhexidine is due to the 
interaction of the positive charge of the chlorhexidine molecule 
and the negatively charged phosphate groups on microbial cell 
walls, thereby altering the cell’s osmotic equilibrium. This increases 
the permeability of the cell wall, which allows the CHX molecule to 
penetrate into the bacteria.17

Also, in the present study, 2% quercetin showed signi"cant 
antimicrobial activity, close to that of 0.2% chlorhexidine against 
endodontic pathogens under microaerophilic conditions. This is 
in agreement with the study done by Shu et al. who concluded 
that quercetin exhibits signi"cant antimicrobial activity against 
several oral infectious pathogens including S. mutans, S. 
sobrinus, L. acidophilus, S. sanguis, A. actinomycetemcomitans, and  
P. intermedia.9

Li and Xu have also stated that quercetin shows potent 
antimicrobial e$cacy against periodontal pathogens including 
A. actinomycetemcomitans, A. viscosus, P. gingivalis, F. nucleatum, and 

Fig. 2: Mean zone of inhibition (mm) under microaerophilic conditions

Table 2: Multiple comparison between groups using Tukey’s post hoc 
tests under microaerophilic conditions

(I) (J)
Mean di!erence 
(I–J) Std. error Sig.

Group I Group II 4.60000 0.24859 0.000
Group III 1.13333 0.24859 0.000

Group II Group I !4.60000 0.24859 0.000
Group III !3.46667 0.24859 0.000

Group III Group I !1.13333 0.24859 0.000
Group II 3.46667 0.24859 0.000

p < 0.05, signi"cant
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A. naeslundii.18 Patra et al. concluded in their study that quercetin 
possesses antibacterial activity against S. mutans.19 A study 
was by Contini et al. showed that quercetin shows antibacterial 
property against S. mutans and Staphylococcus aureus.20 According 
to Cowan, the antibacterial mechanism of quercetin probably 
depends on disruption of the membrane and inactivation of 
extracellular proteins by forming irreversible complexes but the 
exact mechanism remains unclear.6

CO N C LU S I O N 
In the present study, significant antimicrobial activity against 
endodontic pathogens in primary molars was shown by 0.2% 
chlorhexidine and 2% (w/v) quercetin, whereas 1% (w/v) quercetin 
showed low antimicrobial e$cacy. On comparison between groups, 
0.2% chlorhexidine showed maximum antimicrobial efficacy, 
followed by 2% (w/v) quercetin, and lastly by 1% (w/v) quercetin. 
In terms of antimicrobial e$cacy against endodontic pathogens 
in primary molars, quercetin shows promising results. However, 
since our study is "rst of its kind, more studies are required before 
coming to a de"nite conclusion.
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Abstract

Introduction: Revascularization is new treatment modality and is very valuable treatment option for immature
necrotic teeth with open apex.

Methods: An 8-year-old boy with traumatized upper right central incisor. The clinical and radiographical
examinations revealed uncomplicated crown fracture, tenderness and periapical radiolucency with immature root.
Revascularization was planned to treat the tooth. The tooth root canal was irrigated 2.5% NaOCl, followed by 2
weeks of triple antibiotic (metronidazole, ciprofloxacin and minocycline) paste. Then antibiotic paste was removed,
bleeding was induced, and cavity was sealed with MTA.

Results: In clinical and radiographical examinations in follow up visits the tooth was asymptomatic and functional,
periapical radiolucency was healed, and root continued to develop with apical foramen became narrower.

Conclusion: Revascularization is an effective treatment for immature necrotic teeth. In addition, triple antibiotic
paste provides sterile environment for regeneration.

Keywords: Revascularization; Regeneration; Triple antibiotic paste;
Immature tooth; Maturation

Introduction
Management of anterior tooth trauma related with loss of tooth

vitality becomes complex when present in an immature tooth. It
frequently leads to termination of root development with an open apex
[1]. Generally, it was treated with apexification, which apart from
being unpredictable, is also time consuming. Treatment modalities
have taken a paradigm shift in the treatment of such teeth, where most
of the cases are now being treated with revascularization [2]. In 1966,
Rule and Winter documented root development and apical barrier
formation in cases of pulpal necrosis in children. Ostby in year 1967
introduced the concept of revascularization. Hoshino et al. in 1996
used triple antibiotic dressing using ciprofloxacin, metronidazole and
minocycline [3,4].

Revascularization is defined as replacement of damaged tissue by
cells identical to the lost tissue, leading to the complete reestablishment
of biological function [5]. Revascularization promotes the normal pulp
physiological functions and helps in healing of apical periodontitis,
root development, and restoring normal sensation [6]. Disinfection of
root canals for revascularization has been documented by two
methods in the literature: one using calcium dihydroxide and second
using triple antibiotic paste both are two step procedures [7].

This article presents a case of revascularization of traumatized
anterior tooth based on the procedures of providing an environment
suitable for root maturation through disinfection of root canal using
triple antibiotic mixture as an intracanal medicament and inducing
blood clot for revascularization.

Case Report
A healthy 8-year-old boy reported to the Department of

Pedodontics and Preventive dentistry, with sharp, continuous pain in
upper right tooth. He gave the history of trauma to the maxillary
central incisors one week before. On intraoral examination, an
uncomplicated crown fracture was observed in the maxillary right
central incisor involving the pulp. The tooth was tenderness on
percussion, and slight mobile.

Figure 1: A radiolucent periapical lesion.

The associated gingival tissue and vestibular region seemed normal.
The left central incisor had only enamel fracture and was completely
asymptomatic. A diagnostic intra oral periapical radiograph was taken
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which showed fractured crown exposing the pulp chamber in 11. The
root apex was incompletely formed along with a radiolucent periapical
lesion (Figure 1).

The pulp tested non-vital and thus a diagnosis of apical
periodontitis was made. Revascularisation for the traumatized tooth
was planned and parental consent was obtained for the same after
explaining the procedure to the parents. Access was gained into the
pulp chamber under local anesthesia and rubber dam. The pulp was
completely extirpated from the pulp chamber using a spoon excavator
and from the canal with a barbed broach. Instrumentation was not
carried out in the canal and copious irrigation was done using 2.5%
sodium hypochlorite and saline.

A consistency of creamy paste was made by mixing equal
proportion of metronidazole (Flagyl, Piramal healthcare),
ciprofloxacin (Northstar Rx LLC, Memphis) and Minocycline
(Ranbaxy laboratory limited) with sterile water. After drying the canal
with paper points, this triple antibiotic paste was condensed into the
canal space using a blunt end of sterile paper points. Access cavity was
sealed off using temporary filling material and the patient was given an
appointment two weeks later. On the second visit, the tooth was
completely asymptomatic, rubber dam was applied, temporary filling
was removed, and canal was irrigated with 2.5% sodium hypochlorite
and saline to remove the entire medicament.

Figure 2: Periapical lesion sealed with glass ionomer cement.

Then, a sterile K-file was used to induce intracanal bleeding by
inserting file 2 mm beyond the apical end of the canal. Approximately
15 minutes were allowed for clot to reach cementoenamel junction and
after which the clot was stable. MTA was mixed and applied over the
clot. Further it was sealed with glass ionomer cement (Figure 2). At the
end of 1 month follow up, the patient was asymptomatic with no pain
or tenderness. Diffuse radiopacities within the confines of the canal
space was seen on the radiographic evaluation (Figure 3). After 6
months, the radiographic evaluation showed significant apical
development of the tooth as well as closure of the apex with narrowing
of the canal space (Figure 4).

In the case of 21, initially only enamel fracture was suspected, and
so composite restoration was preferred. But after one month, the tooth
showed abscess. Similar procedure for revascularization was
undertaken but the tooth did not heal and became tender. Eventually, it
was endodontically treated.

Figure 3: Radiographic evaluation of Diffuse radiopacities within
the confines of the canal space.

Figure 4: Radiographic evaluation of the tooth as well as closure of
the apex with narrowing of the canal space.

Discussion
According to tissue engineering principles, stem cells, scaffolds and

growth factors are three necessary elements for regeneration:
periapical tissues and blood form the main sources of stem cells,
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whereas the growth factors and scaffolds can come from the intracanal
blood clot.

Pulp revascularization is dependent on the ability of residual pulp
and apical and periodontal stem cells to differentiate. These cells have
the capacity to generate a highly vascularized and a conjunctive rich
living tissue. This one is able to colonize the available pulp space and
subsequently, these stem cells will differentiate into newly formed
odontoblasts that will induce an apposition of hard tissue [7].

Hertwig’s sheath if survives in cases of apical perodontitis or
abscess, determines the continued root development in
revascularization. It may also be involved in the regulation of the
differentiation of periodontal ligament stem cells with the formation of
cementum [8].

Case selection also plays an important role in this type of treatment
plan. An apical opening greater than 1 mm in a mesiodistal dimension
radiographically has higher success rate as it allows ingrowth of vital
tissue [9]. According to Kling an apical opening greater than 1 mm
mesiodistally was associated with successful revascularization of
avulsed permanent teeth, while no revascularization was seen in teeth
with smaller apical opening [10].

Instrumentation was not done as it may damage the fragile dentinal
walls and can also cause injury to the stem cells present in the apical
area of these dentin walls. Apical area also harbors growth factors
which along with other cells are essential for the regeneration process
which might be eliminated due to instrumentation. The odontoblasts
and epithelial cells of Hertwig’s Sheath are present in large quantity in
the apical area of immature teeth and are capable to resist
inflammation. These cells are able to differentiate into secondary
odontoblasts that generate dentin on root canal walls and thus allow
root maturation [7].

The canal was copiously irrigated with 2.5% sodium hypochlorite.
The concentration of 2.5% is considered as best compromise between
efficiency and lack of toxicity [7]. Cunningham showed that elevation
of the temperature at 37°C of the 2.5% sodium hypochlorite solution
potentiates its solvent power and its efficiency as well [11].

Hoshino stated that that each antibiotic used alone is ineffective
against bacteria present in pulp, dentine, and apical lesions, while the
trio of antibiotics allows complete sterilization of canals [12,13]. In the
present case the triple antibiotic paste consisted of metronidazole
(spectrum of anaerobic bacteria and protozoa), minocycline (spectrum
of gram+ and gram−), ciprofloxacin (spectrum of gram+ and gram−),
thus covering the whole spectrum of microbes. Metronidazole and
ciprofloxacin may have the potential to induce the formation of
fibroblasts [14]. Bose documented that the use of triple antibiotic paste
shows the maximum percentage increase in thickness of the dentinal
canal walls when compared calcium dihydroxide and formocresol [15].
Triple antibiotic paste is very efficient against bacteria often present in
apical lesion and minocycline seems to be its most active component
[7]. A bacteria free canal is a prerequisite for tissue regeneration but
there will be no tissue growth in an empty space. So, induction of
blood clot is of utmost importance, as its constituent’s growth and
differentiation factors from periapical tissue may acts as scaffold which
will further promote the growth of new tissue in the disinfected
necrotic immature tooth [9].

Lastly the coronal seal consisted of MTA followed by glass ionomer
cement that provided a bacterial-tight seal.

Conclusion
Revascularization after sterilization via blood clot formation in

immature traumatized teeth is a very simple, practical and promising
approach that leads to apical hard tissue deposition. It also reduces
possibilities of immune rejection and contamination as the canal is
filled with patients own blood. The triple antibiotic paste seems to be
the most suitable in order to avoid problems associated with calcium
dihydroxide which include weakening dentinal walls, inducing tissue
necrosis, and decreasing effectiveness by infectious exudates. The three
antibiotics cover provides sterile root canals and also show minimum
stem cells cytotoxicity when used in adequate concentration.
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A B S T R A C T 

Background: Smoking is one of the global problems causing different disease. Smoking cause variation in 
different parameters of blood among which haemoglobin is believed to be increased due to smoking. 
Objective: To compare the effect of smoking on hemoglobin levels between smokers and non-smokers. 
Materials and methods: A crosssectional comparative study was conducted in Department of Pathology, 
Hematology Laboratory. Total of 40 sample size which compromised of 20 smokers and 20 non-smokers 
were included the study. Haemoglobin was estimated by Sahli’s method. A p-value less than 0.05 was 
considered statistically significant. Results: The (Mean ± SD) Hb for smokers was 16.32  ± 0.84 g/dl and 
for non-smokers was 13.64 ± 0.76 g/dl and (p = 0.0001) respectively. Conclusion: The present study 
showed that the haemoglobin level of smoker group was higher than the non-smoker group. Further 
substantial studies in large population should be conducted to generalize this findings. 

 

INTRODUCTION  

Smoking is a practice in which substance like tobacco is 

burned and tasted or inhaled. Globally , smoking kills 

more than four million people every year and likely to 

cause more premature death by 2020.1,2 The most 

common method of smoking is industrially manufactured 

cigarettes but also hand rolled from loose tobacco and 

rolling paper. Other smoking implements include pipes, 

cigar, bidis, hookahs, vaporizers and bongs. Toxic 

ingredients in cigarette smoke circulates throughout the 

body causing damage in several different ways. The 

burning tobacco and paper produce more than four 

thousand chemical compounds in the form of gases, 

vapours and particulates like carbonmonoxide, hydrogen 

cyanide, phenols, ammonia, formaldehyde, benzene, 

pyrene, nitrosamines, nicotine and tar.3 Smoking is 

known cause of increase in haemoglobin (Hb) 

concentration, that is believed to be mediated by 

exposure of carbon monoxide. Carbon monoxide binds 

to Hb to form carboxyhaemoglobin, an inactive form of 

haemoglobin having no oxygen carrying capacity. 

Carboxyhaemoglobin also shift the Hb dissociation curve 

in the left side, resulting in a reduction in ability of Hb to 

deliver oxygen to the tissue. To compensate the 

decreased oxygen delivering capacity, smokers maintain 

a higher haemoglobin level than non-smokers.4 Tobacco 

smoking is the most important risk factor associated with 

chronic bronchitis and emphysema. Parental smoking is 

said to exacerbate respiratory disease in children. 

Maternal smoking has been shown to be leading cause of 

paediatric deaths from low birth weight, short gestation, 

respiratory distress syndrome and sudden infant death 

syndrome. Many health problems, hematological and 

physiological changes are seen in human body due to 
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smoking.5, 6 The present study was conducted to 

compare the effect of cigarette smoking on haemoglobin 

levels between smokers and age-matched non-smoker 

controls. 

 

MATERIALS & METHODS 

This study was a comparative cross sectional study in 

which purposive sampling technique was done. A total 

40 subjects which were equally divided among smokers 

and non-smokers and age ranging from 20 yrs to 50yrs.  

The smokers were regularly consuming 10-20 cigarettes 

per day for at least 3 years. Blood was collected from 

each sample and was subjected to Sahli’s method. 

 

STATISTICAL ANALYSIS 

Data were entered in MS Excel 2007 and consequently 

analysed by using statistical software SPSS (SPSS Inc., 

Chicago USA). P value less than 0.05 was considered 

statistically significant at 95% Confidence Intervals.  

Results 

The study sample comprised of 40 subjects out of which 

20 were smokers and 20 were non smokers. The (Mean ± 

SD) Hb for smokers was 16.32  ± 0.84 g/dl and for non 

smokers was 13.64 ± 0.76 g/dl and (p = 0.0001) 

respectively (Table 1). 

 
DISCUSSION 

Smoking is hazardous to health; everyone knows that. 

However, many people fail to realize the true impact 

of smoking, which not only affects the smoker’s health 

but the health of others surrounding them. People have 

very little idea of the types of health related issues 

smoking can cause not just for those who smoke 

actively themselves but also for people who take in the 

smoke passively. So, before you pick up another 

cigarette, here are things you need to know about the 

effects of smoking. Smoking is one of the important  

Table 1: Haemoglobin concentration of smokers and non-smokers 

 
 

factors which increases the haemoglobin (Hb) 

concentration, that is believed to be mediated by 

exposure of carbon monoxide. Carbon monoxide binds 

to Hb to form carboxyhemoglobin, an inactive form of 

haemoglobin having no oxygen carrying capacity. 

Carboxyhemoglobin also shift the Hb dissociation 

curve in the left side, resulting in a reduction in ability 

of Hb to deliver oxygen to the tissue. To compensate 

the decreased oxygen delivering capacity, smokers 

maintain a higher haemoglobin level than non-

smokers. Studies on reference intervals in hematology 

published in recent years have often concerned data on 

important subsets of populations such as the elderly, 

children or pregnant women, but not on the healthy 

adult population. In hematology, other challenges are 

often met, because, with the exception of the 

concentration of haemoglobin, native samples must be 

measured fresh, and cannot be reanalyzed after 

storage. Properly defined reference intervals will result 

in better interpretation of laboratory results. 

Similar result was obtained by Nordenberg D et al, 

1990 who confirmed that haemoglobin levels were 

  Smoking N Mean p-value 

Hb Smokers 20 16.32 + 

0.84 

0.0001 

Non-

smokers 

20 13.64 + 

0.76 
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significantly higher for smokers than non-smokers. 

Muhammad A M et al, 2010 remarked, smoking is 

associated with increase hemoglobin levels in total 

blood. Ishizaka N et al in their study compared the 

non- smokers with smokers and found that the 

haemoglobin level were significantly higher in the 

smokers. Similarly Tirlapur VG et al, 1983 concluded 

that haemoglobin concentration increased with 

advancing age in heavy smokers of both sexes. 

Aitchison R et al, 1988 showed in his findings that, 

increased carboxyhemoglobin levels were seen in the 

samples of study because of smoking. Milman N et al, 

1984 found during his study that, tobacco smoking has 

an increasing effect on haemoglobin concentration in 

both genders. Our study showed similar results as 

previous study. 

 

CONCLUSION 

The results of the present study confirm that 

haemoglobin level is significantly higher in smokers 

than non-smokers. Further large scale studies 

including different age groups should be required to 

confirm these findings. Moreover mass campaign 

should be conducted by government, media and other 

resources to create awareness, regarding harmful 

effects of cigarette smoking.  
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Introduction
Fungi	 are	 normally	 seen	 in	 soil,	 manure,	
and	 fruits.	 The	 nose	 and	 paranasal	 sinuses	
are	commonly	 involved	by	 infections	caused	
by	 organisms	 entering	 through	 inhaled	
dust.[1]	 Usually,	 mucor	 fungi	 responsible	
for	 mucormycosis	 are	 nonpathogenic	 but	
may	 present	 as	 an	 opportunistic	 infection	 in	
patients	on	cytotoxic	drugs,	diabetes	mellitus,	
renal	 failure,	 leukemia,	 cirrhosis,	 and	 severe	
burns.[2]	The	 organisms	proliferate	 in	 tissues,	
vessel	 walls,	 perineural	 spaces,	 and	 have	 a	
predilection	 for	 muscle	 layers	 of	 arteries,	
veins,	 and	 lymphatics,	 causing	 thrombosis	
and	 infarction.	 This	 causes	 invasion	 of	 the	
organism	 into	 the	 orbit	 and	 cranial	 vault	
leading	to	meningoencephalitis	and	cavernous	
sinus	 thrombosis,	 which	 may	 present	 as	
facial	 pain,	 swelling,	 orbital	 cellulituis,	
proptosis,	 loss	 of	 vision,	 ophthalmoplegia,	
necrosis	 of	 nasal	 turbinates	 and	 palate	 as	
well	 as	 osteomyelitis	 of	 facial	 bones.[3]	Most	
reported	 cases	 of	 mucormycosis	 affecting	
facial	 region	 have	 been	 disseminated	 with	
orbital	 and	 cranial	 involvement.	 This	 is	 a	
rare	 localized	 form	 of	mucormycosis.[4,5]	We	
report	 this	 case	 to	 make	 clinicians	 aware	 of	
the	 clinical	 presentation	 of	 this	 disease	 for	
early	 diagnosis	 and	 treatment	 of	 this	 fatal	
infection.

Case Report
A	 57‑year‑old	 male	 patient	 reported	 to	 our	
department	 of	 oral	 medicine	 and	 radiology	
with	 a	 complaint	 of	 painful	 ulcer	 on	 the	
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Abstract
Mucormycosis	is	an	acute,	fulminating,	fungal	disease	that	frequently	involves	oral,	cranial,	and	facial	
structures.	 It	 is	 an	opportunistic	 fatal	 infection	which	occurs	 in	debilitating	and	 immunosuppressive	
states.	 This	 report	 documents	 a	 rare	 case	 of	 localized	 maxillary	 mucormycosis	 in	 a	 patient	 with	
uncontrolled	diabetes,	with	emphasis	on	early	and	prompt	diagnosis	of	the	same.
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left	 side	 of	 the	 palate	 and	 unhealed	 socket	
for	2	months.	History	of	 the	present	 illness	
revealed	pain	and	discharge	from	the	palate	
for	 2	 months.	 Pain	 was	 insidious	 in	 onset,	
dull,	 gnawing,	 intermittent	 in	 nature,	 lasts	
for	 hours,	 and	 relived	 on	 its	 own.	 Pain	
was	 associated	 with	 discharge.	 There	 was	
no	 history	 of	 paresthesia	 or	 anesthesia	 in	
the	 region	 of	 area	 of	 interest.	 Past	medical	
history	 revealed	 that	 the	 patient	 was	 a	
known	 diabetic	 for	 5	 years	 and	 not	 on	 any	
medications.	 Past	 dental	 history	 revealed	
that	 the	 patient	 reported	 to	 a	 local	 dentist	
2	months	ago	with	tender	swelling	of	gums	
and	 loosening	 of	 teeth.	 The	 condition	 was	
diagnosed	 as	 advanced	 periodontal	 disease	
with	 severe	 bone	 loss	 and	 periodontal	
abscess	 involving	 the	 left	maxillary	 canine.	
The	 patient	 had	 undergone	 localized	 oral	
prophylaxis	 followed	 by	 extraction	 of	 the	
involved	 tooth	 under	 local	 anesthesia	 and	
oral	 prophylaxis	 was	 later	 completed.	 He	
was	 advised	 to	maintain	 good	 oral	 hygiene	
and	 replacement	 of	 missing	 tooth	 once	
the	 socket	 heals.	 Personal	 history	 revealed	
that	 the	 patient	 was	 a	 smoker	 and	 smoked	
2–3	 bundles	 of	 bidi	 for	 35	 years.	 General	
examination	 revealed	 that	 he	 had	 poor	
built	 and	 nourishment	 with	 the	 presence	
of	 pallor	 and	 signs	 of	 anemia.	 The	 patient	
had	 submandibular	 lymphadenopathy	
without	 any	 evidence	 of	 tenderness	 or	
swelling	 extraorally.	 Intraoral	 examination	
revealed	 missing	 left	 maxillary	 canine,	
generalized	 signs	 of	 severe	 periodontitis,	
and	 exposed	 necrotic	 maxillary	 bone	 in	
the	 palatal	 area	 with	 a	 necrotizing	 ulcer.	
The	 ulcer	 extends	 mediolaterally	 from	
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the	 crest	 of	 alveolar	 bone	 at	 canine	 region	 toward	 the	
midline	 of	 hard	 palate	 and	 anteroposteriorly	 from	 palatal	
gingival	 region	 of	 the	 left	 maxillary	 central	 incisor	 to	 the	
left	 maxillary	 second	 molar.	 The	 ulcer	 was	 covered	 by	
brownish	yellow	slough,	deprived	of	soft	tissues.	The	ulcer	
measured	 around	 3	 cm	 ×	 5	 cm	 in	 size	 and	 had	 denuded	
bone	 in	 its	 floor	with	 irregular	margins	 and	 sloping	 edges.	
The	 slough	 was	 scrapable	 with	 evidence	 of	 bleeding	 and	
the	surrounding	mucosa	was	 indurated.	Soft‑tissue	margins	
around	 the	 necrotic	 bone	 appeared	 normal	 with	 no	 signs	
of	 inflammation	 or	 purulent	 discharge	 [Figure	 1].	 Based	
on	 clinical	 findings	 and	 history,	 a	 provisional	 diagnosis	
of	 deep	 fungal	 infection	 and	 a	 differential	 diagnosis	 of	
chronic	nonhealing	ulcer,	mucormycosis,	and	midline	lethal	
granuloma	were	made.

The	 history	 of	 extraction,	 uncontrolled	 diabetic	 status	 and	
nonhealing	wound	with	wide	 extensions,	 and	 osteomyelitic	
type	 of	 destruction	 of	 the	 left	 maxilla	 in	 the	 absence	 of	
systemic	 signs	 and	 symptoms	 of	 bacterial	 osteomyelitis	
prompted	 us	 to	 investigate	 further.	 The	 patient	 was	
later	 subjected	 to	 the	 following	 biochemical	 and	 blood	
investigations	 such	 as	 hemoglobin,	 which	 was	 10.2	 gm%,	
and	fasting	blood	sugar,	which	was	183	mg/dl.	Glycosylated	
hemoglobin	value	was	found	to	be	8.2%	and	was	suggestive	
of	 diabetes	 mellitus.	 Cytological	 smears	 were	 prepared	
from	 the	 lesion	 which	 revealed	 numerous	 fungal	 hyphae	
intermixed	 with	 bacterial	 colonies	 [Figure	 2].	 Biopsy	
under	 local	 anesthesia	 was	 planned	 and	 specimen	 was	
obtained	 from	 the	 palatal	mucosa	 and,	 on	 histopathological	
examination,	 necrosed	 bony	 trabeculae	 showed	 empty	
bone	 lacunae	 [Figure	 3].	 However,	 deeper	 sections	
in	 histopathological	 examination	 on	 lower	 and	 higher	
magnification	(×10	and	×	40,	respectively)	revealed	cellular	
connective	 tissue	 stroma	 with	 large	 nonseptate	 (aseptate),	
with	 randomly	 spaced	 branches	 and	 nonparallel	 sides	 and	
broad	 fungal	 hyphae	 along	with	 few	 areas	 of	 necrosis	 and	
focal	 areas	of	mixed	 inflammatory	cell	 infiltrate	 [Figure	4].	
Periodic	 acid–Schiff	 (PAS)	 and	 Grocott’s	 silver	
methenamine	 (GSM)	 staining	 further	 showed	 broad,	
thick‑walled	 infrequent	 nonseptate	 with	 randomly	
spaced	 branches	 and	 nonparallel	 sides	 indicative	 of	
mucormycosis	[Figures	5	and	6].	Based	on	histopathological	
findings,	 a	final	diagnosis	of	mucormycosis	associated	with	
candidal	osteomyelitis	of	the	palate	was	made.

Sequence of events

First	 and	 2nd	 weeks:	 Local	 surgical	 debridement	 was	
planned	 and	 done	 under	 local	 anesthesia.	 The	 patient	
was	 advised	 for	 mouth	 rinse	 with	 2%	 diluted	 hydrogen	
peroxide	 and	 Betadine®	mouthwash	 (povidone‑iodine	 USP	
1.0%	w/v)	 3	 times	 a	 day	 after	meals	 for	 15	days.	Medical	
treatment	 included	 use	 of	 antibacterial	 drugs	 such	 as	
amoxicillin	 500	 mg	 and	 potassium	 clavulanate	 125	 mg,	
2	 times	 a	 day	 after	 meals	 for	 5	 days.	 Anti‑inflammatory	
drug	 such	 as	 aceclofenac	 100	 mg	 in	 combination	 with	

paracetamol	325	mg,	3	 times	a	day	 (6–8	hourly),	was	also	
given	 for	 5	 days.	 The	 patient	 was	 recalled	 after	 15	 days.	
He	was	 also	 referred	 to	 a	 general	 physician	 for	 evaluation	
of	diabetes	and	treatment	of	the	same.

Figure 1: Intraoral pretreatment picture

Figure 2: Photo micrograph (×40 magnification) showing bacterial colonies 
(red arrow) and candidal (fungal) hyphae (blue arrow)

Figure 3: Necrosed bony trabeculae showing empty bone lacunae
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local/topical	 application	 and	 ketoconazole	 200	mg	 1	 tablet	
daily	for	7	weeks	for	systemic	use.	He	was	also	advised	to	

Third–10th	 weeks	 [Figure	 7]:	 The	 patient	 was	 advised	 to	
use	clotrimazole	1%	w/w	mouth	paint,	3–4	times	a	day,	for	

Figure 4: Deeper sections containing cellular connective tissue stroma 

with large nonseptate (aseptate), broad fungal hyphae suggestive of 

mucormycosis along with few areas of necrosis and focal areas of mixed 

inflammatory cell infiltrate

Figure 5: Periodic acid–Schiff staining showing broad, thick-walled 

infrequent nonseptate with randomly spaced branches and nonparallel 

sides of fungal hyphae

Figure 6: Grocott’s silver methenamine staining showing mucormycosis Figure 7: Healing after 3 weeks

Figure 9: Healing after 18 weeksFigure 8: Healing after 10 weeks
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take	supportive	 therapy	for	2	months	which	 included	5	mg	
folic	 acid	 tablet	 once	 daily	 and	 iron	 therapy	 available	 as	
“Syrup	 Haem	 Up”	 30	 ml	 daily	 before	 meals.	 The	 patient	
was	followed	up	after	8	weeks.

Eleventh–13th	 weeks:	 Surgical	 debridement	 was	 repeated	
and	the	same	treatment	was	continued	for	3	more	weeks.

Fourteenth–17th	 weeks:	 A	 remarkable	 healed	 alveolar	
mucosa	 was	 observed	 in	 the	 regions	 of	 23	 and	 24	 with	
regeneration	 of	 palatal	 mucosa	 in	 the	 posterior	 part	 of	
the	 denuded	 bone	 and	 area	 of	 denuded	 bone	 reduced	 up	
to	 50%	 [Figure	 8].	 The	 patient	 was	 again	 recalled	 after	
4	weeks.

Eighteenth	week:	Significant	healing	of	denuded	mucosa	and	
bone	was	seen	and	the	lesion	healed	up	to	80%	with	no	fresh	
complaints	[Figure	9].	The	patient	was	advised	to	continue	the	
same	treatment	for	the	next	2	weeks	so	that	the	total	duration	
of	 treatment	 becomes	 20	 weeks	 (5	 months).	 Unfortunately,	
the	patient	was	lost	to	follow‑up	after	this	visit.

Discussion
Paltauf	 in	 1885	 was	 the	 first	 to	 describe	 mucormycosis.[1]	
Mucormycosis	is	a	rare,	rapidly	progressive,	and	often	fatal	
opportunistic	 infection	 caused	 by	 fungi	 belonging	 to	 the	
class	 zygomycetes/phycomycetes,	 order	 mucorales.	 It	
represents	 the	 third	 most	 common	 angio‑invasive	 fungal	
infection	 after	 candidiasis	 and	 aspergillosis.	 These	 fungi	
are	 ubiquitous,	 usually	 harmless,	 and	 become	 pathogenic	
in	 humans	 under	 certain	 conditions.[5]	 The	 common	
predisposing	 conditions	 causing	 mucormycosis	 are	 as	
follows:[6]
1.	 Uncontrolled	 diabetes	 mellitus	 is	 the	 single‑most	

common	 predisposing	 factor,	 especially	 when	
associated	 with	 ketoacidosis.	 Such	 patients	 have	
decreased	 granulocyte	 phagocytic	 ability	 with	 altered	
polymorphonuclear	 leukocyte	 response.	 Mucor	
thrives	 in	 an	 acidic	 pH	 and	 glucose‑rich	 medium.	
Hyperglycemia	 enhances	 fungal	 growth	 and	 impairs	
neutrophil	 chemotaxis,	 while	 lactic	 acidosis	 decreases	
phagocytosis

2.	 Immunocompromised	 states	 such	 as	 deficient	 T‑cell	
immunity.	 Reports	 have	 suggested	 that	 the	 ability	
of	 serum	 of	 immunocompromised	 patients	 to	 inhibit	
Rhizopus in vitro is	reduced,	which	makes	them	suitable	
hosts	to	opportunistic	fungal	infections

3.	 Hematological	 malignancies	 such	 as	 leukemia	 and	
lymphoma

4.	 Bone	marrow	transplants	or	organ	transplantations
5.	 Use	 of	 drugs	 such	 as	 corticosteroids	 and	 deferoxamine	

therapy
6.	 Severe	and	prolonged	neutropenia
7.	 Immature	babies	or	babies	with	low	birth	weight
8.	 The	 infection	 may	 also	 occur	 due	 to	 inhalation,	

ingestion,	or	contamination	of	traumatized	mucosa	such	
as	ulcer	or	extraction	socket	by	fungal	spores.[6]

Our	patient	also	had	a	history	of	extraction	of	left	maxillary	
canine	 and	 uncontrolled	 diabetes	 that	 could	 have	 been	 a	
possible	reason	for	this	infection	to	occur.

Patients	 with	 mucormycosis	 usually	 present	 with	 malaise,	
headache,	 facial	 pain,	 swelling,	 and	 low‑grade	 fever.	
Mucormycosis	 usually	 occurs	 in	 one	 of	 the	 following	 four	
clinical	 forms	 –	 rhinocerebral,	 pulmonary,	 gastrointestinal,	
or	 disseminated.	 Rhinocerebral	 form	 is	 further	 subdivided	
into	 rhino‑orbito‑cerebral	 form	which	 is	 invasive	 and	may	
involve	 the	 ophthalmic	 and	 internal	 carotid	 arteries	 and	
rhino‑maxillary	 form	 which	 involves	 the	 sphenopalatine	
and	greater	palatine	 arteries,	 resulting	 in	 thrombosis	of	 the	
turbinate	and	necrosis	of	the	palate.[3,7]	Nearly	40%–70%	of	
all	 reported	 cases	 manifest	 signs	 and	 symptoms	 involving	
facial	 and	 oral	 tissues.	A	black	 necrotic	 eschar	 is	 the	most	
characteristic	and	pathognomonic	lesion.	Other	sites	of	oral	
lesions	include	gingiva,	lips,	alveolar	ridge,	cheeks,	tongue,	
and	mandible.	Necrosis	of	the	maxilla	is	usually	rare	due	to	
its	 rich	 vascularity.[8,9]	 Our	 case	 had	 a	 similar	 presentation	
involving	 palate	 and	 left	 alveolus	 in	 relation	 to	 the	 left	
maxillary	canine	region.

Clinical	 differential	 diagnosis	 of	 the	 lesion	 includes	
chronic	 granulomatous	 infection	 such	 as	 tuberculosis,	
tertiary	 syphilis,	 midline	 lethal	 granuloma,	 Wegener’s	
granulomatosis,	 other	 deep	 fungal	 infections,	 carcinoma	
of	 palate,	 and	 patients	 on	 bisphosphonate	 therapy.	 Such	
cases	present	as	chronic	ulcers	with	raised	margins	causing	
exposure	 of	 the	 underlying	 bone.	 A	 malignant	 salivary	
gland	tumor	arising	from	the	accessory	glands	of	the	palate	
can	also	be	considered	in	the	differential	diagnosis.[10]

Histopathological features

Mucormycosis	 can	 be	 cultured	 on	 Sabouraud’s	 dextrose	
agar	 medium	 but	 is	 confirmed	 by	 histopathological	
examination	using	hematoxylin	 and	eosin	 (H	and	E),	PAS,	
and	 later	by	Grocott’s	Methenamine	Silver	 (GSM)	stains.[9]	
Typical	 histopathological	 picture	 of	 mucormycosis	 shows	
the	 characteristic	 ribbon‑like	 branching,	 smaller	 width	
nonseptate	 (aseptate)	 fungal	 hyphae	 which	 are	 prominent	
and	 have	 long,	 acute‑angled,	 or	 right‑angled	 branching	
varying	 from	 45°	 to	 90°.	As	 the	 fungus	 is	 angio‑invasive,	
it	 is	 commonly	 found	 in	 close	 proximity	 with	 the	
necrotic	 vessel	 walls.	 Usually,	 tissue	 shows	 nonspecific	
inflammatory	 cell	 infiltrate,	 with	 necrosis	 and	 granulation	
tissue	along	with	the	hyphae.[4,9]

There	 is	 a	 close	 histopathological	 resemblance	 between	
mucormycosis	 and	 aspergillosis.	 Microscopically,	
aspergillosis	 has	 septate	 branching	 hyphae,	 whereas	
mucormycotic	 hyphae	 have	 smaller	 width	 and	 prominent	
acute	 angulations	 of	 branching	 hyphae.[3]	 In	 the	 present	
case,	 diagnosis	was	 confirmed	 by	 histological	 examination	
of	biopsy	 specimen	using	H	and	E,	PAS,	 and	GSM	stains.	
Mucormycosis	presents	a	nonspecific	presentation	clinically	
and	 radiographically;	 therefore,	 histopathology	 proves	
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to	 be	 the	 “gold	 standard”	 for	 its	 diagnosis.	 However,	
histopathological	 identification	 of	 mucormycosis	 in	 tissue	
specimens	 requires	 significant	 pathological	 expertise.	
Therefore,	 molecular	 confirmation	 by	 detection	 of	 fungal	
DNA	in	tissue	samples	by	polymerase	chain	reaction	(PCR)	
is	 a	 novel	 method	 that	 may	 allow	 improved	 diagnosis	 of	
mucormycosis.	 In	 particular,	 PCR	 with	 sequencing	 of	
the	 18S	 ribosomal	 DNA	 of	 Mucorales	 species	 in	 order	
to	 diagnose	 this	 organism	 in	 clinical	 cases	 of	 invasive	
fungal	 infection	 has	 been	 expressed.[11]	 However,	 in	 our	
case,	 molecular	 confirmation	 through	 PCR	 could	 not	 be	
established	due	 to	financial	constraints	faced	by	the	patient	
who	was	further	lost	to	follow‑up.

Despite	 early	 treatment,	 the	mortality	 rate	 of	 patients	with	
mucormycosis	 is	 very	 high,	 ranging	 from	 16%	 to	 100%.	
Cutaneous	 mucormycosis	 has	 a	 mortality	 rate	 of	 17%,	
whereas	 rhinocerebral,	 pulmonary,	 and	 gastrointestinal	
forms	of	mucormycosis	have	mortality	 rates	of	67%,	83%,	
and	100%,	respectively.[8]

As	 the	 disease	 progresses	 with	 alarming	 rapidity,	 prompt	
and	 aggressive	 therapy	 is	 essential.	 Successful	 treatment	
of	 mucormycosis	 consists	 of	 aggressive	 and	 repeated	
surgical	debridement	of	necrotic	tissue,	systemic	antifungal	
therapy,	 and	 immediate	 control	 of	 the	 underlying	 systemic	
diseases.[12]	Use	 of	 amphotericin	B,	 an	 antifungal	 agent,	 is	
widely	 advocated	 in	 literature	 for	 treatment	 of	 this	 lesion,	
but	 it	 should	 be	 used	 with	 caution	 due	 to	 the	 risk	 of	
development	of	an	amphotericin‑induced	nephrotoxicity.	 In	
case	of	palatal	perforation,	 rehabilitation	of	 the	patient	can	
be	achieved	surgically	using	free	flaps	or	by	constructing	an	
obturator.	However,	our	case	showed	no	palatal	perforation	
and	 was	 treated	 by	 surgical	 debridement	 and	 medical	
management	 including	 topical	 and	 systemic	 antifungal	
agents	along	with	supportive	care.[13]

Declaration of patient consent

The	 authors	 certify	 that	 they	 have	 obtained	 all	 appropriate	
patient	 consent	 forms.	 In	 the	 form	 the	 patient(s)	 has/have	
given	 his/her/their	 consent	 for	 his/her/their	 images	 and	
other	clinical	information	to	be	reported	in	the	journal.	The	
patients	 understand	 that	 their	 names	 and	 initials	 will	 not	
be	published	and	due	efforts	will	 be	made	 to	 conceal	 their	
identity,	but	anonymity	cannot	be	guaranteed.

Conclusion
Early	 and	 prompt	 diagnosis	 of	 this	 disease	 is	 crucial	 for	
its	 subsequent	 successful	 treatment.	 Oral	 physicians	 often	

have	 the	 opportunity	 to	 make	 the	 correct	 diagnosis	 of	
mucormycosis	 and	 its	 proper	 referral	 if	 involving	 areas	
other	 than	 oral	 cavity.	 Proper	 history	 of	 the	 underlying	
systemic	 disease	 associated	 with	 this	 disease	 reduces	
the	 mortality	 and	 morbidity	 rate	 associated	 with	 this	
debilitating	 disease.	This	 patient	 survived	 because	 of	 early	
diagnosis	and	prompt	treatment.
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Abstract

With the increasing concern among patients about the adverse effects of conventional medicines’ increased resistance by bacteria to antibiotics
and challenges faced by the medical personnel in managing chronic disease and their symptoms, it is becoming essential for the health
professionals to have a sound knowledge of complementary and alternative modalities for the treatment of these chronic ailments. Oral
physicians and dental health care professionals also face challenges in the management of few dental conditions as a result of resistance of
oral microflora due to drug tolerance leading to persistence of symptoms and emergence of other side effects of conventional therapies.
Therefore, it is often necessary for the dentists to be aware of complementary and alternative modalities which are popular, safe, effective, and
economical alternative treatment regimen. Complementary medicine comprises treatment modalities such as herbal medicines, traditional
Chinese medicine, naturopathy, Ayurveda, aromatherapy, homeopathy, acupuncture, magnetic field therapy, ozone therapy, Mora therapy,
and many more.

Keywords: Complementary medicine, homeopathy, oral diseases

INTRODUCTION
With the increasing concern among patients about the adverse
effects of conventional medicines’ increased resistance by
bacteria to antibiotics and challenges faced by the medical
personnel in managing chronic disease and their symptoms, it
is becoming essential for the health professionals to have a
sound knowledge of complementary and alternative
modalities for the treatment of these chronic ailments.
Many of these modalities and their therapeutic effects
have been very well established globally and have been
used since antiquity.[1,2] Oral diseases are major health
problems, with dental caries and periodontal diseases being
the most important global infectious diseases. Oral health
influences the general quality of life, and poor oral health
is linked to chronic conditions and systemic diseases. The
association between oral diseases and the oral microbiota
is well established. Oral physicians and dental health care
professionals also face challenges in the management of few

dental conditions as a result of resistance of oral microflora
due to drug tolerance leading to persistence of symptoms and
emergence of other side effects of conventional therapies.[2,3]

Therefore, it is often necessary for the dentists to be aware of
complementary and alternative modalities which are popular,
safe, effective, and economical alternative treatment
regimen.[2,4]

Complementary and alternative medicine (CAM) represents
a group of diverse medical and health care systems,
practices, and products that are not considered to be a part
of conventional medicine. It comprises treatment modalities
such as herbal medicines, traditional Chinese medicine,
naturopathy, Ayurveda, aromatherapy, homeopathy, acu-
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puncture, magnetic field therapy, ozone therapy, Mora
therapy, and many more. Traditional medicine includes
diverse health practices, approaches, knowledge and
beliefs incorporating plant, animal, and/or mineral based
medicines, spiritual therapies, manual techniques, and
exercises applied singularly or in combination to
maintain well being, as well as to treat, diagnose, or
prevent illness.[2,5]

Classifications of Complementary and Alternative
Medicine
The National Institute of Health established the National
Centre for Complementary and Alternative Medicine
(NCCAM) to provide leadership to the public regarding
the use of CAM.[1,3] NCCAM classifies CAM into five
categories[1] [Table 1].

Herbal medicine
Herbal medicine (phytomedicine or botanical medicine)
consists of concentrated tincture of herbs, herbal materials,
preparations, and products. It is of two basic types: one
that follows the Western tradition and consists of single
herb and the other that follows non-Western tradition and
consists of multiple herbs. The standard tinctures used in
Western tradition herbal medicines use alcohol to dissolve
the plant and the final product is not diluted. These
remedies are concentrated highly potent preparations and
are usually taken as the unmodified liquid tincture. Other

preparations used in herbal remedies include lotions and
creams for topical application.[2,3] Commonly used herbal
medicines with proven effects supported with clinical
trials have been reviewed[4-6] [Table 2].

Dental uses of herbal medicines:
(1) Herbal substances such as cinnamon bark oil, papua-

mace extracts, and clove bud oil and constituents
of these extracts such as cinnamic aldehyde and
eugenol have cidal activity against cariogenic
bacteria and inhibition of glycolytic acid production
that results in dental caries.[7]

(2) The use of herbal extracts from Drosera peltata
(Droseraceae), Abies canadensis (Pinaceae),
Albizia julibrissin (Fabaceae), Chelidonium majus
(Papaveraceae), Ginkgo biloba (Ginkgoaceae),
Juniperus virginiana (Cupressaceae), Pinus virginiana
(Pinaceae), Rosmarinus officinalis (Lamiaceae),
Sassafras albidum (Lauraceae), Tanacetum vulgare
(Asteraceae), and Thuja plicata (Cupressaceae) has been
effectively found against treatment for dental caries and
showed broad-spectrum activity against Streptococcus
mutans and S. sobrinus.[5,6]

(3) A boiling water extract of Coptidis rhizoma
(Ranunculacea), a traditional Chinese medicinal
plant, is effective against periodontitis.[6]

(4) Centella asiatica and Punica granatum medical herbs
promote tissue healing and modulate host immune
responses in healing of periodontal tissues following
scaling and root planning.[8]

Table 1: Classification of complementary and alternative medicine
First category: Represents complete systems and practices

Developed in
Western culture

Homeopathy Works on the principle of “like cures like”

Highly diluted quantities of medicinal substances are given to cure symptoms, but when
the same substances are given at a higher or more concentrated doses, then these
substances actually cause those symptoms

Naturopathy Practitioners work with natural healing forces of the body, with a goal to help the body
heal from disease
Includes dietary modifications, massage, exercises, acupuncture, minor surgery, and
various other interventions

Developed in non-
Western culture

Indian Ayurveda Includes diet and herbal remedies and emphasizes on the use of body, mind, and spirit
in disease prevention and treatment

Traditional Chinese medicine Disease is a result of any disturbance in the natural environment of the body. The
purpose is to restore the balance of Yin and Yang (dark and bright), that is, how
seemingly contrary forces may actually be complementary
Acupuncture and massage are done to restore the balance between Yin and Yang, thus
allowing the flow of Qui (vitality) through channels of the body

Second category Mind body interactions Consists of biofeedback, meditation, prayer, mental healing, and music, art, or dance
therapies

Third category Biologically based therapies Herbs, foods, vitamins, and dietary supplements (e.g., shark cartilage to treat cancer)
Fourth category Manipulative and body-based

methods, also known as chiropractic
and osteopathic methods

Emphasizes on the diseases arising in the musculoskeletal system. There is an
underlying belief that all of the body’s systems work together, and disturbances in one
system may affect any kind of function elsewhere in the body

Fifth category Energy therapies These include hands on biofield therapies: Gi Gong. Reiki and therapeutic touch as
well as bioelectromagnetic based therapies such as pulsed fields, magnetic fields and
alternating or direct current fields
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(5) Subgingival irrigation with herb-based mouthwash
can be used as an adjunct to reduce gingival
inflammation.[4]

(6) Herbal remedies have a potential to impact the safety
of invasive or prolonged dental procedures.[6]

(7) Lippia citriodora plant extract is a herbal substance
which has proven antifungal properties and is an
effective antifungal drug useful for Candida
albicans infection.[9]

(8) Triphala plant has anticariogenic properties and is
effective against cariogenic bacteria such as S.
mutans by inhibiting formation of biofilm over
tooth surface.[10]

(9) The resin exuded byPistacia lentiscus (Anacardiaceae),
known as mastic gum, is used against oral malodor.[6]

(10) Tea, Camellia sinensis (Theaceae), demonstrates
anticariogenic effects through various modes of action,
including bactericidal effects on oral bacteria and
prevention of adherence of bacteria to tooth surfaces.[4,7]

(11) Xylitol, a sugar alcohol naturally found in plants,
exhibits anticariogenic effects by inhibiting growth
of S. mutans while not affecting other streptococci
that are part of the normal oral flora.[7,8]

(12) Cranberry juice constituents inhibited biofilm
formation responsible for dental plaque formation.[4,6]

Side effects of herbal medicines:[5]

Harmful effects or toxicity associated with herbal medicines
could be due to accidental or deliberate exposure of
lead, mercury, cadmium, pesticides, microorganisms, and
fumigants. Other source of toxicity is intrinsic or plant-
associated. In some cases, the manufacturer ignores the
known toxicity of a plant or constituent in the herbal
product. Sometimes, highly concentrated or specifically
processed extract causes these reactions. Common side
effects associated with the use of herbal medicines are
bleeding with ginkgo biloba, stomach upset, tiredness,
dizziness, confusion, dry mouth, high blood pressure,
arrhythmias, nervousness, headache, heart attack, stroke
with sleepiness, rash, and motor dysfunction of skeletal
muscles.

Homeopathic medicines
The basic principle of the use of homeopathy is the
selection of a remedy, which, if given to an individual
who is healthy, will produce a range of symptoms
similar to those observed in the patients who are ill.
Only minute amounts are given in the form of tablets,
tinctures, and pellets.[11] A number of homeopathic drugs
have been found to be used for dental diseases[12,13]

[Table 3].

Ayurvedic medicines
Ayurvedic system of healing embraces the metaphysical
and physical health and disease, happiness and sorrow,
and pain and pleasure. It defines life as an expression
of cosmic consciousness. Although dentistry is not a
specialized branch of Ayurveda, still it is included in its
system of surgery. In Ayurveda, dental health (danta
swasthya in Sanskrit) is held to be very individualistic,
varying with each person’s constitution (prakriti) and
climatic changes resulting from solar, lunar, and planetary
influences (kala-parinama).[14]

Common Ayurvedic herbs used in dentistry:

(1) Chewing sticks: They have several medicinal and
anticariogenic properties. Ayurveda insists on the use
of herbal brushes, approximately 9 in. long and the
thickness of one’s little finger. These herb sticks should
be either "kashaya" (astringent), "katu" (acrid), or
"tikta" (bitter) in taste.[6] Fresh stems of neem
(margosa or the Azadirachta indica) is a famous
herbal chewing stick. Chewing on these stems is
believed to cause attrition of teeth, stimulate salivary
secretion, and help in plaque control and antibacterial
action.

(2) The miswak (miswaak, siwak, and sewak) is a teeth
cleaning twig made from a twig of the Salvadora
persica tree.[15] Almas (1999) assess antimicrobial
activity of miswak chewing stick in vivo, especially
on S. mutans and lactobacilli, concluded that miswak
had an immediate antimicrobial effect compared to the
toothbrush.[16]

Table 2: Commonly used herbal medicines with proven effects supported with clinical trials[4]

Name of the herbal
medicine

Therapeutic use in diseases

Pepper, ginseng Allergies, insomnia, lung problems and digestive problems, asthma, and rheumatologic conditions
Ginkgo biloba Used to treat cerebral insufficiency in patients with dementia, prevent loss of cognitive function, and for tinnitus
Kava Used to treat anxiety
Artichoke Used to lower the lipid levels in blood
Feverfew Used for headache and migraine
Garlic Used for blood pressure reduction and lowering of blood lipid levels. In addition, it has specific activity against the

Gram-negative oral pathogens, including Porphyromonas gingivalis responsible for gingivitis
Ginger Used to treat nausea and vomiting
Hawthorn Used to treat heart failure
Horse chestnut Used to treat venous congestion
St. John’s wort Used to treat depression
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Table 3: Commonly used homeopathic drug for dental diseases
Dental disease Homeopathic drug Dosage !: triturated value Dental use

Abscesses Belladonna 30" every 30–60 min Early abscesses, accompanied by redness and
throbbing aggravated by the slight touch

Hepar sulphuris
calcareum

30–200", two or three times daily Abscess, increased salivation and where the
gums are sore to the touch and bleed easily

Silicea 6" few times daily Draining pus
Myristica 6" Abscess with swelling (especially 3rd molar)
Calendula Diluted tincture 1:20 with water Effective disinfectant mouth rinse

Dental anxiety Gelsemium 30" to be taken one night before, morning of
and # to
1 h before dental visit

Fear accompanied by weakness, diarrhea,
and drowsy behavior

Aconite 30" taken as above Fear accompanied by great panic, physical and
emotional restlessness, and trigeminal neuralgia

Coffea cruda 30" Anxiety accompanied by intolerance of noise
and
music

Chamomilla Three doses 30" over
several hours prior to visit

Patients with lowered pain thresholds

Post-extraction
complications

Phosphorus 6–200" every 10–30 min Bleeding stops

Arnica 30" every 10–30 min Bleeding accompanied by bruised soreness
Belladonna 30" every 30–60 min Dry socket accompanied by a throbbing pain
Ruta graveolens 6" Any surgery or other injuries to the jaw or

facial bones
Calendula 6" Good wound healing rinse

Teething Chamomilla 30" every 30–60 min Child is whiney, restless, and wants to be held
and
pampered

Calcarea carbonica Delayed eruption
Toothaches Belladonna 30" every 30–60 min Throbbing pain worsens on touching

Magnesia phosphoric 30" Worsens from cold and relieved from warmth
Coffea cruda 30" Worsens from heat and relieved from cold
Chamomilla 30" Worsens from warmth not relieved with cold
Antimonium crudum Other uses are TMJ disorders, neuralgia,

haemorrhage,
gingivitis, and periodontitis

Dental trauma Arnica 30" Injuries due to bruises or fractures; for sore
spots

from an ill-fitting denture
Hypericum 30" Ellis class III fracture of tooth
Ledum 30" Puncture wound from soreness from dental

injection
Staphysagria 30" Wounds after 3rd molar impaction or

periodontal surgery
Chamomilla 30" every 20–30 min Accelerate the wearing off of numbness

following
completion of the dental procedure

Magnesia phosphoric 30" Trismus due to prolonged mouth opening
Bruxism Belladonna
Disease of lips and
mouth

Natrum muriaticum Cold sores and fever blisters around lips and
treatment of angular cheilitis

Gingivitis Arsenicum album
Sialorrhea Phosphorous Reduces salivary secretion
Oral mucosal lesions Borax Treatment of aphthous ulcers

Borax Treatment of oral lichen planus
Borax Treatment of candidiasis

Dental caries Kreosotum Prevention of tooth decay
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(3) Liquorice (Glycyrrhiza glabra) and black catechu or
the cutch tree (Acacia catechu Linn.) chewing stems are
recommended in patients with atrophic and receding
gums. Patients with pale, hypertrophic gums and kapha
dosha dominant are recommended to use stems of fever
nut (Caesalipinia bonduc) and the common milkweed
plant (Calotropis procera).

(4) Oil pulling: Involves swishing oil in the mouth for oral
and systemic health benefits. It prevents decay, oral
malodor, bleeding gums, dryness of the throat, and
cracked lips, and it strengthens the teeth, the gums,
and the jaw.[17] Oil pulling therapy can be done using
oils such as sunflower oil or sesame oil. Oil pulling can
be used to clean the oral cavity in patients where
brushing is contraindicated, for example, in patients
with mouth ulcer, fever, indigestion, or those with
tendency to vomit, asthma, and cough.[18]

(5) Gandusha and Kavala Graha are two primary oral
cleansing techniques, with specialized therapy to
treat as well as to prevent oral diseases. In
Gandusha, the oral cavity is filled completely with
liquid medicine, held for about 3–5min, and then
released. In Kavala Graha, a comfortable amount of
fluid is retained with the mouth closed for about
3min, and then gargled. It is a simple rejuvenating
treatment, which, when done routinely, enhances the
senses, maintains clarity, brings about a feeling of
freshness, and invigorates the mind. These oral
cleansing techniques can also benefit bad breath, dry
face, dull senses, exhaustion, anorexia, and loss of
taste.[19]

(6) Rasayana herb, amla (the fruit of a tree), taken orally as
1–2 g per day in capsules, has long-term benefits to the
teeth and the gums by promoting healing of the gums.

(7) Bilberry fruit and hawthorn berry stabilize collagen
and strengthen the gums.

Acupuncture
CAM therapies such as physical therapies in conjunction with
dental therapies are useful in the treatment of orofacial
disorders.[20,21] Acupuncture has been used as an analgesic
and anesthetic agent and to treat conditions associated with
chronic orofacial pain, postoperative pain, and other
temporomandibular disorders.[22] Studies have found that
relaxation therapy and chiropractic treatment are the most
common methods for their treatment.[22-24]

Complementary and alternative medicine and cancer
care
CAM comprises a vast array of treatment modalities that
can be used in palliative and curative treatment of cancer
and are beneficial for the management of patients
suffering from cancer.[25] These modalities include treatment
with Ayurvedic, Siddha, Unani, and homeopathic drugs, the
use of naturopathy including foods, vitamins, and herbs,
and energy medicines such as reiki and manipulative

and body-based practices including massage, yoga, and
meditation.[26,27]

Complementary and alternative medicine and human
immunodeficiency virus/acquired immune deficiency
syndrome
Human immunodeficiency virus/acquired immune deficiency
syndrome (HIV/AIDS) is a chronic illness, with a range
of physical symptoms and psychosocial issues. The
effectiveness of the use of CAM in the management of
individuals infected with HIV is remarkable; however,
this is not known by many people.[28] These treatment
modalities are classified as “cure” and “care.”[29] While the
former categoryyields fewencouraging results, the latter group
of studies has more substantial results. In particular, CAM is
used in the management of stress in these patients and is an
effective method to increase their quality of life.

Vitamins, herbs, and supplements are the common
treatment modalities, followed by prayer, meditation, and
spiritual approaches in CAM used by these patients. CAM
acts as a self-management approach, providing these
patients with an active role in their healthcare.[30]

CONCLUSION
As established by the studies quoted in this review,
there are substantial data to prove that CAM has the
potential to be acknowledged as a part of primary
health and dental care, provided quality products
and practices are ensured. The traditional and herbal
medicines along with various other extracts from the
plants together with other therapies can be used as
preventive or treatment modalities for oral diseases.
The justification for the inclusion of complementary
and alternative treatment modalities for oral health
practices in modern dental care could be achieved
through scientific validation and more evidence-based
clinical trials in dentistry.[31-33]

Further studies of the safety and efficacy of these agents
will be important to establish whether they offer
therapeutic benefits, either alone or in combination
with conventional therapies, which can help to reduce
the overall burden of oral diseases worldwide. Countries
with a history of traditional medicine should support
and integrate traditional medicine into national health
systems in combination with national health policy. It is
also required to ensure patient’s safety by upgrading
the skills and knowledge of dental practitioners.
Publicity of these techniques using appropriate media
would benefit the general population by giving more
confidence in these ancient practices, thus preventing
dental disorders.
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Background- Gene therapy comprises of introducing specific genetic material into target cells 
without producing toxic effects on surrounding tissue. Gene therapy is one of the recent advances in 
this field to deal with this obstacle with promising prospects. As an oral physician it is our 
responsibility to treat common oral premalignant lesions and conditions like leukoplakia and oral 
submucous fibrosis which have a definite malignant potential if timely and early diagnosis and 
treatment is not provided. Treatment options for recurrent or refractory oral cancers are limited.  
Material and methods- A Medline search was done including the international literature published 
between 1989 and 2013. It was restricted to English language articles and published work of past 
researchers including in vitro and in vivo studies. Google search on gene therapy was also done. 
Results- Despite advances in surgery, radiotherapy, and chemotherapy, the survival of patients with 
oral squamous cell carcinoma has not significantly improved over the past several decades. A 
potential approach to the treatment of oral premalignant and malignant disorders is gene therapy.  
Conclusion-This article highlights the principle, transfer techniques, therapeutic strategies, clinical 
applications and limitations of gene therapy in the treatment of disorders pertaining to head and neck 
region. 
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INTRODUCTION

 
 

A gene is a molecular unit of heredity of a living organism. It 
is a name given to some stretches of DNA and RNA that code 
for a polypeptide or a RNA chain having a function in the 
organism. Genes hold the information to build and maintain an 
organism’s cell and pass genetic traits to the offspring [1]. 
 

The goal of gene therapy (GT) is to introduce therapeutic 
genetic material into the target cell to exert the intended 
therapeutic effect. It has shown promising results for the 
treatment of many disorders afflicting the human body [2]. It 
has been introduced as a potential approach for the treatment 
of oral premalignant and malignant disorders. 
 

According to Cusack and Tanabe (1998), (GT) includes the 
transfer of the new genetic material as well as the manipulation 
of the existing genetic material for the purpose of treating 
human diseases [3]. 
 

The first gene therapy trial on humans was done on patients 
with severe combined immunodeficiency syndrome (SCID) in 
the year 1990 [4]. First successful gene therapy trial in patient 
with functional immune system was performed in the year 
2000. [4]. 
 
 
 
 

Methods of Literature Search 
 

The literature was searched using Pubmed and electronic data 
bases from 1999 to 2011. Key words such as gene therapy, 
dentistry, were used. The search was restricted to English 
language articles, published from 1999 to 2013, and various in 
vivo and in vitro studies were included. The purpose of this 
review was to highlight the application of gene Therapy use of 
various viral and non viral vectors in various fields of 
dentistry, with emphasis on its possible future prospects. 
 

Gene delivery systems[5, 6, 7] 

 

There are two methods for inserting genetic material into 
human chromosomes: 
 

1. Ex vivo technique: involves surgically removing cells 
from the patients, injecting or splicing the new DNA 
into the cells and letting them divide in cultures and 
placing them into the affected area. 

2. In vivo technique: involves direct injection of 
therapeutic DNA into the body cells.  

 

A Vector is a carrier molecule used to deliver the therapeutic 
gene to the target cells. The most common vectors that have 
been genetically altered to carry normal human DNA are 
viruses, which encapsulate and deliver their genes to human 
cells in a pathogenic manner. The vectors then unload their 
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genetic material containing the therapeutic human gene into 
the target cells. The ideal vector transfers a precise amount of 
genetic material into each target cell, thereby allowing for 
expression of the gene product without causing toxicity. There 
are two methods: 
 

Viral vector 
 

Viruses replicate by binding to the host cell, viral genome is 
integrated into the host cell, which multiples and the viral 
genome replicates and multiple copies of virus infected cells 
are produced. Viruses can thus be manipulated to carry the 
functional gene into the diseased cell and the abnormal gene is 
replaced by the functional gene [7]. Examples: retroviruses, 
adenoviruses, adeno-associated virus and herpes simplex 
viruses.  
 

These viruses can infect only actively dividing cells, leaving 
quiescent cells unaffected.  This has been overcome by the use 
of lentiviral vectors, which activate the immune system in pre-
clinical animal models of oral cancer. 
 

Non Viral Vectors 
 

Physical vectors include electrophoration, microinjection, use 
of Ballistic particles. 
 

Chemical vectors include calcium vectors, lipids, protein 
complexes. 
 

Electrophoration: Electrical current creates transient holes in 
the cell membrane through which DNA can be transferred. 
Microinjection: DNA is introduced in a single cell. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Use of Ballistic Particles: The plasmid DNA is coated onto 
tungsten or gold particles. Accelerated force is generated by 
high-voltage electronic spark, or helium discharge to propel 
the beads into the tissue. 
 

Calcium Vector: The ultra-low size, highly monodispersed 
DNA doped calcium phosphate nano particles protected from 
the external DNAse environment are used to transfer the 
encapsulated DNA under in vitro and in vivo condition. 
 

Lipid Vectors: produced by a combination of plasmid DNA 
and a solution resulting in the formation of liposome. This 
fuses with the cell membrane of a variety of cell types, 
introducing plasmid DNA into the cytoplasm. 
 

Genetic principle are been applied along with tissue 
engineering for rehabilitation of tissue. 
 

Tissue engineering can be categorized into three major classes 
[4,7]. 
 

1. Conductive: Biomaterials facilitate the growth of 
existing tissue in a passive manner. E.g. the use of 
barrier membranes in guided tissue regeneration. 
Nyman et al was the first to use osteoconductive 
mechanism in providing amines for selective wound 
healing by supporting the in-growth of periodontal 
supporting cells. 

2. Inductive: Inductive cells in close proximity to the 
defect site with specific biological signal. Urist first 
reported the formation of new bone at ectopic sites 
after implantation of powdered bone.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table No 1 Advantages & Disadvantages of viral vectors 
 

Vectors Advantages Disadvantages 

Viral 
Retroviruses 

Well known, easily managed 
Includes upto 9 kb of exogenous material 

Randomly integrate into host genome long term genetic alteration 
Integration in genome ensure permanent expression 

Infects only cells in division 
Low transduction efficacy 

Possible insertion mutagenesis 
Low titres 

Adenovirus 

Infect both dividing and quiescent cells 
Includes upto 7.5 kb of exogenous genetic material 

High transduction efficiency 
Does not integrate in genome which avoids insertion mutation 

Transient expression 
Anti-adenoviral immunity can lessen effect 

Lowers expression level possible immune and inflammatory 
reaction 

Adeno associated 
viruses 

High transduction efficiency 
Low immunogenicity 

Difficult to manufacture 
Low titre 

 

Table No 2 Application of Gene Therapy in Dentistry 
 

Periodontal vaccination TGF-β, BMP-2, 6, 7, 12, bFGF, VEGF, PDGF 
Bone BMP-2, BMP-7 

Skin and oral mucosa 
 

Human factor IX,Human Apolipoprotien E , Growth hormone ,IL- 10,gene activated matrix 
(GAM) 

Salivary gland 
 

Histanin 3 or H3, aquaporin 1 aquaporin 5, transcription factor (E2F-1), protease inhibitor (α-1 
antitrypsin and kallistanin) “Repoter Proteins” β galactosidase 

Dental pain Viral mediated  transfer of genes encoding opiate peptides 
DNA vaccination Dental caries and Periodontal disease. 

Tooth development Homeobox gene, PAX-9 Gene, MSX-1 gene, DLX gene, LHX gene, BARX gene, RUNX gene 
Syndrome associated with orofacial defects 

Ectodermal dysplasia 
Mutaed EDA gene 

Mutated GJB-6 gene 
Witkrop tooth and nail syndrome Nonsense mutation within MSXI homeobox gene 

Reiger syndrome Malformation in PITX2 a gene mapped to 4q25-q26, PITX-2 
Structural tooth defects 

Amelogenesis imperfecta 
Dentinogenesis imperfecta 

AMELX & ENAM 
COLIA I and COLIA-2 gene 

Vander Woude Syndrome 
Crouzon Syndrome 

Apert Syndrome 
Treacher Collins Syndrome 

Down Syndrome 

Mutation in IRF-6 gene 
Mutation in FGFR-2 gene 
Mutation in FGFR-2 gene 

Haploinsufficiency of TCOF-I gene 
Trisomy 21 

Oral premalignant condition- 
Leukoplakia, Oral submucous fibrosis Advexin (INGN 201,Ad5CMV-p-53) 

Malignant condition 
Squamous cell carcinoma 

HLA-B7,ONYX-015, HSV-Tk, RGD peptides,OAS403 
Adv-F/RGD 
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3. Cell transplantation: It reflects the multidisciplinary 
nature of tissue engineering, as it requires the 
clinician or surgeon, the bioengineer and the cell 
biologist. 
 

Application of gene therapy in dentistry 
 

1. Periodontal vaccination 
2. Bone 
3. Cartilage 
4. Skin and oral mucosa 
5. Dentin and dental pulp 
6. Salivary gland 
7. Genetic approach to film antibiotic resistance 
8. In vivo gene transfer by electroporation for alveolar 

remodelling 
9. Antimicrobial gene therapy. 
10. Designer drug therapy in treating periodontal disease. 
11. h)  Oral premalignant and malignant lesions of oral 

cavity. 
 

The Gene involved in Tooth Development[8]: Tooth 
development is an example for the reciprocal interaction 
between ectoderm and underlying mesenchyme, resulting in 
sequential cell activities like proliferation, condensation, 
adhesion, migration, differentiation, and secretion and 
formation of a functional tooth organ. Recent advances in 
molecular aspects of odontogenesis indicate that the 
development of teeth is under strict genetic control. More than 
300 genes are involved in determination of the position, 
number, and shape of different types of teeth.  
 

Homeobox Genes 
 

Most commonly studied genes in tooth development are 
homeobox genes. It is a DNA sequence of about 180 base pairs 
long, found within genes involved in the regulation of 
development of animals, fungi, and plants. Humans contain 
these genes in 4 clusters, called HOXA, HOXB, HOXC, or 
HOXD on chromosomes 2, 7, 12 and 17. PAX, MSX, DLX, 
LHX, BARX, and RUNX-2 are the important members of the 
homeobox genes involved in tooth development. 
 

PAX-9 gene 
 

This genes belongs to a transcription factor family with 9 
members characterized by a DNA-binding domain called 
paired domain. PAX-9 is widely expressed in the neural crest 
derived mesenchyme involved in craniofacial and tooth 
development. PAX-9 is required for the mesenchymal 
expression of Bmp-4, MSX-1, Lef-1, suggesting that its 
function is essential to establish the inductive capacity of this 
tissue. 
 

MSX-1 gene 
 

It is a member of MSX homeobox gene family related to the 
drosophila gene muscle segment homeobox (msh), expressed 
in undifferentiated multipotential cells that are proliferating. 
MSX-1 regulates epithelial-mesenchymal signaling and 
provide positional information in cranio-facial development. 
 

DLX gene 
 

DLX (Distal less) family of homeobox genes consists of 6 
members (DLX 1-6) and is expressed in the epithelium and 
mesenchyme of the branchial arches, tooth bud mesenchyme, 
dental lamina, cranial neural crest, dorsal neural tube, and 
frontonasal process. Any mutation in these genes results in 

abnormalities affecting first four branchial arch derivatives 
including mandible and calvaria  and in failure of development 
of upper molars. 
 

LHX gene 
 

Lim homeodomain transcription factors (LHX-1 and LMX1-b) 
are expressed in neural crest derived ectomesenchyme of first 
branchial arch. Abnormal development of first arch derivatives 
including tooth agenesis and cleft palate occurs due to  
improper expression of this gene . 
 

BARX gene 
 

BARX gene is expressed in Telencephalon, diencephalon, 
mesencephalon, hindbrain, spinalcord, cranial and dorsal root 
ganglia, craniofacial structures, and palate. BARX-1 is 
expressed in the mesenchyme of the mandibular and maxillary 
process and in the tooth primordial, while BARX-2 is 
expressed in the oral epithelium prior to the tooth 
development. 
 

Improper expression results in failure of nervous system 
development and cleft palate formation.  
 

Bone repair: Studies by researchers at the University of 
Michigan School of Dentistry have used ex vivo methods to 
transfer genes encoding bone morphogenetic proteins (BMPs). 
BMPs are agents established in induction of both orthotopic 
and ectopic bone formation[9]. In animal models, the Michigan 
research group has shown that several different cell types-such 
as nonosteogenic fibroblasts and myoblasts, as well as 
osteoblasts, which are able to differentiate into bone-forming 
cells when placed in an osseous defect in vivo [10]. 
 

Salivary glands [9,11]- Salivary glands are capable of producing 
large amounts of proteins and are sites where gene transfer can 
be readily accomplished in a minimally invasive manner. Gene 
therapy helps in treating irreversible salivary gland 
dysfunction resulting from irradiation or the autoimmune 
damage occurring with Sjögren’s syndrome. A variety of 
genes can be transferred including genes encoding hormones 
(growth hormone, insulin), antimicrobial agents (histatin 3, or 
H3),15membrane proteins (aquaporin-1 and aquaporin- 5), 
transcription factor (E2F-1), protease inhibitors (α1- 
antitrypsin and kallistatin), a\protein affecting apoptosis 
(Fasligand)[10,11]. The efficacy of An adenovirus-encoding 
human AQP1, termed “AdhAQP1,” was administered to 
hypofunctional rat submandibular glands [12] and then later on 
rehus monkeys[13] .The result was not as encouraging as in 
monkey model as in rat model maybe due to the fact that in 
monkey the  glands were undefiled by vectors. Thus additional 
animal studies are required if it is useful to pursue the AQP1 
gene therapy strategy clinically.  
 

Skin and Oral mucosas[10,11]- The engineering and 
transplantation of oral mucosa and gingiva could be potentially 
important as a new technique in periodontal graft surgery and 
the treatment of gingival recession. The main aim is to transfer 
foreign genes into mucosal and epidermal keratinocytes for 
normalization of tissue structure and epidermal function using 
retrovirus. 
 

Keratinocytes are very favorable in these sites, some of its 
advantage being: 
 

1. The area is easily accessible so monitoring is 
adequate. 

2. Preclinical assessement is accurate. 
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3. Expression of therapeutic genes can be achieved with 
the use of topically applied agents. 

4. It is reversible because genetically modified tissue 
can be excised. 

 

Dentin and Dental Pulp [4,9,10,14]- The lost odontoblasts can be 
induced from pulp tissue using certain BMP’s .Tissue 
engineering of dental pulp itself may also be possible using 
cultured fibroblasts and synthetic polymer material.  
 

Pain[15,16] Gene transfer may be useful for managing chronic 
and intractable pain. Several studies in animal models have 
shown that viral mediated transfer of genes encoding opiate 
peptides to peripheral and central neurons can lead to 
antinociceptive effects.  
 

DNA vaccinations --- The use of DNA vaccine was 
demonstrated in an animal study published in 1999 by 
Kawabata, Japan[17]. They achieved a targeted salivary gland 
immunization using plasmid DNA encoding the 
Porphyromonas gingivalis fimbrial gene, which led to 
consequent production of specific salivary antibodies IgA, IgG 
and serum IgG antibodies. Secretory IgA secreted in saliva 
could neutralize P. gingivalis and limit plaque formation.  
 

Autoimmune disease and gene transfer gene transfer has been 
used with considerable success for treatment of autoimmune 
diseases. The biological factors that enhance Th2 functions 
and suppress Th1 cells are likely will be efficacious for 
therapy. [18]  Recombinant adeno-associated virus, or AAV, 
serotype 2, are the vectors used for autoimmune disease 
including SS.[18] HIL-10 immunomodulatory therapy has been 
tried and shown to be useful in preclinical models of other 
autoimmune diseases, including rheumatoid arthritis.[19] 
 

Premalignant lesions 
 

Oral leukoplakia: is a well-recognized precancerous lesion, 
associated with abnormal p53 expression leading to high risk 
of malignant transformation. Yi Li evaluated the feasibility, 
safety and biological activity of multipoints intraepithelial 
injections of recombinant human adenovirus-p53 in 22 patient 
with dysplasic oral leukoplakia and found it to be successful as 
compared to other traditional therapy.[20]  
 

Recombinant adenovirus-p53 could strongly inhibit cell 
proliferation, induce apoptosis, and arrest cell cycle in stage 
G(1) in POE-9n cells by inducing p21(CIP/WAF) and down 
regulating bcl-2 expression. But various side effects after Ad-
p53 injections was noticed which included transient fever , flu- 
like symptoms, and increase WBC number which was the 
inflammatory response shown by viral vector. [20] 

 

The effect of this research provided a new way for the research 
clinical application. 
 

Patients with precancerous lesions were treated with 
Advexin® mouthwash (Introgen Therapeutics, Inc (INGN), 
NY), which also administers p53 by means of an adenovirus. 
Tissue analysis before and after treatment showed a marked 
decrease in the number and aggressiveness of precancerous 
cells.[21] 

 

Oral submucous fibrosis (OSMF) A study was conducted to 
find out the expression of aberrant p53 in OSMF and Oral 
squamous cell carcinoma (OSCC) to study correlation between 
p53 expression and degree of dysplasia in OSMF and OSCC 
by Sultana N et al in 2011. The results indicated that p53 over 
expression may play a role in the development of Oral 

squamous cell carcinoma and in pathogenesis of OSMF 
patients.[22] 

 

Current gene therapy in treatment of OSCC includes: 
Addiction gene therapy[6] 
 

It regulates tumour growth by introducing tumour suppressor 
genes that inactivate carcinogenic cells.  Gene p27 was found 
to inhibit the cell cycle of tumour cells, inducing apoptosis and 
triggering the suppression of tumour growth. It has been 
demonstrated that gene p27 mutations are highly related to the 
developmet of tongue cancer and may in future prove useful 
for treatment of OSCC [23]. NF-kB appears to contribute 
towards the progression and metastasis of various cancers, 
including OSCC, therefore its inhibition may be a useful 
coadjuvant treatment in oral cancer therapy[24]. Numerous 
studies have described p53 alteration as an early event in oral 
cavity carcinogenesis, and mutated p53 expression is 
frequently observed in non-cancerous epithelium adjacent to 
OCSS [25]. 
 

Recent mouse studies found that the intratumoural injection of 
Allovectin-7® (Vical Inc, San Diego, USA), suppressed the 
growth of head and neck tumours. However, further studies are 
required since only preclinical trials in mice have been 
performed to date [26]. 
 

Gene therapy using oncolytic viruses[6] 
 

One of the most promising gene therapy approaches is the use 
of viruses that replicate only tumour cells, designated 
oncolytic viruses. The release of oncolytic herpes virus in 
primary tumor after surgical excision has been shown to 
significantly reduce tumor and regional metastasis 
[27].Combination of ONYX-O15 and 5-fluoracil increase the 
efficacy and enchances the activity [28]. Presence of cytokines 
IL-6, TNF-α, IL-10 and IFN-γ is observed at 24 hrs after 
ONYX-015 administration, thereby contributing towards the 
appearance of an immune response to the tumour [29]. 
 
 Rudin et al[21] tested three different dose of advexin  in 19 
patients with epithelial dysplasia. After a 30-month follow-up, 
complete remission was recorded for one of the three patients 
who received the highest dose of the virus (mouthwash) for the 
first 5 days followed by weekly administration for 5 weeks. 
Response of p53 function was assessed by determining p53 
protein expression, which was significantly suppressed in 
patients who responded to treatment but not in non-responders. 
 

Suicide gene therapy[6] 
 

“Suicide” gene therapy involves the introduction of a gene into 
a cell that enables a prodrug to be activated into an active 
cytotoxic drug[5,6] . When suicide genes are used in retroviral 
vectors, protection measures must be taken against the 
appearance of oncogene-activating mutations.  The thymidine 
kinase gene of Herpes Simplex Virus (HSV) transforms 
ganciclovir into ganciclovir phosphate[30]. Gene transfer of 
HSVtk gene (Herpes simplex virus thymidine kinase gene) via 
adenovirus vector in combination with ganciclovir 
administration may be a good therapeutic option for OSCC[31] 
Invitro study conducted by yamamoto el [32] suggested that 
adenovirus –media suicide gene therapy induced reprokable 
cytotoxic effect in human OSCC can be used as a effective 
treatment. One of the main drawbacks of suicide gene therapy 
is the poor distribution of the vector within the tumour due to 
low  transfection efficacy, a high percentage of transfected 
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cells do not appear in vivo due to their ability to induce tumour 
death in the neibhboring untransfected cells[5].  
 

Inhibition of tumour angiogenesis  
 

This incorporates the use of microencapsulated cells in cancer 
therapy [6]. Microcapsules are designed to be permeable to 
recombinant products and nutrients but not to host immune 
mediators, due to their large size [6]. Angiostatin receptors 
present ATP synthase on the surface of human endothelial 
cells, which enables angiostatin to be localized in the tumour 
instead of organs near the implantation site of the capsule [6]. 
However, it is a prolonged therapy that requires repeated doses 
and is associated with a high degree of toxicity. Vaccines 
against receptor 2 of the VEGF factor (Vascular Endothelial 
Growth Factor), result in inhibition of angiogenesis, tumour 
growth and metastasis, stimulating T lymphocytes. It is useful 
in the treatment of tongue metastasis of OSCC, with an 
increased immune response observed at 10 months of the 
inoculation [32]. 
 

Increase in immune response 
 

The main aim of immunotherapy is to increase the patients 
immune response to tumor. Altered function of immune cells, 
including NK cells, T lymphocytes and numerous cytokines 
have been seen in patients with OSCC.  Animal studies have 
shown that IL-2 administration activates T lymphocytes and 
NK cells and these activate TNFα [33]. Radiosensitivity to γ 
radiation and chemosensitivity to 5-fluoracil (5-FU) were 
reported in OSCC after suppression of NF-kB activity, which 
activates the antiapoptotic proteins TNF, TRAF-1, TRAF-2 and 
cIAP-1. NF-kB has been shown towards the progression and 
metastasis of various cancers including OSCC [24]. 
 

Other studies have addressed the transduction of IL-2 gene, which 
appears to have an anti-tumour effect, by using the mutated 
fibroblast of an adenovirus and an RGD peptide (Adv-F/RGD)[34]. 
 

Ongoing research has reported that adenoviruses OW34, 
E1B55KD and HSV-TK were more effective in combination with 
ganciclovir than when used alone [33].  Recent studies found that 
systemic administration of Anti-ICAM-2 induced the complete 
regression of OSCC lesions[17]. However, the tumour regression is 
dependent on the immune system function and the induction of 
specific tumour toxins by the action of CD8 lymphocytes[35]. 
Gene transfer of IL-12 using plasmid pNGVL3-mIL12 is also 
being investigated.  FDA approved clinical trials is under way and 
its to early to predict the study [36]. 
 

Excision gene therapy 
 

This therapy aims at removal of defective oncogenes, thereby 
inhibiting the growth of tumour cells.6 The efficacy of akadaic 
acid to suppress Egr-1 (early growth response factor 1) protein 
expression is being studied in the OSCC setting. It is a highly 
toxic polyether that inhibits phosphorylation of types 1 and 2A 
proteins, reducing expression of Egr-1 and thereby triggering the 
inhibition of tumour activity. Inhibition of Egr-1 may represent a 
good therapeutic approach, since genes that control cell growth 
and cell cycle progression, including those that encode for tissue 
factors TGF-β1, PDGF-A and PTEN, are regulated by the 
expression of this protein [37]. 
 

Antisense RNA 
 

Expression of gene can generally be inhibited by RNA, which is 
complementary to the DNA[ 6]. Antisense RNA may prevent the 
activity of oncogenes, including myc, fos and ras; and it can also 

inhibit viruses, e.g., HSV-1, HPV (Human Papillomavirus) and 
HTLV-1 (Human T-lymphotropic virus). Inhibition of tumor 
growth in Xenograft models of oral cancer with systemic 
administration of EGFR (Epidermal Growth Factor Receptor)   
antisense DNA have been observed [38]. 
 

Limitations of Gene Therapy[4] 

 

Metagenesis- this has occurred in clinical trials for X-SCID 
patients in which hematopoietic stem cells were transduced with a 
corrective trans gene using a retro virus, which lead to the 
development of T cell leukemia. 
 

Safety of vector- viruses present a variety of potential problems to 
the patient toxicity including immune and inflammatory 
responses, gene control and targeting issue.  
 

Difficulty to treat multi gene disorder- multi gene disorders such 
as hypertension, alzheimer’s disease, arthritis and diabetes may be 
difficult to treat effectively using gene therapy. 
 

Expensive – Gene therapy is very expensive 
 

No long term benefits because of short lived nature of gene 
therapy 
 

Can induce serious side effect- it may be associated with severe 
inflammatory processes and coagulopathies. 
 

Scope 
 

Patients undergoing gene therapy are usually in a very advanced 
phase of the disease, and it can be difficult to distinguish whether 
the gene therapy or the cancer is responsible for adverse effects. 
The most frequently observed adverse reactions are severe 
inflammatory processes and coagulopathies, generally in relation 
to the viral vectors employed. FDA and NIH have developed a 
programme: The Genetic Modification Clinical Research 
Information System, a web base system 
(www.gemcris.od.nih.gov) that compiles and analyses all data 
related to gene therapy [30]. 
 

SUMMARY AND CONCLUSION 
 

In the long-term, gene therapy may contribute a definitive 
treatment modality that offers greater effectiveness compared with 
current therapies and markedly reduces the high mortality 
associated with these lesions. At present, the use of adenoviruses 
to act at altered gene level and the combination of this technique 
with chemotherapy or immunotherapy have appeared to be the 
most promising approaches to the management of potentially 
malignant and malignant disorders of oral cavity. 
 

The clinical application of gene therapy for treatment of oral 
cancer will require optimization of gene delivery. Various studies 
have shown promising results when gene therapy is combined 
with chemotherapy, radiation therapy or surgery. Such 
augmentative approaches, will reduce morbidity and help 
maintain quality of life in patients with oral squamous cell 
carcinoma. In future instead of supplement therapy it may even 
become one of the conventional cancer therapies. Further 
investigations are in pipeline to establish safe and effective 
approaches that utilize gene therapy. 
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Forensic Odontology Section: Review Article

IntroductIon

The word “autopsy” is a Greek word that means “to see with 
one’s own eye” or “self study of a dead body,” which is carried 
out for clinical or pathological and medico-legal purposes.[1] 
The purpose of clinical or pathological autopsy is to evaluate 
the cause of death and the purpose of medicolegal autopsy is 
to solve the mysterious unnatural death.[2] The conventional 
autopsy procedures comprises mutilating techniques that 
is sometimes sensitive in terms of emotional aspects of 
the victim’s relatives, therefore majority of them object to 
performing	 autopsies.	 So	 autopsy	 is	 usually	 a	 conflicting	
situation for forensic examiners.[3] Moreover, in some 
religions like in Judaism, it is completely prohibited to permit 
autopsy on the dead.[2] Considering these objections, and in an 
attempt to ameliorate the autopsy results, alternative aids in 
diagnosing	the	cause	of	death	were	developed.	Use	of	imaging	
in medicolegal purposes was seen in forensic practice since 
1896. Numerous cases were reported in which liver, heart, 
brain, and bone injuries were investigated radiographically 
revealing the possible cause of death.[4,5]

Image-guided autopsy or virtopsy is a new technique which 
consists of internal examination of dead bodies using computed 
tomography	 (CT)	 and	magnetic	 resonance	 imaging	 (MRI),	
without opening the body or body parts. It also allows the 
reconstruction of a three dimensional view of the analyzed 
cadaver, thereby helping in answering main forensic questions 
without autopsy.[6,7] The teeth has been a primary means for 
individual	identification	in	single	cases	as	well	as	mass	disasters	
that includes comparing postmortem dental radiographs to 
antemortem records. The use of CT is a new modality for this 
purpose.[6] CT scans are performed using mobile CT-scanning 
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equipment.	Maximum	intensity	projection	(MIP)	is	a	very	fast	
imaging technique which takes just several minutes to create a 
radiographic model of the dead bodies to be investigated.[7] This 
review aims to update the knowledge of dental professionals 
about the use of maxillofacial imaging in image-guided 
virtual autopsy and its applications that are helpful in forensic 
identification.

hIstory

Wullenweber et al.	(1977)[8] initially applied CT in forensics 
in order to identify radiographic patterns of gunshot injuries 
to head. The foundation stone for use of digital autopsy was 
laid down after the generation of the “Virtual Mummy” at the 
British Museum in year 2004.[7] The application of virtopsy in 
dentistry was also described by Oesterhelweg et al.[2] in a victim 
suffering from respiratory obstruction from a foreign body. CT 
and MRI were used to differentiate the obstructive structure. 
The information provided by virtopsy was more accurate and 
clear. Birngruber et al.[9]	reported	a	positive	identification	of	
an individual after comparing ante-mortem radiographs with 
postmortem CT images. Jackowski et al. performed pioneering 
researches on virtual autopsy. They expressed different density 
of	restoration	materials,	such	as	composites,	temporary	fillings,	
and	ceramics	in	Hounsfield	units	(HU)	by	ultra‑high‑resolution	
CT imaging.[4] Ampanozi et al. described the advantage of 
virtopsy to obtain information about the depth of trauma from 
sharp instruments.[1,5]

Methods of VIrtopsy

Computed tomography
CT is the most frequent imaging tool in forensic sciences. 
With modern scanners, 2D and 3D reconstructions based on 
slice thicknesses of 0.5 mm are not only possible, but are 
becoming routine standard. It is used for detection of foreign 
bodies,	fractures,	gas,	and	fluid	accumulations	such	as	blood.	
It	also	demonstrates	calcifications	such	as	coronary	sclerosis	
and larger vessels easily and can be used in conjugation with 
postmortem angiography.[10]

Magnetic resonance imaging
Contrast based MRI is a nonionizing imaging modality which 
can illustrate soft-tissue injuries and pathologies clearly and 
is also useful when examining living victims of assault, such 
as manual strangulation.[10,11]

Postmortem biopsy
This method uses a biopsy gun, to obtain samples of organs 
of	interest,	e.g.,	the	heart,	or	specific	pathologies	seen	in	CT	
or	MRI.	It	also	aids	in	collection	of	tissue	and	fluid	samples	
that can be collected for toxicological and microbiological 
examinations. Besides the manual sampling, image-guided 
sampling with a dedicated robot has been introduced recently.[11]

3D photogrammetry-based optical surface scanning
It uses a surface-scanning unit, which projects a fringe pattern 
over a surface and is in turn recorded by two cameras; a 3D 

image can be calculated using special software. True color 3D 
surface reconstructions are then obtained by adding digital 
photography of the surface from different angles which are 
added to the data. It is an accurate documentation that can 
document structures less than 1 mm in size.[10]

adVantages

1. Virtopsy provides a fast and noninvasive bloodless 
visualization of region of interest with excellent accuracy 
regarding the size, volume, and orientation of damaged 
organ or foreign body

2. It provides contamination free sampling (poisons, infections, 
tissue,	etc.)	as	there	is	no	mutilation	of	dead	bodies

3. It also produces detailed 3D records that demonstrates 
the cause or manner of death with intact tissue and avoids 
human intervention

4.	 It	 is	an	easy	method	 for	 identification	 in	mass	disaster	
cases where bodies are severely damaged

5. Three dimensional forensic facial reconstruction can 
be carried by virtopsy techniques and can be used for 
medicolegal purposes

6. The digitally stored data is very precise and can be helpful 
in further investigation of cases.

dIsadVantages

1. Virtopsy cannot provide information about the status of 
infection, texture of tissue, and color changes[12]

2. It is still less informative than the conventional invasive 
autopsy as it depends upon radiographic interpretation 
and sometimes minor tissue injuries may get missed

3. This technique is cost effective, technique sensitive, and 
require highly skilled radiologists

4. It has limited feasibility and judiciary acceptance among 
professionals.

applIcatIons

•	 Identification	 of	 deceased:	Virtopsy	 in	 the	 form	 of	
postmortem CT is a rapid examination technique that 
enables identification of dead by providing accurate 
anatomical details including degenerative changes or 
surgical implants if any

•	 Foreign	body:	Virtopsy	accurately	identifies	foreign	body	
in 3D manner. It describes the entry point of foreign 
object	(bullet	tract)	and	exit	pattern	of	wounds,	pattern	
of bony fracture, and soft tissue damage. Postmortem CT 
enables the measurement of the radiopacity of foreign 
bodies	precisely	in	HU.	Postmortem	MRI	can	be	used	to	
diagnose soft tissue injury, contusions, hematoma, and 
neurological as well as non-neurological trauma

•	 MRI	 spectroscopy	 is	 a	 new	 technique	 that	 is	 helpful	
in detecting changes in metabolic activities in order to 
determine the death timing and is also helpful in detecting 
death due to electric shock

•	 Adjuvant	to	autopsy:	It	has	many	advantages	over	autopsy	
as it does not impose a physical contact or severing 
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of	 tissues	 in	 order	 to	 observe	findings.	 It	 is	 useful	 in	
assessment of multiple comminute fractures as it does 
not tamper with preexisting structures. In cases of gas 
poisoning and decomposed bodies, there is collection 
of pathological gases which can be easily recognized by 
means of virtopsy

•	 Comparison	of	postmortem	data	to	the	antemortem	records	
is an important tool in virtopsy

•	 Forensic	 facial	 reconstruction	 using	 virtopsy	 provides	
more valuable information.

eMergIng applIcatIons of VIrtopsy

1. Robotic virtual autopsy is a multifunctional system that 
can perform automatic postmortem and three dimensional 
surface scanning which qualitatively increase the 
improvement in the outcome of forensic investigations. 
The robotic virtual autopsy also helps in detecting the 
change in color of tissue[13,14]

2. Volume-analysis software used in virtopsy helps in 
accurate estimation of mass of internal organs[14]

3. Postmortem angiography is a virtopsy technique that 
is helpful in visualization of the cardiovascular system 
that includes infusion of contrast medium with the aid of 
peristaltic pump and contrast medium.[14]

conclusIon

Virtopsy using maxillofacial imaging establishes a new 
technical	 tool	 in	 both	 research	 and	 forensic	 identification	
and reconstruction. This review concludes that the virtopsy 
using maxillofacial imaging favors the development of future 
forensic investigations and is helpful in medicolegal cases.
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Original Article

IntroductIon

The styloid process is a bony projection, situated immediately 
anterior to the stylomastoid foramen.[1] Elongation in styloid 
process	was	first	described	by	Eagle	in	1937	and	is	described	
as Eagle’s syndrome. Elongation of styloid process is seen 
in approximately 4% of general population and is usually 
asymptomatic, with only 4% of subjects presenting with 
symptoms.[2] The exact cause of this elongation is unknown.[3] 
Theory of reactive hyperplasia, theory of anatomic variance, 
dysendocrine theory correlate anatomy, embryology, and 
physiology for its clear understanding.[4] The normal length 
of the styloid process varies greatly between individuals, but 
in general it is 20–30 mm long. Styloid process longer than 
30 mm is considered elongated. Length of the elongated styloid 
process	is	controversial.	Eagle	defined	the	length	of	a	normal	
styloid process to be 2.5–3.0 cm.[5]

Various imaging techniques such as panoramic radiography, 
posteroanterior skull view, lateral cephalogram, lateral 
oblique mandible view, Towne’s view, computed tomography, 
and magnetic resonance imaging demonstrate the styloid 
process.[2,5] The aim of the study was to evaluate the length 
of	 the	styloid	process,	various	patterns	of	calcification,	and	
to correlate the elongated styloid process with a variety of 
parameters associated with the general and dental health of 
an individual.

Prevalence and Calcification of Stylohyoid Complex in 
North West Part of India and Its Correlation with General and 

Dental Health Condition
Shalu Rai, Deepankar Misra, Nivedita Singh, Mansi Khatri, Kuber Tyagi, Priyank Mallick

Department of Oral Medicine and Radiology, Institute of Dental Studies and Technologies, Kadrabad, Modinagar, Uttar Pradesh, India

Aim:	This	study	was	conducted	to	evaluate	the	variation	and	clinical	significance	of	stylohyoid	complex	and	to	correlate	it	with	general	and	
dental health among different age groups and gender using panoramic radiographs. Materials and Methods: The study included 1,000 subjects 
indicated	for	panoramic	radiographs.	Styloid	processes	>30	mm	were	correlated	age	wise	and	gender	wise.	The	morphology	of	the	calcified	
stylohyoid complexes was allocated into 12 different patterns and their length was measured directly on the radiographs. Serum calcium levels and 
cholesterol levels were obtained from subjects with elongated styloid process and their heart rate, blood pressure measurement, weight, height, 
number of teeth present, and community periodontal index (CPI) was assessed. Results: Out of 978 detected styloid processes, 267 (27.3%) 
were	more	than	30	mm.	The	average	length	of	the	calcified	styloid	complex	was	26.40	mm.	The	most	common	pattern	of	calcification	was	
found	to	be	E	pattern,	64	(34.03%)	in	number	which	had	statistically	significant	correlation	with	age	(P value <0.001). Pearson’s correlation 
coefficient	association	of	body	weight	with	elongated	styloid	process	(left	and	right)	was	0.163	(P value 0.162) and 0.300 (P value 0.001) 
respectively	which	was	 found	 to	be	 statistically	 significant	on	 right	 side.	Twenty	 seven	 subjects	who	 showed	no	elongation	but	 evident	
calcification	patterns	according	to	gender	and	age	on	panoramic	radiographs	were	also	recorded	and	were	called	mineralized	styloid	termed	
as mineralization. Conclusion:	Calcification	of	the	styloid	complex	is	commonly	observed	on	panoramic	radiographs	and	the	present	and	
previous studies indicate that the panoramic radiographs include information on general and dental health condition.
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MaterIals and Methods

The	 study	was	 an	 observational	 trial	 further	 classified	 as	
nonrandomized prospective study consisting of 1,000 subjects 
of either gender from age group 16–80 years reporting to the 
institutional OPD and indicated for panoramic radiography. 
The study period was from March 2013 till June 2014. 
Informed consent was taken along with ethical clearance from 
the institutional ethical committee to perform the radiograph 
and further use them for research purposes. The subjects 
were divided into three age groups, i.e., Group 1: 16–36, 
Group 2: 37–56, and Group 3: 57–80 years. Subjects 
having history of facial injury, vitamin D consumption, 
bleeding	disorders	or	ectopic	calcification	of	carotid	artery,	
phleboliths, and lymph node were excluded from the study. The 
panoramic radiographs of the subjects with elongated styloid 
process	(≥30	mm)	were	evaluated	and	included	in	the	study.

The orthopantomogram used for making panoramic radiographs 
was 8000C (Kodak) having radiographic sensor of charged 
couple device (CCD) type, voltage (80 kVp), current (12 mA), 
time	scan	(17	s),	focal	spot	size	(0.5	mm),	and	magnification	
factor (1.29). The software used was Kodak Dental Imaging 
System (KDIS) version 6.13.0. Bilateral styloid processes 
were studied on the panoramic radiographs by an experienced 
dentomaxillofacial radiology specialist. The images were 
evaluated in a darkened quiet room with dual monitors 
(HP LP2475W, resolution 1920 × 1200; Hewlett-Packard, 
Houston, USA). Each viewing session lasted 30 min.

The styloid process was measured using the measurement 
method of Jung et al.[6] for lengths of bilateral styloid 
processes [Figure 1]. In brief, the measurement was taken 
on the frontal side of the temporal bone. In this area on the 
panoramic radiographs a thin transparent line is generally 
visualized between the shadows of these processes and the 
tympanic bone. This transparent line corresponds to the cleft 
between them and the tympanic plate of the temporal bone. The 
tip of the styloid process is its bony end, including mineralized 
parts of the ligament. Its apparent length was measured with 
the help of measuring tools.

The	pattern	of	calcification	was	studied	according	to	method	
described by MacDonald-Jankowski[7] (2001) [Figure 2]. The 
pattern	of	calcification	was	described	according	to	the	center	
of	 calcification	 involved;	Region	 1	 tympanohyal;	Region	
2 stylohyal; Region 3 ceratohyal; Region 4 hypohyal. The 
12	 patterns	were	 derived	 from	 the	 pattern	 of	 calcification	
in the regions and whether the regions were continuous or 
distinct. The presence of the lesser horn of the hyoid bone was 
not recorded. The symmetry was determined by reference to 
the pattern based on the four regions. In those cases where 
asymmetry was present, the pattern that was most advanced 
was	 taken	 to	 define	 the	 pattern	 for	 that	 patient.	The	 terms	
used	in	this	report	were	defined	as	follows:	calcification	was	
“normal” where it did not extend below the mandibular foramen 
(Patterns A to D). A normal styloid process was considered 
“classical” where it presented as a continuous radiopacity 

composed of Regions 1 and 2 (Pattern D). An “elongated 
styloid	process”	was	defined	as	extending	below	the	mandibular	
foramen	(Pattern	E).	Calcification	of	the	stylohyoid	ligament	
was	defined	as	occurring	when	calcification	which	extended	
below the mandibular foramen did not appear to be continuous 
with the base of the skull (Patterns F to K) [Figure 3].

Figure 1: Elongated styloid process on left side

Figure 2: Mac Donald classification of elongated styloid process

Figure 3: Types of Calcification patterns as seen on OPG

[Downloaded free from http://www.jiaomr.in on Sunday, July 5, 2020, IP: 45.248.24.89]



Rai, et al.:	Prevalence	and	calcification	of	stylohyoid	complex

Journal	of	Indian	Academy	of	Oral	Medicine	&	Radiology	 	 Volume	29	 	 Issue	3	 	 July‑September	2017176

In	our	study,	we	found	few	radiographs	showing	calcification	
of styloid process which was similar to the type of presentation 
reported by Langlais et al.[8]	Hence,	we	modified	classification	
by adding 13th and 14th	variant	of	calcification	pattern	which	
is	 nodular	 (N)	 and	 partially	 calcified	 (P)	 [Figure 3]. The 
serum calcium levels and cholesterol levels were obtained 
from fresh venous blood mixed with ethyline diamine tetra 
acetic acid (EDTA) collected from the subjects. The serum 
calcium levels were measured by calcium assay kit and 
serum cholesterol levels were measured by Erba cholesterol 
kit (Transasia Bio-Medicals Ltd., India).

The heart rate was measured by palpating radial artery of 
the subjects. The mercury sphygmomanometer was used 
for blood pressure measurement, weighing machine was 
used for weight measurement, and height of the subject was 
measured	using	fixed	height	ruler	(Sterling,	An	ISO	certified	
unit health scale). The number of teeth present were counted 
using FDI (Fédération Dentaire Internationale) nomenclature 
and community periodontal index (CPI) was used to assess 
loss of attachment, periodontal pockets, gingival bleeding, 
and calculus in the mouth of subjects. The patients were also 
questioned about clinical symptoms related to elongated 
styloid process.

Statistical analysis
The data were analyzed by using statistical software statistical 
package of social sciences (SPSS) version 16.0 IBM, U.S. 
The probability value P <	0.05	was	considered	as	significant, 
P < 0.01 and P <	0.001	were	considered	as	highly	significant	
and value P >	0.05	was	considered	as	not	significant.

results

A total of 978 styloid processes were detected in 1,000 subjects. 
Total 537 (54.9%) and 441 (45.1%) styloid processes were 
detected in males and females respectively, which were further 
classified	age	wise	into	three	age	groups,	i.e.,	16–36,	37–56,	
and 57–80 years. The correlation of gender wise distribution 
of styloid process with age wise distribution: Among male 
subjects, 288 (48.6%) styloid processes were detected in 
age Group 1, 158 (62.2%) in age Group 2, and 91 (69.5%) 
in age Group 3. Among female subjects, 305 (51.4%) were 
detected in Group 1, 96 (37.8%) in Group 2, and 40 (30.5%) 
in age Group 3. According to age wise distribution 593 styloid 
processes were detected in age Group 1, 254 in age Group 2, 
and 131 in age Group 3 [Table 1].

Out of 978 detected styloid process, 267 (27.3%) were 
elongated,	i.e.,	≥	more	than	30	mm.	The	minimum,	maximum,	
and mean length of stylohyoid complex were 10 mm, 
42.80 mm, and 26.40 mm, respectively. Correlation of gender 
wise distribution of 267 elongated styloid process with age wise 
distribution: For male subjects, total 173 (64.7%) elongated 
styloid processes were present, amongst them 95 (61.6%) 
styloid processes were detected in Group 1, 52 (71.7%) in age 
Group 2, and 26 (63.5%) in age Group 3. For female subjects 
total 94 (35.3%) elongated styloid processes were detected; 

among them 59 (38.4%) were detected in Group 1, 20 (28.3%) 
in Group 2, and 15 (35.3%) in Group 3. According to age wise 
distribution within age Group 1, 154 styloid processes were 
detected in age Group 1, 72 in age Group 2, and 41 in age 
Group 3 [Table 2].

On evaluating the gender and age based distribution pattern 
of	 calcification	we	 found	 that	 the	most	 common	pattern	 in	
267 elongated styloid processes was E pattern (64). The 
age wise distribution was found to be 2 (0.3%) in Group 1, 
36 (14.2%) in Group 2, 26 (19.8%) in Group 3; and gender 
wise, 35 (5%) in males and 29 (10.8%) in females. The 
least	 common	 pattern	 of	 calcification	was	 determined	 as	
C pattern (0.4%) in age Group 2 of females. The age wise 
correlation	with	pattern	of	 calcification	yielded	 statistically	
highly	significant	result	(P	≤	0.001),	however,	no	statistically	
significant	correlation	could	be	established	between	gender	
and	types	of	calcification	[Tables 3 and 4].

Table 1: Correlation of gender wise and age wise 
distribution of detected styloid process (N=978)

Gender 
wise

Age wise Total

Group 1 Group 2 Group 3
Male 288 (48.6%) 158 (62.2%) 91 (69.5%) 537 (54.9%)
Female 305 (51.4%) 96 (37.8%) 40 (30.5%) 441 (45.1%)
Total 593 (100%) 254 (100%) 131 (100%) 978 (100%)

Table 2: Correlation of gender wise and age wise 
distribution of elongated styloid process >30 mm 
(N=267)

Gender wise Age wise Total

Group 1 Group 2 Group 3
Male 95 (61.6%) 52 (71.7%) 26 (63.5%) 173 (64.7%)
Female 59 (38.4%) 20 (28.3%) 15 (36.5%) 94 (35.3%)
Total 154 (100%) 72 (100%) 41 (100%) 267 (100%)

Table 3: Age wise distribution of calcification in detected 
styloid (N=978)

Calcification 
pattern

Age wise Total

Group 1 Group 2 Group 3
No	calcification 590 (99.5%) 175 (68.9%) 62 (47.3%) 827 (84.6%)
C 0 1 (0.4%) 0 1 (0.1%)
D 0 10 (3.9%) 6 (4.6%) 16 (1.6%)
E 2 (0.3%) 36 (14.2%) 26 (19.8%) 64 (6.5%)
F 0 5 (2%) 6 (4.6%) 11 (1.1%)
G 0 2 (0.8%) 0 2 (0.2%)
H 0 5 (2%) 1 (0.8%) 6 (0.6%)
I 0 3 (1.2%) 4 (3.1%) 7 (0.7%)
J 0 2 (0.8%) 0 2 (0.2%)
L 0 0 10 (7.6%) 10 (1%)
N 1 (0.2%) 9 (3.9%) 9 (6.9%) 19 (1.9%)
P 0 6(2.4%) 7 (5.3%) 13 (1.3%)
Total 593 (100%) 254 (100%) 131 (100%) 978 (100%)
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In	 our	 study,	Pearson’s	 correlation	 coefficient	was	 done	 to	
assess association of age with elongated styloid process 
(left and right side) which was found to be 0.319 (P < 0.001) 
and 0.347 (P < 0.001), respectively and was seen to be 
statistically	highly	significant.	Pearson’s	correlation	coefficient	
was	also	used	to	find	association	of	blood	pressure	(systolic)	
with elongated styloid process (left and right side) and 
was found to be 0.112 (P = 0.330) and 0.026 (P = 0.785), 
respectively	which	was	statistically	nonsignificant.	Association	
of diastolic blood pressure with elongated styloid process 
(left and right side) was also calculated using Pearson’s 
correlation	coefficient	and	it	came	out	to	be	0.137	(P = 0.235) 
and 0.059 (P = 0.529), respectively which was also statistically 
nonsignificant	[Tables 5 and 6].

Pearson’s	correlation	coefficient	association	of	heart	rate	with	
elongated styloid process (left and right side) was inferred 
as 0.201 (P = 0.081) and 0.125 (P = 0.181), respectively 
which	was	found	to	be	statistically	nonsignificant.	Pearson’s	
correlation coefficient was also used to find association 
of serum cholesterol with elongated styloid process (left 

and right side) and came out to be 0.004 (P = 0.971) and 
0.086 (P = 0.370), respectively which was also found to be 
statistically	nonsignificant	[Table 5 and 6].

Pearson’s	correlation	coefficient	association	of	serum	calcium	
with elongated styloid process (left and right side) was 
0.152 (P = 0.204) and 0.051 (P = 0.596), respectively which 
was	again	found	to	be	statistically	nonsignificant.	Association	of	
body height with elongated styloid process (left and right side) 
was found to be 0.213 (P = 0.064) and 0.060 (P = 0.518), 
respectively	using	Pearson’s	correlation	coefficient	and	was	
found	to	be	statistically	nonsignificant	[Tables 5 and 6].

Pearson’s	correlation	coefficient	association	of	body	weight	
with elongated styloid process (left and right side) was 
0.163 (P = 0.162) and 0.300 (P = 0.001) respectively, and was 
found	 to	be	 statistically	 significant	on	 right	 side.	Pearson’s	
correlation	 coefficient	was	 also	 used	 to	find	 association	of	
CPI with elongated styloid process (left and right side) and 
was 0.038 (P = 0.749) and 0.114 (P = 0.234), respectively 
which	was	statistically	nonsignificant.	Pearson’s	correlation	
coefficient	 association	 of	 number	 of	 teeth	with	 elongated	
styloid process (left and right side) was 0.194 (P = 0.089) 
and 0.082 (P = 0.373), respectively which was found to be 
statistically	nonsignificant.	[Tables 5 and 6].

In our study, 27 patients showed no elongation but there was 
evidence	of	calcification	patterns	on	panoramic	radiographs.	
Correlating these 27 styloid processes according to gender 
and age we found that pattern C was seen in 1 (10.0%) 
female subject in the age Group 2; Pattern D was seen in total 
15 (55.6%) subjects, 7 (70.0%) females and 8 (47.1%) males 
in the age Group 2 (13 subjects) and Group 3 (2 subjects); 
Pattern F was found in total 2 (7.4%) subjects, 1 (10.0%) in 
females and 1 (5.9%) in males in Group 2 (1 subject) and 
Group 3 (1 subject); Pattern G in total of 1 (3.7%) subject, 
1 male (5.9%) in Group 2; Pattern J in total of 2 (7.4%) subjects, 
2 (11.8%) males in Group 2; Pattern N in total of 5 (18.5%) 
subjects, 1 (10.0%) female and 4 (23.5%) males in Group 2 
(2 subjects) and in Group 3 (3 subjects); and Pattern P in total 
of 1 (3.7%) male subject in Group 2 [Tables 7 and 8].

Table 4: Gender wise distribution of calcification in 
detected styloid (N=978) (>30 mm styloid process)

Calcification 
pattern

Male Female Total

No	calcification 611 (86.4%) 216 (79.7%) 827 (84.6%)
C 0 1 (0.4%) 1 (0.1%)
D 12 (1.7%) 8 (2.9%) 20 (2.0%)
E 35 (5%) 29 (10.8%) 64 (6.5%)
F 7 (1.0%) 4 (1.5%) 11 (1.1%)
G 1 (0.2%) 0 1 (0.1%)
H 5 (0.7%) 0 5 (0.5%)
I 6 (0.9%) 1 (0.4%) 7 (0.7%)
J 2 (0.3%) 0 2 (0.2%)
L 7 (1.0%) 4 (1.5%) 11 (1.1%)
N 14 (2%) 6 (2.2%) 20 (2.0%)
P 7 (1%) 2 (0.7%) 9 (0.9%)
Total 707 (100%) 271 (100%) 978 (100%)

Table 6: Correlation of right side styloid process with general and dental health

BP systolic BP diastolic Heart rate Serum cholesterol Serum 
calcium

CPI Body 
height

Body weight No. of 
teeth

Age

Pearson 
correlation

0.059 0.026 0.125 0.086 0.051 0.114 -0.060 0.300** -0.082 0.347**

P 0.529 0.785 0.181 0.370 0.596 0.234 0.518 0.001 0.373 0.001
**P	value	>	0.001:	Highly	significant

Table 5: Correlation of left side styloid process with general and dental health

BP 
systolic

BP 
diastolic

Heart 
rate

Serum 
cholesterol

Serum 
calcium

CPI Body 
height

Body 
weight

No. of 
teeth

Age

Pearson correlation -0.137 0.112 0.201 0.004 0.152 0.038 -0.213 0.163 -0.194 0.319**
P 0.235 0.330 0.081 0.971 0.204 0.749 0.064 0.162 0.089 0.001
**P	value	>	0.001:	Highly	significant
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On enquiring patients with elongated styloid process about 
association with any clinical symptoms, it was found that 
none of the patients in our study reported with any clinical 
symptoms, i.e., pain or discomfort associated with elongated 
styloid process.

dIscussIon

Elongated styloid process may sometimes be asymptomatic 
or associated with wide range of discomfort to the subjects. 
The present study was carried out on 1,000 subjects who were 
divided into three different groups, i.e., Group 1, Group 2, and 
Group 3 and were subjected to pantomographic examination 
for	evaluation	of	length,	calcification	of	styloid	process,	and	its	
association with the general and dental health of an individual.

A total of 978 styloid processes were detected in 1,000 subjects 
and were distributed according to age as follows, 593 in 
Group 1, 254 in Group 2, and 131 in Group 3. The gender wise 
distribution revealed 537 (54.9%) were males and 441 (45.1%) 
females. This means that more number of styloid process were 
detected in males as compared to females. These results were 
in accordance to study conducted on 296 participants by Sokler 
et al.[9] where they found elongated styloid process in 161 males 
and 135 females. However, Gokce et al.[10] in their study on 
698 individuals found more number of styloid process in 
females (413) as compared to males (285) in Turkish population.

Out of 978 detected styloid process, 267 (27.03%) were 
elongated,	i.e.,	≥	more	than	30	mm.	154	(26%)	styloid	processes	
were detected in age Group 1, 72 (28.3%) in age Group 2, and 
41 (31.3%) in Group 3 which is in accordance to the study by 
Lins et al.[11]	We	found	the	most	common	pattern	of	calcification	
to be E pattern, 64 (34.03%), in which all tympanohyal, 
stylohyal, and ceretohyal are continuous. 29 females (45.03%) 
and 35 males (54.07%) showed this pattern. Similar results were 
found by DS Mac Donald – Jankowski[7] who found E pattern 
in 29 (9.6%) males and 33 in females in London population.

In the present study, we evaluated the general health 
conditions including serum calcium, serum cholesterol levels, 
height, weight, heart rate, blood pressure, and dental health 
parameters including CPI and number of teeth in patients 
with elongated styloid process. In our study comparison of 
mean serum cholesterol with elongated styloid process on 
right and left side respectively was done within different age 
groups using ANOVA test and was found to be statistically 
nonsignificant	(right	side P = 0.544 and left side P = 0.548, 
and Pearson correlation = 0.074 and 0.046 respectively). 
Mean serum cholesterol concentration was 240.87 mg/dL 
in Group 1, 252.58 mg/dL in Group 2, and 241.41 mg/dL in 
Group 3. Our results were in accordance with study done by 
Okabe et al.[12]	who	found	no	significant	correlation	between	
total serum cholesterol concentration and elongated styloid 
process; however, the author did not compare age with total 
serum cholesterol concentration of an individual.

In our study, comparison of mean serum calcium with 
elongated styloid process on right and left side was done 
within different age groups using ANOVA test and was found 
to	be	statistically	nonsignificant	(right	side P = 0.808 and left 
side P = 0.279, and Pearson correlation = 0.021 and 0.131 
respectively). The mean serum calcium concentration was 
9.21 mg/dL in Group 1, 8.95 mg/dL in Group 2, 8.95 mg/dL 
in Group 3. This is in accordance with the study conducted 
by Ardakani et al.[13]	who	observed	no	statistically	significant	
correlation between age and serum calcium levels in patients 
with elongated styloid process. Okabe et al.[12]	found	significant	
correlation between serum calcium concentration and length 
of styloid process and suggested an unknown mechanism may 
be responsible for elongated styloid process that might have a 
tendency for high serum calcium level in an individual.

On comparing elongated styloid process on the right and left 
sides	with	body	 length	and	weight	 a	 significant	 correlation	
between the two was found (P = 0.005 and 0.250 respectively, 
and Pearson correlation 0.319 and 0.094 respectively, for 
length, and P = 0.050 and 0.002 respectively, and Pearson 
correlation 0.229 and 0.293 respectively, for weight). The 
results were in accordance with the study by Okabe et al.[12] 
and Ghafari et al.[14] who also found body length and weight to 
be	statistically	significant	on	comparing	them	with	elongated	
styloid process. The average weight of subjects with elongated 
styloid process was greater than the subjects with unilaterally 
nonelongated styloid process.

Table 7: Gender wise distribution of various pattern of 
mineralization of stylohyoid complex (<30 mm styloid 
process)

Calcification 
pattern

Sex Total P

Female Male
C 1 (10.0%) 0 1 (3.7%) 0.492
D 7 (70.0%) 8 (47.1%) 15 (55.6%)
F 1 (10.0%) 1 (5.9%) 2 (7.4%)
G 0 1 (5.9%) 1 (3.7%)
J 0 2 (11.8%) 2 (7.4%)
N 1 (10.0%) 4 (23.5%) 5 (18.5%)
P 0 1 (5.9%) 1 (3.7%)
Total 10 (100.0%) 17 (100.0%) 27 (100.0%)

Table 8: Age wise distribution of various pattern of 
mineralization of stylohyoid complex

Calcification 
pattern

Age wise Total

Group 1 Group 2 Group 3
C 0 1 (0.4%) 0 1 (0.1%)
D 0 13 (3.9%) 2 (4.6%) 15 (1.6%)
F 0 1 (2%) 1 (4.6%) 2 (1.1%)
G 0 1 (0.8%) 0 1 (0.2%)
J 0 2 (0.8%) 0 2 (0.2%)
N 0 2 (3.9%) 3 (6.9%) 5 (1.9%)
P 0 1 (2.4%) 0 1 (1.3%)
Total 0 21 (77.78%) 6 (22.22%) 27 (100%)
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A	statistically	nonsignificant	correlation	was	found	between	
elongated	 styloid	 process	 and	blood	pressure.	The	findings	
were in accordance with the study conducted by Okabe et al.[12] 
who	found	no	statistically	significant	results	between	length	
of styloid process and frequency of patients with elevated 
systolic and diastolic blood pressure. However, Ghafari et al. 
found	statistically	significant	correlation	between	the	two	and	
found it could be due to anatomy of the area. In our study, 
we	 could	 not	 find	 any	 statistically	 significant	 correlation	
between elongated styloid process and heart rate which is 
in accordance with the study by Ghafari et al.[14] and Okabe 
et al.[12] (P = 0.27 and 0.834 respectively).

The muscle tension from occlusal disarrangements and changes 
in bone height in partial or complete edentulous subjects could 
be a probable factor in the incidence of elongated styloid 
process. The association between the number of teeth present in 
the mouth and the elongation of the styloid process was studied, 
but	no	significant	correlation	was	found	between	the	two.	Our	
results were in accordance with a study conducted by Ghafari 
et al.[14] and Okabe et al.[12]	There	was	no	significant	correlation	
found between CPI and length of the styloid process which 
is in accordance with the study by Okabe et al.[12] who found 
no relationship between the CPI and the length of the styloid 
process (Pearson correlation = 0.048 and P value = 0.296). 
In our study of 27 patients showed no elongation but evident 
calcification	patterns	according	to	gender	and	age	on	panoramic	
radiographs.	Such	calcifications	without	elongation	were	called	
as “mineralization of the stylohyoid ligaments complex” which 
has also been used by previous authors, Correll et al.[15] and 
Zaki et al.[16]

conclusIon

The present and previous studies indicate panoramic 
radiography is useful for detection of an elongated styloid 
process	 and/or	 ossification	 of	 styloid	 ligaments	 in	 patients	
with or without symptoms and hence is an economical imaging 
modality to view the elongated styloid process. It also indicates 
that the panoramic radiographs include information on general 
health condition as well as on jaws and teeth. Therefore, we 
recommend long-term follow-up studies should be carried out 
to	demonstrate	more	significant	results	correlating	elongated	
styloid process and general health conditions of the patients.
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Unfolding the Mysterious Path of Forensic Facial
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Abstract

Forensic facial reconstruction (FFR) is the technique that combines art and science to recreate the antemortem appearance of an individual in
order to recognize and identify the decedent. Over the years, many techniques of FFR and imaging modalities that provide the basic data for
FFR have evolved. There is always a considerable debate and confusion regarding the advantages and limitations of these techniques. The aim
of this review is to summarize the different techniques of FFR and emphasize the role of radiological techniques including cone beam
computed tomography in it.

Keywords: Cone beam computed tomography, forensic facial reconstruction, three-dimensional reconstruction

INTRODUCTION
Over the years, many new techniques have evolved for the
identification of deceased individuals. Out of these
techniques, the commonly used are the comparison of
antemortem and postmortem data by using clinical records,
radiographs, or DNA. Still the identification of severely
mutilated bodies poses a challenge.[1] These cases limit the
identification process of sex, stature, and build. Such are the
cases in which facial reconstruction comes as a ray of hope.
As the face of an individual has several exclusive features
and, thus, is of great importance in identification and
recognition of a person.[2]

This article attempts to evaluate the efficacy of different
methods and imaging modalities for forensic facial
reconstruction (FFR). FFR is a technique based on both
scientific standards and artistic skills to rebuild a face onto
a skull to recreate the antemortem appearance of an individual
in order to recognize and identify the decedent.[3] It is also
known as “forensic facial approximation.” It is seen as a
connecting link between the sculpting art and science. Facial
reconstruction does not bring about absolute reproduction of

the facial details of the deceased, but a relative likeness is
definitely achieved. The practical application of this
reconstruction procedure includes the study of war or
crime victims, victims of mass disaster, facial
reconstruction from cadavers, and for archeological
purposes. It is also used in the identification of criminals
and victims.[4]

HISTORY OF FACIAL RECONSTRUCTION
Preservation of skull as a memory of the deceased dates back
to Neolithic age, showing the essentiality of skull bone in
facial appearance, but the soft tissue that includes skin,
muscle, and fat is not less significant. In 1996, Farkas
described how the minor variations in facial proportions
can change the individuality of the face.[5] Laura Verzé in
the review on history of FFR found that the first scientific
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facial reconstruction was attempted by the Swiss-born
German anatomist Wilhelm His in 1895.[6]

They also found that during Renaissance period, wax models
of faces were used by artists such as Michelangelo to study
anatomy and for other documentation purposes. The first
three–dimensional (3D) facial reconstruction was attempted
by His and Kollman (1898) by reconstructing the face of a
stone-age woman. Welcker, a German physiologist and
anatomist, documented average tissue depth by studying
cadavers. He inserted a small surgical blade into various
anthropometric landmarks on the face and then measured the
depth of penetration. This is called “Welcker Facial
Reconstruction Technique.”[6]

The advent of the twentieth century brought a revolution in the
field of facial reconstruction, as the computers could completely
change the methods of reconstruction. In the year 1916, first
successful attempt of facial reconstruction by medico-legal
experts was done in United States of America.[7,8]

METHODS OF FACIAL RECONSTRUCTION
The skeletal structure and osteological analyses of the skull
give essential information about the facial morphology, but
these are not enough when used alone. Modeling soft-tissue
structures covering the skull is a significant part of the process
of facial reconstruction.

FFR can be achieved by two basic techniques. These are two-
dimensional (2D) and 3D facial reconstructions. Each of these
techniques is further divided into (1) manual and (2)
automated techniques.[8]

Manual methods
Traditionally Russian and American manual methods of facial
reconstruction have been described in the literature (Figure 1).
These methods were 2D and 3D manual methods employing
impressions and clay-modeling techniques. In this technique,

the impressions of the skull were made, and casts were
fabricated over which different landmark pins were applied.
Various facial features were carved over the casts/models
obtained using clay according to their anatomical positions.
Later, the models were painted and hair was applied, and
pictures of the final models were taken. These were
relatively simple and fast reconstruction techniques that gave
rough identity to an individual.[6] Another method called
Manchester method was proposed by Neave and developed
byWilkinson.[8]These reconstruction techniquesuse soft facial
parts made of wax and other artificial substances that are
directly placed over the clay model. The photographs of the
fabricated model are then taken and provided to the medico-
legal experts. Although these methods were relatively simple
and easy to perform, these had some disadvantages.

Limitations: Time consuming, technique sensitive, and
expensive as the placement of modeled muscles on the
skull requires lot of skill.[7,8]

Computer-aided reconstruction
3D facial reconstruction relies on the principle of building a
“face” onto the skull based on the application of mean tissue
thicknesses for given anatomical landmarks.

The aims of computer aided facial reconstruction are as
follows:
(1) To make a model (actual or virtual) of the skull and

arrange the soft tissues on to the prepared model of skull
model.

(2) To form a database with average soft-tissue depth with
the use of various invasive and noninvasive imaging
modalities (Figure 2).

Advantages:
(1) Enables better visualization of the anatomical and

pathological state by providing high degree of quality
and resolution.[9]

Figure 1: Steps of manual method of forensic facial reconstruction: 1) Replicated skull with landmarks and already reconstructed eye socket and nose
structure. 2) Advanced reconstruction of the soft facial parts. 3) Crude model of the face. (courtesy: K Kreutz et al. Dtsch Arztebl 2007;104
(17):1160–5)
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(2) Provides 3D imaging of 2D objects by using soft-tissue
depth markers and algorithms that lay down mesh-like
face over these anatomic structures.

(3) Completely noninvasive procedure as it allows virtual
manipulation, simulation; bone sectioning in a virtual
space, thus preserving the original object.

(4) Allows sequential other reconstructions on the same
skull by using different facial templates from the same
database.[9,10]

Limitations:-
(1) As stated by Lee et al.[11], computerized method of FFR

uses a limited database to extract information using
templates of pregenerated faces. Therefore, the end
results in computer-aided facial reconstruction might
be prejudiced as they would resemble the pregenerated
facial template only. He further advocated that this
limitation could be overcome by means of a
statistical average model, prepared from average of a
large database.[11]

(2) It is technique sensitive, may face a number of
intraoperative imaging limitations, and requires
highly trained specialists for interpretation of the
images obtained.[12]

Different imaging modalities used for computer-aided
facial reconstruction: For hard- and soft-tissue
imaging
Nowadays, the data used are commonly obtained using
computed tomography (CT), magnetic resonance imaging
(MRI), and ultrasound in which the two latter techniques
are considered low risk and noninvasive.

On the contrary, such soft-tissue thickness data described
above have certain limitations including the following:
(1) The studies previously reported reliability due to

insufficient sample size.
(2) Previously conducted studies have restricted

comparative tissue thickness data for different age
groups, sex, ancestry, and build.

(3) There is lack of standardization of landmark sites
employed by different studies to obtain soft-tissue depth
data (especially when using different methodologies).

Lateral cephalograms
Children and adolescents undergoing the orthodontic
treatment are routinely subjected to lateral cephaograms.
Studies have measured the soft-tissue thickness with the
help of these radiographs.[13]

The limitations of this radiograph include soft-tissue depth
data that are obtained in the midline area only. Therefore, any
soft-tissue depth data lateral to these landmarks cannot be
obtained and evaluated with respect to significance to age,
sex, and ancestry.[13]

Computed tomography
Vanezis et al.[14] and Claes et al.[15] introduced the use of CT
in FFR. In this method, all the defects and natural orifices of
the skull are blocked before a scanning procedure to make an
anthropological assessment of the skull. Then a virtual copy
of the skull is obtained by scanning the skull using the CT.
Later landmark tags are used as an aid to add soft facial parts
to this virtual skull copy, and then facial features are inserted
(Figure 3).

Figure 2: Stepwise automated Computerized facial reconstruction. (courtesy: Claes P et al. Forensic Science International 2010;201:138–145.)
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Various standard software are available that make facial
reconstruction accessible to a wide range of people
without the need of experts.[16]

Advantages:
(1) CT scanners can image both the internal hard-tissue

structures and the external cutaneous covering allowing
a complete assessment of facial morphology.

(2) It is also useful in assessment of soft-tissue thickness.
(3) CT scan is widely available in all areas of the world
(4) CT scan is also indicated routinely for many conditions,

giving a chance to record soft-tissue thickness
simultaneously to create a database in these patients
without adding any extra radiation.

Limitations:
(1) Use of CT scan is a comparatively expensive technique.
(2) The devices expose patients to high amounts of

radiation.
(3) CT craniofacial scans do not allow determining dental

morphology accurately because of artifacts from
metallic restorations or orthodontic brackets.[17]

Cone beam computed tomography
The most recent modified form of CT is the cone beam CT
(CBCT). It offers affordable 3D craniofacial reconstructions,

with a reduced radiation exposure. CBCT systems have been
developed specifically for the maxillofacial region. It was
introduced in dentistry in the 1990s.[18] Their different field of
views (FOV) allows an efficient imaging of the skull
including most of the landmarks used in cephalometric
analysis together with a 3D volumetric rendering of the
external facial surface.[19]

In a study conducted by Sforza et al.[20], where they reviewed
various imaging technologies to study three dimensional
facial morphology useful in facial reconstruction found
that there was a decrease in the error rate in various
studies on facial reconstruction after the use of CBCT
from 2000 to 2006.

CBCT plays a significant role in a number of forensic studies
today (Figure 4).[21-23] This methodology utilizes various
landmarks that are well defined points on the head and may
be classified as cephalometric and craniofacial. Cephalometric
points are correspondingmarks on the surface of skin, whereas
craniofacial landmarks are placed on the skull.[24] Hwang
et al.[19] constructed a database on CBCT for facial soft-
tissue thickness using midline and bilateral soft-tissue
landmarks as described by De Greef et al.[25] (Figure 5).

By reducing the restoration-related artifacts, CBCT further
improves accuracy of facial reconstruction for that individual
by recording the site and type of the restorations. Dental fillings

Figure 4: 3 D reconstructed CBCT Image of skull alongwith facial soft tissue construction (courtesy : C. Sforza et al. Journal of Anthropological Sciences

Figure 3: 3Dimensional computerized facial reconstruction procedure following the combination method. (courtesy: Lee WJ et al. J Forensic Sci.
March 2012;57(2): 318–327.)
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provide useful identification to that particular person and can be
very helpful in identification on comparison with antemortem
records available.[26] Dental CBCT can readily confirm the
presence of restorations and prostheses, root canal filling
materials, and denture clasps and wires for enforcement in
both dry- and soft-tissue-attached skulls during their forensic
analysis and are thus useful in reconstruction of face.

Advantages:
(1) Noninvasive procedure producing 3D images.
(2) Ability to restrict size of exposed area by using different

FOV thereby reducing overall radiation dose.
(3) Lack of superimposition.
(4) Absence of geometric distortion. Measurements made

on the images are accurate.
(5) Software to analyze images are user friendly and have

multiple tools that help to modify scanned images.[21]

(6) It provides multiplanar reconstruction mode for images.
Images can be visualized in different windows, that is,
axial, coronal, saggital, and 3D-reconstructed images.

(7) Different rendering tools are available. These are (1)
maximum intensity projection, (2) surface rendering,
(3) soft-tissue density, and (4) different color schemes.

(8) Imaging of dentomaxillofacial region can be performed
accurately avoiding image artifacts arising from metallic
dental restorations and appliances. “Virtopsy” alongwith
fluoroscopic system inCBCTwas introduced by Pohlenz
et al.[22] and had the advantage of obtaining isocentric
fluoroscopic images that can overcome the errors of
artifacts due to metallic restorations on CBCT
images and could also provide better visualization of
soft tissues.

Limitations:
(1) The soft tissues are not as accurately visible in CBCT

images as in MRI and ultrasonography (USG).
(2) The resolution of CBCT images is not as high as that of

CT scan’ a the energy of x-rays used in CT scan is of
high intensity compared with CBCT.[22]

Magnetic resonance imaging
MRI was introduced in forensics for evaluation of soft-tissue
depths to overcome the shortcomings of CT.

Advantages:
(1) MRI is more accurate than CT images for obtaining the

soft-tissue depths.[27]

(2) It is also useful to demonstrate atrophy or hypertrophy
of the muscles and soft tissues as it gives immense
details about structural features also.

(3) It is a nonionizing radiation. Hence, risk of radiation
exposure hazards can be avoided.

Limitations:
(1) Aulsebrook et al.[27] suggested that MRI gives accurate

information only about soft tissues; underlying bone
details may be lost.

(2) MRI is relatively expensive procedure.
(3) This modality is not readily accessible, and thus it does

not contribute in forming database of the normal
individuals with different facial characteristics.

Ultrasonography
Lebedinskaya et al.[28] utilized ultrasound for measuring the
soft-tissue thickness of 1695 faces of 10 different ethnic
groups and contributed to form a successful database in
the former Soviet Union.

Advantages:
(1) It is the safest method to measure soft-tissue depths. It

has proved to be an economical and easily accessible
technique.

(2) Nonionizing radiation, thus avoiding hazardous effects
of radiation.

(3) Relatively cheap and easily available in clinical setups.

Limitations:
(1) It is an operator sensitive technique and requires highly

trained radiologist to obtain soft-tissue data.[26]

Figure 5: Craniofacial landmarks (courtesy: Galzi PJ, Mullins A (2016) Case Study: 3D Application of the Anatomical Method of Forensic Facial
Reconstruction. J Forensic Res 7: 350)
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(2) USG images are of poor resolution and, once obtained,
cannot be manipulated.[27]

Laser scanners
This is a noncontact surface imaging technique and is useful
to capture 3D images of the object (Figure 6).

In this method, the image of face is obtained after a 360 degree
rotation. A “wireframe” matrix is constructed over the image
and tissue-depth measurements are obtained. Digitized images
of facial features notpredictedby the skull contours (nose, eyes,
and mouth) are later added by separate means to generate a
wireframe face on which color and texture are subsequently
applied to achieve the final mode of reconstructed face.[29]

Limitations:
(1) Although laser scanning is a general technique for

scanning the outer surface of 3D objects, the skull
surface is very complex to reconstruct on the basis of
laserline projections.

(2) These scanners have a limited scanning resolution, such
that very small details of the skull are not acquired or
copied.[14]

Digital stereophotogrammetry technology
This is a useful computer-aided technology of FFR, which
provides superior quality “external surface” photographs,
coupling a color facial image (texture) with a 3D mesh of the
analyzed surface.[30,31] These systems are capable of
accurately reproducing the surface geometry of the face
and map realistic color and texture data onto the
geometric shape resulting in a life-like appearance
(Figure 7).[32]

Advantages:
(1) It is a safe, noninvasive, fast (typical scan time 2ms)

modality.
(2) It does not require a physical contact between the

instrument and the face.

Figure 6: Three-dimensional reproduction of the facial soft tissues of a woman obtained by laser scanning (three-dimensional polygonal mesh, and
homogenous surface rendering) (courtesy : C. Sforza et al. Journal of Anthropological Sciences. 2013;91:159–184.)

Figure 7: Three-dimensional reproduction of the facial soft tissues of a normal 20-y old woman obtained by a stereophotogrammety (courtesy : C.
Sforza et al. Journal of Anthropological Sciences. 2013;91:159–184.)
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Limitations:
(1) It can record and reproduce only the external body

surface permitting 3D measurements of the external
(soft tissues, in the living persons) structures.[33]

Fusion imaging
Cevidanes et al.[34] and Hammond and Suttie[35] described
fusion imaging for complete assessment of patients during
FFR using combination of CT scans and 3D facial images
obtained by optical method. The CT scans provide a detailed
image of the skeletal surfaces and volumes, and 3D facial
images offer additional information about color and surface
texture as well as higher resolution of soft-tissue surfaces.

CONCLUSION
After weighing the benefits and limitations of each modality,
we conclude that CBCT is useful for capturing quantitative
information about the facial soft tissues and hard tissues as it
provides distinct advantages with minimal invasiveness,
quick capture speeds (often under one second), high
precision, and accuracy and the ability to archive images
for subsequent analyses.[19,24,36] These systems provide safe,
speedy, and reliable data at the time of mass disaster scenarios
and crime scenes.[37]

Faces reconstructed with this technique closely resemble the
face of the individual. Thus, after detailed evaluation, CBCT
emerged as the practically most useful imaging modality for
FFR.[38]
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Abstract

Context: Human blood group, lip prints, and fingerprints are unique to an individual. Literature reveals very few studies correlating all three
parameters simultaneously, emphasizing the need of further studies with different parameters taken together to increase the success rate of
such identification methods. Aims and Objectives: To determine the correlation among lip prints, fingerprints, and blood groups and their
importance in forensic dentistry. Materials and Methods: Study group included 500 patients and their lip prints, fingerprints, and blood
groups were analyzed and recorded. Statistical analysis was performed using SPSS version 18.0; IBM, Armonk, New York, USA. Chi-square
test was used to find the significance of study parameters on categorical scale between two or more than two groups. Results: Correlating all
three parameters together we found in males maximum incidence of individuals in loop type fingerprint with intersecting type lip pattern in
B-positive blood group individuals (n= 25, 10%), and the results were statistically significant (P< 0.001). In females, maximum incidence of
individuals was seen in loop type fingerprint with full-length type lip pattern in O-positive blood group individuals (n = 43, 17.2%); however,
the results were statistically nonsignificant (P = 0.027).Conclusion: Considering these parameters together may help to obtain more accurate
results and increase the reliability of assessment.

Keywords: Blood groups, fingerprints, identification, lip prints, odontology

INTRODUCTION
Forensic dentistry deals with the relationship of teeth
and jaws as an evidence in court of law. In forensics,
identification comprises of physical, functional,
psychological, and pathological characteristics of an
individual. Every individual has certain distinctive features
that makes him/her radically distinct and unique from
others.[1] Traces from the scene may be carried away
on the person and at the same time may be left at the
scene. The court of law relies on physical facts and data
that can be used as evidences, which can be achieved by
analyzing these physical characteristics. Unusual and
newer methods of personal identification in forensic
sciences are performed by age and gender determination
using anthropometry, dactyloscopy, palatal rugae pattern,
DNA fingerprinting, differentiation of blood groups, hand

writing, and bite marks.[2] Cheiloscopy is the study of grooves
and furrows present on the red part or the vermilion border of
the human lips. These are unique and are considered as an
important tool in forensic identification.[3]

Blood group is another biological record that remains
unchanged throughout the life time of a person.[4]

Cheiloscopy and dactyloscopy along with blood groups are
of paramount importance, as performing a personal
identification by other means such as DNA analysis is
sophisticated, and they are not available in rural
and developing countries.[2,5] Individual studies have
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been conducted to correlate dactyloscopy with blood
groups and lip prints with blood groups, respectively.[2,6,7]

This study was conducted to correlate all three
parameters of an individual and to determine if there is
any correlation among lip print pattern (cheiloscopy),
fingerprint pattern (dactyloscopy), and blood groups,
which can be used in forensic identification of an
individual.

AIMS AND OBJECTIVES
The study was carried out to ascertain the distribution
of different lip and fingerprint patterns among subjects
having different ABO and Rh blood groups and to
determine the correlation between their characters in
forensic dentistry.

MATERIALS AND METHODS
The study was carried out at Department of Oral Medicine
and Radiology, IDST Modinagar, Uttar Pradesh in 2016
after ethical clearance from the institutional ethical
committee. A sample of 500 patients, 250 males and 250
females visiting the outpatient department, were arbitrarily
selected for the study. The required sample size was
calculated by the formula: n = P(1!P)Zx

2/c2[1 + P(1!P)
(Zx/c)

2/N] as population size is not finite, formula turns out to
be: n = P(1!P)Zx

2/c2

P is the prevalence (it is unknown in the present case so kept
as 50%), Zx

2 is the 1.96 (at 95% confidence level), and c2 is
the precision error = 4.5%.

Sample size comes out to be 475 by the above formula.
Keeping 5% recording error, total sample size to be taken for
the study comes out to be 475 + 25 = 500.

An informed written consent was obtained from the subjects
participating in the study.

Intraexaminer reliability was established by repeated
observations by the single examiner (Chronbach’s
a = 0.96).

Inclusion Criteria
For lip prints, pathology sans lips, having absolutely
normal transition zone between the mucosa and the skin
were included in the study. For fingerprints, thumb of right
hand, free from any pathology and injury was chosen.
For blood samples, patients free from any communicable
disease or systemic illness were included in the
study.

Exclusion Criteria
Subjects with deformities of lips like cleft lip, ulcers,
traumatic injury on lips, allergy to the lipstick used,
subjects with cuts and lesions on the finger, and subjects
with history of communicable or systemic disease were
excluded from the study.

Method for Obtaining and Analyzing Lip Prints
The lip prints were recorded by the method as described by
Sivapathasundharam et al. Each individual was asked to
gently clean his/her own lips by rinsing in water and the
lips were allowed to dry. A dark colored lipstick was applied
evenly in one stroke and the subject was asked to spread it
uniformly by gentle movements of the lips. The sticky side of
the cellophane tape was placed over the lips in resting
position and then pressed uniformly. Tape was gently
removed from the lips without distorting the lip print.
Cellophane tape was then stuck to the bond sheet.[3,7]

The lip prints were classified according to Suzuki and
Tsuchihashi classification[7] as follows:
(1) Type I: Vertical grooves that run across the entire lips
(2) Type I0: Similar to type I, but the grooves do not cover

the entire lip
(3) Type II: Branched grooves
(4) Type III: Intersected grooves
(5) Type IV: Reticular grooves
(6) Type V: Grooves do not fall into any of the types

I–IV and cannot be differentiated morphologically
(undetermined).

The middle third portion of the lower lip was considered for
the analysis as this area is always present in a lip print.[8]

Method for Obtaining and Analyzing Fingerprints
Each individual was asked to gently clean his/her own hands
to eradicate any dirt and oil from the ridged skin and were air
dried to improve the quality of fingerprints. Fingerprints were
recorded by Cummins’ ink method. Black duplicating ink
was used to record fingerprints of all the subjects which were
applied on the fingers with sponge head rolling paint brush.
The benefit of using black duplicating ink was that the prints
achieved were clear and did not get smudged and the prints
could be preserved for an indistinct period of time. The digits
were guided and pressed tightly against the white bond paper
clipped on to a hard board.[6]

The primary patterns obtained were observed with the help of
powerful magnifying lens. Classification given by Michael
Kucken was followed for analysis of fingerprints[9]:
(1) Loop pattern
(2) Arch pattern
(3) Whorl pattern.

Method for Obtaining and Analyzing Blood Group
Each individual was asked to place his arm on a firm base and
inspection of the antecubital fossa of patient was performed
after extending patient’s arm. A vein of a good size, was
located, and tourniquet was applied about four to five finger
widths above the venipuncture site. The site was cleaned with
a 70% alcohol swab for 30 s and allowed to dry completely
(30 s). Patient was asked to form a fist so the veins could
becomemore prominent and the vein was punctured swiftly at
a 30° angle or less. After collection of sufficient blood the
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tourniquet was released before withdrawing the needle. The
needle was gently withdrawn and gentle pressure was applied
to the site with clean gauze. The patient was later asked to
hold the gauze in place, with the arm extended and raised.[7]

Blood groups of the subjects were analyzed by placing a drop
of blood on the slide and treated with anti-A and anti-B sera.
Positive agglutination of the blood on treating with anti-A
was considered as blood group “A”, positive reaction with
anti-B was considered as blood group “B”. The blood group
was referred to as “O” in case of no agglutination and if
agglutination was seen with both antisera, then blood group
was referred as “AB”. Similarly positive agglutination
reaction with Rh antigen was considered Rh positive or
otherwise Rh negative.[4]

Statistical Analysis
The statistical software namely SPSS 18.0 (Armonk, New
York, USA) was used for analysis of the data and Microsoft
Excel have been used to generate graphs and tables.

Descriptive statistical analysis has been carried out in the
present study. Results on categorical measurements are
presented in numbers (%). Significance is assessed at 5%
level of significance. Chi-square test has been used to find the
significance of study parameters on categorical scale between
two or more than two groups.

RESULTS
A total of 500 individuals were included in the study,
comprising 250 males and 250 females. Table 1 and
Figure 1 show distribution and comparison of various
blood groups in the study population. O positive blood
group was found to be in maximum individuals, n = 180
(36.6%) with 121 females (48.4%) and 59 males (23.6%).
Overall most common blood group in males was B positive,
n = 95 (38.0%) and O positive in females, n = 121 (48.4%).
Difference in blood groups in males and females was
significant (P < 0.001). Table 2 and Figure 2 showed
distribution and comparison of various lip prints in the
study population. Almost one-third of study population
showed type I lip print, 162 (32.4%) with 58 males
(23.2%) and 104 (41.6%) females. Overall, most common
lip prints in males was Type III, n = 80 (32.0%) and Type I

in females, n = 104 (41.6%). Difference in lip print types
in males and females was significant (P < 0.001). Table 3
and Figure 3 showed distribution and comparison
of various fingerprints. More than half of study
population showed loop type fingerprint, 270 (54.0%)
with 145 males (58.0%) and 125 (50.0%) females.
Overall, most common fingerprint in males was also
found in loop type. Difference in fingerprint type in
males and females was significant (P < 0.001).

Gender-wise correlation between fingerprints and blood
groups in males showed blood group B positive has
maximum 84 individuals (88.4%) in loop type fingerprint
followed by blood group O positive with 48 individuals
(81.4%) in whorl type fingerprint. In females, blood group
O positive was present in maximum 65 individuals (53.7%) in
whorl type fingerprint followed by 56 individuals (46.3%) in
whorl type fingerprint in same blood group. The results were

Table 1: Distribution and comparison of gender in various blood groups
Blood group Male [n = 250, (%)] Female [n = 250, (%)] Total [n =500, (%)]

O+ 59 (23.6%) 121 (48.4%) 180 (36.6%)
A+ 65 (26.0%) 50 (20.0%) 115 (23.0%)
B+ 95 (38.0%) 60 (24.0%) 155 (31.0%)
AB+ 19 (7.6%) 12 (4.8%) 31 (6.2%)
O! 6 (2.4%) 5 (2.0%) 11 (2.2%)
A! 2 (0.8%) 1 (0.4%) 03 (0.6%)
B! 3 (1.2%) 1 (0.4%) 04 (0.8%)
AB! 1 (0.4%) 0 01 (0.2%)

Chi-square = 35.220, df = 7, P < 0.001 (very highly significant).

Figure 1: Gender wise distribution of blood groups

Figure 2: Gender wise distribution of lip prints
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significant y different in males and females (P < 0.001)
[Table 4].

Gender-wise correlation between blood groups and lip
prints in males showed blood group A positive was
present in maximum 34 individuals (52.3%) with Type
III lip print followed by blood group B positive with 27
individuals (28.4%) with Type I lip print. In females, blood
group O positive was present in maximum 78 individuals
(64.5%) with Type I lip print followed by blood group B

positive with 22 individuals (36.7%) with Type II lip print.
The results were significant y different in males and
females (P < 0.001) [Table 5].

Gender-wise correlation between lip prints and fingerprints in
males showed whorl type fingerprint was present in maximum
39 individuals (43.8%)with Type III lip print followed by loop
type fingerprint with 36 individuals (24.8%). In females, loop
type fingerprint was present in maximum 47 individuals
(37.6%) with Type I lip print followed by 41 individuals
(24.8%) in Type II lip print in same fingerprint. The results
were very highly significant y different inmales and females (P
< 0.001) [Table 6].

Correlating all three parameters together, we found in our
study, in males maximum individuals had loop type
fingerprint with Intersecting type lip pattern in B positive
blood group individuals (n = 25, 10%); followed by whorl
type fingerprint with Intersecting type lip pattern in A positive
blood group individuals (n = 23, 9.2%). The results were
statistically significant (P < 0.001). In females, maximum
incidence of individuals was seen in loop type fingerprint
with full length type lip pattern in O positive blood group
individuals (n = 43, 17.2%) followed by whorl type

Table 2: Distribution and comparison of gender in various lip prints
Lip print Male [n = 250, (%)] Female [n = 250, (%)] Total [n = 500, (%)]

Full length 58 (23.2%) 104 (41.6%) 162 (32.4%)
Partial length 27 (10.8%) 70 (28.0%) 97 (19.4%)
Intersecting 80 (32.0%) 10 (4.0%) 90 (18.0%)
Branched 17 (6.8%) 30 (12.0%) 47 (9.4%)
Reticular 41 (16.4%) 8 (3.2%) 49 (9.8%)
Other 27 (10.8%) 28 (11.2%) 55 (11.0%)

Chi-square = 112.406, df = 5, P < 0.001 (very highly significant).

Table 3: Distribution and comparison of gender in various finger prints
Finger prints Male [n = 250, (%)] Female [n = 250, (%)] Total [n = 500, (%)]

Whorl 89 (35.6%) 72 (28.8%) 161 (32.2%)
Loop 145 (58.0%) 125 (50.0%) 270 (54.0%)
Arch 16 (6.4%) 53 (21.2%) 69 (13.8%)

Chi-square = 23.117, df = 2, P < 0.001 (very highly significant).

Table 4: Gender-wise correlation of finger prints and blood groups
Males Females

Whorl [n (%)] Loop [n (%)] Arch [n (%)] Whorl [n (%)] Loop [n (%)] Arch [n (%)]

O+ 48 (81.4%) 11 (18.6%) 0 65 (53.7%) 56 (46.3%) 0
A+ 36 (55.4%) 29 (44.6%) 0 7 (14.0%) 36 (72.0%) 7 (14.0%)
B+ 4 (4.2%) 84 (88.4%) 7 (7.4%) 0 33 (55.0%) 27 (45.0%)
AB+ 0 18 (94.7%) 1 (5.3%) 0 0 12 (100%)
O! 1 (16.7%) 3 (50.0%) 2 (33.3%) 0 0 5
A! 0 0 2 (100%) 0 0 1
B! 0 0 3 (100%) 0 0 1
AB! 0 0 1 (100%) 0 0 0

For males: Chi-square= 215.579, df= 14, P< 0.001 (very highly significant). For females: Chi-square= 116.175, df= 12, P< 0.001 (very highly significant).

Figure 3: Gender wise distribution of finger prints

Misra, et al.: a correlative study amongst 500 individuals

82 MAMC Journal of Medical Sciences ! Volume 3 ! Issue 2 ! May-August 2017

W
olte

rs
 K

lu
wer



fingerprint in same lip pattern and blood group (n= 35, 14%).
The results were statistically nonsignificant (P = 0.027)
[Tables 7 and 8].

DISCUSSION
Human identification is one of the most arduous works
that man has been confronted with.[1] Human body is
unique in it characteristics because of its multifarious
structures and diverse functions, with every structure
maintaining the physiological equilibrium.[2] The
characteristics formed by lip patterns and fingerprints are
distinctive and unique to an individual in terms of
morphology and do not change during their life.[3,8] Blood
is the most common and important evidence for identification
and verification of an unknown’s identity.[6] Forensic science

uses a system called the “ABO” system that measures the
antigens.

Other methods commonly used for fast and secure
identification like DNA fingerprinting have been used for
forensic identification.[10] Advantages of using this technique
include the following:
(1) Reliable method which is easy and painless for subjects

being tested.
(2) It can be conducted in a relatively short amount of time
(3) It is a widely accepted method and is used in legal

claims, missing person’s cases, identification for the
military, and paternity and prenatal testing.

However, this method has certain disadvantages, including
complex and tedious process, which may be hard to interpret
and require a lot of expertise in the field. The sample of DNA

Table 5: Gender-wise correlation of blood group and lip prints
Males

Full length [n (%)] Partial length [n (%)] Intersecting [n (%)] Branched [n (%)] Reticular [n (%)] Other [n (%)]

O+ 20 (33.9%) 0 16 (27.1%) 0 8 (13.6%) 15 (25.4%)
A+ 9 (13.8%) 4 (6.2%) 34 (52.3%) 12 (18.5%) 6 (9.2%) 0
B+ 27 (28.4%) 14 (14.7%) 25 (26.3%) 4 (4.2%) 14 (14.7%) 11 (11.6%)
AB+ 0 7 (36.8%) 0 0 12 (63.2%) 0
O! 1 (16.7%) 2 (33.3%) 1 (16.7%) 1 (16.7%) 0 1 (16.7%)
A! 0 0 1 (50.0%) 0 1 (50.0%) 0
B! 1 (33.3%) 0 2 (66.7%) 0 0 0
AB! 0 0 1 (100%) 0 0 0
Chi-square = 128.318, df = 35, P < 0.001

Females
Full length [n (%)] Partial length [n (%)] Intersecting [n (%)] Branched [n (%)] Reticular [n (%)] Other [n (%)]

O+ 78 (64.5%) 22 (18.2%) 6 (5.0%) 7 (5.8%) 4 (3.3%) 4 (3.3%)
A+ 11 (22.0%) 18 (36.0%) 2 (4.0%) 4 (8.0%) 3 (6.0%) 12 (24.0%)
B+ 9 (15.0%) 22 (36.7%) 2 (3.3%) 15 (25.0%) 0 12 (20.0%)
AB+ 2 (16.7%) 5 (41.7%) 0 4 (33.3%) 1 (8.3%) 0
O! 3 (60.0%) 2 (40.0%) 0 0 0 0
A! 0 1 (100%) 0 0 0 0
B! 1 (100%) 0 0 0 0 0
AB! 0 0 0 0 0 0

Table 6: Gender-wise correlation of lip prints and finger prints
Males

Full length [n (%)] Partial length [n (%)] Intersecting [n (%)] Branched [n (%)] Reticular [n (%)] Other [n (%)]

Whorl 21 (23.6%) 5 (5.6%) 39 (43.8%) 2 (2.2%) 18 (20.2%) 4 (4.5%)
Loop 28 (19.3%) 22 (15.2%) 36 (24.8%) 15 (10.3%) 21 (14.5%) 23 (15.9%)
Arch 9 (56.3%) 0 5 (31.3%) 0 2 (12.5%) 0
Chi-square = 37.405, df = 10, P < 0.001 (very highly significant).

Females
Full length [n (%)] Partial length [n (%)] Intersecting [n (%)] Branched [n (%)] Reticular [n (%)] Other [n (%)]

Whorl 35 (48.6%) 13 (18.1%) 4 (5.6%) 8 (11.1%) 2 (2.8%) 10 (13.9%)
Loop 47 (37.6%) 41 (32.8%) 4 (3.2%) 16 (12.8%) 5 (4.0%) 12 (9.6%)
Arch 22 (41.5%) 16 (30.2%) 2 (3.8%) 6 (11.3%) 1 (1.9%) 6 (11.3%)

Chi-square = 7.098, df = 10, P < 0.001 (very highly significant).
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can be easily destroyed making it completely useless for
testing. This method is associated with ethical and social
issues as it deals with identity of an individual and can be
misused if not securely kept in the forensic lab.[10,11]

Overall and Gender Distribution of the Variables
[Tables 1–3]
Among the study group, O positive blood group was found to
be the most prevalent type (180 individuals; 36.6%) followed
by B positive (155; 31%), and the least prevalent type of
blood group were A negative (2; 0.8%) and AB negative (1;
0.4%). This was in accordance with the study conducted by
Periyavan et al. in 2010 who found O positive blood group to
be most prevalent type in their study population.[12] However,
Bhavana et al. in 2013 found B positive blood group to be
most prevalent type in their study population.[13] Gender-wise

distribution of blood group revealed that B positive was the
predominant type in males (95, 38.0%), whereas O positive
was predominant in females (121, 48.4%); this is again in
accordance with study performed by Bhavana et al. in 2013
who found similar gender-wise distribution.[13]

Amongst the lip prints in study population, full length was
found to be in majority of the individuals (162; 32.4%)
followed by partial length (97, 19.4%), and the least
prevalent type were Reticular (49, 9.8%) and branched 47
(9.4%). This is contrary to the findings reported by Verghese
et al. in 2010 who found overall Reticular type in majority in
study population.[14] Gender-wise distribution of lip prints
revealed intersecting (80, 32.0%) was predominant in males
and full length (104, 41.6%) in females, this is in contrast with
study performed by Rastogi et al. in 2011 where partial length
was found to be most common lip pattern and full length and
partial length were common in males and intersecting,
branched were common in females.[15]

Table 8: Correlation of blood group, lip print, and finger
print in females
Blood group Lip print Finger print Total

Whorl Loop Arch

O+ Full length 35 43 78
Partial length 13 9 22
Intersecting 4 2 6
Branched 7 7
Reticular 2 2 4
Other 4 0 4

Total 65 56 121
A+ Full length 4 7 11

Partial length 18 18
Intersecting 2 2
Branched 1 3 4
Reticular 3 3
Other 6 6 12

Total 7 36 7 50
B+ Full length 9 9

Partial length 14 8 22
Intersecting 2 2
Branched 13 2 15
Other 6 6 12

Total 33 27 60
AB+ Full length 2 2

Partial length 5 5
Branched 4 4
Reticular 1 1

Total 12 12
O! Full length 3 3

Partial length 2 2
Total 5 5
A! Partial length 1 1
Total 1 1
B! Full length 1 1
Total 1 3

Table 7: Correlation of blood group, lip print, and finger
print in males
Blood group Lip print Finger print Total

Whorl Loop Arch

O+ Full length 20 – – 20
Intersecting 16 16
Reticular 8 8
Other 4 11 15

Total 48 11 59
A+ Full length 1 8 9

Partial length 4 4
Intersecting 23 11 34
Branched 2 10 12
Reticular 6 6

Total 36 29 65
B+ Full length 20 7 27

Partial length 14 14
Intersecting 25 25
Branched 4 4
Reticular 4 10 14
Other 11 11

Total 4 84 7 95
AB+ Partial length 7 7

Reticular 11 1 12
Total 18 1 19
O! Full length 1 1

Partial length 1 1 2
Intersecting 1 1
Branched 1 1
Other 1 1

Total 1 3 2 6
A! Intersecting 1 1

Reticular 1 1
Total 2 2
B! Full length 1 1

Intersecting 2 2
Total 3 3
AB! Intersecting 1 1
Total 1 1
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Amongst the fingerprints in study population, loop type (270,
54.0%) was most common followed by whorl (161, 32%) and
least in arch type (69, 13.8%). These findings were in
accordance to the study conducted by Bhardwaja et al. in
2004 where loop pattern was found to be in high frequency
followed by whorl, and arch type and loop type were also
predominant in both genders in males (145, 58.0%) and in
females (125, 50.0%).[6]

Correlation of Two Parameters [Tables 4–6]
Correlation of fingerprints and blood group revealed whorl
pattern was most common in O positive males (n = 48) and
O positive females (n = 65). Similar findings were found by
Bhavna et al. 2013 who found whorls were predominant in B
positive and O positive blood groups; however, overall loops
were predominant in their study population.[13] Correlation
of lip prints and blood groups revealed intersecting pattern
was most common in A positive males (n = 34) and full
length pattern was more common in O positive individuals
(n = 78). The findings were similar with Telagi et al. in
2011[7] and Karim et al. who found Intersecting type more
common in A positive blood group[16]; however, Telagi
et al. found full length was also common in A positive
blood group.[7] Correlation of lip prints and fingerprints
revealed intersecting pattern was more common in 39
males with whorl type fingerprint (n = 39) and full
length pattern was more common in loop type of
fingerprint (n = 47). These findings were in contrast to
study performed by Nagasupriya et al. who found significant
association between arch type fingerprint and branched type
lip print in males and arch type fingerprint and vertical lip
pattern in females.[9]

Correlation of Blood Groups, Lip Prints, and Fingerprints
[Tables 7 and 8]
Correlating all three parameters together in our study in
males, we found maximum incidence of individuals was
seen in loop type fingerprint with intersecting type lip
pattern in B positive blood group individuals (n = 25,
10%). The results were statistically significant (P <
0.001). In females maximum incidence of individuals
was seen in loop type fingerprint with full length type lip
pattern in O positive blood group individuals (n= 43, 17.2%).
The results were statistically nonsignificant (P = 0.027).
Similar study was conducted by Srilekha et al. in 2014
with 27 males and 27 females, and the authors first found
the most common type within individual groups,
respectively, then did intergroup comparison between two
groups and finally intergroup comparison between three
groups.[2] They found both B positive blood group–loop
type fingerprint–type IV lip pattern combination and O
positive blood group–loop type fingerprint–Type I lip
pattern combination were predominant in their study
population. However, gender-wise most predominant
combinations were not established by the authors.[2]

Harsha et al. conducted a study in 2015 on 158 subjects
of Tamil Nadu, India and found comparing all three
parameters together the results were not statistically
significant.[17] Similar findings were reported by
Vardhaman et al. who conducted a study in 2017 on 200
subjects of Pune, Maharashtra, India and found correlating all
three parameters together the results were not significant.
However, each parameter, that is, cheiloscopy, dactyloscopy,
and blood groups individually played a vital role in
identification.[18]

Strength of the Study
The present study provides a baseline data for future
assessments and comparisons on cheiloscopy, dacty-
loscopy, and blood groups. It provides the forensic expert
with key information regarding the correlation of all three
parameters together for forensic identification of an
individual. Data were complete for each subject
participated in the study stimulating further studies on
forensic identification. The present study provides glimpse
of distribution of different lip patterns, fingerprint pattern,
and blood groups among individuals.

Limitations of the Study
Subjects with lip and finger pathologies and deformities
and with systemic and communicable blood disease could
not be established as they were not assessed. Forensic
identification of such individual remains questionable.
The present study is not devoid of bias due to presence
of confounding factors in formulating relationship between
the three parameters.

CONCLUSION
Considering cheiloscopy, blood groups, and dactyloscopy
together may help us to obtain more accurate results and
increase the reliability of assessment. Our study correlates all
three parameters, yielding highly significant correlation in
males; however, it was nonsignificant in females. We
conclude, further studies correlating different parameters
should be conducted in future to ascertain accurate
identification by increasing the overall success rate using
different methods which may further unravel the path to
unsolved mysteries.
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Post-Kala-Azar Dermal Leishmaniasis Associated With Oral
Lesions: A Rare Case Report

Akansha Misra, Deepankar Misra1, Shalu Rai1, Mansi Khatri1
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Abstract

Post-kala-azar dermal leishmaniasis (PKDL) is a dermatosis that usually occurs after visceral leishmaniasis (VL) caused by Leishmania
donovani and characterized by macular, maculopapular, and nodular skin lesions on the whole body surface. It is a late cutaneous
manifestation of VL in untreated or inadequately treated patients, first described by Brahmachari in 1922. In India, PKDL occurs in 6–20% of
the cases of VL, 6 months to 5 years after the apparently successful treatment of VL.The diagnosis of PKDL presents a challenge due to low
parasite burden in the lesions.We report a case ofPKDL that presentedwith polymorphic skin lesions alongwith the involvement of the oral cavity
including an insight into the recent advances in diagnosis, pathogenesis, and case management.

Keywords: Diagnosis, oral lesions, post-kala-azar dermal leishmaniasis

INTRODUCTION
Post-kala-azar dermal leishmaniasis (PKDL), first described
in India by Brahmachari in 1922, is a dermatologic
manifestation that usually occurs months to years after the
resolution of visceral leishmaniasis (VL) caused by
Leishmania donovani.[1] It is restricted to certain endemic
areas such as India, Bangladesh, Nepal, and Sudan, and the
incidence of PKDL after VL varies from 5% to 10% in the
Indian subcontinent.[2] PKDL is reported to occur in 5–10%
of the patients treated for kala-azar and occasionally in
individuals with no history of kala-azar.[3] Among the
mucosal lesions, the oral mucosa is affected, presenting
with granulomatous nodules at the angles of the mouth,
over the dorsum of the tongue, the buccal mucosa, or the
soft palate.[4]

Cytokines, drugs, and ultraviolet light have been attributed as
possible factors involved in the pathogenesis.[5,6] The
pathology is well documented and is characterized by
hyperkeratosis, parakeratosis, acanthosis, follicular
plugging, and liquefaction degeneration of the basal layer

of the epidermis. The dermis presents with varying intensities
of inflammation with scanty parasites associated with an
infiltrate composed of lymphocytes, macrophages, and
epithelioid cells.[3]

CASE REPORT
A 40-year-old female patient reported to the Department of
OralMedicine and Radiology with the chief complaint of pain
and bleeding from the left cheek region of the mouth since 1
year.

Two years before reporting to us, the patient had developed
fever, and on consulting a local physician, she was treated
with corticosteroids.

On general examination/dermatological examination, the
patient presented with multiple purplish red papular lesions
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varying in size from 0.5 to 1 cm in greatest diameter over the
flexor and the extensor surface of the forearm, the arm
bilaterally, and the neck [Figure 1]. The papular lesions
were interspersed with areas of vasculitis. On palpation,
the lesions were nontender and nonulcerative. White scaly
lesions were visible over the trunk [Figure 2].

Extraoral examination revealed an erythematous rash
extending over the nasal bridge and malar prominence
bilaterally suggestive of butterfly/malar rash [Figure 3].
Diffuse erythematous papules were also present over the
forehead, superior palpebral sulcus bilaterally (upper eyelid),
and lower third of the face.

Intraoral examination revealed a solitary growth on the left
retrocommissural region measuring about 1.5 cm in greatest
dimensions. The overlying mucosa was erythematous and
ulcerated in the center. On palpation, the growth was sessile,
tender, and bled on provocation [Figure 4]. Fine, white

radiating striae interspersed with the areas of melanin
pigmentation were seen on the right buccal vestibule and
the buccal mucosa extending from 44 to 48 region [Figure 5].
Similar lesions were also present on the palate. The tongue
was atrophic and fissured. An incisional biopsy of the growth
was performed and was sent for histopathological
examination. Histopathology revealed connective tissue
stroma, which was delicately fibrillar with dense, chronic
inflammatory cell infiltrate suggestive of chronic
granulomatous infection [Figure 6].

Figure 1: Purplish red papular lesions on the flexor and the extensor
surface of the forearm

Figure 2: White scaly lesions on the trunk

Figure 3: Malar rash extending over the nasal bridge and the nasal
prominence

Figure 4: Ulcerated growth over the left retrocommissural area

Figure 5: Radiating striae over the buccal mucosa and the vestibule
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On the basis of history, examination, and histopathologic
findings, systemic lupus erythmatosus (SLE) was diagnosed,
and rheumatoid arthritis, dermatomyositis, vasculitis, and
rhupus (overlap of SLE and rheumatoid arthritis) were
differentially diagnosed. For the confirmation of SLE, the
patient was subjected to the following investigations:
complete blood picture, urine analysis for protein estimation,
immunologic investigations such as Rh factor, antinuclear
antibodies (ANA), and Anti double stranded DNA (anti-
dsDNA). The blood picture revealed features of anemia
along with reticulocytosis. Hemolytic anemia was confirmed
after biochemical examination, which revealed increased
unconjugated bilirubin, increased lactate dehydrogenase, and
decreased haptoglobin levels. Proteinuria (600mg/24 h) was
found on urine analysis, and the patient was Rh positive. The
above findings were indicative of SLE. However, other
serologic investigations, that is, ANA and anti-dsDNA, were
negative. Hence, the diagnosis of SLE was ruled out.

On further questioning, the patient, reported a previous
history of hospitalization 3 years back due to high-grade
fever and skin lesions (on the face to start with and then
spread to the entire body) after her return from Bangladesh.
She was diagnosed of kala-azar and was treated using high-
dosage corticosteroids. The skin lesions subsided for a year
and reappeared with more intensity. Considering this
pertinent history and after taking an opinion from a
dermatologist, a provisional diagnosis of PKDL was made,
and the differential diagnoses of leprosy, sarcoidosis, and
actinic dermatitis were considered. The patient was subjected
to the following investigations: fresh skin biopsy of the lesion
(papule) for parasite isolation and rK39 rapid diagnostic
Enzyme linked Immunosorbent Assay (ELISA). On
histopathology, the epithelium appeared stretched with flat
epithelial connective tissue interface, with grenz zone just
beneath the epithelium and dense lymphocytic infiltration
along with multiple Leishman–Donovan bodies [Figures 7
and 8]. rK39 Test was performed using nitrocellulose dipstick
and was found to be positive. The patient was referred to a

higher center for other confirmatory investigations such as
polymerase chain reaction (PCR) and detection of parasitic
Deoxyribonucleic Acid (DNA) in the tissue samples, but was
lost to follow-up.

DISCUSSION
Leishmaniasis is a groupof diseases causedbyvarious species of
the protozoan parasites of the genus Leishmania. PKDL is a
dermal complication caused as a sequel toVL.Theprevalenceof
PKDL in India among the general population has been estimated
tobearound5–15%of theVLcases aftermonths or several years
of remission from infection.The interval betweenVLandPKDL
is short, with all cases occurring 0–13 months after treatment,
usually within the first 6 months.[3,6]

In our case, despite initial suspicions ofSLEdue to the presence
of characteristic malar/butterfly rash, the diagnosis of PKDL
was confirmed through histopathological and serological tests
(rK39 Test).

Various raremorphological forms of PKDL, includingmucosal,
xanthomatous, verrucous, papillomatous, hypertrophic, fibroid,
atrophic, and extensive hypopigmentation, have been
documented.[3] Jha et al. in 2012 reported a case PKDL in
Bihar, India, presenting as an ulcerated chronic paronychia
such as the lesion on the digit of the patient. The diagnosis of
PKDL in their patientwas confirmed due to the presence of juicy
lesions around the mouth with pre-existing hypopigmented
lesions. They described three common morphological forms
of PKDL found in India, of which one or two may
predominate in a patient and occur as erythema and
induration on the butterfly area of the face; multiple
symmetrical hypopigmented macules that may coalesce each
other; and the combinations of papules, nodules, and plaques.[7]

Figure 6: Photomicrograph showing the connective tissue stroma
fibrillar with dense chronic inflammatory cell infiltrate (hematoxylin
and eosin, !400)

Figure 7: Photomicrograph showing the stretched epithelium with flat
epithelial connective tissue interface, dense lymphocytic infiltration
along with Leishman–Donovan bodies (black arrow) (hematoxylin
and eosin, !100)
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The lesions may affect the oral mucosa and present as
granulomatous nodules at the commissural area, the dorsum
of the tongue, the buccalmucosa, or the soft palate.[4] The oral or
perioral mucosal involvements resemble the dermal/mucosal
manifestations of conditions such as drug reactions, secondary
syphilitic lesions, oral lichen planus, lupus erythematosus, or
pemphigus vulgaris. However, for each of these conditions, the
typical descriptions of the skin and/or the mucosal lesions are
demonstrable, along with a suggestive history.[8] Our case
reported with a similar solitary nodular growth on the left
retrocommissural region.

The distribution of PKDL may present as three clinical
grades of severity. Grade 1 is associated with a scattered
maculopapular or nodular rash on the face with or without
some lesions on the upper chest and the arms.[7] Grade 2
presents as a dense maculopapular or nodular rash covering
most of the face and extending to the chest, the back, the
upper arms, and the legs, gradually becoming less distally,
with only the scattered lesions on the forearms and the legs.
Grade 3 is defined as a maculopapular or nodular rash
covering most parts of the body, including the hands and
the feet. In grade 3, crusting, ulceration, sloughing, scaling,
and spreading to the mucosa of the lip (cheilitis) and the
palate may occur.[7] The case had grade 2 type, because the
lesions were present on the flexor and the extensor surface
of the forearm, the arm bilaterally, and the neck and the
face.

Thediagnosis ofPKDLpresents a challengedue to lowparasite
burden in the lesions. Presently, the diagnosis is based on
clinical and epidemiological parameters. The demonstration
of parasite in the slit smear or by culture of the dermal tissue is
considered to be an effective method; however, it is not
routinely used, because the reported sensitivity is believed to
be as low as 58%.[3] Commonly used methods for diagnosis
include the demonstration of parasite in tissues of relevance by
lightmicroscopic examination of the stained specimen, in-vitro
culture, or animal inoculation; immunodiagnosis by the
detection of parasite antigen in the tissue, the blood, or the

urine samples, by the detection of nonspecific or specific
antileishmanial antibodies, or by assay for Leishmania-
specific cell-mediated immunity; or by the detection of the
parasiteDNA in the tissue samples. The potential of serological
tests such as direct agglutination test and ELISA for the
diagnosis of PKDL has been evaluated, and these show
promise as rapid and noninvasive tests. In recent times,
several Leishmania genes have been cloned and
characterized as a result of extensive scientific activity
aimed at improving the serological methods for the
diagnosis of leishmaniasis. The examples include rK39 test,
A2, ORF F, rH2A, rH2B, rGBP, rLACK, rgp63, rP20, rPSA,
and purified LPG.[3]

rK39 antigen-based dipstick test is a noninvasive,
nitrocellulose dip-stick immunoassay that uses a
recombinant Leishmania antigen, rK39, for the detection
of IgG antibodies.[9] Various studies have been conducted to
evaluate the sensitivity and the specificity of rK39 in PKDL.
In India, the rK39 Test strip test has been found to be highly
sensitive and reliable for the diagnosis of PKDL. The
sensitivity of the strip test for VL diagnosis in India, has
been reported to be 100 percent, and could correctly
diagnose 95% of the cases of PKDL with polymorphic
presentation, whereas with macular PKDL, the sensitivity
was 73%. The specificity of the test is reported to be 100% in
laboratory studies.[3] The present patient was advised rK39
test, which was found out to be positive. rK39 test may also
show positive results for malaria, enteric fever, and
disseminated Tuberculosis (TB); therefore, the patient was
referred to a higher center for other confirmatory
investigations such as PCR but was unfortunately lost to
follow-up.

The Advisory Panel of World Health Organization and
National Vector Borne Disease Control Programme in
India recommends the use of Amphotericin B or
miltefosine 50mg for PKDL patients in India.[10]

Miltefosine is the preferred first-line drug relatively safe
for the treatment of PKDL. The second-line drug is
Amphotericin B. A randomized clinical trial confirmed the
efficacy and superiority of miltefosine for the treatment of
cutaneous leishmaniasis compared with antimonials.[11]

Recently the management with immunotherapy has been
studied and has been associated with a high cure rate of
87%.[12,13] Immunotherapy was based on the use of first-
generation vaccine (alum-precipitated autoclaved
Leishmania major and Bacillus Calmette-Guérin (BCG)).
Future studies are needed to investigate the efficacy of
immunotherapy with second-generation vaccines and other
drugs.

In conclusion, PKDL is a disease in which the exact
mechanism and etiopathogenesis are not definitely known.
The disease has only cosmetic significance as far as the
patient is concerned. However, there is a great
epidemiologic significance, because PKDL cases are
considered to be a reservoir of VL.

Figure 8: Photomicrograph showing Leishman–Donovan bodies
(hematoxylin and eosin, !400)

Misra, et al.: PKDL associated with oral lesions: A rare case report

90 MAMC Journal of Medical Sciences ! Volume 3 ! Issue 2 ! May-August 2017

W
olte

rs
 K

lu
wer



Declaration of patient consent
The authors certify that they have obtained all appropriate
patient consent forms. In the form the patient(s) has/have
given his/her/their consent for his/her/their images and other
clinical information to be reported in the journal. The patients
understand that their names and initials will not be published
and due efforts will be made to conceal their identity, but
anonymity cannot be guaranteed.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES
1. Brahmachari UN. A new form of cutaneous leishmaniasis–Dermal

leishmanoid. Indian Med Gaz 1927;57:125-7.
2. Rahman KM, Islam S, Rahman MW, Kenah E, Chowdhury MG, Zahid

MM, et al. Increasing incidence of post-kala-azar dermal leishmaniasis
in a population based study in Bangladesh. Clin Infect Dis 2010;50:
73-6.

3. Salotra P, Singh R. Challenges in the diagnosis of post kala-azar dermal
leishmaniasis. Indian J Med Res 2006;123:295-310.

4. Rathi S. Post-kala-azar dermal leishmaniasis with an atypical
presentation. J Dermatol 2001;28:341-2.

5. Croft SL. PKDL–A drug related phenomenon? Indian J Med Res
2008;128:10-1.

6. Singh S, Kumari V, Singh N. Predicting kala-azar disease
manifestations in asymptomatic patients with latent Leishmania
donovani infection by detection of antibody against recombinant
K39 antigen. Clin Diag Lab Immunol 2002;9:568-72.

7. Jha AK, Anand V, Mallik SK, Kumar P. Post kala azar dermal
leishmaniasis (PKDL) presenting with ulcerated chronic paronychia
like lesion. Kathmandu Univ Med J 2012;10:87-90.

8. Sundar S, Reed SG, Singh VP, Kumar PC, Murray HW. Rapid accurate
field diagnosis of Indian visceral leishmaniasis. Lancet 1998;351:
563-5.

9. Salam A, Siddiqui A, Nabi SG, Bhaskar KR, Mondal D. Post kala azar
dermal leishmaniasis with mucosal involvement: An unusual case
presentation including successful treatment with miltefosine.
J Health Popul Nutr 2013;31:294-7.

10. Thakur CP, Dedet JP, Narain S, Pratlong F. Leishmaniasis species,
drug unresponsiveness and visceral leishmaniasis in Bihar, India. Trans
R Soc Trop Med Hyg 2001;95:187-9.

11. Chrusciak-Talhari A, Dietze R, Chrusciak Talhari C, da Silva RM,
Gadelha Yamashita EP, de Oliveira Penna G, et al. Randomized
controlled clinical trial to access efficacy and safety of miltefosine in
the treatment of cutaneous leishmaniasis causedbyLeishmania (Viannia)
guyanensis in Manaus, Brazil. Am J Trop Med Hyg 2011;84:255-60.

12. Musa AM, Khalil EA, Mahgoub FA, Elgawi SH, Modabber F,
Elkadaru AE, et al. Immunotherapy of persistent post kala-azar
dermal leishmaniasis: A novel approach to treatment. Trans R Soc
Trop Med Hyg 2008;102:58-63.

13. Zijlstra EE, Nur Y, Desjeux P, Khalil EA, El-Hassan AM, Groen J.
Diagnosing visceral leishmaniasis with the recombinant k39 strip test:
Experience from the Sudan. Trop Med Int Health 2001;6:108-13.

Misra, et al.: PKDL associated with oral lesions: A rare case report

MAMC Journal of Medical Sciences ! Volume 3 ! Issue 2 ! May-August 2017 91

W
olte

rs
 K

lu
wer



INCREMENTAL VERSUS BULK FILL 
Dr. Gargee Rawat, Dr. Sumeet Sharma, Dr. Rishi Manan, Dr. Vinisha Pandey,

Dr. Nikhil Puri, Dr. Neetu Bansal 

ellective placernent lechnique o be horizontal. 

oblique, vertical and bulk incremental 

lechnique. Consequently, introduction of bulk-fill 
resins endeavor to expedlite lirect composite 
restoralions in posterior teeth. The rational of the 
bulk-fill resins is reducing clinica. steps by a filling

the cavity in a "single increment. thereby
simplilying the existing incrermental tecthnique. 

Abstract
The resin-based dental materials around the mid of 

the last century was a revolution in restorative 

dentistrv. The early formulations were 

characterized by numerous problems like 

mproper handlng characteristics. polymerization 
shrinkage. improper marginal adaptation, 
Inappropriate proximal contact and most 

importantly secondary caries and inadequate wear 

resistance. The need to improve shrinkage 
properties and wear resislance is obvious lor 
dental composite sand a vast number of attempts 
have been made to accomplish these aims. It 

History And Evolution 

The material resin is of considerable interest in the 

restoration of caries because this relatively novel 

method (discovered in the 1930 5) can take for a 

greater range of shades which is more sirmilar to 

enamel allowing for the restoration to look 

imperceptible due to adequate shade matching. In 

1950 glass filled PMMA came into existence 

similarly 1960 PMMA Bis - GMA. in Mid 1970s: 

Self cure UV cured were discovered. UV cure 

visible light cured was discovered ir late 1970. Bis 
- GMA other monomers and macrofill. microfill 

appears that major successes have been achieved 
in reaching the goal. This article discusses the 
advances in resin restorative materials and their 

diflerent techniques of application. 

Introduction 
The development of early resin composites in the 

late 1950s and early 1960s led to the introduction 
ol a resin composile material as a restorative 
material leading to a constant decline in the 
number of amalgam restorations. 'Now a days. 

was discovered in Early 1980s: macrofill hybrid 

along with direct and indirect was discovered in 

mid and hybrid small particle came into existence. 
in Mid 1990s: flowables and packables was 
discovered, in Mid small particle microhybrids 
were discovered, in 2000: microfils.nanofills and 
nanohybrids along with low shrink formulations 

resin composites are used for anterior as well as 

posterior teeth restorations as they are tooth 
colored, can be modified to match the color and 

translucency of the patient's teeth and bond with 

enamel. unlike amalgam 
were discovered and in 2010: self - adhesive 

flowables/restorative were discovered. 
The properties of resin composite can be altered to 
suit a wider range of uses by moditying several 

lactors such as the size of the filler particles, quality 
of coupling agents and the activation process. 
Hence the technological advances and evolution 
in restorative dental materials has made resin 
composite to be the material of choice worldwide. 

Increment Fill 

Incremental technique is based on polymerizing 

with resin - based composite layers less than 2- 
mm thickness and help in achieving a good 
marginal quality. prevent distortion of the cavity 
wall and ensure complete polymerization of the 
resin based composile."The benetit ot using an 

incremental technique tor reducing shrinkage As resin-based composiles are cured, they shrink 
and a residual polymerization stress is generated 
which may be responsible for bonding failure 
Therefore. to minimize the siress from 

stresses has been questioned on the basis o 
Its numerical and experimental analysis 

polymerization shrinkage, elforts have been 
directed towards improving placement techniques, 
materials and composite formulation and curing 
methods. Research has proven that the most 

disadvantages include the possibility of trapping 
voids and contamination between layers and the 
increased time required to place the restoration. 
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Increnental layering also permits the use of 

enamel and dentin composite. along with various 

shades and opacities. to enhance the esthetic 

results and provide a polychromatic restoralion 

with a niore realistic depth ol color. With the 

1ncremenlal technique one can achieve a 

predictable outcome. with control over contouring 

Nikolaenko and others compared the effects of 
horizontal. oblique and vertical layering 
lechniques on microtensile bond strength to 

dentin, and they showed that, onily when the first 
increment was bonded horizontally to the cavity 
floor. the bond strength was observed. Versluis and 
others used a permanent model and demonstrated 
that the highest cusp-deflection occurred with the of the restoration. "Incremental filling methods may 

horizontal placernent tuchnique, followed by the 

laciolingual. oblique and bulk techniques. Other 
found that layering technique that place separate 

need tO be retained lor reasons such as 

denstlication. adaptalion. thoroughness ol cure 

and bond lomation. lt is very difficult to prove thal 

ncrement technique needs to be retained because 

of the abatement ofl shrinkage etfects. 
Incremenial placement techniques are widely 

recognized as a major factor in the reduction of 

shrinkage stresses. These techniques include the 

horizontal occluso- gingival layering technique, the 

wedge shaped oblique layering technique, the 

successive cusp buildup technique. stratified 

layering echnique. split increment horizonial 

placement technique. open and closed centripetal 

build-up technique. bulk techniques and vertical 
incremental technique.'Several authors stated 

that an in cremental filling technique should be 

used to decrease polymerization stresses." Others 

found that the beneficial efect of incremental 

incrernenis on opposing wals such as vertical or 

oblique technique should he preferred over 

technique that bond sinultaneusly on opposing 
wall such as the horizontal layering technique 

2.Oblique Technique 
Oblique technique is another technique in which 

wedge shaped composite increments are placed to 

prevent the distortion of cavity walls and reduce 

the C-factor. It is associated with polymerization 

through the cavity walls and from the occlusal 

surface to direct vector of polymerization toward 

the adhesive surface. According to its 

methodology in a class II restoration two oblique 
layers of 2 mm resin composite are carefully placed 
on both gingival (mesial and distal) floors. 

avoiding contact with the opposite wall. Each 

incremental layer is cured for 20 seconds Second 

incremental layers are placed carefully on the 

opposite wall of the cavity and cured for 20 

seconds. The remaining cavity is restored in the 

same way." An oblique layering technique is 

preferred because it leads to higher bond strength 

compared either with horizontal increments or bulk 

filling 1echniques in reducing cusp 
displacement."According to Goldman 
incremental technique was only possible with light 
Cured composite resins and the polymerization 

shrinkage was partially compensated due to the 
fractional curing of 1he composite mass. 
Various Increment Filling Techniques Are As 

Follows 
1. Horizontal Placement Technique 
Horizontal placement technique is one of the first 

technique introduced for restoration with 

It is an occlusogingival layering 
generally used for small restorations. In the 
horizontal placemeni technique composite are 

placed in horizontal consecutive layers. In this 

technique composite resin is placed in layers, each 
less than 2 0 mm thick.' Each increments are light 
cured for 20 sec and from the upper surlace 
Advantage of this technique is reduced cuspal 
deflection from polymerization shrinkage is seen. 

The drawback related to the technique such as 

placement. 

Bagis and others lound that oblique and vertical 

incremental techniques that have lower C-factor 

values to reduce shrinkage stress in wide MOD 

cavities.Albers in 1985 gave a combination oi U- 

shaped and oblique kayering technique. In this the 

composite was applied in bulk placement. The 

restoration were bonded to the cavity edges. Four 

Composiie 

meshes were seen and it was ensured that the result 

of these tour meshes were essentially mesh 

dependernt. n this each increment was fully cured 

betore the next increment was placed"Currently, 
clinician's use this oblique technique for restoring 

increased chair time, the inclusion of voids 

between the layers. Drawback of this technique is 

that it leads to increase in C. 
32 
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involves applying the lirst conposite increment to 

a single dentin surface without contacting the 

opposing cavity walls. At that point, each cusp is 

built up separately by placing a series of wedge- 

shaped composite incremenls, using an oblique 

laveng lo mnimize the C-lactor. When this 

technique is used approprialely it can minimize the 

development ol stresses al the tooth resin 

inlerlace. The successive cusp buildup technique 
is utilized to restore the occlussal cavity 

The successive cusp buildup technique involves 

applying the first composile increment to a single 
dentin surface without contacting the opposing 

cavity walls. At thal point, each cusp is built up 

separately by placing a series of wedge-shaped 

composite increments, using an oblique layering to 

minimize the C-lactor. "Liebenberg and others 

stressed that the first layer must be very thin and 

applied to single dentinal surface without 

contacting opposing cavity walls. The cavity is 

completely filled with wedge shaped composite 
increments. and each cusp then is built up 

separately."A placement technique is introduced 

by Delipheri et al in 2002 with some 

modifications and it is called as pulse-curing 

technique which polymerizes composite at the 

enamel margins and a progressive curing 

technique which polymerizes composite dentin 

the remelining part of the proximal cavity. A 2004 

study reported that mesio-occlusal-distal bonded 

composile restorations that were placed using the 

oblique layering technique exhibited more 

strength and less deformation. 
3. Stratified Layering Techniques 

This technique is designed to reproduce the 

various degrees of Chroma present within lhe 

tooth. The stratified layering technique was 

proposed and oriented to the development of 

functional and anatomic restoration utilizing the 

esthetic composite resin restorative materials 

that include shades of dentin and enamel as well as 

various iranslucencies and intensive 

colors." According to Chi HH he stated that the 

color built and the desired aesthetic outcome can 

reach the depth of restoration. According too 

Vanini L this technique was introduced for use 

with contemporary esthetic composite material to 

create a restoralion that reproduces the various 

degree of chroma present within the trooth. 

4. Split Increment Horizontal Placement 

Technique 
A new simplified technique for resloring class I and 
class II restoration. This technique utilizes split 
increment horizontal placement of composile 

resin, combined with shades or chromna 

stratilication Ii is assumed that this technique will 
minimize the detrimental effects of polymerization 
shrinkage on the adhesive interface and cavity 

walls. 

increments." 
6. Open And Closed Centripetal Build - Up 

Technique This technique splits each composite 
horizontal increment into four portions betore The sandwich technique is a layering of materials 

to create the optimal combination of desirable 

properties in a restoration. The two variations of 
this type of restoration exist- open and closed 

sandwich techniques. 

curing 
Hassan K. and others described this techniquein 
a large class I occlussal cavity. Horizontal 
increments were placed but not more than 1.5 mm 
thick. shades selected was Al to replace dentin in a 
stratified manner. three composite dentin shades 
(A1 A2. andA3) were used Usha HL and 
others compared that the width of interface was 
significantly less with spilt incremental technique. 
In this technique one 1.5 mm ihick flat increments 
are used. Bagis and others compared that 
silorane basecl microhybrid resin composite 
system has reduced microleakage for wide class II 

MOD restoration 
5. Sucessive Cusp Build Up 
A method for replacing occlussal anatomy and 
finishing is called the successive cusp build -up 
technique. The successive cusp buildup techniquue 

Mclean and Wilson tirst 
described the open-sandwich technique (OST) in 
1977. Centripetal build-up technique had been 
proposed by Hassan K and later on advocated by 
Bichacho N. In Open-Sandwich Technique, the 

cavity was air-dried and the bonding agent was 

rubbed in for 20seconds. air-dried and light-cured 

tor10seconds. The flowable resin composite was 

applied asal-mm thick base at the cervical margin 
according to the centripetal open-sandwich
technique. h the centripetal Closed-Sandwich 
Technique after the application of same bonding 
agent, the interproximal wall iscreatedusing1-mn 

DENTAL EXPRESSIONS I Issue 1 Volume 2 June 2017 33 



mmthickincrememtsolthehybrid resin composite 
singularly. light-cured for 20 seconds. After the 
formation ot interproximal wall. almm layer of 
flowable composite is placed on the pulpal floor 
and light-cured. Fabianelli A. suggested that 

Bagis and others observed no microleakage in 
the cavities restored with Filtek Silorane, 
independently of the oblique and vertical 
incremental layering technique. Bagis and 
others observel that vertical layering techniques 
reuces leakage values at the enamel margins for 

incremental insertion in comlbination with 
centripetal resim composite build-up. transforms a 
Class ll into Class I restoration The use of the in methacrylate based composit in large Class 

MOD cavity restorations. metal matris bands and wooden wedyes 
eliminates the need lor transpnent matrix bands, 
which may lead to pOor contact areas and 
anatomical ronimalcontouus. Bichacho N and 
others in then studies concluded that lewer 

Bulk Fill 

The bulk-fill resins endeavor to expedite direct 
composite restoralions in posterior teeth The 
rational of the bulk-fill resins is reducing clinical 
steps by a filling the cavity in a 'single increment. 
thereby simplitying the existing incremental 

contraction gaps at the margins can be expected 
using centripetal builcd-up method. Also. the first 
laver of the centipetal build-up technique had no 
contact to the pulpo-axial walls and thus, had less 
tendency to contract towards this wall and be 
shifted auav from gingival seat during 
polymernization. 
7.Vertical Incremental Technique 
The increments are placed in vertical fashion 
starting from one wall. buccal or lingual and 
carried onto other wall in small increments. The 
curing is started from behind the wall. This type of 
technique help in reducing the gap at the gingival 
wall created due to polymerization shrinkage 
thereby minimizing the chances of post-operative 
sensitivity and secondary caries. The resin 
Composite material was inserted into the cavity 
using a vertical incremental technique. First, layers 
were placed vertically to one side of the proximal 
walls using a hand instrument to easily create and 
adapt vertical increments and were then cured for 
20 seconds 

technique. 
It also ensures reduced porosity and uniform 

consistency restoration, with reduce clinical time 
and cost for the patient. "At present the types of 
bulk-fill resins are available, distinguished 
primarily by their viscosity. which is low. medium 
or fluctuating. The low viscosity variety offers 
superior adaptability, while the medium viscosity 
type is better for carving and sculptability 

Although the first-generation flowable composites 
were used only as liners due to low elastic moduius. 

second-generation flowables are developed for 
use in bulk restorations and as liner in class I and ll 
restorations.Bulk fill composite materiais must 
possess some important characteristics:-Low 

Next. the second layers were polymerization shrinkage stress which leads to 
decrease microleakage, improved depth of cure vertically placed on opposile walls. and finally. 

resin composite was inserled onlo gingival floors 
and cured The same procedure is applied on third 
layer and the vertical increment technique used for 
second layer is applied on fourth layer. 
Bagis and others used oblique and vertical 
incremental tec hniques that have lower C-factor 
values to reduce shrinkage stress in wide MOD 
cavities. Nikolaenko and others compared the 
effects of horzontal. oblique and vertical layering 
techniques on microlensile bond strength to 
dentin. and they showed thal, only when the firs 
increment was bonded horizonlally to the cavily 
floor, were acceplable bond strengths observed 

which is at least 4 mm, More flowable -- allow for 

easy cavity adaptation Excellent physical 
characteristics -- greal compressive strength and 

good wear.The bulk-fill technology have following 

advantages: Fewer voids may be present in the 
mass of the material, since all of i s placed at one 
time;The lechnique would be laster than placing 
numerous increments it curng times were 

identical:i may be easier than numerous 
increments 
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Bulk Fill Technique ose - Luis R and others recommended that the 
"bulk-fill composite materials must possess some This technique is recommended to reduce the 

stress at the cavosurface margins. t is used with 
packable composites. The method of bulk 
technique is that the composite is filled in one bulk 
on the prepared cavity The advantages of this 

technique is that the stress distribution for bulk 
technique. The bulk and light cone techniques 
achieved signilicantly lower bond strength values 
compared wth the other methods stidied. "lts 
disadvantage is that it causes pOst-opera:ive 
sensitivity in Class l cavities which have the highest 

C-tactor fron all other cavities on posterior teeth. 

important characteristics These include low 
polymerization shrinkage. more flowability to 
allow for better cavity adaptation, easy to 

with minimal handling, enhanced 
physical characteristics and improved depth of 

mm. One approach lo 
accomplish this is by being translucent i.e. 
highly conducive to light transmission." Safty -
El S. and others in the study study, showed the 
mean maximum creep strain of the "bulk-fill" 

with 

dispense 

Cure least 4 a 

composites significantly decreased 

increasing the filler loadings. Amaralet al. that 
stated the bulk and incrementally placed Class 
I preparalions showed no difference in micro 

hardness al any depth between the two 

methods. Few bulk materials present in market 
includes Surefill SDR. Sonic Fill, FiltekBulkfill 
Tetric EvoCreamBulkfill. Fverx fill, Venus Bulk fill. 
X-trafill. X-tra base, Beautifil. Quix fill andActiva 

Rueggerberg and others showed that the depth 
ol cure doesn't exceed more than 2mm when 

curing resin based composite with modern light 

curing "Jedrychowski and others examined 

the shrinkage stresses generated by resin 

Composites in use incditferent incremental 

Bioactive Restorative Material. 
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plicement techniques. 
differenees m poly merization shrinkage stresses betw een inCTemental placement lechniques whereas. the bulk lechmuques showed the lowest 
stresses \ersluis and others used a permanent model and demonstraled tlhat the highest eusp dellecion oceurTed wlh the horizontal 

They found few filled by using bulk. incremental and 
transtoolh-illumination technicques.J Am 
Dent Asso 2011 142(10): 1176-82 

4 Chi HH. A posterior composile case utiliz1ng the incremental and stratified layering 
lechnique. jopdent. 2006, 3114) 5126 

placement lechnique, followed by the 
faciolingul. oblique and bulk techniques. Park 
Junkyu and others in this study showed that the 
bulk lilling showed more euspal detlection than the hoT1ZOntal and oblique filling roups. ersluis el al reported that the bulk 
techniques resulted in lower stresses. Opdan1 et 
al reported that there is no difference between 
bulk or avering techniques when pain or 
microleakage is concerned. Park and others 
reported that bulk filling technique produced 
signilicantly more cuspal delleetion than the 
Ineremental iechniques, whereas there was noo 
signilieant dillerence between horizontal and 
oblque ineremental methods. 
In conclusion due o the Patient-driven demand 

5. Versluis A, Douglas WH. Cross M, Sakaguchi 
RL. Does an incremental illing technique 
reduce polumerization shrinkage stressesJ 
Dent Res. 1996: 75(3) 871-8 
Krejci I, Lutz F Marginal adaptation of Class V 
reslorations using dillerent restorative 
techniques. J Dent. 1991: 19(1): 24-32 

6. 

7. Park J. Chang J. Ferracane J. Lee IB. How 
composite should be layered to reduce 
shrinkage stress: incremental or bulk filling? 
Dent Mater. 2008,24(11):1501-5. 

8. Craig's. Restorative Dental Materials 
11"Edition. 13" Edition 

9 Versluis A. Douglas WH. Cross M& 
Sakaguchi RL. Does an incremental filing 
technique reduce polymerization shrinkage 
stresses? Journal of Dental Research. 1996. 

for aesthetic restorations has inereased in recent 
ycars. Now days many materials are available in 
market and its use depends upon various fihctors 
influeneing the suitability of the material 
Include: S1/e of the cavity and ability to achieve 
adequate moisture control and elinician's choice.
Achieving a predictable and durable result with 

composite resin 1S echnique sensitive and 
challenges inelude restoring proximal contacts. 
polymerizalion shrnkage. and ensuring 
adaptation of the material to the cavity. 
Restoration wilh composile resn remains more 
labor-intensive than amalgam. Bulk fill
materials are gaining popularity as clinical time 
required is reduced without compromising the 
juality ofl the resultachieved 
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THE RADIX EftlfiMoLARIS: CLINICAL 
- APPROAC :,_.: · :,JiNDODQNTICS -

Dr Garim~ Tyagl, Dr Swneet _-- ,:T Dr;~armishtha Boruah, Dr Nidhin Narayan 

' ·= -, -· . . - Abstract: . . . . . - . . S r ·~ •• • Case 
·· · An awareness and tho~ough knowledge of inl~m~I · · · · An 34 years old male came for endodontic 

c1nd external root canal morphology contr1&_fifax.,,....,,P.,,.treahnent of mandibular right first molar. On the 
· the' successful root canal treatment. ] fadix basis of clinical examination and the history given 
Entomolaris (Additional lingual · root) f "t .in by the patient the tooth was deeply carious and 

. mandibular first molar is an interesting exa· :=· f ·:A~ *;,e:rwas s"uffering from irreversible pulpitis. 
anatomic variation. This paper describes ::Tease Radiograph of mandibular right first molar 
reports of Radix Entomolaris 1n mandibu,l --' irst revealed PDL widening in relation to the mesial 
molar. ._, .. =•:_;_::.·; ... ,. root. (Fig2a). 
Keywords: · Endodontic treatment, man;9Jl 't 
molar, anatomical variations, radix entomol~ 1 · ·-· 
Introduction ---,--
A clini~ian s~~uld have complete·knowl~:-P,bF··-· 

anatomic variation of macrostructure and in ma · 
and external root canal anatomy. A su~tessful 
en~odon~c treabnent include~ locating _t~~ 'l.-: 
canal onfice, chemomechamcal cleaning_( and 

. shaping of the root canals before a densiLroot · · 
.: __ canal .filling with hermetic seal. Mandib• ,l. "';:t - . .. . Ag 2a: Diagnostic Radiograph. 
-- ·c·molars :nave two,..i-oot with two· mesial• a~ ~ ;, After anaesthetizing the tooth, access preparation 

distal canal. In most cases the mesial root has two was done with endo-access bur and canal orifices 
root canals; ending-in two distinct apical for~mj_na were located with DG I 6 endodontic explorer. 
and sometimes, .these m~rge together at th~ oot Initial _ neggtiation of the root canals was 
tip to end in one foramen. Tpe distal root ~~ llf · conformed with 10 # K-file. The fourth disto-

-has one kidney-shaped root canal. 1•
2
,3·

4
•
5 

· Jingual canal orifice was present far from distal root 
· Anatomical variations have been describe_ canal orifices (Fig 26) . · 
mandibular _first molar like the number 

. canals, ihe number of.roots may also V 
·additi<>nal third ·root, 'first mentioned ~· 

_ . literature _by Carabelli, is called th 
entomolaris (RE) . This supernumerary r_ - 1s·· 
located distolingually in · mandibular rtili5lars 

. --~ ·~· ' 
mainly first molars. The identification and eifmriJ!t 
morphology of these root complexes, containing.-a 

- lingual _ or quccal supernumerary . ro · --. ·::·:::;:..'c.-c:-.. 
described by Carlsen andLexdndersen. 6•7•8 ~,.<' Fig 2b: Occlusal View of Pulp Chamber. 

T~..: canal lengths were determined radio 
graphically with K file ISO 15 size (Fig 2c and Fig 
2d). Cleaning and shaping was performed with 
protaper rotary system till F2 apical size under 
continuous irrigation with 2.5% NaOCI and an 
intra-canal medicament was placed and the patient 

: _ . _ . was recalled after 7 days. At next · tm t 
Fag 1: Clinacal Images of extracted mandibular mol f . - appom en 

- a Ra~lx Entomolaru. CA) Rrst molar with a Radix pa Jent was asymp_tomahc. Master cone radiograph 
Entoritolaris (B) Radix Entomolarls on a third ntSfa .,, ·--4'l)l.;!-."""'•, revealed proper fitting of cones. {Fig 2e) 
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COMJ>OsJTE ONJAY FOR POSTERIOR TEE1H: A CLINICAL CASE RFPORT 

· Dr. Har$hitha S._K. Sharma, Dr. Neetu Bansal 

Abstract: Precious and non-precious metal 
alloy restorations . have been successfully 

. replaced in the field of dentistry by tooth 
coloured restorative materials. It is also being 
observed that there is an increased rate of 
interest among dentists to find alternatives to 
traditional full- coverage croJ.ms for the 
restoration of extensively broken down tooth 
which can be both aesthetic and less 
destructive to the remaining tooth structure .. 
The fabrication of an indirect resih composite 
onlay sef!ms to be .a viable and cost effective 
treatment option in such cases. This paper 
describes the clitlical rationale for resin-based 
onlay and includes a case report illustrating 
the_ authors' experience with the technique. 
Introduction : The most . commonly 
encountered challenge by den~ tooay, is 
the restoration of posterior teeth that -have 
Jost ·a substantial amount of coronal tooth 
structure as a result of caries, dislodged 
restoration, fracture, tooth wear, endodontic 
access or any combination of these, since it 
presents with a dilemma in terms bf treatment 
planning for subsequent restoration. 111 

Traditionally, lack of remaining coronal tooth 
structure, mandate dentist · to perform an 
elective root canal therapy or crown 
lengthening 'to provide the necessary 
retention and ·resistance form to maintain its 
biomechanical integrity. 
With the advancements in adhesive dentispy 
composite resins have become material . of 
choice. 
Initially the resin composites were applied as 
direct restorations, which were. replaced by 
the use of indirect resin composites (I~Cs) 
after it was introduced to dentistry during the 
'80s. Later in 1990, second generation of 
indirect composites were developed _which 
had enhanced mechanical and optical 
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properties compared to that of the first 
generation of composites. These materials 
had microfillers with the diameter of 0. 04-1 
µm . 

121 
Since these materials had a high filler 

content, improved elasticity and strength was 
observed. There was also ·reduced 
polymerisation shrinkage due to the 
reduction in organic matrix. r3l 4 

The . advantages of llSing Indirect Resin 
Composites (IRC's) over ceramic onlays is 
that it provides better stress distribution, 
reparability, ease of handling and it is very 
economical as it has a lower cost. 141 On the 
other hand, they show inferior long term 

· surface characteristics, such · as surface 
roughness and aesthetics and they are more 
prone to .colour. changes: 131Although in 
comparison to direct composites, IRC's have 
better aesthetics, colour sta,bility and reduced 
post-operative sensitivity. 151 • 

Fabrication of the restorations outside the 
mouth allows better control of anatomy, 
contour, proximal contacts and occlusion as 
the size of the· restoration increases. In 
addition, the use of adhesive cements used for 
the cementation of restorations fabricated 
from IRCs, by means of dual curing cements, 
minimizes the marginal gap and compensates 
for the unavoidable polymerization 
shrinkage. 161 

This paper present~ a clinical case in which 
indirect compo~ite onlay was fabricated in a 
tooth which reported with dislodged 
restoration, wide interproximal space and 
attritedcusps. · 
Case Description: A 25 year old male 
patient was referred to the post graduate 
clinic of Department of Conservative 
Dentistry and Endodontics, Institute of Dental 
Studies & Technologies, Modinagar. The 
patient complained of dislodged restoration 
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Fourth Visit: The temporary restoration 
was removed and the cavity. was cleansed. 
The onlay was tried in and checked for 
accuracy and marginal fit (fig 4). The cavity 
was acid conditioned, the adhesive was 
applied and light cured on the tooth and the 
same adhesive was applied on the silanated 
internal aspect of composit-e onlay without 
being polymerised. Then the cementation 
was carried out by applying a thin layer of 
resin luting cement {Variolink ® N, Ivolcar 
Vivadent clinical). The resin luting cement 
was light-cured through the restoration from 
both palatal and buccal side of the restoration. 
The finishing and polishing was done using 
· composite finishing kit (fig 5 & 6). After final 
finishing and polishing, the occlusion was 
evaluated. Post-operative instructions were 

. given to the patient. 

~J;. ;: . ~,,-
Ag 4: occlusal view of the Fig 5: occlusal view_ of 
onlay placed on the tooth onlay post cementatton. 

Fig 6: Buccal view (a and b) of 
onlay post cementation 

~-"~J£~'iSF~11tr:i1::'&'~ ,~., , . -,-~ .. 
_ i,,t-t,··1 . ..,)},Jl-,·M,,, 
,~_./)J;,~, 

I ---~1; 

Discussion : Precious and non- precious 
!Iletal alloys were successfully being used in 
dentistry for many years. 171 They could be 
adhesively luted to the tooth using the 
appropriate cements and conditioning 
regimens. But, the disadvantage of using 
metallic restorations was that it was not 
aestheti~lly pleasing to the patient. This led 
to the · need for use of tooth coloured 
restorative materials which were aesthetically 
pleasing and served as an alternate to the 
metallic restorations. 111 

·An ad~tage of indirect restorations is that it 
allows ~tra-oral working and facilitates for 
obtaining a high degree of surface 
-smoothness. Composite onlays also allow -
precisely contoured restoration of · tooth · 
structure, such as points of contact, or the 
correct anatomical form of the ocdusal 
surface of molars and premolars. The exact 
restoration of the walls and occlusal surface in 
aesthetic terms, it is not possible with the 
direct technique. 18Van Dijken et Al conducted 
a study in which it was concluded that with an 
indirect approach, it was possible to achieve 
an improved marginal adaptation due to 
minimi~tion of contraction stress.

191 

Magne et. Al, concluded through their in vitro 
study th9t indirect onlays was the treatment of 
choice in vital teeth for extended restorations, 
including cuspal coverage. The IRC's exhi~it 
good mechanical properties, greater capacity 
to distribute tension throughout the 
restoration in a more homogenous way when 

I , 1101 
compared to ceramic restorations. 
Based on their characteristics, IR~s ~ave a 
wide range of indicatipns, including_ inlays, 
onlays overlays and as a repair matenal for a 

, . 1111 I di ti for variety of restorations. n ca ons. 
performing indirect composite resto~tions 
are primarily situations where it is possible _to 
use the remaining dental hard tissues, while 
there is such a level of degrad~tion that f 
classical composite reconstruction would ai 

to meet its basic functional and aesthetic 
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in the lower right back tooth which was 
~e::f;~~.~om:~~ks triho~ in a private clinic. 

. ica istory was non-
contnbutoiy. Intra oral examination revealed 
a Class II d1sto-occlusal can·es wi·th 46 1 . respect to • a ong WJth attrited cusps · Th t nd · ere was no e erness on percussion R d· h· . . • a 10grap 1c 
examination revealed that the r:o ·• · 1 • ....... nes was 
mvo vmg enamel and dentin, altho4gh there 
was no widening of the periodontal ligament 
and the lamina dura was intact. There was 
loss of anatomic contours due to attrition of 
t~e cus_ps. The tooth had a poor ~rogno~is 
with direct composite restoration as the 
remaining tooth structure was considered 
inadequate a1:d required cuspal protect.ion. 
Hence an indirect composite resin onlay 
restoration was initiated. 
Treatment-Step By Step P11ocedure 
First Visit: Caries ' was excavate(\ using a 
round carbide bur. Unsupported and weak 
enamel was removed (fig 1). A light cure Glass 
Ionomer cement base was · applied (3M 
ESPE). An Onlay cavity was prepared 
following the principles of tooth preparation 
(fig 2). The cavity walls were made divergent 
with rounded internal line angles and a butt-
joint cavosurface configuration. Supra 
gingival finish line5i were placed both bucally 
and lingually without breaking the mesial 
contact. 

Ag 1: Preoperative photographs 
showing class II dental caries with 

attrited cuspal heights. 
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Fig 3: The temporary onlay fa! 
tooth coloured self cure ac 

After final tooth preparation, 
Cleansed and dried. The impr~ 
with a Vinyl polysiloxane impr; 
(3M ESPE). The opposing arcl 
with alginate (3M ESPE Algin 
Material). The positive re 
impression was made using di, 
selection was done using Vitap 
and the casts and shade prescr 
to the laboratory for fabricatior 
Third Visit : A temporary r 
fabricated with self-cure acrylic 
cure) restoration to avoid 
sensitivity to the patient until tl 
of the final restoration could be 
was cemented using a non-
temporary cement (Rely 
cement). · 

fig 2: Tooth preparation wi 



perfo~.1121 Thedinii::a[~riteria foi; using 
.composite resin onlay.are: ' · · 

· All the margins should be located 
supragingivally 
Patient should demonstrate satisfactory 
oral hygiene and di~ control 
Sufficient intra occlusal space to allow 
occlusal thickness of 1.5- 2. 0 mm 

- If the tooth is endodontically treated, 
satisfactory coronal seal must be 
present, with good quality of remaining 
hard tissue. 
Thin mined side walls 
One cusp of the tooth should be 
compromised 
Cavities exceeding the dimension of 
1/3 to 1/2 of the distance between the 
peaks of cusps_ _ • . 
Difficult to restprepoints of contact, 
The patient . should not have any 
destructive dcclusal habits . such as 
bruxisni'11 · - · 

The most common disadvantage of using 
IRC's is the lack of predictability when it 
comes to their colour stability and 
translucency. 1131 However, several in vitro 
trials that measured colour changes in IRC's 

II ·trun .... bl 1131114I were we WI accepui e range. 
Regardless of the material selected, many 
studies suggest that routine coverage of 
weakened cusps increases the fracture 
resistance to a value equivalent to that of an 
unrestored tooth. 1151

-
The relative advantages of composite onlays 
over ceramic onlays are: 

They are less susceptible to damage or 
fracture where there may be resistance 
to seating of the restoration due to tight 
proximal contacts or in certain · ca!ies 
where the axial walls have not been 
tapered sufficiently. 
Indirect resin composite restorations 
allow the flexibility to adjust the 
occlusion prior to cementation. 
Ocdusal adjustments post insertion, if 
necessary, can be l:!asify made and 
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effectively polished 
Repair of fractured restorations - is 
relatively easier. 111 

IRC's are a better alternative to direct 
composite restorations as it has improved 
mechanical properties, convenient handling, 
favourable aesthetics and abrasion similar to 
natural hard tissues.1161 IRC's are also being 
used as a viable alternative to porcelain and 
direct composite restorations, with promising 
clinical results were for financial reasons teeth 
~ay be placed at an increased risk of frcicture 
in the future by placement of direct plastic 
restorations, or possibly extracted because 
the cost of restoration with traditional full 
coverage restoration was deemed 
prohibitive. 111 

Conclusion: It can be concluded that 
indirect resin composite 6nlays have the 
potential to off er benefits of a viable 
restorative alternative which emphasis the 
preservation and protection of the health of 
tooth structure, and is also consistent with the 
· contemporary • concept of minimal invasive 
dentistry. 
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ABSTRACT

Introduction: Endodontic treatment removes all pathogens, 
such as Enterococcus faecalis from pulp and root canals. The 
aim of this study is to assess the usefulness of sodium hypo-
chlorite (NaOCl) in removing E. faecalis from the root canal 
used with three different irrigation methods.

Materials and methods: This study was conducted on freshly 
extracted maxillary incisors. After biomechanical preparation, root 
canals were injected with E. faecalis. Three groups were made 
which contained 30 teeth in each group; 2 mL of NaOCl solution 
was used for irrigation followed by agitation with K-files in group 
I; 2 mL of NaOCl solution was used for irrigation and ultrasonic 
agitation was done in group II. In group III, an alternate irrigation 
with NaOCl and 3% hydrogen peroxide was done. The fourth 
group (control) was irrigated with sterile saline solution. E. fae-
calis bacteria were sampled to the root canals with paper points 
and were transferred to tubes that contained 5 mL of brain heart 
infusion broth. Tubes were incubated and the presence of broth 
turbidity was suggestive of bacteria remaining in the root canal.

Results: All three groups showed no statistically significant 
difference. However, difference existed between experimental 
groups and control groups.

Evaluation of 4% Sodium Hypochlorite in eliminating 

Enterococcus faecalis from the Root Canal when Used 
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Conclusion: The author concluded that all three methods of 
application of NaOCl were effective in disinfecting the root canal 
than the saline solution.

Clinical significance: No single irrigant has 100% efficiency. 
Thus by this study, a best irrigating solution with maximum 
properties can be established.

Keywords: Endodontics, Enterococcus faecalis, Irrigation, 
Sodium hypochlorite.
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INTRODUCTION

The purpose of endodontics is to remove all pathogens 
from the dentinal tubules and root canal system. It can 
be obtained by cleaning the root canals by removing 
contaminated dentin followed by disinfecting the canals 
using sodium hypochlorite (NaOCl), and using various 
irrigating solutions.1 Walker2 in 1936, introduced NaOCl 
as an irrigating solution. This solution has the tendency 
to dissolve the organic tissue and has antimicrobial activ-
ity. The process of mechanical cleaning of canals is not a 
simple procedure. Complexity of root canals in respect to 
its anatomy, sclerosis of dentinal tubules, and the smear 
layer poses great difficulty.3 The presence of Enterococcus 
faecalis and Candida species provides resistance to disin-
fecting agents and leads to failure of endodontic therapy. 
The penetration power of NaOCl in the dentinal tubules 
has been reported to be 300 µm, while E. faecalis can pen-
etrate the dentinal tubules up to 800 to 1,000 µm deep. 
The high surface tension of NaOCl affects the tubular 
penetration and its antibacterial ability.4

ORIGINAL RESEARCH
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Thus for successful endodontic therapy, removal of 
smear layer and disinfection are very important steps. 
Different protocols have been developed for enhanc-
ing the antimicrobial efficacy of disinfecting solutions.5 
Apart from NaOCl, adjuvant irrigation of ethylenedi-
aminetetraacetic acid has also been introduced. Sodium 
hypochlorite and hydrogen peroxide (H2O2) as alternate 
therapy have been employed as irrigating solutions.6 This 
combination causes effervescence, which are useful in 
debridement and causes disinfection of the root canal.7 
Martin8 in his study suggested NaOCl irrigation and 
ultrasonic instrumentation of canals. This combination 
permits heating of the irrigating substance, ultrasonic 
waves accelerate chemical reactions, causes exchange of 
substances in the canal, and removes dentin debris.

The purpose of the study was to compare the effec-
tiveness of NaOCl in eliminating E. faecalis from the root 
canal used with three different irrigation methods.

MATERIALS AND METHODS

This study was conducted at the Department of 
Endodontics from January 2015 to December 2015. This 
was an in vitro study conducted on freshly extracted 
120 maxillary incisors. In all teeth, access opening was 
made and the biomechanical preparation was performed 
using K-type files up to size 45, which extended 1 mm 
beyond the apical foramen and flaring was done. During 
the procedure, irrigation was done with normal water. 
Epoxy resin was used for sealing of apical foramen. 
Plaster blocks were used for mounting and sterilizing 
at temperature of 121°C for 20 minutes. To contaminate 
the root canals, pure culture of E. faecalis grown in brain 
heart infusion (BHI) broth was used. The preparation for 
suspension of E. faecalis cells was done in BHI. The plaster 
blocks were opened in a laminar air flow cabinet; 10 mL 
of E. faecalis suspension was inoculated to contaminate 
the root canals using sterile 1 mL tuberculin syringes. The 
stainless steel boxes containing blocks were incubated at 
37°C for 24 hours following which three different groups 
of contaminated root canals were made (Table 1) depend-
ing on the irrigating solutions used:
•	 Group I: This group contained 30 teeth in which 2 mL 

of NaOCl solution was used for irrigation followed 
by agitation with K-files (Table 2).

•	 Group II: This group contained 30 teeth in which 2 mL 
of NaOCl solution was used for irrigation and ultra-
sonic agitation was done (Table 2).

•	 Group III: This group contained 30 teeth in an alternate 
irrigation with NaOCl and 3% H2O2 was done (Table 2).
In control group, 2 mL of 0.85% sterile saline solution 

was used for irrigation of root canals.
After dividing the teeth into different groups, irriga-

tion of teeth was done with 1 mL saline solution and 

size no. 40 paper points were used for sampling the 
bacteria from the root canals. After 1 minute, they were 
transferred to tubes containing 5 mL of BHI broth. Tubes 
were vortexed for 5 minutes and incubated for 4 days at 
a temperature of 37°C. The presence of broth turbidity 
was indicative of bacteria remaining in the root canal.

Results obtained during study were subjected to 
statistical analysis using chi-square test; p < 0.05 was 
considered significant.

RESULTS

Table 1 shows distribution of teeth in all groups. Four 
groups were made. Groups I, II, and III contained 30 teeth  
each. Fourth group was control group, which also con-
tained 30 teeth.

Table 2 shows that 4% NaOCl was used as an irrigant 
manually in group I. In group II, 4% NaOCl and ultrasonic 
agitation was used together. In group III, alternate use of 
4% NaOCl and 3% H2O2 was used manually. In control 
group, normal saline was used as an irrigating agent.

Table 3 shows number of positive cultures in all 
groups. In group I, 18 positive cultures were found. In 
group II, 16 positive cultures were found. In group III, 
18 cultures were positive, while in the control group, all 
cultures were positive for bacterial growth. The results 
obtained in all three experimental groups were non-
significant (p > 0.05), whereas in the control group, all  
30 teeth were irrigated with normal saline showed 100% 
positive culture and the difference (p < 0.05) was statisti-
cally significant.

Table 1: Distribution of teeth in various groups

Group Number of teeth
I 30
II 30
III 30
Control 30

Table 2: Different irrigants and irrigating methods in all groups

Group Irrigant(s) Irrigating method
I 4% NaOCl Manual
II 4% NaOCl Manual and ultrasonic 

agitation
III 4% NaOCl and 3% H2O2 Manual: Alternate use
Control Saline Manual

Table 3: Number of positive cultures in all groups

Group No. of Positive culture
I 18
II 16
III 18
Control 30
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DISCUSSION

The purpose of successful endodontics is removal of 
microorganisms found in infected root canals and for-
mation of effective seal to prevent recolonization with 
bacteria. The role of irrigating solution in achieving root 
results is desirable. An ideal irrigating solution should be 
able to do disinfection, have low toxicity, have low surface 
tension, have the ability to remove smear layer, and have a 
broad antimicrobial activity, especially against E. faecalis.9

In the literature, numerous irrigating solutions have 
been proposed. All have few advantages and shortcom-
ings as well. Sodium hypochlorite is the most effective 
endodontic irrigant. The free chlorine in NaOCl, which 
is a strong oxidizing agent, dissolves vital and necrotic 
tissue by splitting proteins.10 Chlorine causes irreversible 
oxidation of –SH groups of essential enzymes, disrupting 
the metabolic functions of the bacterial cell.11

Several authors in their studies revealed that heated 
NaOCl solutions have more antimicrobial efficacy in 
dissolved organic tissues than nonheated solutions.12,13

This study was conducted on freshly extracted 120 
maxillary incisors. After performing biomechanical prepa-
ration, teeth were divided into three groups depending on 
methods of irrigation (Table 1). In group I, 30 teeth were 
irrigated with 2 mL of a 4.0% NaOCl solution. Result of our 
study showed that 18 out of 30 teeth contaminated with  
E. faecalis showed positive cultures. In group II, 30 teeth 
were irrigated with 2 mL of 4.0% NaOCl solution. After 
that, a 15 number ultrasonic file was placed in the canal. 
The unit was activated with the file unconstrained and 
the solution was ultrasonicated for 1 minute (Table 2). In 
this group, 16 teeth contaminated with E. faecalis showed 
positive cultures. In group III, 30 teeth were irrigated 
initially with 1 mL of 4.0% NaOCl and then with 1 mL of 
3% H2O2, followed by 1 mL of NaOCl again (Table 3). The 
results obtained in all three groups were nonsignificant. 
The control group, in which all 30 teeth were irrigated 
with normal saline, showed 100% positive culture. The 
difference in experimental group and control group was 
statistically significant.

Enterococcus faecalis is an anaerobic bacteria. It leads to 
apical periodontitis. It is resistant to a wide range of antimi-
crobial agents. It is difficult to remove this from root canals, 
hence, endodontic treatment becomes challenging.14

In this study, we also used ultrasonic irrigation. 
Ultrasonic irrigation is more effective in removing debris, 
and it is suggested that passive ultrasonic irrigation is 
more efficient than sonic activation.15 After inserting files 
in the canals, they are passively activated with ultrasound 
energy, the acoustic cut causes cleaning of the canals more 
effectively in comparison to the use of manual instrumen-
tation alone. Ultrasonic vibration is more effective when it 
touches the handle of a manual file inserted in the canal.16,17

We also used H2O2 as an irrigating solution which 
releases nascent oxygen. It produces bactericidal effect 
by interfering with bacterial metabolism when it comes 
in contact with tissue enzymes.18 Hence, we recommend 
the usage of 3 to 5% of H2O2 in endodontics.19-21

CONCLUSION

The success of root canal therapy depends on the ability to 
remove smear layer and elimination of E. faecalis from root 
canals. Sodium hypochlorite has been found to be more 
effective in disinfecting the canals than sterile solution.
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ABSTRACT
Background: Cleaning and shaping of the pulp canal is one 
of the most important steps of endodontic therapy. Serious 
complications occur by the apical extrusion of bacteria during 
the instrumentation procedures. Both crown-down (CD) and 
full-length linear motion (FM) techniques are routinely used as a 
component of taper rotary instrument procedures for achievement 
of thorough cleaning and shaping of the pulp canal space. Hence, 
we aimed for this study to assess the change in the amount of 
apically extruded bacteria using CD and FM instrumentation 
techniques produced by differences in taper between the instru-
ments used during biomechanical preparation of root canals.

Materials and methods: The present study included assess-
ments of 132 extracted maxillary central incisor teeth. To achieve 
a uniform teeth length of 21 mm, the height of the tooth crown was 
reduced for preserving the coronal portion of teeth. A modified 
glass vial model was constructed for the estimation of amount of 
bacterial extrusion through the apical region. For filling of each 
pulp canal specimen, 20 mL of Enterococcus faecalis suspension 
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was used followed by the use of a number 10 K-file for carrying 
the bacteria down the lengths of pulp canals. All the contaminated 
teeth specimens were divided into six study groups with groups 
I to III containing specimens prepared in the CD manner, while 
groups IV to VI contained specimens prepared in the FM manner. 
Six teeth were taken as negative control with three specimens 
with each technique, and another six specimens were taken as 
positive controls. Cultivable bacterial counts were determined 
by evaluating 100 mL saline solution from each vial followed by 
its inoculation on blood agar. All the colony-forming unit (CFU) 
values were log-transformed (base 10), and the results were 
analyzed by Statistical Package for the Social Sciences software.

Results: A significantly lower quantity of CFU values was 
observed during CD instrumentation procedures with 0.02 
files in comparison with all other study groups. However, while 
comparing both the instrumentation procedures when different 
taper files, other than 0.02 taper, were used for biomechanical 
preparation of root canal, nonsignificant results were obtained.

Conclusion: With 0.02 taper preparations, significantly less 
amount of extrusion of bacteria is associated when done with 
CD technique.

Clinical significance: No change in the amount of apical 
extrusion of bacteria will be seen by changing the type of 
instrumentation procedures. Amount of bacteria extruded can 
be minimized using 0.02 taper.

Key words: Bacteria, Instrumentation, Taper.
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INTRODUCTION

One of the most important component steps for the suc-
cessful completion of root canal therapy is the complete 
and thorough cleaning and shaping of root canal space for 
the purpose of removal of inflamed and necrotic pulpal 
tissue.1 During the process of root canal instrumentation, 
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the following components can be extruded beyond the 
apical foramen:
•	 Dentinal	chips
•	 Root	canal	tissue	fragments
•	 Necrotizing	and	inflamed	tissue
•	 Intracanal	medicaments
•	 Microorganisms

This can impose a serious problem as the apically 
extruded necrotic materials and microorganisms can 
cause posttreatment pain or a flare-up.2 Although these 
risk factors are significantly decreased by an accurate 
control of the working length, periapical extrusion of 
these components can result in serious posttreatment 
complications, such as flare-ups, pain, and swelling, 
which can further result in extreme discomfort to the 
patients resulting in inter-appointment emergency.3	 In	
the present treatment scenario, apical extrusion of debris 
is associated with all types of preparation techniques and 
instrumentation procedures. This occurs even with clini-
cians prepare the root canal short of the apical terminus.4

Both crown-down (CD) and full-length linear motion 
(FM)	techniques	are	routinely	used	as	a	component	of	
taper rotary instrument procedures for the achievement 
of thorough cleaning and shaping of the pulp canal space. 
Literature quotes that significantly less bacterial extru-
sion is associated with CD preparation techniques in 
comparison	with	FM	instrumentation.5 There is paucity 
of studies in the literature that have assessed the impact of 
pulp canal taper on the apical extrusion of necrotic debris 
and bacteria. Hence, we aimed for this study to assess the 
change in the amount of apically extruded bacteria using 
CD	and	FM	instrumentation	techniques	produced	by	the	
difference in taper between the instruments used during 
biomechanical preparation of root canals.

MATERIALS AND METHODS

This study was conducted in the Department of 
Conservative Dentistry and Endodontics of the dental 
institute, and included the assessment of 132 extracted 
maxillary central incisor teeth. All the teeth, after extrac-
tion, were immediately placed in normal saline solu-
tion	for	storage.	Inclusion	criteria	for	the	present	study	
included:
•	 Single-rooted	maxillary	central	incisors
•	 Teeth	with	straight	pulp	canals
•	 Teeth	 with	 initial	 apical	 diameter	 approximate	 to	

International	Organization	 for	Standardization	 size	
#15 K-file
All the extracted teeth were cleaned carefully for 

removing any remnants of bone, calculus, and necrotic 
or physiologic soft tissue. Periodontal curettes were used 
for removing these fragments. To achieve a uniform teeth 

length of 21 mm, the height of the tooth crown was reduced 
for preserving the coronal portion of teeth. The crown 
portion was preserved because it acts as a reservoir for 
irrigation solution. Expiration of the root canal remnants 
was done with the help of a barbed broach, and 1 mm 
short of apex (apical foramen), the working length was 
evaluated. Cyanoacrylate glue was used for sealing the 
root ends of the entire teeth specimen once they were dried. 
This was done for creation of a reservoir in root canals for 
contamination with a suspension of Enterococcus faecalis. 
Construction of a modified glass vial model was done for 
the estimation of amount of bacterial extrusion through the 
apical region. A hole was created through the center with 
the purpose of holding the tooth specimen in an upright 
position.	Insertion	of	the	tooth	specimens	into	the	rubber	
stoppers under pressure was performed, and glue was 
used for fixing the samples to the stoppers through their 
cementoenamel junction. For the prevention of bacterial 
microleakage, the vials were coated on their outer surfaces 
by two to three coats of nail varnish. The entire system was 
then	sterilized	for	obtaining	a	contamination-free	environ-
ment.	For	equalization	of	the	pressure	inside	and	outside	
the vial, a sterile 27-gauge needle was inserted alongside 
the rubber stopper. From fresh 24-hour bacteria grown in 
brain–heart infusion broth, a standard suspension of E. 
faecalis was formulated. For ensuring the bacterial con-
centration of 1.5 ! 108 colony-forming units (CFUs) mL"1, 
adjustment of the turbidity of the suspension was done. 
About 20 mL of E. faecalis suspension was used for filling 
of each pulp canal specimen, followed by use of a number 
10 K-file for carrying the bacteria down the lengths of pulp 
canals. This was followed by incubation of the infected 
pulp canal specimens at 37°C for 24 hours. Filing of the 
vials was done with 10 mL of saline solutions before the 
commencement of the instrumentation procedure of root 
canals. For the creation of a standard apical patency, place-
ment of a sterile number 15 K-file was done 1 mm beyond 
the apical foramen. All the contaminated teeth specimens 
were divided into six study groups as shown in Table 1, 
with	20	specimens	in	each	group.	In	groups	I	to	III,	prepa-
ration of the canals was done in the CD manner, while in 
the	groups	IV	to	VI,	preparation	of	the	canals	was	done	in	
the	FM	manner.	Six	teeth	were	taken	as	negative	control	
(noninfected) with three specimens with each technique, 

Table 1: Distribution of samples into various study groups

Groups Technique Taper
I CD 0.02
II CD 0.04
III CD 0.06
IV FM 0.02
V FM 0.04
VI FM 0.06
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and another six specimens were taken as positive controls 
(previously infected). After the completion of pulp-canal 
preparation procedure, cultivable bacterial counts were 
determined by evaluating 100 mL saline solution from 
each vial followed by its inoculation on blood agar with the 
help of the quantitative inoculation technique.6,7 Following 
incubation at 37°C for 24 hours, calculation of the CFUs 
for each tooth specimen was done. For statistical analysis, 
all the CFU values were log-transformed (base 10), and 
the	results	were	analyzed	by	Statistical	Package	for	the	
Social	Sciences	software	version	16.0.	Student’s	t-test	and	
Tukey’s	honest	significant	difference	test	were	used	for	
the assessment of the level of significance. The p < 0.05 
was taken as significant.

RESULTS

Distribution of all the specimens in various groups is 
shown in Table 1. Table 2 highlights the mean values 
and standard deviation in all the experimental groups. 
No	growth	was	observed	in	the	negative	control	group,	
while a positive bacterial growth was associated in all the 
positive control groups during assessment after experi-
mental time interval. A significantly lower quantity of 

CFU values was observed during CD instrumentation 
procedures with 0.02 files in comparison with all other 
study groups (p < 0.05) (Table 2 and Graph 1). However, 
no statistically significant results were obtained while 
comparing both the instrumentation procedures when 
different taper files, other than 0.02 taper, used for bio-
mechanical preparation of root canal (p > 0.05).

DISCUSSION

In	the	presence	of	dense	inflammatory	cell	infiltrate	and	
intense immune response, pain and clinical swellings 
usually accompany the extrusion of cellular debris and 
microorganisms in the apical areas during the process 
of cleaning and shaping the root canals. The mechanical 
cleaning process of the pulp canals is often associated with 
this undesired consequence, and none of the techniques of 
cleaning and shaping of root canals avoids apical debris 
extrusion.8 Therefore, routine investigation is carried 
out in search of a technique that avoids such negative 
consequences.	 Variation	 has	 been	 seen	 in	 the	 amount	
of debris extruded apically, which further depends on 
the kinematics, amount of root canal filing done, taper, 
cross-section, and efficacy of the files used for preparing 
the root canal.9 Hence, we aimed for the present study 
to assess the change in the amount of apically extruded 
bacteria	using	CD	and	FM	instrumentation	techniques	
produced by differences in taper between the instruments 
used during biomechanical preparation of root canals.

In	this	study,	we	used	three	different	types	of	taper	
systems, i.e., 0.02, 0.04, and 0.06 (Table 1). Apical extrusion 
of all the bacteria resulted from all the instrumentation 
types and procedures. With the exceptions of results 
obtained with 0.02 taper preparations, no significant 
results were obtained while comparing the amount of 
bacterial extrusion in different types of taper and with 

Table 2: Correlation of distribution of apically extruded  
E. faecalis (CFU mL–1)

Groups
Mean ± standard 
deviation Minimum Maximum

I CD-02 2.251 ± 0.16 1.25 3.15
II CD-04 2.812 ± 0.12 2.18 3.46
III CD-06 2.842 ± 0.09 2.22 3.39
IV FM-02 2.872 ± 0.12 2.25 3.24
V FM-04 2.932 ± 0.50 1.92 3.64
VI FM-06 2.992 ± 0.11 2.39 3.34
Difference in superscripts shows statistically significant difference 
among various sample groups (p < 0.05)

Graph 1: Descriptive values of distribution of apically extruded E.faecalis (CFU mL-1)
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CD	and	FM	instrumentation	approaches	(Table	2).	Our	
results were in correlation with the results obtained by 
Aksel et al,7 who observed similar findings in their study. 
Nevares	et	al8 evaluated and compared the amount of 
debris extruded periapically in canals prepared by various 
systems used in reciprocating and continuous motions. 
They	analyzed	60	mandibular	teeth,	and	divided	them	
randomly into three study groups with 20 specimens in 
each	group.	These	groups	were	the	Reciproc	(REC)	group,	
WaveOne	 (WO)	 group,	 and	 HyFlex	 CM	 (HYF)	 group	
respectively. On an analytical balance, one Eppendorf 
tube per tooth was examined and weighed. As per manu-
facturer’s	 instructions,	pulp	canals	were	 instrumented.	
To a total of 9 mL, 2.5% sodium hypochlorite solution 
was	used	for	standard	irrigation.	Incubation	of	the	teeth	
specimens after removal from the Eppendorf tubes was 
done at 37°C for 15 days for evaporating the liquid. They 
again weighed the tubes and noted and calculated the 
difference between the initial and final weights. They 
observed that apical extrusion of debris resulted from all 
the three types of systems. However, significantly more 
debris	was	produced	by	REC	system	in	comparison	with	
the	WO	system.	In	comparison	with	the	HYF	system,	both	
the other systems produced significantly higher amount 
of extrusion of debris apically. Aksel et al7 assessed the 
impact of various root canal instrumentation techniques 
and preparation tapers on the quantity of bacteria 
extruded apically. They assessed a total of 98 extracted 
mandibular incisor teeth, which were contaminated with 
E. faecalis suspension. Following incubation at 37°C for 
one full day, instrumentation of the pulp canals was done 
with	K3	rotary	files	in	CD	or	FM	techniques	with	three	dif-
ferent types of taper. They collected apically extruded bac-
teria into saline solution-containing vials, and incubated 
the microbial specimens in brain–heart agar medium for  
24 hours and assessed the numbers of CFUs. They 
observed that when prepared with 0.02 taper, significant 
differences occurred. From the results, they concluded 
that when prepared with 0.04 and 0.06 taper, instrumenta-
tion technique did not appear to have a significant effect 
on	 the	 amount	 of	 bacterial	 extrusion.	 Surakanti	 et	 al10 
evaluated the quantity of debris extruded apically during 
the biomechanical preparation of root canal with two dif-
ferent instrumentation systems – rotary and reciprocating 
nickel–titanium. They assessed 60 mandibular first pre-
molars and divided them randomly into 3 study groups 
with 20 specimens in each group. They instrumented the 
root canals with WaveOne™ system, and full-sequence 
rotary	HyFlex	CM™	and	ProTaper™	instruments.	Using	
bidistilled water, they irrigated the canals. They collected 
apically extruded debris in preweighed Eppendorf 
tubes, and compared the initial values and values after 
collection. They observed significantly more debris with 

WaveOne™ and ProTaper™ rotary instruments in com-
parison	with	HyFlex	CM™	rotary	instruments.	From	the	
results, they concluded that less extrusion of debris api-
cally occurs with the full-sequence rotary instrumentation. 
Kustarci et al11 assessed and compared the quantity of 
debris extruded apically using K3, protaper rotary instru-
ments, and manual step-back technique in 45 extracted 
human teeth. They divided all the specimens into three 
study groups with 15 specimens in each group. The three 
study groups consisted of specimens instrumented with 
K3, protaper rotary instruments, and K-type stainless 
steel instruments respectively. From the results, they 
concluded that significantly more debris was extruded 
apically with protaper rotary instruments. Garlapati 
et al12 assessed the amount of apical extruded bacteria 
during pulp canal preparation process with four rotary 
instrumentation techniques. After assessing a total of  
50 extracted human mandibular premolars, they observed 
a significant difference in the amount of CFUs between the 
four experimental rotary nickel–titanium instrumentation 
groups. From the results, they concluded that among all 
their study groups, minimal bacterial extrusion occurred 
in	 K3	 group,	 while	 Mtwo	 group	 was	 associated	 with	
maximum bacterial extrusion.

CONCLUSION

Significantly	 less	 amount	 of	 extrusion	 of	 bacteria	 is	
associated with 0.02 taper preparations when done with 
CD	technique.	No	significant	change	 in	 the	amount	of	
extruded bacteria occurs with an increase in taper from 
0.04 to 0.06 irrespective of the type of technique for root 
canal preparation. However, future studies are required 
for better exploration of this field of dentistry.
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The effect of cusp capping with composite resin on fracture 
resistance of premolars with prepared endodontic access 

cavities: An in vitro study
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INTRODUCTION

Restoring endodontically treated teeth is a challenging 
procedure. Cusp deforms due to occlusal forces and 
lateral excursions, leading to tooth fracture. These failures 

mainly manifest more in root-canal treated teeth with 
mesio-occluso-distal (MOD) cavity preparation. This 
type of cavity configuration brings about a significant 
reduction in tooth strength due to the loss of marginal 
ridges and microfractures that are caused by applied 
occlusal forces.[1,2]

Original Article

ABSTRACT
Introduction: The purpose of this study was to evaluate the effect of remaining dentinal 
wall thickness and the effect of remaining cusp height of endodontically treated premolars 
when restored with composite resin. Materials and Methods: Ninety premolars were divided 
into 4 test groups (n = 20) and 2 control groups (n = 5). In all groups, except the negative 
control group (sound teeth), standardized endodontic access cavities were prepared, pulp 
extirpated, mesioocclusodistal (MOD) cavities prepared and access sealed with Light Cure 
Glass Ionomer Cement (LC GIC). Test groups were divided as:‑ Cusp reduction for Groups 
I and II‑ 2.5 mm and for Groups III and IV‑ 1.5 mm. Dentinal wall thickness for Groups I 
and III‑ 1‑1.5 mm and Groups II and IV‑ 2‑3 mm. The groups were further subdivided into 
Subgroup A, restored with P60 and Subgroup B, restored with Herculite Precis. Positive 
control‑  only access cavity with no cusp reduction and restoration. Fracture resistance was 
assessed using Universal Testing Machine (UTM). Results: Highest fracture resistance was 
demonstrated by Group VI and least by Group V. Groups VI, II and I, showed statistically 
insignificant  difference  for  both  the  composites  (P  > 0.05). Groups  III  and  IV  showed 
statistically significant difference only for Subgroup B. Conclusion: When the cusp reduction 
was 2.5 mm, dentinal wall thickness had no effect on the fracture resistance, for both the 
composites. When the cusp reduction was 1.5 mm and the remaining dentinal thickness 
was 1‑1.5 mm, Herculite Precis showed inferior results to P60.

Key words: Composite resin, cusp capping, fracture resistance
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The traditional methods of restoring endodontic teeth 
include complex restorations such as bonded amalgam 
restorations, cast restorations, post and core, and 
full-coverage restorations. One of the drawbacks of the 
complex and indirect restorations is the considerable 
treatment time spent, their high cost,[3] and delay the 
completion of endodontic therapy and placement of such 
restorations, which creates a problem of maintaining 
coronal seal.[4] With advances in composite resin as 
minimally invasive preparation and maximal conservation 
of dentinal tissues, it is widely and mostly used in 
endodontically treated teeth.

Light cure composite resins are being widely used for the 
restoration of posterior teeth, not only because of their 
esthetic properties and adhesion to tooth structure, but 
also because they require minimally invasive preparation 
and provide maximal conservation of tooth structure, thus 
enhancing fracture resistance of teeth.[17]

The clinical performance of the newer posterior composites 
has been significantly improved over the past decade. 
Two such composites, P60 (3M ESPE, St. Paul, USA) and 
Herculite Precis (Kerr, Sybron Dental Specialities, USA), are 
high strength packable composites.

Over the years, it has been seen that the remaining dentinal 
wall thickness also plays an important role in the restoration 
of endodontically treated teeth. However, very few studies 
have been undertaken to determine the effect of remaining 
dentinal wall thickness and also the effect of remaining cusp 
height on fracture resistance of endodontically treated teeth 
when restored with composite resin.

Therefore, the purpose of this study was to evaluate 
the effect of remaining dentinal wall thickness and the 
effect of remaining cusp height on fracture resistance 
of endodontically treated premolars when restored with 
composite resin.

METHODOLOGY

Ninety freshly extracted noncarious human premolars, 
indicated for orthodontic extraction, with buccolingual 
dimension of 9.5 ± 0.5 mm and centric cusp height of 
7.0 mm, measured by a digital caliper, were selected. The 
teeth were stored in 0.1% thymol solution until use. The 
teeth were randomly divided into four test groups, n = 20 
teeth each, and two control groups, n = 5 teeth each. In 
all groups, except the negative control group, standardized 
endodontic access cavities were prepared using a cylindrical 
bur (Dentsply, Maillefer) of 1 mm diameter. Pulp was 
extirpated and the pulp chamber was irrigated with 5 ml 
of 5% sodium hypochlorite solution. MOD cavities were 
prepared with mesial and distal margins located 1 mm above 
the cementoenamel junction (CEJ). Light cure glass ionomer 

cement (GC, Tokyo, Japan) was then placed in the canal 
orifice to the level of cavity floor.

The centric cusp of test groups was reduced as follows 
[Figure 1]:
•	 Group	I	(n = 20): Centric cusp was reduced 2.5 mm 

keeping the dentinal wall thickness as 1–1.5 mm
•	 Group	II	(n = 20): Centric cusp was reduced 2.5 mm 

keeping the dentinal wall thickness as 2–3 mm
•	 Group	III	(n = 20): Centric cusp was reduced 1.5 mm 

keeping the dentinal wall thickness as 1–1.5 mm
•	 Group	IV	(n = 20): Centric cusp was reduced 1.5 mm 

keeping the dentinal wall thickness as 2–3 mm
•	 In	positive	control	group,	Group	V	(n = 5): Only access 

cavity prepared with no cusp reduction and restoration
•	 In	negative	control	group,	Group	VI	 (n = 5): Sound 

teeth were used.

Groups I, II, III, and IV were further subdivided into two 
subgroups of 10 samples each depending on the composite 
resin used for restoration.

•	 Subgroup	A	(n = 10): P60 composite resin (3M ESPE, 
St. Paul, USA)

•	 Subgroup	 B	 (n = 10): Herculite Précis composite 
resin (Kerr, Sybron Dental Specialities, USA).

The prepared surfaces were etched with 37% phosphoric 
acid for 15 s and then rinsed with water for 10 s. Adper 
single bond plus adhesive (3M ESPE, St. Paul, USA) was 
applied according to the manufacturer’s instructions 
and cured for 10 s with a Quartz Tungsten Halogen 
light (Dentsply, Baar, Switzerland), with its intensity set 
at 600 mW/cm2 and verified with the built-in radiometer. 
Composite was placed in 2 mm increments with first 
increment placed on the gingival floor, followed by the 
second increment which was added along the buccal wall 
in an oblique direction. The third increment was placed 
along the lingual wall obliquely. The final increment was 
added to fill the remainder of the cavity. All the increments 
were light cured for 20 s.

Restored specimens were then subjected to thermocycling 
of 500 cycles between 5°C and 55°C, with a dwell time of 
15 s [Figure 2].

Fracture resistance test
A customized metal jig was prepared with its base at 30°. 
A compressive load was applied 30° to the long axis of the 
teeth until fracture, using a steel ball 3 mm in diameter, 
in a computerized universal testing machine. The load 
was applied to the triangular ridge of the palatal cusps at 
1.0 mm/min crosshead speed. The force necessary to fracture 
each tooth was recorded in Newton. Fractures were identified 
as either restorable, i.e., those ending above the CEJ, or 
nonrestorable, i.e., those ending below the CEJ.
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Statistics
One-way analysis of variance with post hoc analysis (Tukey 
honestly significant difference) was applied to assess 
the significance among the various groups. Multivariate 
assessment was applied to assess the effect of different 
variables used in the study on the fracture resistance using 
SPSS (Statistical Package for the Social Sciences), IBM SPSS 
Statistics software (2015) version 15, Chicago, US.

RESULTS

The results have been listed in Table 1. Group VI showed 
highest fracture resistance, followed by Group II, Group I, 
Group IV, Group III, and Group V for both the subgroups. 
In Groups VI, II, and I, the difference was statistically 
insignificant (P > 0.05). In Groups IV and III, the difference 
was statistically significant (P < 0.05) only for Subgroup B. 
Majority of the fractures were nonrestorable.

DISCUSSION

Endodontically treated teeth are more susceptible to 
fracture than intact teeth. Therefore, there is the need for 
a restorative material that not only replaces the lost tooth 
structure but also increases the fracture resistance of the 
residual tooth and promotes effective marginal sealing.

In the present study, maxillary premolars were chosen as they 
present with an unfavorable anatomic shape, crown volume, 
and crown/root proportion, making them more susceptible 
to cusp fractures than other posterior teeth when submitted 
to occlusal load application.[5]

Restoration of a MOD cavity in a root-canal treated premolar 
further poses a significant challenge. Steele and Johnson also 
reported that the mean fracture strength for unrestored teeth 
with MOD preparations was 50% less than that of unaltered 
premolar teeth.[6]

The specimens were subjected to thermocycling for 500 cycles 
at 5°C–55°C, the temperatures simulating the extreme 
temperatures of oral environment. Thermocycling is an 
artificial aging process which increases stress, has a weakening 
effect on the adhesive bond of teeth, and consequently, leads 
to a decrease in the fracture resistance of teeth.[7]

The results of our study showed that intact teeth (Group VI) 
had maximum fracture resistance. This might be because of 
the presence of palatal and buccal cusps with intact mesial 
and distal marginal ridges that form a continuous circle of 
tooth structure which reinforces and maintains the integrity 
of the tooth.[1] The results are in accordance with many other 
studies.[5,8-10]

The positive control group (Group V), with no restoration in 
pulp chamber, demonstrated least fracture strength values. 
Steele and Johnson[11] have found that mean fracture strength 
for unrestored root-filled teeth with MOD preparation was 
50% less than unaltered teeth.

In our study, P60 composite showed higher fracture resistance 
than Herculite Precis for all the groups, irrespective of the 
extent of cuspal reduction (2.5 or 1.5 mm) and remaining 
dentinal wall thickness (1–1.5 mm or 2–3 mm). This might 
have been because of the presence of zirconia filler particles 
present in P60 composite, which are responsible for its better 
compressive strength and higher fracture resistance. The 
results are in accordance with Banava and Salehyar,[12] who 
reported that P60 packable composite demonstrated highest 
fracture resistance values of all the tested composites. Ranga 
et al.[13] have stated similar results with P60 where the use of 
posterior composite P60 with enamel and dentin universal 
bonding agent gave the maximum strengthening effect 
in endodontically treated premolars and was as strong as 
normal teeth.

It was found that P60 showed higher fracture strength values, 
even when the cusp reduction was insufficient, i.e. 1.5 mm, 

Figure 2: Restored test samplesFigure 1: Test samples with specified cavity preparations
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and dentinal wall thickness was less, i.e., 1–1.5 mm, thus, 
emphasizing the importance of type of composite resin used 
for restoring such weakened teeth.

The results of the present study showed that 2.5 mm cuspal 
reduction had significantly higher fracture resistance than 
1.5 mm for both the composites, when the remaining 
dentinal thickness was 1–1.5 mm. However, when the 
remaining wall thickness was 2–3 mm, the 2.5 mm cuspal 
reduction had significantly higher fracture resistance 
than 1.5 mm for Herculite Precis composite only. This 
might be because of the presence of 2.5 mm bulk of 
composite, which strengthened and reinforced the tooth. 
Furthermore, the reduction of the weak walls might have 
resulted in lower stresses at the base, thus rendering the 
tooth more fracture resistant. ElAyouti et al.[14] Mondelli 
et al.[15] reported that the remaining cusp height inversely 
influences the fracture resistance of composite restored 
premolars.

The results of our study showed that when the cusp 
reduction was 2.5 mm, dentinal wall thickness had no 
effect on the fracture resistance, for both the composites. 
This is in accordance with the study conducted by ElAyouti 
et al.,[14] who stated that after cusp reduction, remaining wall 
thickness of 1, 2, or 3 mm did not influence the fracture 
resistance of premolars restored with composite. Kantardzic 
et al.[16] also found that after cusp reduction, cavity wall 
thickness showed no significant influence on the stress 
distribution.

However, when the cusp reduction was 1.5 mm, Herculite 
Precis demonstrated significantly lower fracture strength 
when the dentinal wall thickness was 1–1.5 mm. This might 
be because of the presence of very less remaining dentinal 
wall thickness, which was unable to provide adequate 
strength to the tooth. In addition, the amount of cuspal 
coverage provided by Herculite Precis composite resin might 
not have been sufficient for providing adequate strength.

In the present study, multivariate assessment revealed 
that the amount of cusp reduction (F = 62.003) played 

the most significant role on the fracture resistance of 
endodontically treated teeth, followed by the type of 
composite resin used (F = 16.232) and remaining dentinal 
wall thickness (F = 10.354), respectively.

CONCLUSION

Within the limitations of the study, following conclusions 
were drawn.
•	 P60	composite	exhibited	significantly	higher	fracture	

strength than Herculite Precis composite resin in 
all the experimental groups. Furthermore, the high 
strength composite P60 was able to restore teeth with 
insufficient dentinal wall thickness and insufficient 
cusp reduction

•	 Groups	with	cusp	reduction	of	2.5	mm	demonstrated	
higher fracture resistance than groups with cusp 
reduction of 1.5 mm although the difference was 
significant only with Herculite Precis composite resin

•	 When	the	cusp	reduction	was	2.5	mm,	the	remaining	
dentinal wall thickness had no role

•	 Groups	 with	 remaining	 dentinal	 wall	 thickness	 of	
2–3 mm demonstrated significantly higher fracture 
resistance than groups with remaining dentinal wall 
thickness of 1–1.5 mm.
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Original Article - Comparative Study

IntRoductIon

The ability to rehabilitate an amputated limb or tooth by means 
of a bone-anchored substitute or prosthesis is a traditional 
endeavor. The success and predictability of an osseointegrated 
dental implant have forever changed the philosophy and 
practice of dentistry.

Originally, dental implants were considered as “last resort” 
for treatment of the edentulous patients. As implant dentistry 
progressed, the original Brånemark protocol required long 
healing periods of several months for osseointegration to 
take place before beginning fabrication of the definitive 
prosthesis.[1] Dentists consequently became profoundly aware 
of time-dependent relationship between form and functional 
changes in the masticatory system. Such knowledge helped 
nurture the development of new materials and knowledge 

about the relationships between esthetics, occlusion, and 
patient’s personalities. Although a favorable treatment 
outcome often was achieved, few patients were not able 
to tolerate removable complete dentures. This failure 
is neither an indictment of one’s professional skills nor 
necessarily a condemnation of the patient’s response to the 
clinician’s efforts.[2] There is a growing need of patients to 
be rehabilitated with a fixed, implant‑supported prosthesis 
immediately after surgery, not only to minimize patient 
discomfort but also to restore functionality and esthetics 

Implant Survival between Endo-osseous Dental Implants in 
Immediate Loading, Delayed Loading, and Basal Immediate 

Loading Dental Implants a 3-Year Follow-up
Ritesh Garg, Neha Mishra1, Mohan Alexander2, Sunil Kumar Gupta3

Department of Oral and Maxillofacial Surgery, Institute of Dental Studies and Technology, 1Department of Endodontics and Conservative Dentistry, DJ College of Dental 
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Introduction: With introduction of the term “ossteointegration of dental implant” by Branemark, advancement in implantology from 1957 to 2017 
has come a long way with modification in implant type and in loading time. This study aims to evaluate the survival of endo‑osseous immediate 
loading (IL) implant and basal IL implants in atrophic jaws with objective to compare implant survival in atrophic jaws for full mouth rehabilitation 
between endo-osseous IL versus endo-osseous delayed loading (DL) versus basal IL during 3-year follow-up. Materials and Methods: Fifty-two 
(34 endo-osseous and 18 basal) implants were placed in 4 patients requiring full mouth rehabilitation in atrophic jaws. Case 1: Endo-osseous 
DL implants in upper and lower arch, Case 2: Endo-osseous IL implants in upper and lower arch, Case 3: Basal IL implant in upper and lower 
arch, and Case 4: Endo-osseous DL in upper arch and basal IL implant in the lower arch. Intraoperative evaluation was done on the basis of 
pain (visual analog scale [VAS]), operative time, and initial primary implant stability. Postoperative evaluation was done on pain (VAS), infection, 
radiographically successful implant (orthopantomogram), and patient satisfaction (Grade 0–10). Results: All cases showed satisfactory results 
but more amount of intra- and post-operative pain was felt with immediate basal implants. Conclusion: We believe that clinicians should comply 
with patient requests, and for this reason, we agree with some authors to use minimally invasive techniques and  to avoid when possible esthetic 
or functional problems associated with the use of removable prosthesis after teeth extractions.
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quickly so that patients can return to their normal routine 
within a short period of time.

Consequently, many researchers have attempted to analyze 
implant insertion in fresh extraction sockets with immediate 
loading (IL) even in the chronically infected alveolar bone.[3] 
The need of sufficient bone around the endo‑osseous implant 
is critical for the success of the implant. In the maxillary sinus 
region, the reduction of the bone height due to postextraction 
pneumatization and resorption poses a challenge for implant 
placement. In the mandibular region if the height of bone is 
compromised, the placement of endo-osseous implant may 
lead to injury to the neurovascular bundle. When adequate 
number of implants is present in an arch, a traditional fixed 
bridge is the prosthetic modality of choice. Often, this is not an 
option in the maxilla due to combined vertical and horizontal 
resorption of bone and tilted positions of the implants. In this 
instance, a traditional fixed bridge would not meet the patient’s 
requirements for hygiene maintenance, esthetics, phonetics, 
and comfort.[4]

Implant placement in severely atrophic jaws is especially 
challenging because of the poor quality and quantity of the 
future implant bed.[5] Restoring the oral functions and esthetics 
in these patients becomes a challenge and requires major 
bone grafting or artificial gingival tissue. Bone grafting is 
usually required before placing dental implants.[6,7] However, 
horizontal bone augmentation procedures are often difficult and 
offer an unpredictable result.[8] Furthermore, in patients with 
chronic periodontitis with multiple  endo‑periodontal  lesions, 
the remaining infection often prevents simultaneous tooth 
extractions and bone grafting or immediate placement of 
implants.[9]

Basal implantology also known as bicortical implantology 
or just cortical implantology is a modern implantology 
system which utilizes the basal cortical portion of the 
jaw bones for retention of the dental implants which are 
uniquely designed to be accommodated in the basal cortical 
bone areas. The basal bone provides excellent quality 
cortical bone for retention of these unique and highly 
advanced implants. Because basal implantology includes 
the application of the rules of orthopedic surgery, the 
basal implants are also called as “orthopedic implants” to 
mark a clear distinction between them and the well-known 
term “dental implants.” These implants when placed in 
this bone can also be loaded with teeth immediately. This 
science behind them has already been proved in orthopedic 
implants (Hip/Knee replacements). Once the patient is 
fitted with the artificial joint, he/she is asked to start using 
immediately.[10]

Hence, we decided to conduct a comparative study which 
describes results after 3 years of endo-osseous dental 
implants with immediate and delayed loading (DL) and 
success of IL basal implants in edentulous jaws and 
extraction sockets for patients in need of a full-arch 
implant-supported prosthesis.

MateRIals and Methods

Fifty-two implants (34 endo-osseous and 18 basal) dental 
implants were placed in patient requiring full mouth 
rehabilitation in atrophic jaws.

Case 1 [Figures 1-3]
• Endo‑osseous delayed implant in maxilla – 08
• Endo‑osseous delayed implant in mandible – 08.

Case 2 [Figures 4-6]
• Endo‑osseous immediate implant in maxilla – 05
• Endo‑osseous immediate implant in mandible – 05.

Case 3 [Figures 7-9]
• Basal immediate implant in maxilla – 04
• Basal immediate implant in mandible – 06.

Case 4 [Figures 10-12]
• Endo‑osseous delayed implant in maxilla – 08
• Basal immediate implant in mandible – 08.

Patients were allocated according to their preference of 
rehabilitation, i.e., 3 days (immediate) or 3 months (delayed). 
Informed consent was taken prior by all patients.

Inclusion criteria
1. Patient above 16 years of age
2. Both sex
3. Patient requiring full mouth rehabilitation.

Exclusion criteria
1. Medical compromised
2. Chronic smoker
3. Refuse to give informed consent.

Under aseptic condition, all remaining decayed natural or 
artificial teeth were removed and implants were placed in 
immediate sockets and normal crestal bone (depending 
on implant site needed) using implant drills in both upper 
and lower jaw. Crestal incision was given (where needed) 
and alveolar bone was exposed raising full thickness 
flap and implants were placed after achieving primary 
stability in all implants. Closure was done using 3-0 silk in 
all patients.

Delayed dental implants were loaded after 3 months of 
healing period. IL was done within 72 h (3 days) with 
temporary fixed prosthesis followed by permanent prosthesis 
after 4 weeks.

Intraoperative evaluation
1. Pain
2. Operative time
3. Primary implant stability – reverse torque achieved/

not (Y/N).

Postoperative evaluation was done on the following 
parameters
1. Pain – visual analog scale
2. Infection – present/absent
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3. Radiographic successful implant – orthopantogram
4. Patient satisfaction – Grade 0–10.

Postoperative follow-up was done at 1 week, 1, 3, 12, and 
36 months.

Result

Result has been described in Graphs 1-3 and Table 1-7.

dIscussIon

This study aims to evaluate the survival of endo-osseous IL 
implant and basal IL implants in atrophic jaws with objective 
to compare implant survival in atrophic jaws for full mouth 
rehabilitation between endo-osseous IL versus endo-osseous 
DL versus basal IL during 3-year follow-up.

Figure 1: Case 1 preoperative orthopantomogram Figure 2: Case 1 postoperative orthopantomogram

Figure 3: Case 1 clinical picture - Intraoral, extraoral and occlusion

Figure 4: Case 2 preoperative orthopantomogram

Figure 5: Case 2 postoperative orthopantomogram

Figure 6: Case 2 Intraoral picture
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There is a growing need for patients to be rehabilitated with 
a fixed, implant-supported prosthesis immediately after 
extraction, not only to minimize patient discomfort but also 
to restore functionality and esthetics quickly so that patients 
can return to their normal routine within a short period of time. 
Moreover, patients often request such prostheses to avoid 
wearing removable prostheses for a few months.

Predictor of dental implant success
1. Bone quality and type
2. Immediate or delayed
3. Primary stability.

The term bone quality is commonly used in implant treatment 
and in reports on implant success and failure. It has been shown 
that the quality and quantity of bone available at the implant 

Figure 7: Case 3 preoperative orthopantomogram Figure 8: Case 3 postoperative orthopantomogram

Figure 9: Case 3 clinical and orthopantomogram

Figure 10: Case 4 preoperative orthopantomogram

Figure 11: Case 4 postoperative-orthopantomogram

Figure 12: Case 4 Intraoral clinical - Pre and postoperative
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site are very important local patient factors in determining the 
success of dental implants.[11,12] The success rate obtained with 
dental implants depends to a great extent on the volume and 
quality of the surrounding bone. Therefore, it is important to 
know the bone quantity and quality of the jaws when planning 
implant treatment.

Lekholm and Zarb explain the classification system of bone 
as follows: based on its radiographic appearance and the 
resistance at drilling, bone quality has been classified in four 
categories: Type 1 bone in which almost the entire bone is 
composed of homogeneous compact bone; Type 2 bone in 
which a thick layer of compact bone surrounds a core of 
dense trabecular bone; Type 3 bone in which a thin layer of 

Graph 1: Graph showing pain on VAS scale & operative time (Intraoperative)

Graph 2: Pain as measured by VAS by time in the study population

Graph 3: Postoperative patient satisfaction with time

Table 1: Intraoperative evaluation

Parameter Case 1 Case 2 Case 3 Case 4
Pain 5 7 9 9
Operative time (h) 1.5 2.15 4 2.5
Primary implant stability Y Y Y Y

Table 2: Postoperative follow-up: Case 1

Parameters 1st week 1st month 3rd month 12th month 36th month
Pain 2 0 4 0 0
Infection 0 0 0 0 0
Radiographic 
successful implant

Y Y Y Y Y

Patient satisfaction 3 5 7 10 10

Table 3: Postoperative follow-up: Case 2

Parameters 1st week 1st month 3rd month 12th month 36th month
Pain 4 0 0 0 0
Infection 0 0 0 0 0
Radiographic 
successful 
implant

Y Y Y Y Y

Patient 
satisfaction

7 9 10 10 10

Y=Radiographic osteointegration seen in 1st week

Table 4: Postoperative follow-up: Case 3

Parameters 1st week 1st month 3rd month 12th month 36th month
Pain 8 2 0 0 0
Infection 0 0 0 0 0
Radiographic 
successful 
implant

Y Y Y Y Y

Patient 
satisfaction

9 9 10 10 10

Y=Radiographic osteointegration seen in 1st week

Table 5: Postoperative follow-up: Case 4

Parameters 1st week 1st month 3rd month 12th month 36th month
Pain 5 3 5 0 0
Infection 0 0 0 0 0
Radiographic 
successful 
implant

Y Y Y Y Y

Patient 
satisfaction

5 5 8 10 10

Y=Radiographic osteointegration seen in 1st week

cortical bone surrounds a core of dense trabecular bone; and 
Type 4 bone characterized as a thin layer of cortical bone 
surrounding a core of low-density trabecular bone of poor 
strength.[13] These differences in bone quality can be associated 
with different areas of anatomy in the upper and lower jaw. 
Mandibles generally are more densely corticated than maxilla, 
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and both jaws tend to decrease in their cortical thickness and 
increase in their trabecular porosity as they move posterior. 
Complete atrophy of the alveolar bone is often found in the 
distal maxilla and is rarely observed in the mandible. Both 
the expansion of the maxillary sinus and the resorption of the 
alveolar bone contribute to the overall maxillary atrophy, while 
in the mandible, the development of the atrophy progresses 
caudally. Some studies disagree that there is a decrease in 
success rates as the bone type increases. There has been a 
range of statistics that have been reported 2% difference from 
type 1 (98% in 36 months) to type 4 (96% in 36 months) 
and 14% difference in another group (90% type 1 vs. 76% 
type 4 in 36 months).   These are important statistics as it 
indicates, first, that the bone quality is of significance when 
considering an implant placement site, and second, that there 
appears to be other factors in the success rates of implants 
as one considers the vast discrepancy between the results.[14] 
Some studies have found implant stability quotient values 
higher in type 1 bone than those in type 2 bone.[15] In the 
jaws, an implant placed in poor-quality bone with thin cortex 
and low-density trabeculae (Type IV bone) has a higher 
chance of failure compared with the other types of bones. 
This low-density bone is often found in the posterior maxilla 
and several studies report higher implant failure rates in this 
region.[14,16,17] When compared to the maxilla, clinical reports 
have indicated a higher survival rate for dental implants in the 
mandible, particularly in the anterior region of the mandible, 
which has been associated with better volume and density of 
the bone.[18] Surveys have shown that implant therapy in the 
maxilla has a significantly higher clinical failure rate than that 
in the mandible.[19]

Immediate implant loading can be briefly defined as the 
loading of a dental implant immediately or few hours after 
being placed. Scortecci et al. have defined it as immediate 
occlusal loading within 2 weeks of implant insertion. With the 
introduction of one-stage implants, improvement in implant 
design and development of roughened implant surfaces and 

better force understanding, the concept of immediate implant 
loading has been made possible. The paradigm has thus shifted 
from “No load on implants during healing” to “No micro 
movements of implants.” The placement of an immediate 
restoration on the day of implant surgery may offer esthetic, 
second surgery, psychological, and functional advantages. The 
advantages of IL of dental implants include reduced time of 
treatment, greater acceptance on the part of patients and better 
function and esthetics. IL of oral implants has been defined as 
a situation where the superstructure is attached to the implants 
no later than 72 h postsurgery.[20]

Endo-osseous implants are always a preferred choice; as it 
gives functional ankylosis (i.e., osseintegration), and a good 
number of clinical studies have indicated that IL of oral 
implants yield acceptable-to-excellent results in full-arch 
prosthetic restorations. Some have reported high survival 
rates in both the maxilla (between 93% and 99.2% with 
15 years of follow-up) and mandible (between 93.2% and 
100% with 15 years of follow-up).[21,22] A growing number 
of retrospective studies have also reported a high success 
rate for patients restored using the All-on-four and All-on-six 
treatment protocols combined with computer‑guided flapless 
implant surgery.[23] There is no doubt that the concept of DL 
has been used successfully for many years, and therefore, the 
number of placed implants in different studies is higher that 
the number of immediately loaded implants.

Recently, in a systematic review of survival rates for 
immediately loaded dental implants, Del Fabbro et al.[24] 
reported that 55% of the articles on IL were published in the 
last 4 years, and the average overall ISR was 96.39%. Balshi 
et al.[25] showed a cumulative survival rate of 98.6% for 
full-arch maxillary immediately loaded implants in 55 patients 
over an average of 3 years. The cumulative result showed 
97.1% of success after 4 years of prosthetic loading. It was 
concluded that the applied IL protocol, in combination with a 
slightly tapered implant design and a modified implant surface 
texture, was shown to be a successful treatment alternative 
in regions exhibiting bone of poor quality. Other authors 
emphasized the importance of a progressive thread implant 
design to achieve good primary stability in areas of bone of 
poor quality. When comparing immediately loaded implants 
versus delayed loaded implants using a split-mouth design 
protocol, 100% implant success rate (no bone loss) in 2 years 
was reported.[14] The parameter most often associated with 
the success of immediately loaded implants as reported in the 
literature was adequate primary stability of the implants.[14]

Successful osseointegration from the clinical standpoint is 
a measure of implant stability, which occurs after implant 
integration.[26] Two terms, the primary and the secondary 
implant stability, are related to implant therapy. Primary stability 
is associated with the mechanical engagement of an implant 
with the surrounding bone, whereas bone regeneration and 
remodeling phenomena determine the secondary (biological) 
stability to the implant. A secure primary stability is positively 

Table 6: Intragroup postoperative pain comparison

Parameters Case 1 Case 2 Case 3 Case 4
1st week 2 4 8 5
2nd week 0 0 2 3
3rd month 4 0 0 5
12th month 0 0 0 0
36th month 0 0 0 0

Table 7: Intragroup patient satisfaction comparison

Parameters Case 1 Case 2 Case 3 Case 4
1st week 3 7 9 5
2nd week 5 9 9 5
3rd month 7 10 10 8
12th month 10 10 10 10
36th month 10 10 10 10
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associated with a secondary stability. Extent of implant stability 
may also depend on the situation of surrounding tissues. Bone 
quantity and quality, implant geometry, and surgical technique 
adopted are also among the predominant clinical factors that 
affect primary stability. Therefore, it is essential to assess the 
implant stability at different time points to ensure a successful 
osseointegration.[27]

As previously mentioned achievement of primary implant 
stability in type 3 or type 4 bone is difficult in some areas.   To 
overcome this, Ihde introduced basal implants.[27,28] The 
philosophy of placement of basal implant differs from 
conventional implantological thinking since the possibility of 
mounting prostheses does not depend on the presence of vertical 
bone, alveolar bone, or the presence of bone in the area of the 
desired tooth. However, sometimes, esthetical and  phonetic 
problems have to be addressed in a different manner. Patients 
are eagerly requesting early results in implant treatments. 
The mainstream in dental industry today seeks to improve 
the implant surfaces to allow immediate load procedures. 
The successes of this approach is limited if the vertical bone 
supply is limited. Implants inserted offers significantly more 
mechanical retention than conventional screw designs. Other 
advantageous features are the thin vertical implant part, which 
reduces the risks of infection significantly. The penetration 
area of basal implants does not necessarily coincide with the 
area of the clinical crown as it usually does in crestal implants 
having diameters of more than approximately 2 mm. This 
way, the available bone may be used instead of bone grafting. 
This significantly lowers treatment costs and the necessary 
treatment time und chair time. We estimate that in average 
cases, the savings will be 50%.[28,29] Herrera-briones indicated 
that outcomes tend to be more favorable for implants that are 
loaded after a period of osseointegration although the difference 
in success rates between the immediate and DL of implants 
does not reach statistical significance.[30] Results have revealed 
that DL is a favorable method of loading. Furthermore, some 
authors confirmed that mean bone loss in dental implants was 
less in early loading compared with conventional loading.[31,32]

The literature appears to be undecided in specifying the criteria 
for success or failure with type of implant used in different 
types of bone.

In our study, all patients requiring full mouth rehabilitation 
represented with atrophic jaws (mostly D-3 and D-4). Placement 
of endo-osseous and basal implants in maxilla (anterior and 
posterior) is difficult for both immediate and DL whereas 
placement of endo-osseous IL implant in posterior mandible 
region is difficult. To achieve primary stability in maxilla, using 
basal implant in IL is difficult as compared to endo‑osseous. 
Intraoperative pain and time are more with basal implants. 
Patients with IL basal implant exhibit severe pain during 
intraoperative and 1st postoperated week whereas patient with 
DL felt minimal pain. Patients with DL have to bear pain at 
3rd month postoperatively whereas others don’t. Mild bone loss 
and gingival recession are seen in all type of IL implants whereas 

delayed showed less. Patients with IL endo-osseous and basal 
implant showed result satisfactory as compared to delayed.

Authors believe that implant success depended on the planning 
of implant site and number of implant placed to support 
masticatory load irrespective of delayed or immediate type. 
The main factor is to achieve primary stability with either 
implant type used. The other two important factors might be 
the amount of trauma patient can bear (more in BOI), number 
of visits and implantologist preference and satisfaction.

Advantage of basal implants compared over endo-osseous 
implants
1. Achieving primary stability is easy in basal implant 

compared to endo-osseous implant as basal implant 
is cortical engagement implant, but only in mandible 
whereas in maxilla, both exhibit similar results

2. Basal implant placement is less technique sensitive
3. No minimal bone width or length required.

Drawback of basal implants over endo-osseous implants
1. As basal implant is a single unit prosthesis in the entire 

arch, it is difficult to replace a basal implant, whereas in 
delayed implants, it can be done

2. Basal implant placement requires more time than 
endo-osseous implant placement.

Limitation of study
1. Patients with only atrophic jaws and poor bone quality 

have been selected, normal/health bone (d1 and d2) might 
have shown better study

2. Indirect sinus lift was only done in endo-osseous DL 
implants

3. Implant site were decided by surgeon preference or 
availability of good bone after exposure, no prehigher 
diagnostics or prefabricated splints used

4. More number of cases should have been done in each 
respective case.

Advantage of study
1. All surgery are performed by one surgeon with same team
2. Patient psychological need was met along with good 

rehabilitation
3. At minimal cost (no graft), fewer surgical procedures, 

and in minimal time frame, full-arch rehabilitation was 
achieved.

conclusIon

We believe that clinicians should comply with patient’s 
requests, and for this reason, we agree with some authors 
about the need to use minimally invasive techniques and 
to avoid when possible esthetic or functional problems 
associated with the use of removable prosthesis after teeth 
extractions.
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ABSTRACT
Introduction: The aim of the present study was to compare fixation of mandibular anterior fractures following open reduction using lag 

screws or miniplates.

Materials and Methods: This prospective study was conducted on 20 patients diagnosed with cases of displaced mandibular anterior 

fractures treated with open reduction and internal fixation. The patients were then randomly allocated to either of two groups – Group A: two 
2.5 mm stainless steel lag screws were placed in 10 patients. Group B: two 2.5 mm miniplates were placed in 10 patients for the fixation of 
fractures. Subsequent follow-up was done on the 1st day, 1st, 4th, and 36th week postoperatively. During every follow-up, patient was assessed 

clinically for infection, malocclusion, loosening of plate/screw, malunion/nonunion, and masticatory efficiency. Radiographs (orthopantogram) 

were taken preoperative, 1st, 4th, and 36th postoperative week to compare the osteosynthesis between the two groups. Pain was objectively 

measured using a visual analog scale. The data collected was subjected to unpaired t-test and paired t-test for statistical analysis.

Result: It was found that lag screw placement was rapid in comparison of miniplate placement. 3rd month postoperative assessment revealed 

Lag screw group to have better biting efficiency, and better bone healing which was statistically significant when compared with miniplate group.

Conculsion: Our study suggests that lag screw osteosynthesis can be advocated as a valid treatment modality in the management of 

mandibular symphysis and parasymphysis fractures.

Keywords: Lag screw, mandibular anterior fracture, miniplates

INTRODUCTION

Management of trauma has always been one of the surgical 
subsets in which oral and maxillofacial surgeons have excelled 
over the years. Fractures of the mandible are common, and 
prevalence rates reported by epidemiological studies are 
between 60% and 81%.[1] Although there is a wide variance 
in the reported percentage of fractures of mandible anterior 
region, aggregate analysis places this at 17% of all the 
mandibular fractures.[2]

Given the unique anatomy of the mandible, Champy et al.[3,4] 
described an ideal osteosynthesis line for the mandibular 
body which corresponds to the course of tension line at 
the base of the alveolar process. The directions of forces 
that are distributed through the anterior mandible vary 

with the activity of the mandible. This means that the 
classical zones of tension on the superior and compression 
on the inferior surfaces of the mandible are not absolute. 
Instead, the anterior mandible undergoes shearing and 
torsional (twisting) forces during functional activities. When a 
force is directed along the parasymphysis-body region of the 
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mandible, compressive strain develops along buccal aspect, 
whereas tensile strain develops along the lingual aspect. 
This produces a fracture that begins in the lingual region 
and spreads toward the buccal aspect. These vector forces 
separate the inferior border of the mandible at the site of 
the fracture. Application of fixation devices must, therefore, 
take these factors into consideration.[2] As with other 
surgical advances, modalities for treatment of mandibular 
anterior fracture have evolved based on the patients need 
and scientific advances and disadvantages, side by side 
comparison of them for repair of mandibular anterior fracture 
do not exist in the surgical literature.[3]

Hence, the purpose of this study was to compare the 
outcomes of osteosynthesis of mandibular anterior fracture 
by two different modalities of open reduction, i.e., stainless 
steel lag screw and miniplate. This study aims to compare 
the clinical and radiologic outcome of the open treatment of 
the less explored mandibular anterior fracture.

MATERIALS AND METHODS

This is a randomized prospective study conducted on patients 
who reported in the Department of Oral and Maxillofacial 

Surgery, Institute of Dental Studies and Technologies, 
Modinagar, with diagnosis of anterior mandibular fractures 
during November 2014–July 2016. All the patients were 
treated on inpatient basis.

Patients with no significant medical history were involved 
in the study. The selected cases were treated by open 
reduction and internal fixation. The study was designed 
to evaluate the versatility of osteosynthesis in the anterior 
mandibular fracture, using stainless steel lag screw in 
comparison with conventional stainless steel miniplate 
fixation. One group was treated with lag screw and 
other with miniplates fixation. Inclusion criteria were 
age >15 years and noncomminuted unilateral and bilateral 
isolated fractures of the mandible. Exclusion criteria were 
comminuted mandibular fractures, panfacial fractures, 
infected fractures, patients in whom general anesthesia 
and/or open reduction is contraindicated, and medically 
compromised patients.

Method and collection of data
Informed consent was obtained in writing from all patients 
participating in the study. The patients were randomly 
allocated to either of two groups Group A (osteosynthesis by 
lag screw fixation) and Group B [Figures 1-4] (osteosynthesis 
by miniplate fixation) and treated accordingly [Figures 5-8]. 

Figure 1: Pre operative opg showing left para symphysis fracture

Figure 3: Lag scew placed

Figure 2: Exposure of fracture site

Figure 4: Post op opg with lag scew
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In all cases, open reduction and internal fixation were 
performed under general anesthesia.

Variables studied
Surgical duration for miniplate fixation/lag screw placement, 
occlusion, interincisal mouth opening, facial symmetry, 
distraction of lower border assessed radiographically, 
postoperative complications, need for postoperative 
intermaxillary fixation, biting efficiency.

RESULTS

Pain
Statistical ly signif icant difference between both 
groups was only found in the 1st postoperative 
week (P = 0.045) [Graph 1].

Edema
Statistically significant difference between both groups was 
only found in 1st postoperative week (P = 0.05) [Graph 2].

Interincisal mouth opening
1st week, 1st month, and 3rd month showed the statistically 
significant result. Values revealed improvement in both 

the groups with time, but more improvement was seen in 
Group A than Group B [Graph 3].

Biting efficiency
There was no statistically significant difference among any 
period in both groups [Graph 4].

Occlusion
Preoperatively occlusion was dearranged in all the patients, 
occlusion was obtained by mandibular maxillary fixation using 
arch bar. There were no occlusal discrepancies throughout 
the period of 1st postoperative day to 3rd postoperative 
month in Group A, whereas in Group B, very mild occlusal 
discrepancies was noted in 4 cases (40%) 1st postoperatively 
day with P = 0.171 and in 3 cases (30%) 1st postoperatively 
month with P = 0.317. There was no statistically significant 
difference among any period in both groups [Graph 5].

Facial symmetry
There was no statistically significant difference among any 
period in both groups [Graph 6].

Time for plate/lag screw placement
It was found that the mean time taken for implant 

Figure 5: Pre operative showing right para symphysis fracture

Figure 6: Exposure of fracture site

Figure 7: Miniplate fixation
Figure 8: Post op showing miniplate
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placement in Group A (13.34 ± 1.95) was less than the 
mean time taken for implant placement in the Group B 
(17.50 ± 2.24), which was highly significant (P = 0.048) 
[Graph 7].

Complication
Wound dehiscence, infection, paraesthesia, non-/
mal-union, implant exposure, mobility at mentioned 
specific follow-up interval. On the whole, the complication 
rate was statistically significant on the 1st postoperative 
day and 1st postoperative week (P = 0.025). At 1st month 
and 3rd month postoperative, no complication was seen in 
both the groups [Graph 8].

Assessment of bone healing at fracture site
On comparative analysis of 3rd postoperatively month, no 
case was noted with radiolucent line in Group A, whereas 
statistically significant result was noted in Group B 2 (20%) 
cases with radiolucent gap and 8 cases with the radiolucent 
line (P = 0.001) [Graph 9].

DISCUSSION

The therapeutic goal of fracture management is to restore 
form and function as soon as possible without any morbidity. 
The management of mandibular fractures should be guided 
by AO principles.[5] This includes restoration of premorbid 
occlusion along with anatomic reduction of the fractured 
fragments. This is followed by rigid immobilization which 
facilitates the healing between the fragments for better 
healing and hence preventing infection, malunion and/or 
nonunion. On the other hand, rigid internal fixation obviates 
the need for maxillomandibular fixation (MMF), meets the 
principles of fracture management, achieves absolute stability 
of fracture fragments, and permits primary bone healing 
by causing interfragmentary compression.[6] The rigidity of 
direct fixation can range from a simple osteosynthesis wire 
across the fracture (i.e., nonrigid fixation) to a miniplate at 
the area of fracture tension (i.e., semi-rigid fixation) or a 
compression bone plate (i.e., rigid fixation) to compression 
screws alone (lag screw).

Although there is a universal agreement as to the treatment 
goals and basic therapeutic principles of reduction, 
stabilization, and fixation, a variety of currently accepted 
treatment modalities indicate a lack of consensus.[7] Hence, 
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in our study, we compared the efficacy of two load-sharing 
type of osteosynthesis (by Group A lag screw and by Group B 
miniplate) in the management of oblique anterior mandibular 
fracture. Within the mandibular symphysis, the tractional 
and compressive forces produce torsional movements that 
increase in strength toward the midline.[5] Champy et al. 
studied these movements with regard to a mathematical 
model and as a result was able to determine the ideal line of 
osteosynthesis to overcome these displacing forces. Champy 
et al.[5,8] advocated the use of one bone plate in most regions 
of the mandible except symphysis and parasymphysis region 
where two bone plates needed which prevents torsional 
movement in the anterior mandible.

In accordance to Champy’s principle, in our study, two 
lag screw and two miniplates have been used for treating 
symphysis and parasymphysis fracture. With this technique, 
excellent stability and restoration of function of the reduced 
fracture was achieved. The results of this study, wherein 
no maxillomandibular fixation was given to supplement 
symphyseal fractures, go in favor of the retrospective study 
by Ellis and Ghali.[9] Kushner and Alpert[10] stated that most 
elegant form of stabilization by compression is the use of 
lag screw fixation in symphysis fractures. The procedure 
requires minimal time, hardware, and intraoral incisions for 
the maximum cosmetic benefit. After placing the patient 

into MMF with either arch bars or Ernst ligatures, the 
symphysis is exposed using an anterior mandible vestibular 
incision (genioplasty incision). Compression can be applied 
to the fracture using a towel clip or reduction forceps with 
holes on either side of the fracture. Screws should be at 
least 30 mm in length (i.e., 15 mm on either side of the 
fracture). Goyal et al.[11] compared the efficacy and surgical 
outcome of treatment of anterior mandibular fracture using 
either 2.0 mm × 4 hole with gap titanium miniplate and 
2.4 mm × 26 mm titanium lag screw. They concluded that 
lag screw fixation of anterior mandibular fracture is a simple 
and successful method of rigid fixation across fracture 
segments. Ellis and Ghali[9] had used lag screws ranging from 
12 to 40 mm in length for providing rigid internal fixation 
of mandibular symphysis and parasymphysis fractures. They 
stated that lag screw length up to 40 mm should be available 
before attempting to treat the different site of fracture in 
the mandible. In the present study, lag screws of lengths 
2.5 mm × 24 mm were used for all the patients in Group A, 
and adequate stability of the fracture was achieved.

In our study, the duration of surgery was measured from the 
time at incision was placed till the closure of the wound. 
The mean duration of surgery (hours) was 13.34 ± 1.95 min 
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in case of lag screw, whereas 17.50 ± 2.24 min in case 
of miniplate. This difference was found to be statistically 
significant (P = 0.048). Lag screw fixation is relatively 
quicker as the time-consuming task of plate bending, and 
adaptation is obviated. There are many advantages of a short 
surgical procedure as elucidated by various authors such as 
brief hospitalization and decreased incidence of infectious 
complications, which significantly lowers the financial 
burden.[4,12,13]

Forrest,[14] who used lag screw fixation in 5 parasymphysis 
fractures, encountered fractured drill bit in one case. The 
author relates this complication to the flexibility of the extra 
long drill bits and the tendency of extra long drill bits to bend 
when they encounter the inner surface of the distal cortex 
at an oblique angle. In our study, we did not encounter any 
intraoperative complications such as fracturing of the drill 
bit or lag screw. In the study conducted by Ellis and Ghali,[9] 
out of 41 patients treated by lag screw fixation, MMF was 
released postoperatively. They encountered slight mobility of 
the fracture fragments in one case 3 weeks postoperatively, 
and it was due to the infected tooth in the line of fracture. 
In a study conducted by Kallela et al.[15] who used lag screw 
fixation for seven angle and seventeen parasymphyseal 
fractures. MMF was released postoperatively in all the 
patients. Out of 23 patients, instability of the fracture 
fragments in three cases due to infection was encountered. 
In our study, intraoperatively stability was obtained in all the 
20 (100%) cases after fixation. No patients were kept on MMF 
postoperatively. Two weeks postoperatively, one case (10%) 
in Group B showed mild mobility due to infection leading 
to screw loosening, which was treated by MMF for 3 weeks. 
After 3-month period postoperatively, stability was present 
in all the 20 (100%) cases.

Their biting efficiency was evaluated, and a general trend 
toward intake of soft diet was seen in both the groups for 
the first 2 weeks. On follow-up interval between 1st week to 

3 months patients of Group A showed a tendency toward 
chewing solid food, whereas patients in Group B still had 
difficulty in chewing solid food items but were able to chew 
their regular meals.

Good primary stability and improved biting efficiency 
postoperatively have been also attributed to pain experienced 
by the patients. Pain score was recorded for all the patients in 
both the groups on visual analog scale (VAS) during specific 
follow-up intervals. The pain score reduced in both the groups 
from preoperative value and was statistically significant. In 
this study, immediate postoperatively visible radiolucent line 
was noted in 10 (100%) cases in Group A, whereas in Group B, 
radiolucent gap was noted in 7 (70%) cases and 3 (30%) 
cases noted with radiolucent line. On comparative analysis, 
3 months postoperatively, no case noted with radiolucent 
line in Group A, whereas in Group B, 2 (20%) cases noted 
with radiolucent gap, 4 cases noted with radiolucent line, 
and rest showed no demarcation. This result shows that rigid 
internal fixation is associated with primary bone healing. 
In a study conducted by Kallela et al. in patients with only 
parasymphyseal fractures, no neurosensory disturbances were 
noted before surgery. After surgery, there were 8 (68%) patients 
who showed neurosensory disturbances due to stretching of 
the mental nerve and soft tissues during operation.[15]

There are several different factors that may result in 
sensory disturbances. Nerve injury can be not only caused 
by the trauma but also caused by the treatment. During 
the operative procedure, the nerve may be involved in 
traction and/compression. Manipulation of fragments during 
reduction and stabilization of the fracture or extraction of 
a third molar also could cause injury to the inferior alveolar 
nerve. In addition, a bicortical screw placed near the 
mandibular canal might irritate or damage the nerve.[11,15-17] 
In our study, no patients had preoperative neurosensory 
disturbances. Immediate postoperatively, mental nerve 
paresthesia was encountered with 3 (30%) cases in Group A 
and 5 (50%) cases in Group B, which resolved postoperatively. 
3-month follow-up postoperatively, none of the patients 
had any signs of paraesthesia. None of the screws used 
in our study was found to damage inferior alveolar nerve 
canal radiographically. Hence, we relate our two cases of 
neurosensory disturbances to stretching of the mental nerve 
and soft tissues during operation.

CONCLUSION

Lag screw enables the surgeon to achieve optimal stability 
and function with a minimum of material and time. The 
possible postoperative complications of an extraoral 
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approach are avoided, and the length of hospital stay and 
patient discomfort are drastically reduced. In view of the 
multiple advantages, it offers the surgeon, anesthesiologists, 
and patient, and lag screw osteosynthesis can be advocated as 
a valid treatment modality in the management of mandibular 
symphysis and parasymphysis fractures. The application of 
lag screw is a practical, effective, and inexpensive way of 
treating mandibular anterior fracture. However, very less has 
been reported about the mechanics and use of lag screws in 
definite management of maxillofacial trauma in literature. The 
result of our study provides a firm basis for further studies 
to be done with larger sample size and longer follow-ups to 
enhance the application of lag screw osteosynthesis in the 
management of anterior mandible fractures.
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Prosthethic rehabilitation with hybrid implants – A 

case report 
 

Dr. Gaurav Mittal, Dr. Anmol Agrawal, Dr. Ritesh Garg, Dr. Abhishek 
Rathi and Dr. Dipika Raghaw 
  
Abstract 
In an edentulous patient the ultimate aim is replacement of missing teeth in order to restore function and, 
to certain extent aesthetics as well. Dental implants eliminate the need of deriving support for a stable 
denture base from an otherwise dynamic mucosa also, in a partially edentulous cases where one or more 
teeth may require replacement it tends to avoid the adjacent teeth and focuses on deriving the support 
from the underlying bone mimicking as a close replica of natural tooth. As they gather momentum in 
rehabilitation, various authors have come across obstacles significant enough to discourage the use of an 
otherwise efficient modality and resort to conventional means. So to overcome these problems hybrid 
implants were used. 
 
Keywords: Hybrid Implant, atrophic ridges, full mouth prosthetic rehabilitation 
 
Introduction 
In an edentulous patient the main aim is replacement of missing tooth that has evolved from 
removable partial dentures to fixed partial dentures and recently to dental implants. Dental 
implants eliminates tooth preparation of adjacent teeth as needed for placement of fixed partial 
denture. Osseintegration is an important factor for stability in dental implants. In maxilla, sinus 
lifting procedure is required if bone is less than 5 mm, and it is a technique sensitive 
procedure. In the mandibular region if the height of bone is compromised, the placement of 
endosseous implant may lead to injury to anatomic structures. Taking this into consideration 
we have used hybrid implant instead of endosseous implant in our case to overcome the 
concept of sinus lift procedure and osseointegration. 
 
Case report 
Here we present a case report of 30 years old female patient who reported to our department of 
oral and maxillofacial surgery with chief complaint of missing teeth in both upper and lower 
teeth region since 6 months (Fig 1). She had missing 35, 36, 37, 45, 46, 47 in the lower arch 
and 16, 17, 26, 27 in the upper arch (Fig 2 and 3). She had no significant medical history. 
There was good amount of interocclusal space present between the molars. On examination, 
the molars present on the maxillary quadrants were supraerupted which were subsequently 
extracted followed by a period of uneventful healing. Patient informed and written consent 
with IDST institutional ethical board permission was taken prior to the study. All surgical 
implant placements was carried out under local anesthesia. Patient was followed up 
postoperatively at regular intervals at 1st month, 3rd month and 6 month postoperatively for 
pain and discomfort, implant exposure, infection, loosening of implant and wound dehiscence 
and the prosthesis was cemented after 3 months. 
 
Design of implant and m ethod 
Hybrid implant consists of a long malleable plate having a length of 30-45 mm, thickness of 
0.4-1 mm and breadth of 3-5 mm with screw holes and a stump called abutment, projecting 
from the flat surface of the plate. The implant is a prefabricated malleable thin elongated 
laminar plate having a vestibular anchoring part with at least three screw holes and a lingual or 
palate anchoring part with at least two screw holes for fixing at the most appropriate area of 
the jaw bone by means of screws. 
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Out of the three screw holes in vestibular region minimum of 
two holes are used for anchoring and one screw hole on 
palatal and/or lingualside. Two arms on either side of the 
abutment are of variable length. However number of holes on 
the plate and the 
diameter and length of the abutment are also variable and is in 
the range of 1.5-7 mm diameter with 4-8 mm length. The 
length of abutment can be cut to size as required.These 
variations are decided according to the site of placement of 
the implant on the jaw. The elongated laminar plate, abutment 
and screws are made of titanium Screws of diameter 2 mm 
and length 6mm are used in both mandibular and maxillary 
arch. Under local anesthesia crevicular incision was given 
continued with a crestal incision followed by a vertical release 
incision in the anterior region is given (Fig 3 and 4). A 
triangular mucuperiosteal flap is elevated and the alveolar 
bone is exposed initially on the lower arch and then after 
reflection of the mucoperiosteal flap the implant blade was 
molded according to the arch shape and fixed using titanium 
screws on both buccal and lingual cortices in such a way that 
the abutment was projecting occlusally in the oral cavity and 
the same procedure was followed for the maxillary arch(Fig 5 
and 6). Primary closure was done such that abutment 
remained exposed. The closure is done with 3-0 silk suture 
(Fig 7 and 8). Subsequent follow up did not reveal any 
significant complaint and uneventful healing followed. Patient 
was referred to prosthodontics department after satisfactory 
healing was achieved for prosthetic rehabilitation (Fig 9, 10 
and 11). Radiographic evaluation was done at regular 
intervals till 6th month post operatively. (Fig 12, 13 and 14) 
 

 
 

Fig 1 

 
 

Fig 2-3 
 
 

 
 

 
 

Fig 3-4: crestal incision given in mandibular and maxillary arch 
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Fig 5-6: Placement of hybrid implants 
 

 
 

 
 

Fig 7-8: Placement of 3-0 silk sutures 
 

 
 

 
 

Fig 9-10-11: Prosthetic rehabilitation 
 

 
 

Fir 12: pre-operative OPG 
 

 
 

Fig 13: immediate post operative OPG 
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Fig 14-6th: month post operative OPG 
 
Discussion 
The concept of osseointegration proposed by Branemark et al. 
[1, 2] and the replacement of lost teeth by implants have 
revolutionized oral rehabilitation with a significant 
advancement in restorative dentistry. In 1937 Gustav Dahl 
proposed the original subperiosteal implant design and 
insertion protocol [3]. Many other authors also studied 
technique and designs of subperiosteal implants [4-9]. Dental 
implants have gained significant importance in tooth 
replacement. But certain limitations and drawbacks are there 
with conventional implants. Sufficient amount of bone is 
crucial for the placement of an endosseous implant. If the 
height of the crestal bone is not adequate there is a risk of 
involvement of neurovascular bundle in mandible. Keeping in 
mind the above limitations. So in 2014 Varghese Mani et al. 
[10] introduced Hybrid implant a novel implant system which 
can very well handle atrophic maxilla without sinus lift and 
grafting procedures and mandibular edentulous areas with 
minimal nerve injury. These are closest to a normal teeth for 
the time being and research is done to fine tune them to 
replicate more anatomical structure in order to make them 
more biocompatible and functionally stable The implant 
showed good stability with minimum postoperative 
complication It is placed subperiosteally onto the bone. 
During hybrid implant fixation the proximity to anatomic 
structure did not seem to be the concern as the screws were 
fixed subperiosteally well away from any predictable 
anatomical entity. In the sinus area of the maxilla the 
thickness of the bone between the sinus and oral cavity at the 
alveolar crest is often less to support the conventional 
implant. This is overcome by the proposed implant as it is 
subperiosteal and is directly fixed onto the bone. This avoids 
sinus lift bone grafting which is a very technique sensitive 
major surgical procedure with a varying recovery period. The 
conventional implant requires specific instrumentation and an 
elaborate set up in contrast to a basic maxillofacial surgical 
armamentarium required to place this proposed system. 
Intraoperatively, the osteotomy required to place a 
conventional system is measurement and a technique sensitive 
which potentially can change a treatment plan for subsequent 
prosthetic rehabilitation while in case of hybrid implant the 
osteotomy involves single drills with various point of fixation 
which otherwise are volume independent. Immediate post op 
requires primary closure which may or may not be achieved 
inspite of development of mucoperiosteal flap. However, in 
case of hybrid implant the abutment is already projecting in 
the oral cavity which eventually serves for immediate 
prosthetic rehabilitation. Postoperative course is more or less 
uneventful which may not be the scenario in case of 

conventional implant which is accompanied by swelling and 
pain of varying intensity. In our case a total of 6 implants 
were placed in the patient with the eventual aim to rehabilitate 
her posterior occlusion. The rehabilitation seems to be 
working in good harmony with the natural teeth with minimal 
discomfort to the patient. Since the majority of the stability 
relies on the fixation by screws, biosseointegration does not 
seem integral to the stability of this implant making it a 
relatively predictable modality as compared to other products 
in this age of implant consuming scenario. In this case we did 
not have to wait for the implant ‘to be taken up’ by the bone. 
Function rehabilitation seems to be less complicated than a 
conventional endosseous implant. 
 
Conclusion 
Hybrid implant system is an effective system for the 
rehabilitation of edentulous spaces with inadequate bone for 
endosseous implant placement and also cost effective and 
patient friendly. It proves to be a safer alternative for sinus lift 
and bone grafting. This implant system is economical, 
technically less sensitive requiring minimum armamentarium 
for implant placement. This system can lead to new prospects 
in the field of prosthetic rehabilitation Further long term 
studies are required and needed for a more confirmatory 
efficacy about the hybrid implant system. 
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Pleomorphic adenoma: A case report 

 
Dr Gaurav Mittal, Dr Anmol Aggrawal, Dr. Ritesh Garg, Dr Abhishek 
Rathi and Dr. Aneesh Ganguly 
  
Abstract 
Pleomorphic adenoma a common entity to find in literature but difficult to diagnosis clinically in early 
stage. Capsulated excision in early stage rarely reduces the chance of re-occurence and malignant 
transformation. 
 
Keywords: Pleomorphic adenoma, salivary gland tumor 
 
Introduction 
The term pleomorphic adenoma was suggested by Willis [1]. It was referred by different names 
like mixed tumor, enclavoma, branchioma, endothelioma, enchondroma, etc. in earlier years 

[2]. Pleomorphic adenoma (PA), also known as benign mixed tumor, is the most common 
salivary tumor, constituting up to two-thirds of all salivary gland neoplasms [3]. Mostly, PA is 
located in the parotid glands (85%), minor salivary glands (10%), and the submandibular 
glands (5%) [4]. In the majority of cases, tumors originate in the superficial lobe. However, 
occasional cases may involve the deep lobe of the parotid glandand the parapharyngealspace 

[5]. Minor salivary gland tumors are frequently encountered on the palate, followed by the lip, 
cheek, tongue and floor of the mouth [6]. PA usually manifest as a slow progressing 
asymptomatic, parotid gland swelling without facial nerve involvement [7]. They are best 
treated by a wide local excision with good safety margins and follow-up for at least 3-4 years 

[8]. 
 
Case report 
A 26 year old male reported to the Department of Oral & Maxillofacial Surgery with the 
complaint of soft small swelling on left side of face. On history, according to patient the 
swelling was first noticed 3 months back which initially just like a nodule. He tried to get 
removed through hair dresser while having a shave but he couldn’t. Then subsequently 
swelling start increase in size. On examination non tender 1 x 1 cm swelling on left 
mandibular ramal region which is non adherent, mobile with negative FNAC. Considering 
provisional diagnosis as sebaceous cyst enucleastion was planned under local anesthesia. 
Using circumferential elliptical widen incision, enucleastion was done. Encapusalted mass was 
removed in total and was sent for pathological examination. Closure was done in two layers 
using 3-0 vicryl and 3-0 mersilk. Cap Amoxicillin 500mg tds and Tab Dolomol tds was 
prescribed for 3 days. Patient follow up was done within 2 days interna and suture removal 
was done after 7 days post-operatively. Post-operative no sign of facial nerve paraesthesia and 
fistula was seen, wound healed uneventfully. Histo-pathological examination reveals, it have 
inflamed connective tissue showing abundant amount of chronic inflammatory cell infiltrate 
along with areas of haemorrhage. Focal areas showed inflammatory infiltrate. At the periphery 
organized collagenous fiber bundles was seen along with scant bacterial colonies and reactive 
bone was appreciated towards the periphery with finial suggestive diagnosis as Pleomorphic 
adenoma. 
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Discussion 
Pleomorphic adenoma is the most common salivary gland 
tumor. The main site of occurrence is the parotid gland, 
affecting patients of any age, more frequently between the 
fifth and sixth decades of life [9]. 
It accounts for 53-77% of parotid tumors, 44-68% of 
submandibular tumors and 33-43% of minor salivary gland 
tumors [1]. It is a benign tumor consisting of cells capable of 
differentiating to epithelial (ductal and nonductal) cells and 
mesenchymal (chondroid, myxoid and osseous) cells [10]. Its 
morphologic complexity results from the ability of tumor cells 
to differentiate into fibrous, hyalinized, myxoid, chondroid 
and osseous areas, as a result of metaplasia or actual products 
of tumor cells per se [1, 11, 12]. 
Pleomorphic adenoma has a tendency for local recurrence & 
some cases undergo malignant transformation. Treatment of 
choice for pleomorphic adenoma in minor salivary glands is 
wide local excision with removal of periosteum or bone if 
involved. Simple enucleation is believed to lead to a high 
local recurrence rate & should be avoided [13]. 
The incidence of malignant transformation in PAs ranges 
from 1.9% to 23.3 % [14]. The risk increases in tumors with 
long time of evolution, recurrences, advanced age of the 
patient and location in a major salivary gland [15]. Some 
authors postulated that the risk of malignant transformation 
increases from 1.6% in tumor with less than 5 years of 
evolution, to 9.5% for those presenting for more than 15 years 

[16]. 
The classic clinical history of carcinoma ex-pleomorphic 
adenoma is of a slow-growing mass for many years, with a 
recent fast growth [17]. 
 

Conclusion 
Pleomorphic adenoma, though a benign tumorof salivary 
gland, should be diagnosed at an early stage and complete 
local surgical excision with negative microscopic margins is 
recommended. When involving parotid gland, precaution 
should be taken to preserve facial nerve, whenever possible. 
Care must be taken to remove the lesion entirely to avoid 
recurrence and malignant transformation. 
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Approximately 20% of the population is affected by dentofacial deformities which may demonstrate myriad degrees of 
functional and aesthetic compromise. Moderate to severe occlusal discrepancies most often require combined 
orthodontic treatment and orthognathic surgery to attain the most stable results with optimal function and aesthetic 
outcomes. Orthognathic surgery is said to be the art and science of diagnosis, treatment planning and execution of 
treatment by combining orthodontic and oral and maxillofacial surgery to correct dentoosseous, musculoskeletal and 
soft tissue defects of maxilla and mandible, and the structures associated to them. Among the various orthognathic 
surgical procedures, genioplasty is one of the most widely performed surgical procedures used for correcting chin 
deformities. The term genioplasty is used to describe miscellaneous facial profile concerns starting from orthognathic 
surgery in conjunction to a facial symmetrical balancing procedure assisting with soft tissue contours and chin 
enhancement for those undergoing elective facial surgery. 
KEYWORDS: Genioplasty, Orthodontics Treatment, Orthognathic Surgery, Osteotomy.

AASSSAAsasasss                                                                         
We, human tend to acquire an appearance that is pleasing 
for self and also to the society. Stereotyping of 
personality characteristics is quite often based on facial 
features. Variations in facial proportions within normal 
limits make a human face interesting. It is the harmony 
and symmetry of each segment which contributes towards 
the total beauty of the face. Any deviation from the 
normal facial development brings about an unpleasant 
facial appearance with a disturbance in both aesthetics as 
well as function. Egyptians and Greek statues which have 
been the basis of the study by Guyuron, proves that man, 
from ancient times, were concerned about aesthetical 
beauty. Both depicted facial features with variations i.e. 
the former depict a round face with prominent eyes, thick 
lips, a straight nose and a positive appearing chin while 
latter with an oval face which tapers to the chin and 
blends geometrically with the lower face.1 An article, 
―The Study of the Human Face‖ published back in 1869 
by Woolnoth used the basic description for facial features 
which are still used in contemporary facial analysis 
namely straight, convex and concave which he further 
describes them as most attractive, youthful and as older 
appearing respectively.1,2 The chin is often 
subconsciously associated with ―character‖ or 
―personality‖. A retruded oval shaped chin is generally 
regarded as a sign associated with femininity, while a 
strong, square chin with masculinity.3,4 Approximately 
20% of the population is affected by dentofacial 
deformities which may demonstrate myriad degrees of 
functional and aesthetic compromise. Moderate to severe 
occlusal    discrepancies   most   often   require  combined 

orthodontic treatment and orthognathic surgery to attain 
the most stable results with optimal function and aesthetic 
outcomes. Orthognathic surgery is said to be the art and 
science of diagnosis, treatment planning and execution of 
treatment by combining orthodontic and oral and 
maxillofacial surgery to correct dentoosseous, musculo-
skeletal and soft tissue defects of maxilla and mandible, 
and the structures in relation to them. Among the various 
orthognathic surgical procedures, genioplasty is one of 
the most widely performed surgical procedures used for 
correcting chin deformities.5 

 
The correct method of evaluating the face should always 
be with the teeth in occlusion and the lips in repose.6 

Frontal analysis 
The mandible should have a smooth and well defined 
inferior border, from angle to chin, along with a definite 
separation of the lower third of the face from the neck 
region. The size, shape, and form of the chin should be in 
harmony with the gender and the particular facial type of 
the patient.  

Transverse dimensions: People with leptoprosopic 
(narrow and long) facial features also usually have 
―pointed‖ chins, transversely deficient chins that seem 
separate from the mandible on the other hand, 
dolicoprosopic (broad and wide) faces usually have 
strong broad chins. 

Vertical dimensions: The height of the labiomental fold 
to soft tissue menton (Me) should be equal to the distance 
from the lower lip stomion (Stms) to the labiomental fold. 
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Two thirds of the lower facial height should be comprised 
of the lower lip and chin with a length of 80 ± 2 for 
females and 44 ± 2 for males measured from lower lip 
stomion (Stm) to soft tissue menton (Me). 

Symmetry: The symmetry of the chin is evaluated in 
relation to both the dental and the facial midline of the 
mandible. 

Profile analysis 6 

The chief contributing factors that are responsible for the 
chin contour or shape is the anteroposterior position of 
the lower lip, the height and depth of the labio-mental 
fold, and the shape of the chin button. The harmonious 
combination of the above three structures in the 
combination of the cervico-mental area, will help in 
achieving an esthetically appealing and an attractive chin. 
The head should be in natural posture when the profile is 
evaluated. 

Labiomental fold: The labiomental fold forms an angle 
between a line tangent to the superior convexity of the 
chin and and the lower lip should be ±130. This angle 
formed, is usually obtuse in Class III cases and acute in 
Class II cases. 

Lip-chin-submental angle: This angle is formed by the 
lip-chin line (labrale inferius and pogonion) and 
submental tangent and should be approximately ±121 
degrees for females and ±126 degrees for males. The 
angle is obtuse in deficient chins and acute in 
anteroposterior excessive chins. Excessive submental fat, 
lower lip procumbence, and increased submental bulk 
will increase the lip-chin-submental angle. 

Chin-neck length: This measurement is made from the 
submental neck point to soft tissue menton (Me) and it 
should be 42 ±4. Usually this measurement will be 
increased in Class III cases and decreased in Class II 
cases. 

Chin throat angle (cevico-mental angle): The chin-neck 
angle is formed by a submental tangent and a neck 
tangent (±121 degrees for females and ±126 degrees for 
males). Individuals with macrogenia or mandibular 
excess will have an acute angle while individuals with 
microgenia or mandibular deficiency will have an obtuse 
angle. 

Radiographic evaluation6 

Lateral cephalometric analysis: Relationships between 
various hard and soft tissue structures of the craniofacial 
complex are measured by analysis of the lateral 
cephalometric radiograph. It is a helpful guide for 
diagnosis and treatment planning, predicting treatment 
results and to assess soft tissue and hard tissue changes 
resulting from treatment. 

Facial angle: This angle is formed by the Frankfort 
horizontal plane and a line drawn from Pogonion and 
Nasale (mean 82 to 95 degrees). 

Facial contour angle: The facial convexity angle is 
between a line connecting Sn and Pogonion (Pog) (lower 

facial plane - LFP) and lines drawn from G¥ to Sn (upper 
facial plane - UFP). The mean angle for females is -12 to 
-14 degrees and males is -11 to -13 degrees. 

E-line: From the tip of the nose (Pronasale) to Pogonion 
(Pog) the esthetic plane is drawn. The the lower lip 
should be 2mm behind it, while upper lip should be 4mm 
behind the line. The profile behind the esthetic plane 
should form an almost symmetric Cupid's bow. 

Postero-anterior cephalometric analysis: This radiograph 
will assist in differentiating between asymmetry of the 
chin, the dentition, the maxilla and the mandible. 
Occlusal cants and its role, due to which, facial 
asymmetry can be caused is also seen on this radiograph. 

Cephalometric Analyses 
Selected Cephalometric Analyses is stated in Table – 1. 

Selected Cephalometric Analyses7 
Facial Axis:  epresents the intersection of a line from Nasion to  asion and 
PT point to  nathion  Fig     and has a normative value of 9    
Facial Angle:  epresents the internal angle from Sella-Nasion an Nasion-
Pogonion  Fig     and has a normative value of 88 to 9    
Y-axis: Represents the intersection of Frankfort Horizontal (P-O) with a line 
from Sella-Gnathion (Fig. C) and has a normative value of  9   
Holdaway Ratio:  epresents the intersection of lines from the lone axis of the 
mandibular incisor teeth and a true vertical line through point     t has a 
normative value of   mm or      Pogonion should lie 4 mm anterior to the 
vertical line and the lower incisor tip 4 mm posterior to the line 

A 

 

 
 

 

 

 

Table 1 

A B 

C 

A. Facial Axis: This has a normative value of 90° and represents the 
intersection of a line from Nasion to Basion and PT point to 

Gnathion; B. Facial Angle: This has a normative value of 88-92° and 
represents the internal angle from Sella-Nasion and Nasion-

Pogonion; C. Y Axis: This has a normative value of 59° and 
represents the intersection of Frankfort Horizontal (P-O) with a 

line from Sella-Gnathion. 
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Classification of the chin is stated in Table – 2: 

Table 2: Chin Classification 8 

Class 
I: Macrogenia: horizontal, vertical, combined 
II: Microgenia: horizontal, vertical, combined 
III: Combined: horizontal macro/ vertical microgenia, horizontal 
microgenia/vertical  macrogenia 
IV: Asymmetric: a) short, b) normal, c) long anterior facial height 
V: Witch‘s Chin: soft tissue ptosis 
VI: Pseudomacrogenia: normal bony volume with excess soft 
tissue volume 
VII: Pseudomicrogenia: normal bone volume with retrogenia secondary to 
excessive maxillary growth and clockwise rotation of mandible 
VIII: Iatrogenic malposition 

 

 
An intraoral incision made in a number of ways, for 
osseous genioplasty including scalpel, electrocautery, 
radiowaves or laser. The incision is to be kept toward the 
labial surface instead of at the vestibular depth or toward 
the dentition. Initially care is needed with the lateral 
aspects of the incision so as to not transect the terminal 
branches of the mental nerves. Retraction of the mucosa 
allows the nerves to be visualized just deep to the surface, 
helping in their avoidance. Then the mentalis muscles are 
transacted, and a full thickness subperiosteal flap is 
elevated in order to completely expose the anterior 
mandible. The mental foramina and nerves are identified 
and exposed bilaterally. 

Once appropriate exposure is achieved, the midline and 
para-midline areas are marked with a pencil then go over 
the lines with the Piezosurgical saw or sagittal saw to 
leave a lasting reference for the procedure. Precise 
measurements are made to mark out the location for the 
osteotomy. Marking this line, in a manner similar to that 
mentioned above, aids in the actual procedure. 
Importantly, the osteotomy should stay a minimum of 4.5 
mm below the mental foramen and ideally should be 
closer to 6 mm below so as to not injure the mental 
nerves.7 Highlight these surgical aspects of marking, 
exposure, nerve identification and fixation. 

The osteotomy is completed with reciprocating, sagittal 
oscillating, or Piezosurgical devices. Angulation of the 
osteotomy variations are possible and are adjusted based 
on the desired result of the procedure. Avoid a steep 
oblique osteotomy as it contributes to significant 
notching and palpable defects at the inferior border of the 
mandible following healing. The vertical enhancement 
can be done by augmenting the chin with some type of 
interpositional graft material using a variety of common 
grafting techniques. Vertical reduction is accomplished 
by removing a wedge of bone correlating to the desired 
change. Utilize copious amounts of irrigation in order to 
cool the bone and assist with visualization during the 
osteotomy procedure. Try to keep the saw in a one plane 
to  assist  with  symmetry  and  enable a uniform platform  

for repositioning. Once the osteotomized segment is 
down fractured we have to carefully inspect the lingual 
pedicle and floor of mouth soft tissues. If there is any 
bleeding, it must be controlled before progressing.  Then 
we must position the inferior border segment to the 
desired location and secure it in place. In most cases, 
appropriate symmetry can be maintained by utilizing the 
reference lines that were placed at the time of the surgery, 
but in cases of pre-existing asymmetry or cases combined 
with other procedures can be more difficult.27,28 

Horizontal advancement: 

Anteroposterior chin deficiency (microgenia)- 
Anteroposterior augmentation of the chin by sliding 
genioplasty is the most common operation to correct an 
anteroposterior deficient chin. Individuals with a 
mandibular antero-posterior deficiency commonly have 
Class II malocclusions and will require mandibular 
advancements. The sliding genioplasty for chin 
augmentation has pronounced advantages above the use 
of alloplastic materials. The inferior segment is brought 
forwards, and wires are used to fix the lingual cortex to 
the buccal cortex of the main body of the mandible. Or it 
can also be done by placing bent mini plates. The 
advancement, in this procedure, is limited to the overall 
thickness of the symphysis. Sometimes, the chin is so 
deficient that a double sliding horizontal osteotomy must 
be used. This technique involves the creation of a stepped 
intermediate wafer of bone between the inferior fragment 
and the mandible, which is also advanced so that bony 
contact is provided between the upper and lower 
fragments. Or a sandwich bone graft also can be 
effectively used to get the good interface and also to 
ensure a predictable contour. 9-11 

Horizontal set-back: 

Anteroposterior excess (macrogenia) is mainly caused 
due to the skeletal prominence of the symphysis, 
however, excessive soft tissue thickness can also lead to 
an unesthetic chin projection. When the chin is reduced 
anteroposteriorly, the clinician should take care not to 
reduce or flatten the labiomental fold resulting in 
unesthetic chin shape. We need to keep in mind that chin 
shape is more important than chin position. The proximal 
tips of the mobilised fragment are reduced in order to 
ensure a smooth transition along the inferior border. Also, 
we must be aware of the possible loss of vertical 
dimension of the chin.6 

The tenon technique:  
 n 197 , Michelet et al described the ‗tenon‘ technique of 
genioplasty    ‗U‘ shaped monocortical osteotomy cut is 
created centrally in the symphysis. Below the mental 
nerves lateral extensions are developed, which connect to 
the superior limbs of the ‗U‘  Full thickness osteotomies 
are completed on the lateral extensions only through the 
lingual cortex on the superior aspect of the ‗U‘  The 
resultant full thickness of bone behind the tenon allows 
for a better positioning and lag screw fixation. In case 
posterior movement is desired, the ‗U‘ is inverted and the 
tenon is in the inferior fragment.6 

CHIN CLASSIFICATION 

SURGICAL TECHNIQUE7 
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Vertical reduction:                                                                  
Vertical chin excess- When the lower facial height has 
increased we should differentiate between vertical 
mandibular excess and vertical maxillary excess. In cases 
where the maxilla is vertically excessive: the interlabial 
gap has to be increased; the upper incisor exposure under 
the upper lip is increased and patient often has a gummy 
smile. The height of the chin will be excessive when: the 
lower two thirds (Stm-Me) of the lower facial half (Sn-
Me) is more than the normal ratio of 1:2 = Sn-Stm: Stm-
Me, while the lower half of the facial (Sn-Me) will be 
excessive corresponding to the upper half (N-Sn < Sn-M 
e).12 

The vertical height changes are effected by altering the 
angle of the osteotomy. The magnitude of vertical 
dimensional change is proportional to the direction and 
amount of the horizontal movement. If we want to 
shorten the chin without horizontal changes, a wedge 
reduction is usually indicated, which can be performed 
using horizontal osteotomy or tenon technique. It is easier 
to do the wedge ostectomy from the superior stable 
fragment.12 

Vertical augmentation: 

Vertical chin deficiency - Decrease in the lower facial 
height relative to the midface height is caused due to a 
vertical deficiency of the anterior mandible. Vertical chin 
deficiency should be differentiated from deep bite cases 
and vertical maxillary deficiency. In all three  dentofacial 
deformities will be clinically and cephalometrically as a 
diminutive or "squashed" lower facial third, vertically 
shorter than the middle third. The lower two thirds (Stm - 
Me) of the lower facial height (Sn - Me) is shorter in 
relation to the upper third (Sn - Stm). This is indicated 
when the deficit is in the mandibular alveolus or the 
symphysis, the lower facial height is to be increased. 
Vertical augmentation is achieved by alloplastic implant 
placement between the osteotomised segments or by 
interpositional grafting or altering the angle of the 
horizontal cut.13 

Transverse chin deformities6: 
There are only few guidelines to help the clinician in 
evaluating the width of the chin. The transverse 
dimension of the chin is related to the patient's bigonial 
and bizygomatic widths, the general shape of the face 
(europrosopic and leptoprosopic) and head 
(brachicephalic and dolicocephalic). The face can also be 
described as square, narrow, round, oval, tapering or a 
combination of the above shapes and the chin outline 
should be in synchronization with the facial shape. 

Transverse deficiency: The chin can be widened in the 
posterior area by cutting the chin segment in the midline 
and rotating the segments outward, while the anterior part 
of the chin can be widened by lateral repositioning of the 
segments and also by placement of a bone graft in the 
defect in the midline. 

Transverse excess: The chin may be made narrow or 
made more tapered by sectioning the chin segment in the 
midline and removing a triangular section of the bone 

from the lingual aspect. Placing a bone plate on the 
anterior surface of the segment before mobilization will 
allow the segment to be "bent" narrower. A very broad, 
square, chin can be narrowed by removing a rectangular 
section of bone in the middle of the chin segment. The 
segments are finally moved medially and fixated.6 

Chin asymmetry6: 
Asymmetry of the chin is rarely an isolated entity and it is 
most often a part of mandibular asymmetry. Facial 
asymmetry is a challenging defect to assess and to correct 
as the defect, generally, results from a truly three 
dimensional skeletal abnormality. The chin may be 
asymmetric to the facial or dental midline. Correction, in 
such cases, requires a horizontal osteotomy of the chin 
sliding the chin to the right or left until the facial midline 
and chin midline match. The cant of the lower border of 
the chin may differ from the inter-pupillary plane or the 
cant of the occlusal plane. Correction of the lower border 
cant is influenced by the relative height of the chin and 
can involve unilateral vertical augmentation or reduction 
or a combination of the above performed on the left and 
right side.6 

Submental liposuction: 
The submental area plays an important role in the overall 
aesthetics of the chin e.g. the submental- neck angle, lip-
chin-submental angle, chin-neck length, etc. Excessive fat 
add to poor chin aesthetics and submental liposuction or 
lipectomy is considered as an adjuvant procedure to 
enhance chin esthetics.14 

Diagnosis-based treatment: 
Prior to embarking on attempts to correct dentofacial 
defects, it is important to have an accurate diagnosis of 
the existing problem. Cephalometric measurements, 
clinical examinations and model analysis are useful to 
this count. A treatment plan can be decided on the basis 
of this diagnosis and should include the osteotomy 
planned, amount and direction, the segments are to be 
moved and movement of teeth using post-surgical or pre-
surgical orthodontics. Often there will be a particular 
treatment that provides the best outcome, but ideally, the 
treatment plan of each patient should be individualized as 
two deformities are never alike.15 

Mandibular prognathism: 
Prior to attempting correction of mandibular prognathism, 
it is important to assess if the condition is a true 
mandibular excess or a case of midface retrusion. Most 
individuals with mandibular prognathism presents with a 
long lower jaw, high FM angle, Class III malocclusion, 
and an excessive facial height. Mandibular prognathism 
can be corrected using a variety of surgical maneuvers. 
Previously famous procedures included subcondylar 
osteotomy, condylotomy, Obwegeser sagittal split and 
mandibular body osteotomies. Now, most individuals are 
treated by some form of ramus osteotomy like the vertical 
ramus osteotomy,  SSO, or inverted ‗L‘ osteotomies   s 
needed, a reduction or advancement genioplasty in 
horizontal or vertical dimension may be performed as an 
adjuvant procedure.1 



                                                                             
 

International Journal of Oral Health and Medical Research | ISSN 2395-7387 | SEPTEMBER-OCTOBER 2017 | VOL 4 | ISSUE 3      90 

 

REVIEW ARTICLE Mittal G et al.: The Art of Genioplasty- An Insight 

Mandibular retrognathism / micrognathia:  
The treat-ment of mandibular retrognathism is difficult 
owing to the tendency to relapse and problems with bone 
grafting. The BSSO and vertical ramus osteotomies are 
useful only for moderate cases  The inverted ‗L‘ 
osteotomy can be a better procedure in such cases. In 
some instances, a longer genioplasty is required to correct 
chin retrusion. Rigid fixation and bone grafting has 
solved the problems of relapse to a great extent. The 
distraction osteogenesis technique is proven to be 
valuable tool in the correcting mandibular 
retrognathism.15 

Bimaxillary protrusion:  
A condition in which the maxilla and mandible both are 
so severely protruded that the lips cannot be closed 
without strain is termed bimaxillary dento-alveolar 
protrusion. The relative protrusion of the jaws in this 
condition may or may not be accompanied  The patient‘s 
problems are primarily aesthetic, since bimaxillary 
protrusion is compatible with a good occlusal 
relationship.In both growing children and non-growing 
adults, orthodontic correction of bimaxillary protrusion 
can be carried out quite successfully. The main 
disadvantage of orthodontic correction is that due to 
anchorage loss, for retraction, the space available cannot 
be used to its full extent. The surgical treatment of 
bimaxillary protrusion involves maxillary and mandibular 
segmental osteotomies following extraction of first or 
second premolars, as required to retract and frequently to 
intrude protruding maxillary and mandibular incisors. In 
many instances, an adjuvant augmentation genioplasty is 
also needed to achieve a good facial profile. LeFort I 
osteotomy and mandibular body/ramus osteotomies are 
the other procedures often required for the correction of 
severe bimaxillary protrusion.15 

In adjunct to osseous genioplasty, a numerous other 
options are available to utilize alloplastic implants in 
order to achieve specific patient and surgeon demands. 
Several characteristics of ideal alloplastic implants should 
be considered when selecting one for facial augmentation 
of the chin or other areas of the face. The most common 
materials in use today for facial augmentation are solid 
silicone, porous polyethylene and PTFE (polytetrafluoro-
ethylene).7 

Advantages & Disadvantages of Chin Osteotomy72: 

Advantages and disadvantages of chin osteotomy is stated 
in Table – 3. 

 
 

Postoperative Complications7: 
The post operative complications that can be encountered 
after genioplasty is stated in Table - 4: 

Complications of Genioplasty 
Tooth devitalization 
Neurosensory loss 
Soft tissue chin ptosis 
Dental root exposure 
Asymmetry 
Irregularities and step deformities 
Lower lip lag 
Over and under correction 
Patient or surgeon dissatisfaction 

 

 

 

Genioplasty is used to address numerous facial concerns 
from a facial balancing procedure in adjunction with 
orthognathic surgery to assisting with soft tissue contours 
and chin-neck enhancement for patients undergoing 
elective facial surgery. Over the years many authors have 
proposed different studies leading to various advances in 
the method of genioplasty in order to treat numerous 
types of chin augmentation. In 1934, Aufricht described 
the use of nasal cartilage as a means for chin 
augmentation.16 Trauner and Obwegeser in 1957, 
published the first article on intraoral sliding osseous 
genioplasty,17 which is still used throughout the world 
today.18 In 1942, Hofer first described advancement 
genioplasty through an external approach16, later in the 
late 1950s Trauner & Obwegeser described an intraoral 
approach 19, Converse & Wood-Smith.20 In the 1960s 
Converse and Wood-Smith, as well as Hinds and Kent, 
described the versatility of the sliding genioplasty.1,21,22 In 
the 1970s Gonzales-Ulloa, Loeb and Field described 
various methods to address ―witch‘s chin‖ and deep 
submental folds.23,24,19  1980s the introduction of the use 
of hydroxyapatite as an inlay or onlay graft to augment 
the lower facial height in the osteotomized chin.25 In the 
late 1990s to 2007, Zide and his colleagues wrote a series 
of articles stating numerous contemporary aspects of 
genioplasty approaches, evaluation, complications, and 
refinements that serve as a strong foundation for surgeons 
undertaking this procedure.26-28 

Various studies have been presented by different authors 
to help us understand and correct dentofacial deformities 
involving the chin using the process of genioplasty. 
Epker BN and Wessberg GA in 1981 stated dentoalveolar 
osteotomy, reduction cheiloplasty, and genioplasty could 
be used to correct functional deformities, while not 
detracting from existing aesthetics, of certain individuals 
with short face dentofacial characteristics. 29 Precious DS 
and Delaire J in 198  stated that anterior mandible‘s 
functional genioplasty is an osteotomy-ostectomy which 
reduces the excessive lower anterior facial height to 55% 
of the total anterior facial height.30 Epker BN and Fish LC 
in 1983 said that in augmentation genioplasty, 
augmenting the chin is determined by three basic criteria: 
NB : Pog  ratio,  the  soft  tissue thickness of the lower lip Table 3: Advantages and Disadvantages 

Table 4: Postoperative Complications 

DISCUSSION  
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 and chin, and the type of genioplasty to be done. 31 

Different types of genioplasties have been mentioned 
earlier for treating various types of dentofacial disorders 
like the horizontal advancement, horizontal set back, the 
‗Tenon‘ technique, vertical reduction, vertical 
augmentation and rotational genioplasty. The horizontal 
sliding osteotomy is widely used for genioplasty 
throughout the world because it has several merits. First, 
it can be used to treat microgenia as well as macrogenia. 
Second, it is simple to perform. Third, the amount of 
bone resorption is small, and the aesthetic result is stable. 
Chang et al. in 2001 preferred the sliding genioplasty 
technique as it allowed for the correction of a vast range 
of abnormalities. They found surgeon and patient 
satisfaction scores to be high for this procedure and the 
operative times for experienced surgeons were around 15 
minutes, results were stable, and neurologic complication 
was transient and infrequent.32 Gui et al. in 2008 
conducted a large retrospective study to compare sliding 
genioplasty with a Medpor chin implant, he found that 
both the techniques produced almost similar patient 
satisfaction, but in all 3 dimensions, sliding genioplasty 
was more versatile in correcting abnormalities.33 Li and 
Cheney in 1996 advocated the use of sliding genioplasty 
for the treatment of failed chin implants in the setting of 
infection and/or extrusion. If an infected implant does not 
resolve with only antibiotics, the implant is usually 
removed, and a secondary procedure is required 3 to 6 
months later for replacing the implant. However, Li and 
Cheney recommends an immediate sliding genioplasty at 
the time of implant removal. They found that the need for 
a second surgery was eliminated and it produced an 
excellent immediate result.34 Reyneke J. P., and Sullivan 
S.M, in 2001 authors present a simplified technique in 
which the transverse dimension of the chin can be 
selectively changed. This is done by controlling the 2 
symphyseal segments and predictably widening or 
narrowing the chin. 35 Fariña et al. in 2012 discussed a 
new technique of genioplasty with successful results, the 
M-shaped genioplasty. This new genioplasty technique 
makes it possible to increase the vertical dimension, as 
well as the mental sagittal projection, without placing a 
graft or interposition material. 36 

Advancement of the genioplasty segment using the 
sliding horizontal osteotomy also has its drawback. It will 
result in notching at the inferior border of the mandible 
behind the chin segment. This can result in an external 
esthetic deformity that is visible and will accentuate the 
soft tissue jowls. These unesthetic changes can be 
bothersome and frequent. Lindquist and Obeid in their 
study found this problem to occur in 72.5% of their 
patients.37 Stephen A. Schendel in 2010 discussed a new 
technique called the sagittal split genioplasty.38 Sagittal 
split of the lateral one-third to two-thirds of the inferior 
chin segment was done. The SS genioplasty technique 
has been devised to specifically avoid this complication 
and result in an improved, more predictable esthetic 
outcome. By sagittally splitting the anterior lateral border 
of the mandible, the inferior gap, is eliminated. The 

anterior lingual vascular pedicle is maintained because 
the osteotomy reverts to the typical horizontal cut mesial 
to the cuspid teeth. The area behind the advanced chin 
segment still has the normal vertical mandibular height 
because of the sagittal splitting and no through and 
through a gap is created. The inferior chin segment is 
then secured in the anterior region by rigid fixation using 
a chin plate and screws. Advancement of 6 to 12 mm 
could be achieved.38 With the modification and 
standardization of the horizontal sliding osteotomy, 6-10 
the incidence of complications has declined. The 
incidence of neurosensory deficiency, however, remains 
very high and has not decreased significantly. The cause 
of nerve injury suffered during the operation is mostly 
due to the restraint of the soft tissue around the mental 
nerve. Hence, a neurosensory involvement of genioplasty 
should always be taken into consideration in order to 
avoid any sensory disturbance following the procedure of 
genioplasty. To decrease the incidence of neurosensory 
disturbance of the chin, Jichang Wang, Lai Gui, Qiaoyan 
Xu, Jinglong Cai in 2007 developed a new type of 
osteotomy for advancement genioplasty. In case of a mild 
or moderate degree of microgenia and have normal bite 
function, the sagittal curving osteotomy is a safe, simple 
and effective technique for advancement genioplasty. It 
could effectively decrease the incidence of neurosensory 
disturbance of the chin. 39 

The present era witnesses the growing popularity of 
Computer Assisted genioplasties. We feel it is a welcome 
change in performing the procedure as the surgical time is 
reduced drastically because the entire planning takes 
place virtually and predefines the plan for the actual 
surgery. It is obvious that reduced surgical time leads to a 
better post operative recovery. R. Olszewski et al. in 2010 
present a procedure of computer-assisted genioplasty. 
Mimics (Materialize) software was used to carry out 
virtual planning of the osteotomy lines. A 3 dimensional 
rapid-prototyping multi-position model of the chin area as 
built. Virtual information transfer to the operating room 
in the form of a surgical guide used for the transfer of the 
osteotomy lines and the positions of the screws was used. 
This method had promising results. 40 Möhlhenrich et al 
in 2015 performed 4 different osteotomy techniques for 
genioplasty to conduct a study with the aim to compare 
the contact surface area (CSA) between bony segments. 
Virtual genioplasties were done in terms of sliding or 
chin-shield genioplasty and 1- or 2-tiered genioplasty on 
computed tomography (CT) data. The CSA of the lower 
2-tiered genioplasty was larger than that of the 
corresponding 1-tiered genioplasty at a displacement 
distance of 8 mm.41 Li et al. in 2016 conducted a study 
with the purpose to develop and validate a new chin 
template system for a two-piece narrowing genioplasty, 
by firstly superimposing the postoperative computed 
tomography model onto the planned model, the outcome 
evaluation was completed, and later measuring the 
differences between the planned and actual outcomes. 
Using this chin template system, all surgeries were 
completed successfully and no inferior alveolar nerve 
damage was seen in this study.42 
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Chin Implants for augmentation genioplasty is also very 
popularly used because of its less time consuming and 
hassle free procedure. Though different authors have a 
different opinion about whether osseous genioplasty or 
using chin implants are better for augmenting the chin, 
both have their own advantages as well as disadvantages; 
the former has a low risk of complications 
postoperatively while the latter being a less tedious 
procedure. Many facial plastic and plastic surgeons use 
alloplastic implants for augmentation genioplasty despite 
the benefits of advancement genioplasty, because it 
usually requires less operative time and is easier to 
accomplish. For modern implants the complication rates 
are low, but those complications that do occur tend to be 
more severe and require a prolonged treatment course. 

The use of preformed dense, non-resorbable hydroxyl-
apatite blocks as a grafting material was stated in 1986 by 
Zeller S Det al. for use in advancement and vertical 
lengthening of the bony chin associated with orthognathic 
surgical procedures. They concluded that dense 
hydroxyapatite is a biocompatible, synthetic, immune-
logically inert material that can establish a chemical 
union with bone.25 Harada K et al. in 1993 used one-block 
HA implantation for augmentation genioplasty can be 
used for vertical and horizontal augmentation can be 
performed simultaneously with greater augmentation 
possible than with osteotomy alone. 43 David HT et al. in 
1999 stated that the fixed mandibular implant (FMI) and 
its prototype the staple implant were used to reconstruct 
an edentulous mandible and simultaneously stabilized a 
horizontal sliding genioplasty to correct a midline chin 
asymmetry. It helps in such instances by a simultaneous 
insertion of the FMI through the genioplasty segment, 
this in turn, secures the bony fragment in its new position 
and also provides the reconstruction of the edentulous 
mandible. This eliminates the need for two surgical 
procedures. 44 Strauss RA and Abubaker AO, in 2000 
stated that despite personal preferences and training 
background that may influence the choice of which 
genioplasty technique to use, the osteoplastic technique 
has a better patient satisfaction rate, better soft tissue 
predictability, and less detrimental postoperative 
complications when compared with alloplastic 
augmentation.45 Jones B.M., Vesely M.J.J.  2006 states 
that Osseous genioplasty is a more suitable technique for 
its long-term stability and versatility compared to 
alloplastic methods. It provides excellent results with a 
high degree of patient satisfaction and few long-term 
complications if performed correctly.46 Whereas Park et 
al. in 2010 conducted a retrospective study to compare 
genioplasty using Medpor with osteotomy by measuring 
the amount of anteroposterior change in the hard and soft 
tissue. In their study, they found that the relapse rate of 
patients who underwent genioplasty with Medpor was 
lesser compared to patients who underwent genioplasty 
using osteotomy.47 

Soft and hard tissue influence of genioplasty has also 
been studied by various surgeons. The soft tissue 
attachment to the genial segment has been considered 

important for bone resorption after advancement 
genioplasty. This supposition has only been supported by 
observations in single cases but not by a long term 
follow-up study. In fact, the average resorption rate of 
14.3 % after advancement genioplasty using the genial 
segment as a free graft that was reported by Wegener 
(1971) compares favourably with studies using pedicled 
grafts. 48 Ellis E, Dechow PC, et al in 1984, from their 
study indicated that during advancement genioplasty, soft 
tissue pedicles to the genial segments should be 
maintained to minimize the amount of bone resorption in 
the postoperative period.49 Vedtofte P et al, in 1991 
studied the influence of soft tissue attachment in 
augmentation genioplasty on the amount of postoperative 
bone remodelling in 29 patients. In their study the genial 
segments with a soft tissue pedicle underwent less 
resorption than the free grafts. 48 Strauss and Abubaker in 
2000 found that osseous genioplasty yielded more 
predictable soft-tissue changes than did alloplastic 
implants.45 Chaushu G et al. 2001 did a study, that 
compares vertical and horizontal profile changes of the 
lower lip and chin after genioplasty with or without 
precise reattachment of the mentalis muscle. Precise 
reattachment of the mentalis muscle during an intraoral 
surgical approach produces a superior result.50 Kim et al. 
in 2010 conducted a study to investigate the 3-
dimensional (3D) changes in the soft tissue after 
mandibular setback surgery. In the study it was found that 
there were significant decreases in the lower lip length 
and increases in the upper lip length in the large setback, 
hypodivergent, and genioplasty groups. The mento labial 
fold deepened less in the genioplasty group than in other 
groups. 51 Erbe et al. in 2011 conducted a retrospective 
study in Class I dental arch relationship patients, to 
calculate the skeletal and soft tissue facial profile changes 
and also the predictability and the short-term stability of 
the soft-tissue response to advancement genioplasty. In 
their study, all profile convexity angles increased 
significantly implying that the profile was straightened by 
the advancement of the chin. 52 J. Rustemeye and A. 
Lehmann conducted a study in 2013 in which they 
revealed that in a case of horizontal movement the soft 
tissue prediction is more accurate as compared to vertical 
movement. 53 Fritz et al. in 2015 investigated the 
influence of angular deviation and displacement distance 
on the overlying soft tissue during chin genioplasty and 
found out that advanced genioplasty leads to greater 
changes in the overlying soft tissue, whereas the affected 
area is larger after setback displacement, the ratio 
between soft and hard tissue movements largely depends 
on the displacement distance. 41 

Genioplasty can also be used to alleviate Obstructive 
Sleep Apnoea (OSA) either in isolation or in combination 
with other procedures. Hendler et al. found that 
genioplasty combined with uvulopalatopharyngoplasty 
improved the respiratory disturbance index for 86% of 
patients with moderate obstructive sleep apnea.54 
Kezirian and Goldberg found in their literature review 
that genioglossal advancement alleviated OSA in 67% of 
patients with severe OSA.55 Santos et al. with 
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advancement genioplasty alone found an improvement in 
scores on the apnea-hypopnea index and recommended it 
as a treatment for OSA secondary to hypopharyngeal 
obstruction. The success of advancement genioplasty 
relies on capturing the geniohyoid, genioglossus, 
mylohyoid, and digastrics muscles for advancing the 
segment of the mandible for OSA. The superior bone cut 
should be made 5 or more below the tooth roots to 
prevent the devitalizing of teeth; but, some patients may 
have a genial tubercle above the level of this cut and can 
have outcomes that are worse-than-average.56 Ferreira et 
al in 2007 presented in their study that Genioplasty for 
genioglossus advancement seemed to reduce with 
obstructive sleep apnea-hypopnea syndrome signs, thus, 
it can be considered as an option for the surgical 
treatment of patients with hypopharynx obstruction.56 

Heggie et al. in 2015 described genioplasty as a mode of 
treatment for obstructive sleep apnoe. A new method of 
genioplasty is designed to enable a rotational 
repositioning that allows for advancement of the 
genioglossus attachments but also avoids an excessive 
projection of pogonion, which would otherwise result in 
an unfavourable profile.57 Jihua Li et al. in 2013 
evaluated a staged treatment of TMJ ankylosis 
accompanied by micrognathia using arthroplasty, 
mandibular distraction osteogenesis, and advancement 
genioplasty. They suggested that genioplasty can be used 
to improve esthetic outcome in conjunction with either 
mandibular distraction or a staged and surgical 
orthodontic treatment might be a better approach to 
manage TMJ ankylosis accompanied by mandibular 
hypoplasia. They suggested that in addition to mandibular 
osteodistraction, advancement genioplasty should be 
considered for better improvement in facial esthetics and 
respiratory function.58 

A 

Osseous genioplasty is an extremely stable procedure 
associated with a relatively low risk of complications. It 
is also a particularly versatile procedure and can be used 
to correct a wide range of deformities related to the chin, 
including horizontal and vertical excess, horizontal and 
vertical deficiency, asymmetry, and abnormal contour. It 
is an excellent adjunct when combined with procedures 
such as rhinoplasty, cervical liposuction/lipectomy, and 
rhytidectomy. The use of customized implants has an 
important role in the multiply-operated or syndromic 
patient as they allow a method to correct unusual 
anatomical issues with not only one procedure and but 
also often with less morbidity. A variety of techniques 
exist for genioplasty, and all appear to produce various 
positive effects both aesthetically and functionally. Most 
of the methods‘ results are well received as well as the 
complication rates are low. Of all the various techniques 
mentioned, an individual surgeon should find a method 
that works best in that surgeon‘s hands for minimizing 
complications and maximizing benefit.  
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Introduction: Oral cancer constitutes a major health problem representing the leading cause of death The study was 
performed to develop an economical, quick alternative to the conventional Papanicolaou stain and Haematoxylin & 
Eosin stain and also to explore newer staining techniques in oral exfoliative cytology like May- Grunwald Giemsa stain, 
Leishman- Giemsa Cocktail stain. Material and Methods: Slightly moistened cytobrush was used to take four smears 
in 50 patients with OSCC. Each smear was taken from the most representative area and same site (till bleeding spots are 
established). Scrapings were smeared on four slides; two smears were fixed and stained with H&E and PAP and two 
were air dried and stained by MGG and LG- cocktail. Results: Qualitative analyses of the cytosmears obtained in study 
cases showed nuclear details were better appreciated with PAP. For cytoplasmic staining the MGG gave comparatively 
better results. Clear background was seen in PAP stain in the study cases. To make a definite diagnosis in OSCC both 
PAP and MGG seems to be equally good. Conclusion: It can be concluded from the present study that the staining 
characteristics of PAP proved to be better out of the four stains that are, H&E, MGG, and LG- Cocktail.  
KEYWORDS: Oral exfoliative cytology, Papanicolaou stain, May- Grunwald Giemsa stain

AASSSAAsasasss                                                                         
Oral cancer is categorised as the sixth most frequent 
malignancy worldwide and is being detected at an 
estimated rate of 263,900 new cases and 128,000 deaths 
in a single year.1,2 Despite many advances in cancer 
therapies, the five-year survival rate for oral squamous 
cell carcinoma (OSCC) has remained at approximately 
50% over the past three decades.1, 3 This is primarily due 
to delayed diagnosis, with approximately half of all oral 
cancers diagnosed at stages III or IV.4 

Histological examinations of biopsied tissues remain the 
gold standard for diagnosis and identification of oral 
lesions.5 But it is an invasive technique with surgical 
implications, technically a limitation for some 
professionals and psychologically for some patients 6 

Cytology is a non-aggressive, non-invasive process and a 
relatively pain-free procedure that is well accepted by the 
patients reluctant to go for a biopsy.5 

Stains like Haematoxylin & eosin (H & E) and 
Papanicolaou (PAP) are the routine and universal stain 
for the cytological procedure and are easy and quick to 
perform for screening programs.7 May-Grunwald Giemsa 
(MGG) stain is easy to prepare, less time consuming, 
reduces the effects of poor techniques and increases cell 
yield. The LG cocktail (Leishman Giemsa- cocktail) is an 

 
 

 
easy, cost – effective one-step technique. It needs less 
time and less infrastructural support.7 These newer stains 
like MGG, LG – cocktail are not been utilized in oral 
exfoliative cytology. Hence, the present study was 
designed to carry out the qualitative evaluation of 
cytologic smears of patients with malignant lesions using 
four different stains that is H&E, PAP, MGG, LG 
cocktail. Also to ascertain the efficiency and reliability of 
these stains in evaluating cellular and nuclear atypia and 
correlating the cytopathological and histopathological 
grades. 

 
The study was conducted in the Department of Oral and 
Maxillofacial Pathology & Microbiology of our institute. 
The study was approved by the Ethics Committee. 
Smears and biopsy samples were obtained from 50 
patients clinically showing of OSCC and smears from 10 
subjects with clinically normal oral mucosa (considered 
as control) which were confirmed histopathologically. 
Written informed consent was obtained from each patient 
before taking the smear and biopsy samples. Subjects 
were asked to rinse their mouth thoroughly with water 
before taking the smear. Slightly moistened cytobrush 
was used to take four smears. Each smear was taken from  
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the most representative area and same site (till bleeding 
spots are established). Scrapings were smeared on four 
slides; two smears were fixed and stained with H&E and 
PAP and two were air dried and stained by MGG and 
LG- cocktail. 

The stained cytosmears were viewed under the compound 
light microscope and cytopathologically graded based on 
the criteria given by von  Hamn. 8 The biopsy was carried 
out from the lesion and histopathologically graded based 
on WHO classification for oral squamous cell carcinoma 
(WHO, 2005).9 The slides were analyzed for four 
parameters. (Table 1) 

Parameters Score 
Cytoplasmic details: 
Not preserved 0 
Non-transparent masking of nuclear details 1 
Non-transparent with intact cell membrane 2 
Transparent, intact cell membrane without masking of 
nuclear details 

3 

Nuclear details: 
Poor preservation 0 
Smudgy 1 
Fair preservation but chromatin granularity not 
appreciable 

2 

Excellent preservation with crisp chromation 3 
Background staining: 
Intensely stained obscuring cellular details 0 
Moderately stained with better cellular details 1 
Less intense staining with crisp cellular details 2 
Ability to make a definite diagnosis: 
Ability to make a definite diagnosis as benign 0 
Ability to make a less definitive diagnosis as atypical or 
malignant 

1 

Ability to make a less definitive diagnosis as intermediate 2 
Ability to make a definite diagnosis as malignant lesion 3 

 
Statistics: The resulting data were analyzed by using 
SPSS software version 19. Data has been expressed as the 
mean & standard deviation. Differences between 
variables were analyzed using ANOVA test and Post Hoc 
test followed by Bonferroni test. Descriptive statistics 
including the mean values, standard deviations, ranges 
were calculated for each variable. The qualitative data 
were compared by linear coefficient depicting the trend in 
various stains and parameters under variable time period. 
Inter observer reliability was calculated by Cohen’s 
Unweighted Kappa.  

Quality index for four stains was assessed by considering 
all the qualitative parameters. [QI = actual score 
obtained/maximum score possible]. 

Comparison of cytopathological scores with 
histopathological scores was performed by Mann- 
Whitney U test. 

The true and false positives and negatives were based on : 
True positives: Samples which were positive 
histologically and cytology. 
True negative: Samples which were negative 
histologically and cytology. 
False positive: Samples those were negative 
histologically and positive cytology. 

False negative: Samples those were positive 
histologically and negative cytology. 

To check and quantify the reliability of the stains, 
sensitivity, specificity, positive predictive value, negative 
predictive value and diagnostic accuracy were assessed.  

The Receiver operating characteristic (ROC) curve 
plotted with sensitivity along Y-axis and 1-specificity 
along X-axis for each stain.  

 
Qualitative analyses of the cytosmears obtained in study 
cases showed nuclear details were better appreciated with 
PAP. For cytoplasmic staining the MGG gave 
comparatively better results. Clear background was seen 
in PAP stain in the study cases. To make a definite 
diagnosis in OSCC both PAP and MGG seems to be 
equally good with the score (2.88±0.33) and (2.56±0.71) 
respectively which were superior to the other two stains 
(Table 2). 

Parameters
/ 
Stains 

Cases Cytoplasmi
c details 

Nuclear 
details 

Backgroun
d 

Ability to 
make a 
definite 
diagnosis 

Haematoxyl
in- Eosin 
Stain 

OPM
D 

2.88±0.33 2.76±0.4
4 

1.88±0.33 2.64±0.49
 ⃰⃰ 

OSCC 2.28±0.46 1.92±0.4
9 

1.84±0.47 1.92±0.81
 ⃰⃰ 

Papanicolao
u Stain 

OPM
D 

2.84±0.37 2.92±0.2
8 

1.92±0.28 2.88±0.33
 ⃰⃰ 

OSCC 2.32±0.80 2.24±0.4
4 

1.84±0.47 2.56±0.51
 ⃰⃰ 

May-
Grunwald 
Giemsa 
Stain 

OPM
D 

2.92±0.28 2.68±0.6
3 

1.8±0.41 2.88±0.33
 ⃰⃰ 

OSCC 2.56±0.51 1.92±1.0
4 

1.64±0.49 2.56±0.71
 ⃰⃰ 

Leishman 
Giemsa 
Cocktail 
Stain 

OPM
D 

2.8±0.41 2.72±0.5
4 

1.84±0.37 2.60.58 ⃰⃰ 

OSCC 2.32±0.63 1.88±0.6
0 

1.68±0.48 1.84±1.07
 ⃰⃰ 

 
 

 

The Cohen’s unweighted Kappa statistics was applied to 
observe the interobserver agreement between three 
observers in four different stains that is, Haematoxylin – 
Eosin stain, Papanicolaou stain, May-Grunwald Giemsa 
stain and Leishman Giemsa Cocktail stain and in four 
different staining parameters, that is cytoplasmic details, 
nuclear details, background and ability to make a definite 
diagnosis. The Kappa statistics showed slight agreement 
in recording cytoplasmic details between all observers. A 
statistically significant result was obtained in cytoplasmic 
details between Observer 1 vs 3 and Observer 2 vs 3 and 
statistically non- significant result was obtained between 
Observer 1 vs 2. For nuclear details, fair agreement was 
seen between Observer 1 vs 2, (p<0.05). And slight 
agreement was found between Observer 1 vs 3 as well as 
observer 2 vs3, (p<0.05). For the parameter where 
background staining was evaluated, slight agreement was 
seen between  Observer 1  vs  2 and Observer 2  vs  3 and 

Table 1: Qualitative Parameters 

RESULTS 

Table 2: Qualitative analysis of cytological parameters in oral 
potentially malignant disorder cases and oral squamous cell 

carcinoma. ⃰-  Correlation is significant at the P< 0.05 level. 
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poor agreement was found between Observer 1 vs3, 
(p>0.05).  A fair agreement was seen in the parameter 
where ability to make a definite diagnosis between 
observer 1 vs 2, (p<0.05). Whereas, a slight agreement 
was found between Observer 1 vs 3 and Observer 2 vs 3, 
(p<0.05) in the parameter ability to make a definite 
diagnosis (Table 3). 

Parameters
/ 
Observers 

Cytoplasmi
c details 

Nuclear 
details 

Background Ability to 
make a 
definite 
diagnosis 

Observer                 
1 vs 2 

0.10 0.25  ⃰⃰ 0.09 0.33  ⃰⃰ 

Observer                
1 vs 3  

0.13  ⃰⃰ 0.13  ⃰⃰ -0.04 0.17  ⃰⃰ 

Observer                 
2 vs 3 

0.17  ⃰⃰ 0.14  ⃰⃰ 0.01 0.15  ⃰⃰ 

 

 
 

The quality index of each of the four stains showed PAP 
to be a better stain statistically (<0.05) with the highest 
quality index score of 0.813. MGG stain scored 0.800, 
which was comparable to the quality index of the PAP. 
H&E stain scored 0.775. The scores for all the four 
parameters of LG Cocktail stain were lower than the three 
other stains that are 0.756 (Table 4). 

Parameters (max score)/ 
Stains (actual score) 

CD 
180 

ND 
180 

B 
120 

AD 
180 

QI 
660 

H&E 156 143 111 116 0.775 
PAP 149 157 112 138 0.813 
MGG 164 139 100 138 0.800 
LG- Cocktail 146 140 104 113 0.756 

A 
On correlation of cytopathological diagnosis with 
histopathological diagnosis, it was observed that PAP 
stain was best to detect true negative and LG cocktail was 
found to have maximum false negative result. Whereas in 
detecting benign and malignant lesions, i.e, true positive, 
four stains were found to be equally good. And all benign 
lesions were identified correctey in all the four stains. 
Thus suggesting that PAP had highest diagnostic 
accuracy (Table 5, Graph 1). 

Stains Cytological 
diagnosis 

No. of 
cases 

Histopathologic 
diagnosis 

P- 
value 

   TN    (%)                                  FN   (%)    
Haematoxylin 
– Eosin stain 

Benign n=28 25 
(89.28%) 

3(10.7%) < 0.01 

Atypical n=22 22 (100%) 0 (0%) 

Papanicolaou 
Stain 

Benign n=26 25 
(96.18%) 

1 (3.84%) < 0.01 

Atypical n=24 24 (100%) 0 (0%) 

May-
Grunwald 
Giemsa Stain 

Benign n=27 25 
(92.59%) 

2 (7.40%) < 0.01 

Atypical n=23 23 (100%) 0 (0%) 

Leishman 
Giemsa 
Cocktail Stain 

Benign n=28 25 
(89.28%) 

3 (10.7%) < 0.01 

Atypical n=22 22 (100%) 0 (0%) 

 
 

The reliability of the stains were checked and quantified. 
PAP stain showed better value in relation to sensitivity, 
specificity,  positive  predictive   value    and    diagnostic 

 
 
 

accuracy than the three other stains. In evaluating the 
negative predictive value both the PAP and MGG were 
found to be equally good with equal scores. In evaluating 
the diagnostic accuracy, PAP showed to have 80.0% 
diagnostic accuracy with MGG stain with the score of 
78.3% comparable with PAP. Thus, PAP showed to have 
the maximum comparable result to classify between the 
presence or absence of a disease (Table 6). 

Stains Sensitivity 
(%) 

Specificity 
(%) 

Positive 
predictive 
value (%) 

Negative 
predictive 
value (%) 

Accuracy 

H&E 48.6% 88.0% 85.0% 55.0% 65.0% 
PAP 71.4% 95.8% 96.2% 69.7% 80.0% 
MGG 68.6% 92.0% 88.9% 69.7% 78.3% 
LG- 
Cocktai
l 

47.1% 80.8% 76.2% 53.8% 61.7% 

 
 

Receiver operating characteristic (ROC) curve: The 
present study was first of its kind where ROC curve was 
also plotted for the four stains. The ROC curve plotted 
showed PAP has the maximum area under the curve that 
is (0.757). The result was found to be statistically 
significant (p<0.05) thus indicating that PAP has the best 
sensitivity and specificity values when all the qualitative 
parameters were considered for producing best results in 
evaluating cytological smear from oral epithelial cells in 
oral potentially malignant disorders and oral squamous 
cell carcinoma. Area under the curve of MGG scored 
0.676 which was found to be higher than H & E with the 
area under the curve (0.649). The result showed MGG to 
be a better than H&E (p<0.05). While LG Cocktail stain 
showed the least area under the curve (0.623) and the 
result were found to be statistically non-significant 
(p>0.05) indicating that LG Cocktail stain has the least 
diagnostic value as compared to the other stains that is 
H& Eosin, PAP and MGG in observing cellular and 
nuclear parameters in oral cytological smears (Graph 2). 

ROC curve has shown to be an excellent statistical test in 
the present study to evaluate the overall accuracy of a 
diagnostic test i.e, different stains. According to the 
results    obtained     PAP    stain     shows   fair   accuracy  

Table 3: Kappa analysis for qualitative assessment showing the extent 
of agreement between three observers. ⃰-  Correlation is significant at the 

P< 0.05 level. 

Table 4: Quality index of different stains 

Table 5- Correlation of cytopathological with histopathological 
diagnosis. 

Graph 1: Correlation of cytopathological with histopathological 
diagnosis in study cases. 

Table 6: Sensitivity, specificity, positive predictive value, negative 
predictive value and accuracy of all stains. 
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Stain Area under the curve P- value 
PAP 0.757 0.001 

MGG 0.676 0.02 
H&E 0.649 0.05 

LG- Cocktail 0.623 0.10 
 
 

comparable with MGG, but H&E and LG Cocktail 
showed poor accuracy. 

 
Oral exfoliative cytology is a relatively pain-free 
procedure and can provide intact cells from different 
layers of the epithelium. In the past, this technique had 
been of limited usage due to poor sensitivity and 
specificity but has re-emerged as a diagnostic and 
predictive method due to the improved technique.10 It is 
now being promoted as an adjunct to biopsy and a 
screening method useful for the diagnosis of oral 
cancer.6,11,12 It is gaining importance as a rapid method 
for various screening procedures and many stains has 
been employed to study the exfoliated cells.13 The major 
value of cytology is the rapid, simple and relatively pain-
free procedure which can provide the intact cells from 
different layers of the epithelium.18 It is mostly well 
accepted by the patient and is, therefore, an attractive 
option for the early diagnosis of oral cancer, including 
epithelial atypia and squamous cell carcinoma.13  

The increasing popularity of Oral exfoliative cytology, as 
a primary diagnostic procedure has demonstrated the 
utility and adaptability of stains such as H&E and 
Romanowsky stains. 

In the present study for cytoplasmic staining MGG 
(2.56±0.51) and in evaluating nuclear details PAP 
(2.80±.422) gave better results, as it stains nuclear 
chromatin well, gives good differential cytoplasmic 
counterstaining and produces good cytoplasmic 
transparency.14,15,16 Due to vivid metachromatic staining 
of certain cytoplasmic products, stromal, and background 
elements, many cytologists prefer Romanowsky stains 
over PAP or H&E for FNA specimens17 and also the air-
dried smears are used, which increases cell yield.18 PAP 

and H & E stain showed better background and MGG 
stain with high background staining obscure the 
background material and also the cellular details. 
Therefore, MGG needs preparation of fresh solution 
every day.5 PAP stain uses two dyes that differ in their 
affinity, and there is no chemical interaction between 
nuclear and cytoplasmic solutions as they bind 
electrostatically, resulting in salt formation. PAP has the 
benefit of staining cells from various layers 
differentially.6,19 According to the study conducted by 
Belgaumi and Shetty,  PAP stain results were found to be 
a better stain than LG and MGG, but results of LG were 
comparable to PAP.5 Similar study conducted by 
Sujathan et al. suggested MGG stain to be a better stain 
than PAP stain.16 

The qualitative assessment of four stains was done by 
scoring four different parameters for each stain the first 
study of its kind. Kappa statistics were applied to 
measure the agreement between three observers over the 
qualitative parameters. Thus the maximum agreement 
between the three observers was found in the parameters 
nuclear details and ability to make a definite diagnosis, 
which was also found to be statistically significant at the 
(<0.05 level), showing the extent to which the data 
collected in the study are the correct representation of the 
variables measured. Hence, these parameters can be used 
in future. 

The QI were also assessed and scored to compare the 
diagnostic efficacy.  PAP seems to be a better stain 
statistically (<0.05). This is in accordance to the study 
conducted by Idris and Hussain where they concluded 
PAP to have the maximum quality index of (0.87). 14  

On correlating the cytologic diagnosis with the 
histopathology reports, PAP stain showed statistically 
significant value (<0.05) and comparable results with 
MGG stain in the study cases which is in accordance with 
the study by Mitra et al. and Gabriel et al. 6,19  

The sensitivity of PAP stain scored (71.4%) which is the 
highest among the other three stains. This shows PAP has 
the highest probability of interpreting correctly that 
someone who has the target disease. The specificity of 
PAP stain scored (95.8%), depicting PAP has the highest 
probability to show that someone who does not have a 
disease. PAP also showed to have the maximum positive 
predictive value that is (96.2%) showing its efficiency to 
correctly tell the positive test result actually has the 
disease or not. While in evaluating the negative predictive 
value both the PAP  and MGG were found to score equal 
(69.7%) depicting both are equally good with equal 
scores, and they have the ability to tell correctly the 
probability that a person with negative test results does 
not have the disease. Thus suggesting that both PAP and 
MGG can be used to diagnose accurately weather the 
person is truly free from disease or not. Finally, the 
diagnostic accuracy was obtained in which PAP and 
MGG stain was found to be of a comparable score. 
Suggesting that, both PAP and MGG stains can be used 
as a routine chair side stains and also as a screening test 

DISCUSSION 

Graph 2: ROC curve in four different stains 
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to reduce the morbidity or mortality by detecting the 
disease in their early stages when the treatment will have 
a good prognosis. Also in seeing the accuracy, the results 
of MGG are found to be comparable with PAP and better 
than H&E and LG- Cocktail. H&E scored inferior in 
sensitivity, specificity, positive predictive value, negative 
predictive value and accuracy than PAP and MGG, but 
the results were superior to LG- Cocktail. Among all the 
four stains LG- Cocktail scored least in sensitivity, 
specificity, positive predictive value, negative predictive 
value, and accuracy. There is no chemical interaction 
between the nuclear and the cytoplasmic solutions 
(different to Romanowsky stains) as they bind 
electrostatically resulting in salt formation. PAP has the 
benefit of staining cells from various layers 
differentially.6,19  

The Receiver operating characteristic (ROC) curve was 
also plotted for the four stains with sensitivity along Y-
axis and specificity along X-axis, which is the first study 
of this kind. ROC curve provides a way to measure the 
accuracy of a diagnostic test by measuring the Area under 
the curve (AUC), that is, larger the area, the more 
accurate the stain. PAP stain was a better stain with the 
highest area under the curve 0.757 in ROC curve, 
indicating that PAP stain has the highest diagnostic value 
as compared to the other stains in observing cellular and 
nuclear parameters in cytological smears. Also, the curve 
for PAP stain was steepest, in the beginning, indicating a 
maximum number of true negatives and fair accuracy in 
diagnosis. As this curve gives a clear picture and 
appropriate comparison, it should be used more often for 
such comparative studies. 

 
It can be concluded from the present study that the 
staining characteristics of PAP proved to be better out of 
the four stains that are, H&E, MGG, and LG- Cocktail. 
The MGG was found to give results comparable to the 
PAP. Hence, keeping in mind the advantages of MGG as 
a single step, cost-effective procedure the study also 
supports the idea of utilizing this stain in oral exfoliative 
cytology for PMDs and OSCC. 
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Abstract  

The debate being whether dentistry is a noble profession or a profitable business has been around since the advent of better 
facilities pertaining to the field. The desire to have the best outcome via latest technology is often reinforced with monetary 
backup. The constant improving treatment modalities are accompanied by increase in the cost. Dentistry is a profession with 
unique combination of business and professionalism. It is a business in terms of set up required and profession in terms of the 
benefit given to the society by utilizing one’s skill or training. 
 
Keywords: Profession, Business, Dentistry 
 
Introduction  

The income tax section 2(3) defines business as 
“any trade, commerce, manufacturing activity or 
concern in nature of trade and commerce”. It is plainly, 
any economic activity which is carried on for earning 
profits and does not mandatorily require any basic 
training or skills to commence the venture. 

A profession on the other hand is defined as a “job 
requiring some thought, skill and special knowledge as 
well as training in that particular field”. The acquisition 
of technical / academic qualification is essential to join 
a profession which focuses on service of the community 
as primary intention and profits are secondary. 
 
Dilemma – profession or business??  

The question arising in the present day scenario is 
– Is dentistry still a profession or is it a well marketed 
business? The current image of a dental professional 
has an eroded stature in public. The tag of being a 
professional is associated with high levels of expertise, 
skillfulness, virtuousness, trust as well as to have a 
market value and social status. The point to be 
pondered upon is –are the level of expertise and social 
class both are the deciding factors for dentistry being a 
profession, does the profession needs a society or is it 
vice versa? 

Historically, dentistry has evolved from the paths 
of barber surgeons, which was essentially a business 
enterprise and they were publicized as businessmen. 
Later on, with the advent of proper training and 
technical skill development, the modern era of dentistry 
emerged- “dentist as a professional, upholding the 
social contract of serving the community without the 
contemplation for profits / benefits.  

The contemporary debate on the conversion of 
dental profession into business is a brain child of the 
coeval class of patients who started propagating 
dentistry as a money making enterprise run by dentists. 

Ironically, the modern aesthetic conscious society has 
paved the way for the dental professionals to research, 
develop and acquire new skills and techniques to 
enhance the cosmetic results which in turn requires 
efforts, expenses in terms of time and resources. 
Dentistry as a profession in itself is expensive, 
collectively viewing the cost of equipment, materials, 
latest technology and workshops attended to adopt a 
particular skill when compared to our medical 
counterparts. The evolution of dentistry and 
advancement in the field is like a vicious cycle, the so 
called affluent strata of the society demands or rather 
expects an excellent outcome and co relates it with 
latest technology utilized to achieve the same however 
costly it is. This constant urge for good, better, best and 
now the “bestest” aesthetics has led to continuous 
research of newer modalities to appease the patients. 

The dental profession is a unique articulated blend 
of business and professional art. It is a business as 
regular investments are required to be abreast with the 
changing and emerging trends, and these skills are 
utilized for the benefit of the society giving dentistry its 
status of profession. If we stuck to the “social contract” 
which surfaced in medieval times, then the entire field 
of dentistry would have perished as aspiring to serve 
and sustain without currency is non-realistic. The 
ethical standards as well as the code of conduct has 
prevented and guarded the conversion of this profession 
into business. The dental services cannot be compared 
with day to day commodities working on demand and 
supply basis. The very true foundation of this 
profession is on the existence of trust between the 
patient and dentist in which former is lacking the 
knowledge of dental services or the level of expertise of 
latter and works on the sole basis of mutual trust. 

The emergence of “corporate dentistry”, dental 
clinical chains controlled by non-professional 
individuals with motive of earning profits is threatening 
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and disturbing as the owners or employers set profit 
related targets to be achieved by the employed dentists, 
which further leads to promotion of certain treatments 
with higher revenue generation rather than choosing 
options best suited for the patients. 
 
Summary and Conclusion 

In summary, Indian Dental Association recognizes 
that the trust in dental profession is based on individual 
commitment to ethical standards. Having said that it 
again may not be always in lines of ethical conduct and 
is ever evolving as it is more of a feedback from the 
interaction between dentist and society. This can often 
reinforce the dilemma of considering dentistry as a 
profession or business. The dentistry at its 
commencement was a business which has now emerged 
as a profession worldwide owing to the ethical 
treatment provision for prevailing dental ailments after 
acquiring special skills and training. The trust of the 
patients and society in the capabilities of dentist has 
granted this occupation the status of profession. 
However, in the coming years, future of dentistry may 
revert back to its roots of business by “corporatization” 
of this noble field by business enthusiast, adamant on 
earning huge profits at the stake of society and the 
dawn of which has already risen. 

Author believes that some sort of standardization in 
treatment protocol as well as the revenue generated 
from the basic procedures is in order to avoid the 
“corporatization” of this profession with high ethics. 
Following the standardization the paradigm will shift 
from generating profits to providing a quality treatment 
as that will be the only incentive remaining for those 
who are truly dedicated to the profession. 
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ABSTRACT  

Aim:  The present study was conducted with an objective to evaluate the ability of bioactive glass to enhance the 
rate of wound healing and to assess whether it is more predictable method of tissue regeneration in third molar 
extraction sockets. 

Material and Method: 20 patients aged from 18-60 years of age who had similar bilaterally impacted third 
molars with no apparent systemic history were included. Clinical parameters included oral hygiene, eruption 
status, probing depth while radiographic parameters consisted of alveolar bone height and density which were 
assessed in 3rd and 6th postoperative month. 

Results: The parameters assessed had shown an overall improvement over the postoperative follow up period 
but the results were statistically insignificant.  

Conclusion: Individual recording suggest improved final outcome of the osseous defect distal to the second 
molar after extraction of the impacted third molar however a larger sample size with longer term of follow up 
may reinforce the findings of improved outcome. 

Keywords: Bioactive glass, third molar, grafting, regeneration. 

INTRODUCTION 

Wisdom tooth extraction is a common 
procedure in Oral Surgery. The normal healing 
response to the procedure results in a significant 
loss of bone and collapse of the surrounding 
gingival tissue distal to second molar. In addition to 
normal healing, a substantial percentage of patients 
suffer postoperative complications.1 A reduction of 
about 50% in both horizontal and vertical 
directions has been observed over 12 months, with 
two-thirds of the reduction occurring in the first 3 
months. The rate and pattern of bone resorption 

may be altered if pathologic and traumatic 
processes have damaged one or more of the bony 
walls of the socket. In these circumstances, fibrous 
tissue will likely occupy part of the socket, 
preventing normal healing and osseous 
regeneration.3 After extraction of mandibular 
wisdom teeth, a reported complication is 
development of the periodontal osseous defect on 
the adjacent second molar. Risk factors associated 
with bone loss after lower third molar extraction 
include age, preoperative bony defects, and 
resorption of the roots of the second molar.6 

Osseous defects distal to the second molar can also 
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be result of the eruption pattern of the third molar.2 
As bone resorption occurs post extraction, 
regeneration may pose a therapeutic problem, the 
management is usually directed and is usually 
directed at periodontal maintenance of the area and 
the osseous defect created by surgical removal of 
third molar which may require augmentation4. 

Various investigators have used variety of 
material in grafting of third molar sockets. These 
include calcium phosphate (hydroxyapatite) 2, 
bioactive glass2, 7, 10, demineralised bone powder 6, 
combination of bioactive glass with calcium 
phosphate membrane7, demineralised freeze dried 
bone allograft 9, membranes, both resorbable and 
non resorbable.11 Apart from these, Multiple 
sources of bone have been used to graft bony 
defects which include iliac crest, rib, cranial and 
vascularised bone grafts6. 

NOVABONE (NOVABONE Inc., USA) dental 
putty is a combination of 
osteocalciumphosphosilicate particulate and a 
synthetic absorbable binder which is composed of 
glycerine and polyethylene glycol. There have been 
number of studies on grafting of bioactive glass in 
extraction socket, but only few analyse its role in 
mandibular impacted third molar extraction socket. 
The purpose of this study is to evaluate the use of 
NOVABONE putty as a graft material for osseous fill 
as compared with non-grafted extraction site after 
removal of bilateral impacted mandibular third 
molars. 

MATERIALS AND METHODS 

This prospective study on 20 patients aged 
from 18-60 years of age was done to assess the 
efficacy of the bioactive glass (NOVABONE PUTTY- 
NOVABONE Inc. USA) in extraction socket of 
impacted third molars in Department of Oral and 
Maxillofacial Surgery, ITS Centre for Dental Studies 
& Research. A detailed history of all patients was 
taken according to the decided performa. All 
patients included had similar bilaterally impacted 
third molars who had agreed to sign an informed 
consent, reported unremarkable systemic history 
and no allergies towards the drugs to be used in the 
study. 

Clinical parameters included oral hygiene, 
eruption status, and probing depth (PD). Oral 

hygiene was evaluated by using Oral Hygeine Index 
– Simplified by Greene and Vermilion in 1960 and 
the eruption status was assessed according to 
Winter’s classification. 

Probing depth (PD) was measured using 
UNC -15 probe (Fig. 1) from ‘free gingival margin’ to 
the bottom of the pocket in nearest mm. The probe 
tip was inserted into gingival sulcus parallel to the 
long axis of the tooth until slight resistance was met. 
The average of PD at the three different positions 
i.e. distobuccal, distal, distolingual surface of 2nd 
molar was taken preoperatively, 3rd and 6th month 
post operatively                    

Radiographic parameters included alveolar 
bone height (ABH) and alveolar bone density (BD). 
ABH which was  measured using OPG of the patient 
in which a caliper was placed on to the crest of the 
alveolar bone up to the level of CEJ of the tooth. The 
distance was then measured on a graduated ruler 
and the recordings were recorded on pre operative, 
3rd month and 6th month post operatively. BD was 
assessed using Adobe Photoshop CS3 software in 
which the area distal to the second molar on the 
OPG was localized using marquee tool and the 
density was assessed by Gray scale histogram44 

(Figure 3). The reading of the histogram is inversely 
proportional to the density of the gray in the 
particular localized area. OPG radiographs were 
taken preoperatively, 3rd and 6th post operative 
month in every case. Each OPG was photographed 
and fed in the software for evaluation of bone 
density of the bone near third molar on either side.  

A third molar socket was then randomly 
assigned to receive the graft in each subject (Figure 
2) while the other site did not receive any bone 
graft. All the patients underwent oral prophylaxis in 
the preoperative phase. All patients were 
prescribed postoperative antibiotics (Ampicillin 
250 mg + Cloxacillin 250 mg and Metronidazole 
400mg) and analgesics (Ibuprofen 325 mg + 
Paracetamol 400 mg). Patients were recalled on 3rd 
and 7th day postoperatively to assess the healing of 
the wound. Postoperative clinical evaluation 
included the measurement of the probing depth 
distal to the second molar at 3rd and 6th month post 
operatively using a UNC – 15 probe from CEJ to the 
base of the defect. 
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Fig 1: Measurement of probing depth using UNC – 
15 probe on distolingual (DL) aspect of 2nd molar. 

 

Fig 2: Graft placed in the socket. 

 

Fig 3: Assessment of bone density. 

All measurements were taken by the same 
investigator to minimize measurement error. 
Clinical and radiographic pictures were taken using 
(KODAK C183 - 14 Mpx 32mm-96mm Optical 
Aspheric lens) camera with exposure time of 1/40 
seconds, focal length of 6 mm and maximum 
aperture of 3.07. 

OPG were taken from the same machine 
using same exposure time and potential difference 

for each radiograph at 3rd and 6th month post 
operatively to assess the alveolar bone height distal 
to second molar and the bone density. Each OPG 
was photographed using the above mentioned 
camera and fed in the computer software for 
evaluation of bone density of the extraction sockets 
on either side. Bone density was measured by mean 
gray scale histogram. 

The outcome parameters were noted as 
changes in probing depth, alveolar bone level and 
bone density. The follow up was done at 3rd month, 
and 6th month post operatively for probing depth, 
alveolar bone height and bone density. Mean 
probing depth on preoperative measurement was 
3.34±0.60 mm for control site. In the 3rd 
postoperative visit the mean probing depth was 
found to be 3.07 ± 0.59 mm showing an 
improvement of about 0.27 mm (8%). The same 
increased to 3.09 ± 0.50 mm showing worsening of 
0.02 mm (0.61%) an overall improvement of 0.25 
mm (7.4%). 

Mean probing depth on preoperative 
measurement was found to be 3.34 ± 0.70 mm for 
grafted site. In the third postoperative month the 
mean probing depth was found to be 3.04 ± 0.51 
mm showing improvement of about 0.3 mm (8%). 
The same decreased to 2.95 ± 0.58 mm showing 
overall improvement of 0.39 mm (11.6%). Mean 
difference in alveolar bone variation measured for 
control group was 2.60 ± 1.82 mm, which had 
reduced to 1.82 ± 1.10 mm at third postoperative 
month showing a decrease of almost 0.78 mm. The 
reading showed further decrease to 1.77 ± 0.99 mm 
showing a decrease of 0.05 mm. The overall 
decrease for the control group was about 0.83 mm 
which indicates an increase in 0.83 mm of alveolar 
bone height from the basal bone. 

Mean alveolar bone height measured for 
grafted site was 3.00 ± 2.20 mm, which had reduced 
to 2.11 ± 1.45 mm at third postoperative month 
showing a decrease of almost 0.89 mm. The reading 
showed further decrease to 1.90 ± 1.17 mm 
showing a decrease of 0.21 mm. The overall 
decrease for the grafted site was about 1.1 mm. This 
indicates an increase of alveolar bone height of 1.1 
mm from the basal bone. On comparison between 
the groups, at the end of 6th month the mean 
alveolar bone height was reduced by 0.83 mm in  
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Table 1: Assessment of Probing Depth (PD) using Independent Samples Student t-Test. 

 Groups Number  Mean± S. D. T-value P-value 
Pre-Operative Probing Depth Grafted site 20 3.34 ± 0.70 0.00 1.000 

Non-grafted site 20 3.34 ± 0.60   
3Months Probing Depth Grafted site 20 3.04 ± 0.51 -0.18 0.860 

Non-grafted site 20 3.07 ± 0.59   
6Months Probing Depth Grafted site 20 2.95 ± 0.58 -0.84 0.404 

Non-grafted site 20 3.09 ± 0.50   
 
Table 2: Assessment of Alveolar Bone Height (ABH) Using Independent Student t Test. 

 Groups Number Mean ± S. D. t-value p-value 
Pre-Operative Alveolar Bone Height Grafted site 20 3.00 ± 2.20 0.63 0.535 

Non-grafted site 20 2.60 ± 1.82   
3Months Alveolar Bone Height Grafted site 20 2.11 ± 1.45 0.68 0.500 

Non-grafted site 20 1.82 ± 1.10   
6Months Alveolar Bone Height Grafted site 20 1.90 ± 1.17 0.40 0.695 

Non-grafted site 20 1.77 ± 0.99   
 
Table 3: Assessment of Bone Density (BD) Using Independent Student’s t Test. 

 
 

Groups Number Mean ± S. D. t-value p-value 

Pre-Operative Bone Density Grafted site 20 128.82 ± 34.44 -0.35 0.727 
Non-grafted site 20 132.60± 33.60     

3Months Bone Density Grafted site 20 127.16 ± 32.86 0.19 0.848 
Non-grafted site 20 125.22 ± 29.07   

6Months Bone Density Grafted site 20 129.93 ± 28.13 0.31 0.757 
Non-grafted site 20 127.10 ± 29.24   

 

control site as compared to 1.1 mm in that of 
grafted site. However the p-value of 0.695 (p>0.05) 
was not found to be statistically significant. 

The mean preoperative bone density for 
control site was 132.60 ± 33.60 which had reduced 
to 125.22 ± 29.07 at 3rd month follow-up depicted a 
decrease in mean density of about 7.8 (5.5%). It 
showed improvement in the values at the end of 6th 
postoperative month which was calculated to be 
127.10 ± 29.24 measuring an increase of about 1.88 
(1.5%). Bone density was found to be reduced at the 
end of 6th postoperative month and overall decrease 
of 5.5 (4%) when 6th postoperative month mean 
value was compared with mean preoperative value. 

The mean preoperative bone density for 
grafted site was 128.82 ± 34.44 which had reduced 

to 127.16 ± 32.86 on the 3rd postoperative month 
showing a decrease in mean density of about 1.6 
(1.2 %). It showed improvement in the values at the 
end of 6th postoperative month which was 
calculated to be 129.93 ± 28.13 measuring an 
increase of about 2.77 (2.1%). Bone density was 
found to be increased at the end of 6th postoperative 
month and overall increase of 1.11 (0.8%). 

On comparison of both the groups the mean 
bone density had reduced in the control group by 
4% while there was an increase of 0.8 % on the 
grafted site at the end of 6th postoperative month. 
The p-value of 0.757 (p> 0.05) was however not 
found to be statistically significant. 

DISCUSSION 
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Novabone putty consists of Calcium 
Phosphosilicate (CPS) (55%), a smaller CPS 
particulate (14%), Polyethylene glycol (PEG) and 
Glycerine. CPS and its particulate counterpart are 
involved in formation of chemical bonds with living 
tissue, i.e. bioactive phase while addition of PEG 
helps in keeping the putty in smooth consistency 
and glycerine is added to keep the mass coherent. 
Both PEG and glycerine are water soluble and 
engineered to be resorbed from the site within 3-5 
days.  After placement of the graft an ion release 
mechanism is initiated in which the calcium and 
silica ions leach out and initiate a cascade of events 
responsible for signalling and recruiting 
undifferentiated cells to the site. The leaching out of 
additive and binder leaves a porous scaffold within 
24-48 hours which is critical for the blood and 
tissue fluids movements. The smaller putty particle 
react with blood providing initial burst of calcium 
and eventually forming small nodules of calcium 
phosphate which mature into bone at various sites. 
The larger particles react and are responsible for 
maturation of osteocytes into osteoblasts and 
subsequently bone regeneration starts. 

The effect of impacted third molar 
extraction on periodontal pocket distal to the 
adjacent second molar has been investigated by 
several authors with conflicting results. Ash et al 
(1962)41, Zeigler (1975)42 and Kugelberg (1990)12 
have reported deepening of periodontal pockets but 
Szmyd and Hester (1963)46 have reported decrease 
in the probing depth while Wong et al (2009)38 
reported no significant changes of periodontal 
pocket depth.  

In our study, the preoperative probing 
depth on grafted site was 3.34 ±0.70 mm and 
control site was 3.34 ± 0.60 mm which had 
decreased to 2.95 ± 0.58 mm and 3.09 ± 0.50 mm in 
the grafted and control site respectively at the end 
of 6th month, indicating that the decrease in probing 
depth is more on the grafted site which is in 
agreement with findings by Throndson (2002)2. 
This also is similar with findings of Lovelace(1998)9 
et al who had reported a decrease of upto 3.1 ± 0.8 
mm of probing depth in bone defects grafted with 
bioactive glass9. Although, there is an overall 
improvement of about 0.39 mm (11%) on the 
grafted site as compared to 0.25 mm (7%) of the 
control site of the probing depth, the p-value  of 

0.404 (p>0.05) for the same is statistically 
insignificant.  

 The effect of extraction of impacted third 
molar on the level of alveolar bone has been studied 
and it was found in the literature that response of 
alveolar bone was quite variable. While Wong et al 
(2009)38 and Grondhal and Lekholm(1973)45 
demonstrated no changes at all in the level of the 
supporting bone distal to second molar, Zeigler 
(1975)42 and Ash et al (1962)41 have reported 
increase of alveolar bone height after the extraction 
of impacted third molars.  

In the present study the preoperative 
difference in mean alveolar bone height as 
mentioned above was 3.00 ± 2.20 mm for the 
grafted site while it was 2.60 ± 1.82 mm for the 
control site. The mean alveolar bone height had 
decreased subsequently and final data collected was 
1.90 ± 1.17 mm for the grafted site and 1.77 ± 0.99 
mm in the control site at the end of 6 months. The 
grafted site had reported a decrease of 1.1 mm as 
compared to the loss of 0.89 mm in the control sites 
which indicates that there was increase of alveolar 
bone level with respect to basal bone by 1.1 mm on 
the grafted site as compared to 0.89 mm increase on 
the control site. This finding was comparable to 
study by Throndson2 in which the preoperative 
alveolar bone height was 2.96 ± 0.89 in the grafted 
site which was measured to be 2.02 ± 0.37 mm at 
the end of 6 month while in the control site the 
height was 3.79 ± 1.67 mm which reduced to 3.04 ± 
1.29 in the same time period. Lovelace et al9 had 
also reported resorption of alveolar bone height by 
almost 0.53 ± 0.64 mm in the sites grafted with 
bioactive glass which was found to be statistically 
insignificant when compared to other graft material. 
Munhoz et al has reported significant decrease in 
the difference between the CEJ and the alveolar 
crest, but the difference between the control and 
the grafted group was not found to be statistically 
significant. The compaction of the inorganic nature 
of the graft into the internal bone can be pointed as 
a probable cause of delay in graft resorpetion40. In 
order to overcome this shortcoming, a newer 
version of bioactive glass that contains nano 
particles has been introduced which can undergo 
rapid resorption29. On the technical aspect, during 
the grafting of the socket, the socket was not 
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overfilled with the graft but rather limited to the 
height of the socket present after extraction. 

The mean bone density of the grafted sites in our 
study was found to be comparable in the 
postoperative period to the preoperative readings.  
This finding is similar to that of Munhoz40 who 
reported increase in the bone density in the grafted 
site in initial 6 months after graft placement.   

The long term benefits of grafting of 
alloplastic material on bone density remains to be 
determined. However, though the values are not 
statistically significant, it may indicate that 
NOVABONE PUTTY might provide a better socket 
fill and a better quality bone in regeneration. Since 
it is known to ‘osteostimulate’, the bone is not only 
formed over the porous scaffold but the graft itself 
stimulates the expression of the genes responsible 
for osteoblast functions and further release of ions 
from the glass system reinforces the forming 
nodules which will form the future bone10.  

Grafting distal to 2nd molar after removal of 
the impacted mandibular third molar has shown 
potential in improving the late outcome of the 
surgical procedure. We believe that it offers better 
acceptability to the treatment in context to the 
patients as well as the surgeons. 
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INTRODUCTION
It is inevitable for a prosthodontist to come across patients with 
different ridge contours in our daily routine clinical practices. These 
different ridge forms may vary from severely resorbed ones to 
extensively bulky ridges. An excessively prominent ridge is more 

1 commonly seen in maxilla than mandible. Preprosthetic surgery in 
mandatory for such cases before proceeding with the fabrication 

2,3of complete dentures.  Such bulky contours of the ridge pose a 
threat to the esthetic outcome of a denture. Arrangement of 
arti�cial denture teeth becomes dif�cult due to lack of space and 
eventually results in an overtly unaesthetic swollen lip appearance. 
Preprosthetic surgery can of course be a corrective option for such 
cases, though a major criterion of it includes patient consent. The 
patient's mental attitude and health might not always permit the 
thought of a surgery. Hence, in such clinical conditions, when the 
patient is not very keen in undergoing surgery for an over-
contoured ridge, the prosthodontist can modify the art of a 
conventional denture, and restore it with help of a �angeless 
denture, keeping in mind all the basic requirements to be ful�lled 
by the prosthesis to achieve optimum result.

This case report presents a non-surgical procedure of treating and 
producing optimum esthetics in an overly contoured maxillary 
ridge with severe labial undercut with the help of a �angeless 
denture.

CASE REPORT
A 56 year old female patient reported to the Department of 
Prosthodontics and Crown and Bridge, IDST, Modinagar with the 
need of replacing her missing teeth with a complete denture. The 
patient had been edentulous for past 3months. On extra oral 
examination, patient had a tapered face with a convex pro�le, 
normal muscle tone and adequate lip length. Intraoral 
examination revealed a U-shaped maxillary arch accompanying a 
severe labial undercut. (Fig. 1-3)

Fig. 1: Intraoral view of the maxillary arch

Fig. 2: Intraoral view of the mandibular arch

Fig. 3: Intraoral view showing prominent labial undercut

The patient had been informed about the option of alveoloplasty 
followed by the fabrication of complete dentures. But the patient 
did not agree for any surgical intervention. Hence, keeping the 
patient's desire in mind, it was decided to restore her edentulous 
condition with the help of a �angeless maxillary denture opposing 
a conventional mandibular denture.

  Original Research Paper    Dental Science

A FLANGELESS COMPLETE DENTURE PROSTHESIS: 
A Case Report

Dr. Priyanka Poddar Postgraduate Student, Department of Prosthodontics, Institute of Dental 
Studies and Technologies, Kadrabad, Modinagar- 201201, District- Ghaziabad

Dr. Rajiv Kumar 
Gupta

Reader, Department of Prosthodontics, Institute of Dental Studies and 
Technologies, Kadrabad, Modinagar- 201201, District- Ghaziabad

Dr. Narendra kumar Professor and Head, Department of Prosthodontics, Institute of Dental Studies 
and Technologies, Kadrabad, Modinagar- 201201, District- Ghaziabad

Dr. Kunwarjeet 
Singh

Professor, Department of Prosthodontics, Institute of Dental Studies and 
Technologies, Kadrabad, Modinagar- 201201, District- Ghaziabad

Dr. Shashank 
Kakkar

Postgraduate Student, Department of Prosthodontics, Institute of Dental 
Studies and Technologies, Kadrabad, Modinagar- 201201, District- Ghaziabad

ISSN - 2250-1991 | IF : 5.761 | IC Value : 79.96Volume : 6 | Issue : 4 |  - 2017April

KEYWORDS Flangeless prosthesis, Labial undercut, Gum- �t denture, Ridge grip esthetic prosthesis, Wing 
denture.

A
B
ST

R
A
C
T

Complete denture fabrication is challenging when the intraoral conditions of the patient turn out to be less than ideal. Patients 
may appear with different ridge contour. This case report presents a non-surgical procedure of treating and producing optimum 
esthetics in an overly contoured maxillary ridge with severe labial undercut with the help of a �angeless denture.

PARIPEX - INDIAN JOURNAL OF RESEARCH  | 89



Primary impressions of both the arches were made with impression 
compound. The primary casts were obtained after proper beading 
and boxing of the primary impressions. Special trays were 
fabricated with the help of autopolymerizing resin. Border 
moulding was done using low fusing impression compound and 
the secondary impressions were made with zinc oxide impression 
paste. The severe labial undercut posed a problem during the 
routine impression procedures and special care had to be taken 
regarding the path of insertion and removal. The master casts were 
obtained (Fig. 4) and denture bases were fabricated followed by 
wax occlusal rims. 

Fig. 4: Master casts obtained

The labial fullness appeared to be more even after the entire wax 
was merged with the denture base, which suggested the trimming 
of the denture base till the maxillary ridge for appropriate 
esthetics. There was no denture base in the area of the labial 
prominence and the lips were in direct contact with the ridge 
which reduced the labial fullness. The vertical and horizontal jaw 
relations were carried out and the casts were mounted in a semi 
adjustable articulator.

Fig. 5: A window carved in the denture before �nal 
processing

The window area was carefully sandpapered and polished. The 
borders of the denture were intact and kept suf�ciently thick to 
provide adequate strength. The denture was polished and tried in 
the patient's mouth for evaluation of appropriate esthetics and 
occlusion. After the necessary occlusal corrections, the prosthesis 
was delivered. (Fig. 6-8) The patient was recalled within a week for 
post insertion assessment. The patient was fascinated and satis�ed 
with her �angeless denture and did not have any signi�cant 
complaints.

Fig. 6: The �angeless denture in the maxillary arch

Fig. 7- Right lateral view of the prosthesis

Fig. 8- Left lateral view of the prosthesis

DISCUSSION
Flangeless denture in this case report was suggested because of 
the prominent labial contour of the maxillary arch. If a 
conventional denture would have been fabricated, it would add to 
severe labial fullness and an unaesthetic appearance. The excessive 
bulky labial �ange would have also interfered with phonetics. 

4Flangeless dentures have been referred to as “gum �t dentures”  
1and “ridge grip esthetic prosthesis”  in some articles. Another 

modi�cation mentioned in the literature is wing denture in which 
the labial �ange is sectioned in the labial frenum region and two 
wings appear from either side to allow space for the labial 

5-9frenum.  Another conservative mean could be the recommended 
use of soft liners that would easily adapt in the undercut area with 

10-15causing trauma to the underlying mucosa.

CONCLUSION
Flangeless dentures provide an easy and simple alternative for 
patients who do not opt for surgical options for the correction of 
over-contoured ridges. They remain successful in providing 
satisfactory esthetics and better patient acceptance.
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Report

ABSTRACT : Managing the highly resorbed mandibular ridge is a challenging job. 
Rehabilitation of a completely edentulous patient using a conventional complete removable 
denture is a routine clinical procedure, yet at times it can be a difficult and challenging one. 
Making an impression with available stock trays, even after modification is difficult in case of 
extremely resorbed ridges. In such cases, an innovative technique of making impression with 
properly adapted wire and silicone putty can be used to make a proper impression to achieve 
maximum retention and stability. This article describes an impression technique of highly 
resorbed mandibular ridge using an orthodontic wire, to gain maximum retention and stability.
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INTRODUCTION : Residual ridge resorption is a complex 
biophysical process and a common occurrence following 
extraction of teeth. Ridge atrophy is most dramatic during the 
first year after tooth loss followed by a slower but more 
progressive rate of resorption thereafter.1,2 Severely 
atrophied ridges are a more common finding with the 
mandibular residual ridges than the maxilla. This is because 
the mandible resorbs at a faster rate than the maxilla. 
Achieving maximum stability and retention may be 
especially important for older patients with atrophied 
mandibular residual ridges.3 The impression technique plays 
the key role. A good impression holds the key to a successful 
treatment in cases of resorbed mandibular ridges where we 
have minimum tissue to fulfil the fundamental requirement of 
retention, stability and support. No matter how good the 
prosthesis is constructed, it will not function as intended if it 
was not made on an accurate impression. The impression 
determines the retention and comfort of dentures made for 
patients with unfavorable residual ridges.4 Minimum bone 
height, unfavorable residual ridge morphology, and/or 
muscle attachments make the situation more challenging.5
This article describes an impression technique of highly 
resorbed mandibular ridge using an orthodontic wire and 
elastomeric impression materials, to gain maximum retention 

and stability.

CASE REPORT : A 64 years old female patient reported to 
the department of Prosthodontics and crown & bridge, 
Institute of dental studies and technology, Kadrabad with a 
chief complaint of loosening of lower denture. Medical 
history was insignificant. The patient was apparently in good 
health and did not report any systemic disease. Patient was a 
denture wearer but not satisfied with the prosthesis due to 
poor stability. On intraoral examination, a highly resorbed 
mandibular ridge was observed. There was no hypermobile 
tissue on palpation.(figure 1)

TECHNIQUE A primary mandibular impression was made 
using patient's previous denture with irreversible 
hydrocolloid impression material (Vignette Chromatic, 
Dentsply, India). A primary mandibular cast was made using 
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dental plaster (Dentico, Neelkanth, India).
A 19 gauge wire (S.S smith) was adapted on the mandibular 
ridge on the primary cast in the form of special tray. An 
orthodontic wire was used to make a loop with the help of 
universal plier, which extended from one retromolar pad to 
other covering the crest of the ridge. A handle was fabricated 
with the same wire. The special tray was checked in the 
patient's mouth. (Figure 2)

The primary impression was made with putty consistency of 
Polyvinyl siloxane (Photosil, DPI, India) by mixing equal 
proportion of base and catalyst. The mixed impression 
material was loaded on wire and primary impression was 
made. Any deficiencies were rectified by addition of putty in 
deficient areas.
After completion of border moulding, a flame shaped carbide 
bur was used to trim the putty to make space for the final 
impression material. Final impression was made using 
addition silicone (3M ESPE, Seefeld, Germany) elastomeric 
impression material of light body consistency (figure 3).

Master cast was poured using die stone (Elite Rock, 
Zhermack) (figure 4)

After this denture was fabricated using conventional denture 
fabrication procedures and denture was delivered. (figure 5)

Patient was recalled for follow up at 24 hrs 1 week and 1 
month interval. She was quite happy with the denture and her 
complaint of loose denture was no more.
 Discussion
In the atrophic mandible, one of the principle functional 
problems, other than instability, arises from the inability of 
the residual ridge and its overlying tissues to withstand 
masticatory forces. Furthermore, the muscle attachments are 
located near the crest of the ridge, with greater dislocating 
effect of the muscles. For these reasons, the range of muscle 
action, as well as spaces into which the denture can be 
extended without dislocation, must be accurately recorded in 
the impression. Customized tray that is fabricated in this 
technique has the advantage of avoidance of dislocating effect 
of the muscles on improperly extended denture borders. The 
addition silicone used in border moulding is easy to handle 
and can be repeatedly moulded. Multiple casts can be poured 
with the same impression material.

Due to the anatomical differences between the maxilla and the 
mandible, as well as the differences in primary and secondary 
load-bearing areas, impressions of resorbed mandibular 
ridges require special considerations.6 Mandibular residual 
ridges with adequate bone support can usually be precisely 
recorded with conventional impression techniques using 
materials such as zinc oxide eugenol (ZOE) or elastomeric 
impression materials because of the inherent accuracy of 
these materials and their propensity to distribute pressure 
equally.7 A number of modified impression techniques for 
resorbed mandibular ridge have been suggested by various 
authors such as admixed,8 functional,9 all green,10 and 
cocktail technique. The modified functional impression 
technique seems to be a logical option for the management of 
compromised mandibular ridges. Tan et al advocated the use 
of a functional impression using fluid wax.11 Use of 
elastomers has been described in the past and presents several 
advantages, including fewer insertions, less difficulty, greater 
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time efficiency, and reduced patient discomfort compared to 
those made with compound.12,13
The purpose of this article is to describe a customized wire 
stock tray system that may be helpful for making impression 
for patients with highly resorbed mandibular ridge. The tray is 
easy to fabricate and can be easily moulded according to the 
shape and size of the residual ridge.
Conclusion
The basic objective of maxillary or mandibular impression is 
to record all the potential denture bearing surface available. 
For fabrication of a successful complete denture it is the 
prosthodontist's duty to select proper impression technique to 
be used for particular ridge form. This article provides a novel 
approach in the management of completely edentulous 
patient with mandibular resorbed ridge. The technique 
described here is simple which utilizes routine materials used 
for denture fabrication.
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Abstract

Introduction:

 
condition of transient painful response of the tooth 
to different stimuli such as brushing, acid diets, 
occlusal overload and thermal changes. It is 
characterized by an acute, non-spontaneous, short 
or long lasting pain that appears suddenly in a 
specific location, which cannot be attributed to any 
other dental pathology. It is associated with variety 
of exogenous stimuli that may disturb the patient 
during eating, drinking, tooth brushing and 
sometimes even breathing and its resultant 
restrictions on everyday activities can have an 

1,2important effect on the patient's quality of life.

Dentinal hypersensitivity (DH) is a commonly 
prevalent, painful clinical condition associated 
with exposed dentinal surfaces of the teeth. It can 
affect patients of any age group and most 
commonly affects the canines and premolars of 
both the arches. This ar ticle concisely
reviews the patho-physiology, mechanism and 
clinical management of the DH. The diagnosis of it, 
at times, is intriguing for even the most 
experienced clinician. The condition is important 
diagnostically and therapeutically because it tends 
to disturb the routine day to day life of the patient, 
often becoming troublesome during eating, 
drinking, brushing, and in some cases mere 
breathing through mouth. The resulting restrictions 
on everyday activities can have an important effect 
on the patient's quality of life. Treatment of DH 
should start with an accurate diagnosis and the 
identification of the causative factors of DH. 
Differential diagnosis should be made and all other 
probable causes should be excluded. By removing 
the etiological factors, the condition can be even 
prevented from occurring or recurring. There are 
various treatment modalities available which can 
be used at home or may be professionally applied.  
This article also discusses the recent treatment 
op t ions  l i k e  b iog l a s s ,  l a se r s ,  ca se in  
phosphopeptide and proargin.

Dentine sensitivity or dentinal hypersensitivity is 
one of the most commonly encountered clinical

3According to Addy M , dentin hypersensitivity 
(DH) is described as “short, sharp pain arising from 
exposed dentin in response to stimuli, typically 
thermal, evaporative, tactile, osmotic, or chemical 
and which cannot be ascribed to any other form of 
dental defect or pathology.” Some authors have 
substituted the word “dentine” and added the site, 
such as cervical, root or cementum, resulting in 
various other terminologies (e.g., cervical 
sensitivity/ hypersensitivity, root sensitivity/ 
hyper sens i t i v i t y,  cementa l  sens i t i v i t y /  
hypersensitivity)  to describe the same clinical 

4,5condition.
Among the earliest citings of DH, Blum in 1530 
remains the first to report this condition but it was 
not until 1700 that this oral pain condition was 

6 more extensively investigated.  Various studies 
have shown the prevalence for dentinal 
hypersensitivity varies from   3%to 57 % in healthy 
population with higher prevalence for 
periodontally compromised population ranging 
from 72.5% to 98%. It can present from early to old 
age, with the majority of sufferers aged between 20 
to 40 years and showing more prevalence among 

 women. Canine and first premolar exhibit 
sensitivity most frequently, followed by incisors, 
second premolars, and then by molar teeth with 
their buccal aspect being affected more 

5,7,8commonly.
Aetiology:
An understanding of the etiology of any disease or 
condition is essential for effective prevention and 
treatment. According to Consensus on Dentin 

9 hypersensitivity by Pashley et al  in 2008, the 
three essential features required for dentin 
hypersensitivity to occur are: 
1) The presence of exposed dentin surfaces;
2) Open tubule orifices on the exposed dentin 

surface; and
3) Patent tubules leading to a vital pulp.
Various studies have indicated that exposure of the 
dentine is the anatomical characteristics in the 
region of cementum–enamel junction (about 10% 
of individuals, the enamel and cementum do not 
meet exposing a dentin), may be the result  of loss 
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of  enamel covering the crown of the tooth and 
denudation of the root surface due to loss of 
cementum and overlying periodontal tissues.

10 According to Dababneh et al  in 1999, the pattern 
of the development of a 'hypersensitive' lesion may 
be a result of two processes: Lesion localization 
i.e. the dentin surface of a tooth must be exposed 
and Lesion initiation which suggests that a 
number of dentin tubules in close proximity to 
each other must be patent from the pulp to the oral 

5,6,10environment.
Lesion localisation suggests that dentine 
surface of a tooth must be exposed which may 
occur by loss of either enamel or periodontal 
tissues. Loss of enamel may be due to any or, a 
combination of the tooth wear processes, including 
abrasion(figure:1), erosion(figure:2), attrition and 
abfraction. The interaction between erosion and 
abrasion is the strong factor for the majority of 
wear at the cervical margin and opening of 
dentinal tubules. Lesion initiation suggests that 
dentine tubule system has to be opened and be 

 patent to the pulp which can be induced by 
abrasive and erosion forces. Although erosion is 
the dominant factor, synergistic action with 
abrasion is probably the most common 

5,6occurrence.  
The various factors leading to lesion localization 
and initiation includes faulty tooth-brushing (hard 
brushes, excessive forces, excessive scrubbing at 
the cervical areas or even lack of brushing which 
causes plaque accumulation and gingival 
recession), poor oral-hygiene, premature contacts, 
gingival recession because of periodontal therapy 
o r  p h y s i o l o g i c a l  r e a s o n s ,  a n d  
exogenous/endogenous non-bacterial acids. hard 
brushes, excessive forces, excessive scrubbing at 
the cervical areas or even lack of brushing which 
causes plaque accumulation and gingival 
recession. Erosive agents are also important agents 
in initiation and progression of the condition as 
they tend to remove the enamel or open up the 

7,11dentinal tubules.

Mechanisms  And Theories Of Dentinal 
Hypersensitivity:
Several theories/hypothesis have been proposed 
over more than century to explain the mechanism 
of dentine hypersensitivity. One of the early, and 
most obvious hypotheses, was that dentin was 
innervated and these innervations extend to the 

4dentino-enamel junction.  Direct mechanical 
stimulation of these nerves will initiate an action 
potential. There are many 
shortcomings of this theory including lack of 
evidence that outer dentin, which is usually the 

4,6most sensitive part, is innervated.  Later evidence 
from electron microscopy revealed that nerve 
fibres do penetrate the dentinal tubules but only for 
a very short distance into the inner dentin, and 
mainly over the pulpal horns. Hence, this theory 

12,13was soon discarded.
Three major mechanisms of dentinal sensitivity 
have been proposed in the literature:
 Odontoblast receptor
 Gate Control Theory and Vibration
 Fluid movement/hydrodynamic theory
Odontoblastic transduction theory:
The odontoblast transducer theory proposed by 

14Rapp et al  in 1968 postulated that odontoblasts 
act as receptor cells, and transmit impulses via 
synaptic junctions to the nerve terminals causing 
the sensation of pain from the nerve endings 
located in the pulpo-dentine border. Direct 
microscopic techniques, failed to confirm this 
concept with observation suggesting odontoblastic 
processes only extend between one third to one 
half of the dentinal tubule length, 0.5–1 mm from 
the pulpal.
Gate Control Theory and Vibration:

15Seltzer S  in 1978, proposed that when the 
dentin is irritated, for example, by cavity 
preparation, all of the pulpal nerves become 
activated from the vibrations. The larger 
myelinated fibers may accommodate to the 
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Figure 2: Advanced erosive wear



sensations. The smaller C-fibers may tend to be 
maintained and not adjust to the stimulus. Thus, as 
the low intensity "pain gates" from the larger fibers 
are closed, the high-intensity "pain gates" from the 

 smaller fibers are enhanced. "Pain gates" may be 
opened by some stimuli, such as anxiety, and may 
be closed by distracting stimuli such as "audio-

16analgesia" or gingival stimulation. Van Hassel  in 
1971 demonstrated that monkey's cortical 
responses to pulpal stimulation can be diminished 

17by concomitantly stimulating the gingiva.
However, this theory does not explain how pain 
responses from the dentin are transmitted and 
perceived by the nerve endings of the pulp as they 

17were only centrally interpreted.
The Hydrodynamic Theory of Fluid Flow: 
(figure:3)
Currently the most widely accepted hypothesis for 
the transmission of stimuli to the pulp is by 
hydrodynamic theory. This hypothesis first 

 proposed by Gysi A  in 1900 stated that dentin 
hypersensitivity may be caused by the movement 
of dentinal tubule contents and proposed, without 
research evidence, the hypothesis that appropriate 
stimuli applied to the dentin surface increased 
change of fluid flow which, in turn, triggered the 

6pulpal nerves.
In 1955, Kramer I.R.H furthur stated that 
dentinal tubules contain fluid or semi-fluid 
materials with relatively rigid walls and peripheral 
stimuli are transmitted to the pulp surface by 
movements of this column of semi-fluid material 

9  within the tubules.” According to the 
hydrodynamic theory by Brannstrom M and 

 Astrom A  in 1964 , many of the stimuli known to 
elicit pain (e.g., air blast) cause a displacement of 
the contents of the dentinal tubules, and this 
displacement may give rise to a mechanical 
stimulation of the pain fibers t the pulpo-dentinal 
border , hence these minute changes in the fluid 
movement within the dentinal tubules deforms  
the odontoblast or its process and hence cause an 
elicitation of pain via the intimately associated 

17"mechano-receptor-like" nerve endings.
The theory states that sensitive dentin is based on 
the stimulus-induced fluid flow. The so-called 
“hydrodynamic stimuli” include hot and cold, 
tactile, evaporative, and osmotic, their final 
common path is fluid movement within dentinal 

tubules that, in turn, activate mechanoreceptors in 
intratubular nerves or in the superficial pulp. Thus, 
the true physiologic stimulus is inward or outward 

17fluid shifts.

Management Of Dentinal Hypersensitivity:
Dentin hypersensitivity cannot be properly 
managed unless the aetiology of the condition is 
identified and eliminated, therefore management 
of DH should be based on a correct diagnosis of 
the condition. Hence the managing dentist should 
be aware of other clinical conditions that are 
similar in their presenting features as well as the 
severity of the condition (localized/generalized). 

 Dowell P et al  in 1985, explained the management 
of the dentine hypersensitivity into three different 

18categories: Diagnosis, Prevention, Therapy.
Diagnosis:

a. Identification of a zone or zones of exposed 
dentin which when suitably stimulated 
produce pain

b. Identification of those factors which exposed 
the dentine and could be related to the 
opening of the contained dentinal tubules.

c. Elimination of other causes of pain, either as 
separate entities or coexisting with dentin 
hypersensitivity.

There are large numbers of treatment options for 
managing dentinal hypersensitivity. Various 
chemical or physical agents are used to either 
desensitize the nerve or to cover the exposed 
dentinal tubules. The most common form of
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of management is the placement of a topically 
applied agent applied either by a dental 
professional or by the patient at home. All currently 
available treatments appear to work but with the 
different efficacies.

4,19 Classification Of Desensitizing Agents:
(Table:1)
(a) Nerve desensitization:
· Potassium nitrate

In the initial studies by Greenhill and Pashley in 
1960, found potassium nitrate ineffective in 
decreasing any dentinal fluid flow in in-vitro coated 
dentin, even at a 30% concentration. But many 
investigators later on found 5% potassium nitrate 
an excellent dentinal desensitizing agent. The 
mechanism of action of potassium nitrate is largely 
unknown, although it believed to acts in two ways:  
Decreasing fluid flow through the tubules by 
occluding (clogging) them by crystallization ; 
decreasing the level of activity of the dental sensory 
nerves, thus preventing the pain signals to be 

17transmitted to the central nervous system.
(b) Anti-inflammatory agents:
· Corticosteroids

Anti-inflammatory agents such as corticosteroids 
have been proposed for use to manage dentine 
hypersensitivity. It has been reported that when a 
cavity liner consisting of 1% prednisolone with 
2.5% parachlorophenol, 2.5% m-cresyl 
acetate,and 50% gum camphor was extremely 
effective in preventing post-restoration thermal 

13sensitivity.  It is believed that these agents may 
induce mineralization leading to tubule 

17occlusion.  
(c) Dentinal tubules pluggers:
· Ions/Salts 

(a) calcium hydroxide- In the initial studies during 
th first half of 20 century, special interest has been 

focused on the use of calcium hydroxide for 
dentin desensitization, especially because of its 
wide-spread use as a cavity dressing. Although 
calcium hydroxide by itself has little or no direct 
effect on dentin sensory nerve activity, its long-
term effectiveness is thought to occur because 
of its ability to cause increased peritubular 
dentin mineralization. Some studies showed 
that calcium hydroxide application decreases 

 dentin fluid movement by 21%. while some 

reported the effectiveness of calcium 
hydroxide in relieving pain in hypersensitive 

17cervical areas.
(b) Oxalates- Oxalate salts can reduce dentinal 

permeability and occlude dentinal tubules. 
The mode of action of oxalates as tubule 
occlusion by oxalate ions reacting with calcium 
ions in the dentinal fluid to form insoluble 
calcium oxalate crystals. While these oxalate 
crystals are acid labile and can be easily 

6 washed from the surface of dentine. Although 
oxalates appear to be one of the best topical 
treatment for blocking tubules, they have the 
same drawback as other topic treatments, as 
the eventual dissolution of the surface 
precipitate that forms the barrier by saliva. 
When dentin is previously etched with 35% 
phosphoric acid , the penetration depth of 
oxalates into dentinal tubule is about 6-7 µm 
and thus, pain relief can be expected for longer 

20period.
(c) Sodium monofluorophosphate- The clinical 

e f f e c t i v e n e s s  o f  s o d i u m  
monofluorophosphate dentifrices was 
reported in combination with 1.3% formalin, 
with strontium acetate and with potassium 
nitrate. In a controlled study, a significant 
reduction was found in sensitivity to thermal 
stimulus with the combination dentifrice 
(sodium monofluorophosphate and 1.3%, 

21formalin) as compared with the control.
Sodium fluoride has been used in dentifrices or 
may be professional applied in a concentration of 

 2%. Treatment of exposed root surfaces with 
fluoride toothpaste and concentrated fluoride 
solutions is very efficient in managing dentinal 
hypersensitivity. The improvement appears to be 
due to an increase in the resistance of dentine to 
acid decalcification as well as to precipitations in 

4the exposed dentinal tubules.
stannous fluoride (0.4% )along with 0.717% of 
fluoride can provide an immediate affect after a 5 

4 minute professional application. Stannous 
f l u o r i d e  i n  g l y c e r i n e  g e l l e d  w i t h  
carboxymethylcellulose was found to be 
significantly better in controlling D.H. The 
mechanism of action involves it acting as an 
enzyme poison to inactivate the odontoblast 
process, and secondly that it induces a high 
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mineral content which creates a calcific barrier on 
4,12the dentine surface.

Iontophoresis
Iontophoresis was first used in the early 1960s to 
treat dentin hypersensitivity. Manning MM in 1961 
described an iontophoretic device which would 
work electrophoretically to desensitize dentin using 
2% NaF with iontophoresis. Iontophoresis uses a 
low amperage direct electrical current to introduce 
ions or ionized drugs into tissues. This procedure 
allows a concentrated application of the drug in a 
desired localized area. By applying the 
appropriately charged electrical current, ionized 
drugs can be driven into tissue based on the 
principle that like repel and opposite charges 

22attract.
Bioglass
It was developed to stimulate the formation of new 
bone in 1977. It was further reported that a 
formulation of bioglass can promote infiltration 
and remineralization of dentinal tubules. The basic 
component is silica, which acts as a nucleation site 
for precipitation of calcium and phosphate. The 
use of bioglass in management of DH has been 
shown by some products such as NovaMin in 

42004.
PRO-ARGIN
In a recent review of biological approaches to 
therapy, it is proposed that the ideal dentin 
hypersensitivity treatment would mimic the natural 
desensitizing process that takes place without 
intervention, and leads over time to spontaneous 

 occlusion of open dentin tubules. Saliva plays a 
role in naturally reducing dentin hypersensitivity; 
first, by transporting calcium
and phosaliva-based composition” for treating 

 dentin hypersensitivity. The essential components 
of this technology are arginine, an amino acid 
which is positively charged at physiological pH, 
i.e., pH 6.5–7.5, bicarbonate, which is a pH buffer, 
and calcium carbonate, which is a source of 

23calcium.
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Application of two Different Classification Systems in Assessing 
an Enigmatic Condition-Gingival Recession: A Short Study

Abstract

Background: Marginal tissue recession is the displacement of soft tissue margin apical to the cemento-enamel junction with expo-
sure of the root surface. The understanding and knowledge of different stages and condition of gingival recession is necessary for 
predictable root coverage. The predictability of root coverage can be enhanced by presurgical examination and correlation of reces-
sion by using any of the classifications proposed for denuded roots. Due to the multifactorial etiology, not necessarily acting synchro-
nously, the occurrence of gingival recession at a given site may be difficult to explain fully and any subsequent changes may be hard 
to predict. The purpose of this study is to establish a correlation of Miller’s classification to Smith’s classification for the evaluation 
of gingival recession.

 Materials and methods: This study was carried out in systemically healthy individuals diagnosed of marginal tissue recession. 100 
recession defects were classified by a single examiner using two different classification systems which were then compared.

Results: It was seen that maximum of the defects irrespective of the Miller’s classification showed a horizontal score of 5 and a verti-
cal score of 3 according to the index of recession. 

Conclusion: With various classification systems available for gingival recession, more short term and long term studies need to be 
conducted to assess the applicability of these new systems over the most widely used Miller’s system of classification. 

Keywords: Cemento-enamel junction; Gingival recession; Index

Citation: Sameer Saxena., et al. “Application of two Different Classification Systems in Assessing an Enigmatic Condition-Gingival Re-
cession: A Short Study”. Oral Health and Dentistry 1.3 (2017): 153-159.

Volume 1 • Issue 3 • 2017
Page 153 to 159

ISSN: 2573-4989 



Application of two Different Classification Systems in Assessing an Enigmatic Condition-Gingival Recession: A 
Short Study

154

Citation: Sameer Saxena., et al. “Application of two Different Classification Systems in Assessing an Enigmatic Condition-Gingival 
Recession: A Short Study”. Oral Health and Dentistry 1.3 (2017): 153-159.

Gingival recession is a common manifestation in most populations which occurs in any of the age groups starting even at an early age 
in some populations. [1] Gingival recession is defined as the displacement of the marginal tissue apical to the cemento-enamel junction. 
[2] The etiology of marginal tissue recession is multifactorial although the most common mechanism proposed for its occurrence seems 
to be inflammatory in nature.  The recession is normally preceded by lack of alveolar bone at that site which arise due to developmental 

or acquired (physiological or pathological) defects. [3] The developmental defects like alveolar bone dehiscence, high muscle attachment 
or frenum pull, thin gingival biotype are thought to predispose to recession.  Physiological factors may include orthodontic movement of 
teeth under force at times leading to dehiscence and recession, mechanical factors like tooth brush trauma and pathological factors like 
microbially induced periodontal diseases. [4-6]

There are various classifications available for gingival recession but most of them are not able to convey all the relevant information 
needed for a complete diagnosis, treatment plan and prognosis.  The first classification was proposed by Sullivan and Atkins [1968] 
[7] based on the depth and width of the defect. They classified recession broadly into four groups; shallow narrow, shallow wide, deep 
narrow, deep wide. Mlinek., et al. [1973] [8] quantified “shallow-narrow” clefts as being < 3 mm in both dimensions, and “deep-wide” 
defects as being > 3 mm in both dimensions. Miller [1985] [9] classified gingival recession into four classes based on both the level of the 
underlying alveolar bone and degree of involvement of the mucogingival junction (MGJ). But due to certain drawbacks of this classifica-
tion which has been discussed later, another classification was proposed by Smith [1997]. [10] Smith proposed a classification system 
by assessing the vertical and horizontal component of the defect on both facial and lingual aspects along with the involvement of the 
mucogingival junction.

The purpose of this study was to establish a correlation of Miller’s classification to Smith’s classification for the evaluation of gingival 
recession. 

This study was carried out in the department of Periodontology in systemically healthy individuals who had not undergone any peri-
odontal treatment in the last six months and who presented with gingival recession in one or more teeth and had a detectable CEJ on the 
tooth with recession. Conditions like restorations, erosions or abrasions etc that may tend to obliterate the CEJ were excluded from the 
study. Subjects were randomly examined for gingival recession defect according to Miller’s Classification and Smith’s Index of Recession 
[IR] and a total of 100 such defects were classified according to both the systems.

The classification of Miller [1985] [9] that was used to classify the recession is as follows: -

Introduction

Materials and Methods

Volume 1 Issue 3 July 2017
© All Copy Rights are Reserved by Sameer Saxena., et al.

Source of data

Method

• Class I: marginal tissue recession not extending to the mucogingival junction. No loss of interdental bone or soft tissue.
• Class II: marginal tissue recession extends to or beyond the mucogingival junction. No loss of interdental bone or soft tissue.
• Class III: marginal tissue recession extends to or beyond the mucogingival junction. Loss of interdental bone or soft tissue is apical 

to the CEJ, but coronal to the apical extent of the marginal tissue recession.
• Class IV: marginal tissue recession extends beyond the mucogingival junction. Loss of interdental bone extends to a level apical to 

the extent of the marginal tissue recession.
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The same defect was also classified according to the index of recession [Smith 1997] [10] which is as follows: -

The vertical extent of recession was also expressed as a whole in mm on a range 0-9.

Facial and lingual sites of root exposure on the same tooth were recorded separately. The index score consists of two digits separated 
by a dash (e.g. F2-4*). The first digit denotes the horizontal component and the second the vertical component of the recession, with the 
prefixed letter (F or L) indicating whether the recession is on the facial or lingual aspect of the tooth, and an asterisk (*) denoting involve-
ment of the mucogingival junction (MGJ).

The horizontal component was expressed as a whole number depending on what proportion of the CEJ is exposed, between the me-
sial and distal midpoints (MM-MD distance) approximally. 

All the defects were classified by a single examiner and for the index of recession by Smith a graduated William’s periodontal probe 
was used and the measurement was taken to the nearest millimeter. All data collected was subjected to statistical analysis for compari-
son of readings by both the methods.

A total of 100 defects were classified out of which 69 defects were Miller’s class I, 3 recession defects fell under Miller’s class II, 25 
defects were classified as class III and 3 defects were Miller’s class IV. When Miller’s class I recession defects were studied it was seen 
that out of the 69 defects there were 38 such defects which showed interproximal bone loss but were ought to be classified as class I as 
they did not extend beyond the mucogingival junction. (Figure 1)

When the Miller’s class I was compared with the Smith classification it was seen that 30 out of the 69 defects had a facial-horizontal 
score of 5 (F5) and 32 out of the 69 defects had a facial-vertical score of 3. In these 69 defects there were 33 defects which also showed 
palatal recession but couldn’t be classified by the Miller’s system and hence had to be classified only by the Smith index of recession.

SCORE CRITERIA

      • 0 No clinical evidence of root exposure
      • 1 Subjective awareness of dentinal hypersensitivity in response to one-sec-

ond air blast and/or clinically detectable exposure of the CEJ for up to 10% 
of the estimated MM-MD distance: a slit like defect

      • 2 Horizontal exposure of the CEJ >10% but not exceeding 25% of the esti-
mated MM-MD distance

      • 3 Exposure of the CEJ > 25% of the MM-MD distance but not exceeding 50%
      • 4 Exposure of the CEJ > 50% of the MM-MD distance but not exceeding 75%
      • 5 Exposure of the CEJ > 75% of the MM-MD distance up to 100%

SCORE CRITERIA

      • 0 No clinical evidence of root exposure
      • 1 Subjective awareness of dentinal hypersensitivity is reported and/or there 

is clinically detectable exposure of the CEJ not extending > 1 mm vertically 
to the gingival margin

      • 2-8 Root exposure 2-8 mm extending vertically from the CEJ to the base of the 
soft tissue defect

      • 9 Root exposure > 8 mm from the CEJ to the base of the soft tissue defect.

Results
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(Figure 2) Among the 33 defects 16 (48.48%) had a lingual-horizontal score of 5 and 19 defects showed a lingual-vertical score 3 
(57.57%). (Table 1)

Figure 1: Millers Class I recession with interproximal bone 

loss not extending beyond the mucogingival junction.

Figure 2: Palatal recession classified by Smith index of recession.

Smith IR 
Score

Facial-horizontal 
n (%)

Facial-vertical 
n (%)

Lingual-horizontal 
n (%)

Lingual-vertical 
n (%)

1 0 4 (5.8) 0 3 (9.09)
2 3 (4.3) 20 (29) 0 8 (24.2)
3 18 (26.1) 32(46.4) 8(24.2) 19 (57.57)
4 18 (26.1) 10 (14.5) 9 (27.27) 3 (9.09)
5 30 (43.5) 1 (1.4) 16 (48.48) 0
6 0 2 (2.9) 0 0

Total 69 (100) 69 (100) 33 (100) 33 (100)

Table 1: Comparison of Miller’s Class I recession according to Smith index of recession.

When the Miller’s class I with interproximal bone loss was compared with the index of recession 25 out of the 38 defects had a 
facial-horizontal score of 5 (F-5) and 16 had a facial-vertical score of 3. Out of the 27 defects which were classified only by the Smith 
classification due to the recession on the lingual side, 14 defects showed a lingual-horizontal score of 5 (F-5) and a lingual-vertical score 
of 3. (Table 2)
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Smith IR 
Score

Facial-horizontal 
(n)

Facial-vertical 
(n)

Lingual-horizontal 
(n)

Lingual-vertical 
(n)

1    3
2 1 14  8
3 8 16 6 14
4 4 6 7 2
5 25  14  
6  2   

Total 38 (100) 38 (100) 27 (100) 27 (100)

Table 2: Comparison of Miller’s Class I recession with interproximal 

bone loss according to Smith index of recession.

Among the 100 defects that were classified 3 defects each were of Miller’s class II and class IV respectively. For Miller’s class II reces-
sion defects, 2(66.7%) had a facial-horizontal and a lingual-horizontal score of 5 and in Miller’s class IV defects all of the defects showed 
a facial-horizontal and a lingual-horizontal score of 5. (Table 3)

The remaining 25 defects were classified as Miller’s class III in which 23 of them fell under the facial-horizontal and lingual-hori-
zontal score of 5. 60% of the defects (15/25) had a facial- vertical score of 4 and 48% (12/25) had a lingual-vertical score of 3. (Table 4)

Smith 
IR Score

Miller’s Class II Miller’s Class IV

Facial-
horizontal 

n (%)

Facial-
vertical 
n (%)

Lingual-
horizontal 

n (%)

Lingual 
Vertical 

n (%)

Facial-
horizontal 

n (%)

Facial-
vertical 
n (%)

Lingual-
horizontal 

n (%)

Lingual-
vertical 
n (%)

1
2 1 (33.3) 1 (33.3)
3 1 (33.3) 1 (33.3)
4 1 (33.3)

1 (33.3)
5 2 (66.7) 1 (33.3) 2(66.7) 3 (100) 1 (33.3) 3 (100) 1 (33.3)
6 1 (33.3) 1 (33.3)
7 1 (33.3) 2 (66.7)

Total 3 (100) 3 (100) 3 (100) 3 (100) 3 (100) 3 (100) 3 (100) 3 (100)

Table 3: Comparison of Miller’s Class II & Class IV recession according to Smith index of recession.
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Smith IR 
Score

Facial-horizontal 
n (%)

Facial-vertical 
n (%)

Lingual-horizontal 
n (%)

Lingual-vertical 
n (%)

1     
2  1 (4)  1 (4)
3  5 (20)  12 (48)
4 2 (8) 15 (60) 2 (8) 6 (24)
5 23 (92) 3 (12) 23 (92) 4 (16)
6  1 (4)  2 (8)

Total 25 (100) 25 (100) 25 (100) 25 (100)

Table 4: Comparison of Miller’s Class III recession according to Smith index of recession.

Discussion
The aim of this study was to establish a correlation of Miller’s classification to Smith’s classification for the evaluation of gingival 

recession due to various pitfalls of the Miller’s classification. One of the major issue that arises is the classification of cases that have 
interproximal bone loss and do not extend beyond the mucogingival junction. Such defects cannot fall in any of the classes of Miller’s 
recession. [11] In our study there were 38 such defects which were accurately classified by the Smith index score for recession but could 
not be classified by Miller in the true sense. Secondly, recession occurring on the palatal/lingual aspect can definitely change the overall 
diagnosis and prognosis of a case. This recession could not be classified by Miller’s classification and this is where the need for another 
classification system arose. In the present study, 33 out of the 69 Miller’s class I defects showed palatal/lingual recession and all of the 
Miller’s Class II, III, IV defects showed palatal/lingual recession. All such defects could be classified with ease by the Smith’s classification.

By knowing the facial and lingual extent of recession in both the horizontal and vertical directions, a better estimate of the radicular 
bone loss could be made which further improvised the decision making. In Miller’s classification, the mucogingival junction was used 
as the reference point while in Smith’s classification CEJ was used as the fixed point. The difficulty in identifying the mucogingival junc-
tion creates confusion while classifying the defect as Miller’s class I/class II. [11] In certain clinical situations, a shallow recession may 
involve the mucogingival junction whereas a deep recession defect may not extend to or beyond the mucogingival junction based on the 
difference in the width of attached gingiva. [8,12,13] Also, it has been observed that at times the mucogingival junction may be indistinct 
visually or in some individuals the MGJ may be very near to the gingival margin that accurate assessment of the width of keratinized 
gingiva may seem difficult. [3,14]

In gingival recession studies identification of the CEJ is obviously facilitated because direct vision is possible and there is no data 
available till date as to change in CEJ with time. [10] Also, in the current study any conditions obliterating the cement-enamel junction 
were excluded to avoid any misinterpretations. Maximum of the recession defects classified by the Smith index score fell into the facial-
horizontal and a lingual-horizontal score of 5 and a facial-vertical and a lingual-vertical score of 3. These findings are in accordance 
with the study of Carreno., et al. [15] who also studied the possible precipitating factors for gingival recession. Certain problems which 
we faced in the Smith classification were that the mid-mesial and mid-distal dimensions were difficult to calculate in cases of an intact 
papilla. Also, asterisk (*) on the palatal side which has no mucogingival junction could not be placed and lastly the classification is time 
consuming.

Various systems of classifications have been developed for gingival recession with pros and cons in each of them. Till date no clas-
sification has been considered complete and everlasting. Keeping the time constraints and ease of classification in mind, more short term 
and long term studies need to be conducted to assess the applicability of a new system of classification over Miller’s. 
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Effect of supragingival oral irrigation 
as an adjunct to toothbrushing on 
plaque accumulation in chronic 
generalized gingivitis patients
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Abstract:
Aim: The aim of this study was to evaluate the efficacy of supragingival oral irrigation either with water or different 
concentrations of chlorhexidine (CHX) digluconate as an adjunct to toothbrushing on plaque accumulation in 
chronic generalized gingivitis patients. Materials and Methods: Fifty patients were randomly allocated into five 
groups. Group 1: toothbrushing alone, Group 2: toothbrushing with mouthwash, Group 3: toothbrushing with 
water irrigation, Group 4: toothbrushing with 0.0075% CHX digluconate (36 mg) supragingival irrigation, and 
Group 5: toothbrushing with 0.02% CHX digluconate (96 mg) supragingival irrigation. The collected data were 
subjected to statistical analysis. Statistical Analysis: Descriptive data were obtained for all outcome variables 
and reported as mean ± standard deviation. The Student’s t‑test, Chi‑square test, and one‑way analysis of 
variance (ANOVA) were applied for the statistical evaluation of means and comparisons of proportions, and post 
hoc Bonferroni test was used for multiple comparisons after the application of the ANOVA test for comparison 
within the groups. Results: When intergroup difference of the mean differences was compared for individuals 
using toothbrushing along with 0.0075% CHX digluconate irrigation and those using toothbrushing along with 
0.02% CHX digluconate irrigation from BL‑14, BL‑28, and between 14 and 28 days, it was found to be statistically 
nonsignificant. Conclusions: In our study, the CHX digluconate concentration for mouthwash and oral irrigation 
in addition with toothbrushing was found to be same, i.e., <50 mg for improving the gingival health by reducing 
gingival inflammation.
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INTRODUCTION

Scientific knowledge has expanded the 
professional understanding of dental plaque. 

Treatment and prevention are now focused 
on removal of biofilm. Biofilms consist of 
microcolonies of bacteria embedded in slimy 
matrix that can survive in hostile surroundings. 
Removal of plaque by appropriate mechanical 
and chemical methods reduces and controls 
gingivitis as recommended by Loe et al. using 
the experimental gingivitis model.[1]

The most common means of actively removing 
plaque is toothbrushing. The toothbrush, 
however, does not reach the interproximal 
surfaces of the teeth as efficiently as it reaches 
the facial, lingual, and occlusal surfaces. The 
removal of plaque from interproximal surfaces 
is significant because gingivitis and periodontitis 
are usually distinct in the interdental areas 
where bacteria can accumulate, multiply, and 
remain uninterrupted. However, the limitation 
with all interdental cleaning aids is patient 
dexterity and motivation. Efficacy of various 

interdental products, for example, floss/tape, 
water jets, and interdental brushes are based on 
its effectiveness in reducing bleeding, gingival 
inflammation, quality, and quantity of biofilm 
accumulations.[2] The chemical approach of 
plaque control suffers from the constraint that 
the most effective antimicrobial agents do not 
penetrate the biofilm.[3]

Oral irrigator (OI) introduced in 1962 is a 
device that has been demonstrated to be an 
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adequate system for delivering the antibacterial agent for 
both supragingival and subgingival treatment. OIs assist the 
removal of food debris in posterior areas, especially in cases 
of fixed bridges or orthodontic appliances, here the proper 
use of interdental cleaning devices is complex.[4]

The research on the Waterpik® Dental Water Jet (OI Device) 
spans over  years and demonstrates significant reductions in 
inflammation and infection.[5] In 2001, the American Academy 
of Periodontology stated, “Among individuals who do not 
perform excellent oral hygiene, supragingival irrigation with 
or without medicaments is capable of decreasing gingival 
inflammation beyond that normally achieved by toothbrushing 
alone. This effect is likely due to the cleansing of subgingival 
bacteria.”[6] Chlorhexidine (CHX) has been evaluated frequently 
in dental water jet studies. Furthermore, diluting CHX is 
acceptable for use in a dental water jet. Dilutions of 0.04% and 
0.06% (based on a 0.12% concentration) have been shown to 
be effective through randomized clinical trials.[6,7]

he aim of the present study as to evaluate the efficacy of 
supragingival oral irrigation either with water or different 
concentrations of CHX digluconate as an adjunct to 
toothbrushing on plaque accumulation in chronic generalized 
gingivitis patients.

MATERIALS AND METHODS

Patient selection
A total of seventy BDS student volunteers and dental auxiliary 
staff aged between 19 and 30 years with no sex predilection were 
selected from the Outpatient Department of Periodontology. 
The patients were selected by the following criteria.

Inclusion criteria
1. Both sexes diagnosed with chronic generalized gingivitis, 

ith presence of  teeth ith clinical signs of 
inflammation confined to gingiva only

. leeding on probing  teeth

. ingival index  .

Exclusion criteria
. ystemic disease or medications influencing gingival tissues

2. Pregnant or lactating woman
3. Patients who have undergone any periodontal therapy in 

the last 6 months.

Prehygiene phase
Ethical committee of the institution approved the study 
design. Screening of the individuals according to the inclusion 
and exclusion criteria and preassessment full mouth indices 
(plaque index [PI],[8] GI,[9] gingival bleeding index [BI][10]) 
was done. A total of seventy BDS student volunteers were 
selected for the study. o ever, ten individuals did not fulfill 
the inclusion criteria, and ten individuals were noncompliant 

ith the instruction and the appointment date. ence, fifty 
patients were included in the study. The treatment protocol was 
explained to all the patients, and a written informed consent 
was taken from each individual.

Full mouth PI, GI, and bleeding on probing index at 4 sites 
per tooth were recorded in a tabulated pro forma at baseline 

(day 0) by a single examiner blinded to treatment. After baseline 
examination, thorough scaling and polishing of teeth was done 
to render the mouth plaque free and oral hygiene instructions 
were given to all the individuals who were then given the same 
manual toothbrush (Oral B/Soft) and toothpaste (Oral B/Pro 

ealth  and ere instructed to brush t ice daily using modified 
bass method, which was demonstrated to them. The individuals 
were recalled depending on the respective group and their 
treatment.

The selected patients were randomly allocated into one of the 
follo ing five groups

 roup  oothbrushing alone t ice daily for  min
 roup  oothbrushing t ice daily for  min follo ed 

by CHX mouthwash (Aster-X™) 15 ml of undiluted 
0.12% (18 mg) twice daily for 1 min

 roup  oothbrushing t ice daily for  min plus 
professional supragingival oral irrigation with 480 ml of 
water once daily using the supragingival irrigation tip 
of Oral Irrigation Device (Waterpik® Dental Water Jet, 
Waterpik, Inc, Fort Collins, CO)

 roup  oothbrushing t ice daily for  min plus 
professional supragingival oral irrigation with 480 ml 
of 0.0075% CHX digluconate (36 mg) once daily using 
Waterpik®. 30 ml of 0.12% CHX solution (Aster-x™) was 
diluted with 450 ml of water (in the ratio of 1:15) to achieve 
the specific volume and required concentration of  
digluconate

 roup  oothbrushing t ice daily for  min plus 
professional supragingival oral irrigation with 480 ml of 
0.02% CHX digluconate (96 mg) (Aster-X™) once daily using 
Waterpik®. 80 ml of 0.12% CHX solution was diluted with 

 ml of ater in the ratio of  to achieve the specific 
volume and required concentration of CHX digluconate.

PI [Figure 1], gingival BI [Figure 2], and GI [Figure 3] were 
recorded again at 14th and 28th day from baseline. The collected 
data were subjected to statistical analysis.

Statistical analysis
Descriptive data were obtained for all outcome variables and 
reported as mean ± Standard deviation. The Student’s t-test, 
Chi-square test, and one-way analysis of variance were applied 
for the statistical evaluation of means and comparisons of 
proportions, and post hoc Bonferroni test was used for multiple 
comparisons.

RESULTS

The individuals included were 36 males (72%) and 
14 females (28%), with age range of 19–30 years (mean age of 
22.56 ± 2.00 years) [Graphs 1 and 2]. The mean PI, GI, and BI 
scores for all groups and intragroup comparison at different 
time intervals are shown in Tables 1-3,  respectively. The 
intergroup difference of the mean differences when compared 
at different time intervals is shown in Tables 4, 5, and 6 and 
Graphs 3-5, respectively.

DISCUSSION

CHX mouthwash is used in concentrations of 0.12% solution 
(30 mg–40 mg) to deliver the required minimal dosage of <50 mg 
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of CHX digluconate to exert the desirable antibacterial effect.[11] 
It is interesting to note that oral irrigation without chemical 
agents has also demonstrated the ability to reduce gingivitis 

ithout significantly reducing the dental plaque. herefore, in 
the present study, different concentrations of CHX were used 
to analyze if lower concentration with increased volume can be 

Table 2: Mean gingival index for all groups and intragroup comparison at different time intervals
Mean±SD Mean±SD, P

GI at baseline GI at 14 days GI at 
28 days

Difference in GI from 
baseline to 14 days

Difference in GI from 
baseline to 28 days

Difference in GI from 
14 days to 28 days

Group I 1.18±0.07 1.12±0.04 1.10±0.03 0.06±0.06, 0.01 (S) 0.08±0.08, 0.014 (S) 0.02±0.06, 0.231 (NS)
Group II 1.25±0.06 1.13±0.02 1.10±0.04 0.11±0.06, <0.001 (S) 0.15±0.04, <0.001 (S) 0.04±0.05, 0.01 (S)
Group III 1.28±0.13 1.16±0.05 1.07±0.03 0.12±0.10, 0.005 (S) 0.21±0.14, 0.001 (S) 0.09±0.07, 0.003 (S)
Group IV 1.28±0.06 1.10±0.04 1.06±0.02 0.18±0.04, <0.001 (S) 0.22±0.05, <0.001 (S) 0.04±0.05, <0.023 (S)
Group V 1.25±0.06 1.10±0.02 1.07±0.03 0.15±0.06, <0.001 (S) 0.16±0.06, <0.001 (S) 0.03±0.04, <0.001 (S)
GI  Gingival index  SD  Standard deviation  S  Significant  NS  Not significant  P  robability value (Level of significance < 0.05)

Table 1: Mean plaque index for all groups and intragroup comparison at different time intervals
Mean±SD Mean±SD, P

PI at 
baseline

PI at 
14 days

PI at 
28 days

Difference in PI from baseline 
to 14 days

Difference in PI from baseline 
to 28 days

Difference in PI from 14 days 
to 28 days

Group I 1.14±0.08 1.05±0.02 1.05±0.01 0.08±0.09, 0.017, S 0.08±0.08 0.007, S 0.001±0.02 0.893, NS
Group II 1.09±0.04 1.04±0.02 1.03±0.01 0.04±0.04, 0.006, S 0.06±0.04 0.001, S 0.02±0.01<0.001, S
Group III 1.10±0.05 1.03±0.01 1.02±0.02 0.07±0.05, 0.002, S 0.08±0.04<0.001, S 0.01±0.02 0.453, NS
Group IV 1.12±0.08 1.03±0.03 1.01±0.01 0.09±0.09, 0.012, S 0.11±0.08 0.001, S 0.03±0.03 0.023, S
Group V 1.08±0.05 1.02±0.01 1.02±0.01 0.06±0.05, 0.003, S 0.07±0.05 0.003, S 0.01±0.03 0.482, NS

I  laque index  SD  Standard deviation  S  Significant  NS  Not significant  P  robability value (Level of significance < 0.05)

Table 3: Mean bleeding index at different time intervals for all groups
Mean±SD Mean±SD, P

BI at 
baseline (%)

BI at 
14 days (%)

BI at 
28 days (%)

Difference in BI from 
baseline to 14 days (%)

Difference in BI from 
baseline to 28 days (%)

Difference in BI from 14 days 
to 28 days(%)

Group I 42.70±12.64 22.08±6.19 20.87±4.02 20.62±10.82, <0.001 (S) 21.83±10.05, <0.001 (S) 1.21±6.90, 0.593 (NS)
Group II 39.98±5.44 25.47±5.05 17.42±3.65 14.51±3.11, <0.001 (S) 22.5±4.97, <0.001 (S) 8.05±5.21, 0.001 (S)
Group III 38.34±4.93 23.71±4.28 15.62±2.74 14.63±7.21, <0.001 (S) 22.72±5.2, <0.001 (S) 8.09±3.46, <0.001 (S)
Group IV 42.05±4.87 16.24±2.32 8.82±1.53 25.81±6.36, <0.001 (S) 33.23±5.89, <0.001 (S) 7.42±2.52, <0.001 (S)
Group V 40.61±3.06 15.16±3.92 9.71±2.86 25.45±2.37, <0.001 (S) 30.9±3.02, <0.001 (S) 5.45±2.76, <0.001 (S)
BI  Bleeding index  SD  Standard deviation  S  Significant  NS  Not significant  P  robability value (Level of significance < 0.05)

Figure 3: Gingival index at (a) baseline, (b) 14, and (c) 28 days
cba

Figure 2: Gingival bleeding index at (a) baseline, (b) 14, and (c) 28 days
cba

Figure 1: Plaque index at (a) baseline, (b) 14, and (c) 28 days
cba
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used to compensate for the decreased concentration of the drug 
and therefore leading to less staining effect of CHX digluconate.

The oral environment is dark and moist, and the bacteria 
producing dental plaque thrive in such environment. It takes 
12 h for the bacteria to repopulate and cause the destruction 
of the oral cavity; therefore, to minimize such effect, brushing 
twice daily is recommended. Brushing time of 2–3 min is 
standardized so as to avoid variation in the plaque-removing 
efficacy, hich may vary bet een the individuals.[12] To remove 
bias in any of the irrigation groups, 480 ml of supragingival oral 
irrigation is kept constant in Group 3, Group 4, and Group 5.

In the present study, the clinical parameters in individuals 
using toothbrushing alone significantly reduced from baseline 

to 14 and 28 days. These results are in accordance with the study 
of Singh et al.[13] and Lang et al.[14] who found that toothbrushing 
could significantly reduce plaque score ith reduction in 
gingival inflammation.

When pre- and post-treatment plaque scores, gingival 
scores, and bleeding on probing were compared in Group 2 
individuals, then it was found that the measurements 
significantly decreased from baseline to  days and then to 
28 days and from 14 to 28 days. When intergroup comparison 
was done between Group 1 and Group 2 individuals, it was 
found to be nonsignificant. his suggests that mouthrinse has 
no effect when combined with toothbrushing. These results 
are in accordance with the study of Löe and Schiott,[15] Binney 
et al.,[16] Finkelstein et al.,[17] and Van Strydonck et al.[18] who 
found that complete inhibition of plaque and prevention 
of gingivitis may be achieved by daily application of CHX, 
provided the agent is administered in such a way that it reaches 
all tooth surfaces.

The mean PI, gingival, and bleeding scores in Group 3 
individuals significantly reduced at  days, hich further 
reduced at 28 days. The results of our study were found to 
be similar to the results of Walsh et al.,[19] Newman et al.,[20] 
Barnes et al.,[21] and Rosema et al.[22] who found that adjunctive 
supragingival irrigation with water could provide meaningful 
clinical outcomes. o ever, the nonsignificant result bet een 
14 and 28 days in plaque scores was in accordance with the 
study of Chaves et al.[23] who also had minimal or no effect on 
clinical plaque levels. herefore, it as suggested that benefits 

Graph 1: Mean age of the individuals

Graph 3: Mean difference in plaque index for all groups at different time intervals

Graph 2: Gender-wise distribution of individuals

Graph 5: Mean difference in bleeding index for all groups at different time intervals

Graph 4: Mean difference in gingival index for all groups at different time intervals
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of irrigation are not the result of reduction in supragingival 
plaque. When intergroup comparison between Group 1 and 
Group 3 was done from BL-14 and 28 days, it was found to 
be statistically nonsignificant. ugoson[24] also suggested that 
Waterpik failed to demonstrate reduction of gingivitis when 
used as an additional measure. The results of the present study 
are in contrast to that of Cutler et al.[25] who concluded that oral 
irrigation with water for 14 days had an improved therapeutic 
benefit for adult periodontitis over that of routine oral hygiene 

alone. When intergroup difference of the mean differences 
was compared at BL-14 and 28 days and from 14 to 28 days 
in Group 2 and Group 3, it was found to be statistically 
nonsignificant hich is similar to ro nstein et al.’s[26] study 

ho found nonsignificant result hen  rinse is compared 
to a placebo rinse after 2 months.

In the present study, in Group 4 individuals, the plaque 
gingival and bleeding scores reduced at 14 days which was 
further reduced at 28 days. These results found in accordance 
with the results of Cumming and Löe[27] who found that if 
larger volumes are used in much lower concentrations of CHX, 
plaque inhibition in the posterior portion of the oral cavity 
is better with an irrigator than with normal rinsing and that 
staining is less with large volumes of dilute concentrations 
than with small volumes of stronger concentrations. When 
intergroup difference of the mean differences was compared 
at BL-14 days and 28 days, it was found to be statistically 
significant in roup  and roup  individuals. o ever, 
the results ere not significant for  for all the time intervals. 
These results are in accordance with the study of Chaves 
et al.[23] who suggested that gingivitis reduced because of 
specific host microbiota alterations and not because of plaque 
reduction. These results are in accordance with the study of 
Walsh et al.[19] who compared toothbrushing with and without 
adjunctive oral irrigation for controlling plaque and gingivitis 
and reported that all the treatment regimens were effective 
in reducing gingival inflammation from  months and 
 months. bove results suggest that the benefit of  is that 

Table 4: Intergroup comparison of differences in plaque index at different time intervals
Group Mean±SD Mean±SD, P

Difference in PI from baseline to 
14 days

Difference in PI from baseline to 
28 days

Difference in PI from 14 days to 
28 days

P, S
Group 1×Group 2 0.19, NS 0.31, NS 0.08, NS
Group 1×Group 3 0.71, NS 0.77, NS 0.68, NS
Group 1×Group 4 0.94, NS 0.44, NS 0.053, NS
Group 1×Group 5 0.566, NS 0.666, NS 0.622, NS
Group 2×Group 3 0.144, NS 0.285, NS 0.156, NS
Group 2×Group 4 0.46, NS 0.06, NS 0.30, NS
Group 2×Group 5 0.25, NS 0.49, NS 0.42, NS
Group 3×Group 4 0.64, NS 0.22, NS 0.08, NS
Group 3×Group 5 0.75, NS 0.82, NS 0.86, NS
Group 4×Group 5 0.494, NS 0.198, NS 0.189, NS
I  laque index  SD  Standard deviation  S  Significant  NS  Not significant  P  robability value (Level of significance < 0.05)

Table 6: Intergroup comparison of differences in 
bleeding index at different time intervals
Group Mean±SD

Difference 
in BI from 

baseline to 
14 days

Difference 
in BI from 

baseline to 
28 days

Difference 
in BI from 
14 days to 

28 days
P, significance

Group 1×Group 2 0.103 (NS) 0.83 (NS) 0.022 (S)
Group 1×Group 3 0.16 (NS) 0.80 (NS) 0.01 (S)
Group 1×Group 4 0.207 (NS) 0.006 (S) 0.082 (NS)
Group 1×Group 5 0.18 (NS) 0.014 (S) 0.081 (NS)
Group 2×Group 3 0.96 (NS) 0.94 (NS) 0.98 (NS)
Group 2×Group 4 <0.001 (S) <0.001 (S) 0.736 (NS)
Group 2×Group 5 <0.001 (S) <0.001 (S) 0.181 (NS)
Group 3×Group 4 0.002 (S) <0.001 (S) 0.629 (NS)
Group 3×Group 5 <0.001 (S) <0.001 (S) 0.07 (NS)
Group 4×Group 5 0.86 (NS) 0.28 (NS) 0.11 (NS)

BI  Bleeding index  SD  Standard deviation  S  Significant  NS  Not 
significant   P  robability value (Level of significance < 0.05)

Table 5: Intergroup comparison of differences in gingival index at different time intervals
Group Mean±SD Mean±SD, P

Difference in GI from baseline to 
14 days

Difference in GI from baseline to 
28 days

Difference in GI from 14 days to 
28 days

P, significance
Group 1×Group 2 0.051 (NS) 0.051 (NS) 0.537 (NS)
Group 1×Group 3 0.117 (NS) 0.117 (NS) 0.03 (S)
Group 1×Group 4 0.001 (S) 0.001 (S) 0.454 (NS)
Group 1×Group 5 0.004 (S) 0.004 (S) 0.581 (NS)
Group 2×Group 3 0.855 (NS) 0.855 (NS) 0.054 (NS)
Group 2×Group 4 0.043 (S) 0.043 (S) 0.837 (NS)
Group 2×Group 5 0.207 (NS) 0.207 (NS) 0.829 (NS)
Group 3×Group 4 0.159 (NS) 0.159 (NS) 0.086 (NS)
Group 3×Group 5 0.460 (NS) 0.460 (NS) 0.026 (S)
Group 4×Group 5 0.341 (NS) 0.341 (NS) 0.663 (NS)

GI  Gingival index  SD  Standard deviation  S  Significant  NS  Not significant  P  robability value (Level of significance < 0.05)
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it delivers CHX digluconate in larger volume and helps in the 
distribution of CHX in various regions of dentition resulting 
in the reduction of gingival scores.

n the present study, the benefits of irrigation on plaque scores 
ere only minimally reduced but  and  scores significantly 

reduced in Group 2 and Group 4 individuals. The results of 
the present study obtained are in accordance with results of 
Hugoson[24] and Emslie[28] who suggested that Waterpik could not 
be said to fulfill the requirements of a satisfactory plaque control 
device. Furthermore, it was suggested that plaque-removing 
potency of irrigating systems is poor and they seem to be 
effective against the food debris rather than against dental plaque. 
However, the results of the present study are not in accordance 
with the study by Al-Mubarak et al.[29] who reported that scaling 
and root planing along with adjunctive use of water irrigation had 
statistically significant reduction in . he difference in the result 
may be ustified in our study that professional supragingival 
irrigation was done once daily whereas in Al-Mubarak et al.’s 
study, subgingival irrigation was done twice daily which might 
have resulted in improvement in plaque scores. Furthermore, 
study by the Sanders et al.,[30] who concluded that supragingival 
pulsated jet irrigation, has limited effects on the composition of 
subgingival plaque which further supports the results of our 
study. o ever, the results ere insignificant from  to  days. 

leeding scores ere significantly reduced hen toothbrushing 
along with 0.02% CHX digluconate irrigation was used whereas 
gingival scores remain unaffected.

When intergroup difference of the mean differences was 
compared from BL-14 and from BL-28 and between 14 and 28 
days, it as found statistically nonsignifi cant for  and  
scores when Group 3 was compared with Group 4 or Group 5. 
However, BI scores at all time intervals and GI compared 
from  to  days ere found to be statistically significant. 
These results are also found in accordance with the results of 
Chaves et al.[23] and Flemmig et al.[31] who reported that there 
is enhanced effect of CHX on gingivitis when used with the 
OI as a treatment regimen, whereas irrigation with water had 
less effect then CHX irrigation in their study.

The plaque score in individuals using toothbrushing along with 
0.02% (96 mg) CHX digluconate irrigation reduced at 14 days, 
which remained constant at 28 days. The PI measurements 
at  and  days ere significantly lo er than baseline. 
However, the difference in PI measurements at 14 and 28 days 
failed to reach the level of statistical significance. he gingival 
and bleeding scores however reduced from 14 to 28 days 
significantly. hese results are in accordance ith the study of 
Lang and Ramseier-Grossmann[32] who evaluated the role of 
CHX digluconate in different concentrations using a fractioned 
jet OI and reported that once daily irrigator application of 
400 ml of a 0.02% CHX solution was the optimal and lowest 
concentration and dose to be used for complete inhibition of 
dental plaque and reduction in gingival inflammation and 
bleeding. While the plaque measurements were not found 
to be statistically significant bet een  and  days in the 
present study, this may be correlated with the study of Lang 
and Räber[33] who found similar results in their 29th day study.

However,when mean differences of Group 3 was compared to 
Group 4 and Group 5,at 14days -28 days,the BI results were 

found to be statistically nonsignificant. his suggested that 
patient consistently maintained the oral hygiene from 14 to 
28 days. Furthermore, as suggested by Ciancio et al.[34] in their 

ee  study, nonsignificant reduction of bleeding score as 
noted for the antimicrobial group compared to control group.

When intergroup difference of the mean differences was 
compared from BL-14 and from BL-28 and between 14 
and  days, it as found to be statistically nonsignificant 
in Group 4 and Group 5 individuals. These results are in 
accordance with the study of Cumming and Löe[27] who 
reported that for plaque inhibition, the preferred method of 
delivering CHX digluconate solutions is with an OI and that the 
minimum effective dosage or optimal dosage would be 400 ml 
of a 0.25% to 0.5% (100–200 mg) concentration. However, in 
our study, 480 ml of 0.0075% (36 mg) along with toothbrushing 
and 480 ml of 0.02% (96 mg) concentration of CHX digluconate 
along with toothbrushing is used. Hence, this difference in 
concentration of  may be a reason for nonsignificant results 
in both the irrigation groups.

CONCLUSIONS

In this study, we used different concentration of CHX as an 
irrigant and it was observed that 0.0075% (36 mg) was better 
than 0.02% (96 mg). Increasing the concentration of CHX did not 
have any additive effect on reduction of gingival inflammation. 
Furthermore, oral irrigation with 0.0075% CHX was found to be 
better in reducing gingival inflammation as compared to .  
CHX mouthwash. In our study, the CHX concentration for 
mouthwash and oral irrigation in addition with toothbrushing 
was found to be same, i.e., <50 mg for improving the gingival 
health by reducing gingival inflammation.
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Original Article

IntroductIon

Masticatory mucosa is keratinized stratified squamous 
epithelium lining the dorsum of the tongue, hard palate, and 
gingiva.[1] The dimension of gingiva and different parts of the 
masticatory mucosa has become the subject of considerable 
interest in periodontics from both epidemiological as well 
as therapeutic point of view.[2] The masticatory epithelium is 
inextensible and tolerates significant physical stress due to its 
underlying convoluted lamina propria.[3]

A critical aspect in the treatment planning of the cases requiring 
palatal graft is the determination of the thickness of the graft 
donor site. Thickness of palatal mucosa, in particular, has 
recently attracted considerable attention with regard to a 
possible donor site for tissue transplants in plastic surgery since 
the thickness of tissue grafted from the palate to the recipient 
site directly affects the surgical outcome.[4,5] The success of 
these techniques depends on the site and thickness of soft-tissue 
graft obtained. Revascularization of the graft may be prevented 

if the donor tissue is too thick, and graft shrinkage may occur 
if the tissue is too thin.[6] Therefore, the thickness and volume 
of the tissue to be grafted from the donor site are important 
factors in determining the appropriate treatment method and 
for predicting the prognosis.[7]

To prevent the undesirable outcomes, methods have been 
developed to help the clinician determine the thickness of the 
palatal masticatory mucosa before harvesting the graft.[8-10]

The retrieval of donor tissue from the premolar region in the 
high and average palate offers a greater margin at safety than 
retrieval from the shallow (flat) palatal vault in reference to 
the neurovascular structures. The mean height of the palate 
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vault (the shortest distance between the midline of the hard 
and soft palates and the cementoenamel junctions of the 
first molars) in an adult male is 14.90 mm, with a standard 
deviation of 2.93 mm. The mean height in on adult female is 
12.70 mm, with a standard deviation of 2.45 mm. Caution must 
always be exercised not to violate the neurovascular bundle 
when obtaining the donor tissue, but extreme caution must be 
exercised when the palate is shallow.[11]

Thus, the present study was carried out with an aim to 
evaluate the thickness of palatal mucosa in posterior teeth 
by transgingival probing and determine its relation with age 
and gender.

MaterIals and Methods

Forty systemically healthy volunteers with age range 
16–38 years were selected from the outpatient department 
of the Department of Periodontics of the  Institute after 
screening which was based on the following selection criteria. 
Participants with a history of surgery in palate, participants 
with a previous history or presence of any stomatological 
disease in the palate, previous history of any systemic disease 
or drug intake which could influence the volume of mucosa, 
pregnant women or lactating mothers, smokers, patients 
wearing any removable device, such as removable partial 
dentures or orthodontic plate retainers, presence of any fixed 
partial denture, and participants with tooth malposition were 
excluded from the study. Participants with healthy periodontal 
tissues, with complete dentition in the maxillary arch with 
or without third molar, were included in the study. All the 
participants were briefly informed about the study plan and 
gave prior consent to participate in the study that was approved 
by the Institutional Review Board.

To standardize the clinical measurements, acrylic stents were 
fabricated using clear self-cured acrylic resin only on the 
maxillary cast using the dough method.

A uniform thickness of self-cured acrylic resin was used to 
cover the palatal gingiva/mucosa of all the maxillary teeth. 
The acrylic was extended in the embrasure spaces of the 
palatal aspect of maxillary anterior teeth. Acrylic was also 
extended to cover the palatal aspect of maxillary posterior 
teeth (bilaterally) and was extended to cover the occlusal 
surfaces and cervical two third of the buccal surfaces of 
maxillary canines, premolars, and molars. The prepared stent 
provided a consistent location for the assessment of mucosal 
thickness [Figure 1].

The right or left side of palate was selected randomly by 
flipping a coin. Eighteen measurement points on the selected 
half were made on the cast, keeping mid-palatine raphae and 
gingival margin as reference points. Three different lines a, b, 
and c running parallel to the gingival margin were established 
starting at the mid-palatal aspect of the canine and ending 
over the palatal root of the second molar. The distances 
from the gingival margin to lines a, b, and c were 3, 8 and 

12 mm, respectively. Six points were defined on each of the 
lines, constituting six positions, each located at the level of a 
tooth. Position Ca was determined at the mid-palatal aspect 
of the canine, position P1 at the mid-palatal aspect of the first 
premolar, position P2 at the mid-palatal aspect of the second 
premolar, position M1 over the palatal root of the first molar, 
position Mi at the interproximal aspect between the first and 
second molar, and position M2 over the palatal root of the 
second molar [Figure 2]. These six points contacting the three 
lines constituted the eighteen points which were designated 
for assessing the palatal mucosa thickness. Bold markings 
were made on the casts to represent these eighteen markings 
which were transferred on the clear acrylic stent. Fissured 
diamond burs were used to create holes at the marked eighteen 
measurement points on the stent [Figure 3].

The measurement points were marked with a gentian violet 
pencil on the palate through the holes made on the stent, and 
the masticatory mucosal thickness was measured in the hard 
palate on those eighteen markings by bone sounding using a 
UNC-15 periodontal probe with rubber stopper after 20 min 
of anesthetizing the palatal mucosa with block anesthesia 
(greater palatine nerve and incisive nerve) using 2% lignocaine 
HCL with 1:80,000 adrenalin solution, and the recordings 
were rounded off to the nearest millimeter [Figures 4 and 5].

Statistical analysis
The software used for statistical analysis was  SPSS (Statistical 
Package for the Social Sciences) version 16.0 (IBM Company, 
New York, United States). Statistical analysis was performed 
by Mann–Whitney U-test and paired t-test.

results

The present clinical study was aimed to evaluate the thickness 
of palatal mucosa in posterior teeth by transgingival probing 
and determine its relation with age and gender.

The study consisted of forty systemically healthy participants 
(20 males and 20 females) in the age range of 16–38 on the 
basis of the screening criteria. Demographic details along with 

Figure 1: Stent extension on cast
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line c was greater than line b at all the six notified points and 
the difference was statistically significant.

The comparison of thickness of posterior palatal mucosa in 
different notified areas in older age group patients (n = 16) 
(age range: 25–38 years) is shown in Table 3. The results 
indicate that the average mean thickness of posterior palatal 
mucosa in older population was in the decreasing order of 
P2>M2>Mi>P1>Ca>M1. Hence, the greatest thickness of 
palatal mucosa was found at P2 (second molar) and least 
at M1 (first molar). The mean thickness of posterior palatal 
mucosa in older population at line b and line c was greater 
than line a at all the six notified points and the difference 
was statistically significant. The mean thickness of posterior 
palatal mucosa at line c was significantly greater than 
line b at five notified points (P1, P2, M1, Mi, and M2), 
whereas at one notified point (Ca), it was statistically not 
significant (P = 0.333).

Age-wise intergroup comparison of thickness of posterior 
palatal mucosa in different notified areas is shown in Table 4. 
Age-wise intergroup comparison of thickness of posterior 
palatal mucosa in six different notified areas (Ca, P1, P2, 

thickness of posterior palatal mucosa (total of 18 points) were 
recorded in all the forty patients.

Teeth-wise comparison of thickness of palatal mucosa in 
different notified areas is shown in Table 1. The mean thickness 
of posterior palatal mucosa at line b and line c was greater 
than line a and also mean thickness at line c was greater 
than line b at all the six notified points and the difference 
was statistically significant. The mean thickness at all the six 
notified points was in decreasing order of P2 (second premolar) 
>M2 (second molar) >Mi (interdental point between first 
and second molar) >P1 (first premolar) >Ca (Canine) >M1 
(first molar).

The comparison of thickness of posterior palatal mucosa in 
different notified areas in younger age group patients (n = 24) 
(age range: 16–24 years) is shown in Table 2. The results 
indicate that the average mean thickness of posterior palatal 
mucosa in younger population was in the decreasing order 
of P2>M2>Mi>P1>Ca>M1. Hence, greatest thickness of 
palatal mucosa was found at P2 (second premolar) and least 
at M1 (first molar). The mean thickness of posterior palatal 
mucosa at line b and line c was greater than line a and also 

Figure 2: Definition of measurement points Figure 3: Eighteen notified points on stent with holes

Figure 4: Prepared stent in patient’s mouth Figure 5: Palatal thickness measurement with UNC-15 probe
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M1, Mi, and M2) was statistically not significant at line 
Aa1 (younger) and at line Aa2 (older) and also Ab1 (younger) 
and Ab2 (older). Age-wise intergroup comparison of 
thickness of posterior palatal mucosa in four different 
notified areas (Ca, P1, M1, and Mi) was statistically not 
significant at line Ac1 and at line Ac2, but at P2 and M2, it 
was statistically significant. Age-wise intergroup comparison 
of thickness of posterior palatal mucosa in four different 
notified points (Ca, P1, M1, and MI) was thicker in older 
patients but statistically not significant at lines  Aa1, Ab1, 
and Ac1 (average of mean gingival thickness at line at line 
a1, a2 and a3 in younger age group patients) and Aa2, Ab2, 
and Ac2 (average of mean gingival thickness at line a2, b2 

and c2 in older age group patients), whereas at P2 and M2, 
it was statistically significant.

Gender-wise comparison of thickness of posterior palatal 
mucosa in different areas for males is shown in Table 5. The 
results indicate that the average mean thickness of posterior 
palatal mucosa in males was in the decreasing order of 
P2>M2>Mi>P1>Ca>M1. Hence, the greatest thickness was 
found at P2 (second premolar) and least at M1 (first molar). 
The mean thickness at line b and line c was greater than line a 
at all the six notified points and the difference was statistically 
significant. At line c, it was greater than line b at five notified 
points (P1, P2, M1, MI, and M2) and the difference was 
statistically significant, whereas at Ca point, it was statistically 

Table 1: Teeth-wise comparison of thickness of palatal mucosa in different notified areas

Type of tooth Mean±SD P

a b c Average a-b a-c b-c
Ca 1.95±0.22 2.93±0.22 3.10±0.30 2.66±0.57 0.0004* 0.0000* 0.0076*
P1 2.00±0.00 3.10±0.31 4.00±0.23 3.03±0.85 0.0000* 0.0000* 0.0000*
P2 2.00±0.00 3.90±0.30 4.80±0.56 3.57±1.23 0.0000* 0.0000* 0.0000*
M1 1.08±0.27 2.10±0.38 3.15±0.43 2.11±0.92 0.0000* 0.0000* 0.0000*
Mi 2.00±0.00 3.15±0.36 4.08±0.27 3.08±0.89 0.0000* 0.0000* 0.0000*
M2 2.00±0.00 3.33±0.0.47 5.03±0.58 3.45±1.32 0.0000* 0.0000* 0.0000*
*Highly significant. Line a: 3 mm from gingival margin, Line b: 8 mm from gingival margin, Line c: 12 mm from gingival margin, Ca: Mid-palatal aspect 
of the canine, P1: Mid-palatal aspect of the first premolar, P2: Mid-palatal aspect of the second premolar, M1: Over the palatal root of the first molar, 
Mi: Interproximal aspect between the first and second molar, M2: Over the palatal root of the second molar. SD: Standard deviation

Table 2: Comparison of thickness of posterior palatal mucosa in different notified areas in younger age group patients 
(16-24 years)

Types of tooth Mean±SD P

a b c Average a versus b a versus c b versus c
Ca 1.91±0.65 2.91±0.65 3.21±0.62 2.65±0.61 0.0000* 0.0000* 0.0025*
P1 2.00±0.83 3.04±0.69 3.95±0.84 3.00±0.82 0.0000* 0.0000* 0.0000*
P2 2.00±1.13 3.87±1.04 4.50±1.05 3.44±1.12 0.0000* 0.0000* 0.0000*
M1 1.04±0.84 2.00±0.59 3.04±0.79 2.03±0.84 0.0000* 0.0000* 0.0000*
Mi 2.00±0.87 3.04±0.69 4.08±0.90 3.04±0.89 0.0000* 0.0000* 0.0000*
M2 2.00±1.13 3.17±0.78 4.67±1.17 3.28±1.17 0.0000* 0.0000* 0.0000*
*Highly significant difference. Line a: 3 mm from gingival margin, Line b: 8 mm from gingival margin, Line c: 12 mm from gingival margin, Ca: Mid-palatal 
aspect of the canine, P1: Mid-palatal aspect of the first premolar, P2: Mid-palatal aspect of the second premolar, M1: Over the palatal root of the first molar, 
Mi: Interproximal aspect between the first and second molar, M2: Over the palatal root of the second molar. SD: Standard deviation

Table 3: Comparison of thickness of posterior palatal mucosa in different notified areas in older age group patients 
(25-38 years)

Types of tooth Mean±SD P

a b c Average a versus b a versus c b versus c
Ca 2.00±0.00 3.00±0.60 3.06±0.65 2.68±0.52 0.0000* 0.0000* 0.3331
P1 2.00±0.00 3.07±0.63 4.06±0.95 3.04±0.87 0.0000* 0.0000* 0.0000*
P2 2.00±0.00 4.00±1.03 5.06±1.34 3.69±1.32 0.0000* 0.0000* 0.0000*
M1 1.00±0.35 2.20±0.60 3.19±1.01 2.17±0.98 0.0000* 0.0000* 0.0000*
Mi 2.00±0.00 3.07±0.63 4.06±0.95 3.05±0.87 0.0000* 0.0000* 0.0000*
M2 2.00±0.00 3.13±0.64 5.13±1.48 3.48±1.45 0.0000* 0.0000* 0.0000*
*Highly significant difference. Line a: 3 mm from gingival margin, Line b: 8 mm from gingival margin, Line c: 12 mm from gingival margin, Ca: Mid-palatal 
aspect of the canine, P1: Mid-palatal aspect of the first premolar, P2: Mid-palatal aspect of the second premolar, M1: Over the palatal root of the first molar, 
Mi: Interproximal aspect between the first and second molar, M2: Over the palatal root of the second molar. SD: Standard deviation
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not significant. Similar results were found in females [Table 6] 
with line c thickness being significantly greater than line b at 
all six notified points.

Gender-wise intergroup comparison of thickness of posterior 
palatal mucosa at six different notified areas was statistically 
not significant as shown in Table 7.

dIscussIon

In the present study, posterior palatal mucosal thickness was 
assessed at eighteen points on three different lines a, b, and 
c running parallel to the gingival margin at 3, 8, and 12 mm, 
respectively, which were established starting at the mid-palatal 
aspect of the canine and ending over the palatal root of the 
second molar. Six points (Ca, P1, P2, M1, Mi, and M2) were 
defined on each of the lines, constituting six positions, each 
located at the level of a tooth, designated for assessing the 
palatal mucosa thickness in the hard palate by bone sounding 
using a UNC-15 periodontal probe with rubber stopper. The 
recordings were rounded off to the nearest millimeter. Similar 
gingival thickness evaluation of posterior palatal mucosa was 
done in a study conducted by Studer et al.[12]

In the present study, the mean thickness of the posterior palatal 
mucosa ranged between 2.10 ± 0.92 mm (over the palatal 
root of the first molar 3 mm away from gingival margin) and 
3.6 ± 1.23 mm (mid-palatal aspect of the second premolar 
12 mm away from gingival margin). Mucosa in the hard palate 
12 mm away from the gingival margin revealed significantly 
thicker values than in distances of 3 mm or 8 mm. Hence, 
the palatal root of the first molar represents an anatomic 
barrier in graft harvesting in the hard palate, but it is not 
advisable to harvest soft-tissue grafts beyond this structure to 
avoid an increasing risk for accidental damage to the greater 
palatine artery or its branches, and thicker palatal grafts may 
be harvested if obtained several millimeters away from the 

Table 4: Age-wise intergroup comparison of thickness of 
posterior palatal mucosa in different notified areas

Types 
of tooth

P Aa1, Ab1, 
Ac1 versus 
Aa2, Ab2, 

Ac2

Aa1 versus 
Aa2

Ab1 versus 
Ab2

Ac1 versus 
Ac2

Ca 0.122 0.162 0.506 0.2791
P1 0.161 0.805 0.177 0.3612
P2 0.212 0.083 0.004* 0.0094*
M1 0.403 0.188 0.319 0.3015
Mi 0.621 0.809 0.808 0.7416
M2 0.169 0.917 0.002* 0.0021*
*Highly significant difference. Aa1: Average of mean gingival thickness 
of posterior palatal mucosa at 3 mm from gingival margin in younger 
age group, Aa2: Average of mean gingival thickness of posterior palatal 
mucosa at 3 mm from gingival margin in older age group, Ab1: Average of 
mean gingival thickness of posterior palatal mucosa at 8 mm from gingival 
margin in younger age group, Ab2: Average of mean gingival thickness of 
posterior palatal mucosa at 8 mm from gingival margin in older age group, 
Ac1: Average of mean gingival thickness of posterior palatal mucosa 
at 12 mm from gingival margin in younger age group, Ac2: Average 
of mean gingival thickness of posterior palatal mucosa at 12 mm from 
gingival margin in older age group

Table 5: Gender-wise comparison of thickness of posterior palatal mucosa in different areas for males

Types of tooth Mean±SD P

a b c Average a versus b a versus c b versus c
Ca 2.00±0.00 2.95±0.58 3.10±0.31 2.68±0.36 0.0000* 0.0000* 0.0861
P1 2.00±0.00 3.15±0.84 4.00±0.00 3.05±0.55 0.0000* 0.0000* 0.0000*
P2 2.00±0.00 3.90±1.23 4.90±0.45 3.60±0.81 0.0000* 0.0000* 0.0000*
M1 1.05±0.22 2.15±0.91 3.20±0.81 2.13±0.71 0.0000* 0.0000* 0.0000*
Mi 2.00±0.00 3.25±0.89 4.05±0.22 3.10±0.58 0.0000* 0.0000* 0.0000*
M2 2.00±0.00 3.45±1.23 5.05±0.51 3.50±0.84 0.0000* 0.0000* 0.0000*
*Highly significant difference. Line a: 3 mm from gingival margin, Line b: 8 mm from gingival margin, Line c: 12 mm from gingival margin, Ca: Mid-palatal 
aspect of the canine, P1: Mid-palatal aspect of the first premolar, P2: Mid-palatal aspect of the second premolar, M1: Over the palatal root of the first molar, 
Mi: Interproximal aspect between the first and second molar, M2: Over the palatal root of the second molar. SD: Standard deviation

Table 6: Gender-wise comparison of thickness of posterior palatal mucosa in different areas for females

Types of 
tooth

Mean±SD P

a b c Average a-b a-c b-c
Ca 1.95±0.31 2.95±0.31 3.10±0.31 2.63±0.61 0.0000* 0.0000* 0.0000*
P1 2.00±0.00 3.05±0.22 4.00±0.32 3.02±0.85 0.0000* 0.0000* 0.0000*
P2 2.00±0.00 3.90±0.31 4.70±0.66 3.53±1.21 0.0000* 0.0000* 0.0000*
M1 1.10±0.31 2.05±0.22 3.10±0.31 2.08±0.87 0.0000* 0.0000* 0.0000*
Mi 2.00±0.00 3.05±0.22 4.10±0.31 3.05±0.89 0.0000* 0.0000* 0.0000*
M2 2.00±0.00 3.20±0.41 5.00±0.65 3.40±1.32 0.0000* 0.0000* 0.0000*
*Highly significant difference. Line a: 3 mm from gingival margin, Line b: 8 mm from gingival margin, Line c: 12 mm from gingival margin, Ca: Mid-palatal 
aspect of the canine, P1: Mid-palatal aspect of the first premolar, P2: Mid-palatal aspect of the second premolar, M1: Over the palatal root of the first molar, 
Mi: Interproximal aspect between the first and second molar, M2: Over the palatal root of the second molar. SD: Standard deviation
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gingival margin of the teeth. Thus, the area of the palate from 
the distal line angle of the canine to the mesial line angle of the 
palatal root of the first molar provides a sufficient donor tissue 
for grafting procedures and also reduces the risk of violating 
the associated neurovascular structures.[6,11-15]

In the present study, the younger age group had significantly 
thinner mucosa (3.28 ± 1.17 mm) than the older age 
group (3.48 ± 1.45 mm) in relation to posterior palatal mucosa. 
Younger age group had significantly thinner posterior palatal 
mucosa because the thickness of orthokeratinized epithelial 
layer of the hard palate mucosa increases with age, resulting in 
the thicker palatal mucosa in the older participants. In addition, 
the hard palate possesses a submucosal layer, which contains 
various amounts of adipose tissue and small mucous glands. 
There are other factors that influence the mucosal thickness 
such as racial, genetic factors and body weight.[6,13-15]

Furthermore, in the present study, posterior palatal mucosal 
thickness was found to be more in males (2.68 ± 0.36 mm) as 
compared to females (2.63 ± 0.61 mm); however, it was not 
statistically significant. The results were in accordance to the 
study done by Müller et al.,[6] Song et al.,[7] Studer et al.,[12] Eger 
et al.,[16] Kuriakose and Raju,[17] Wara-Aswapati et al.,[18] and 
Kolliyavar[19] and in contrast with the study done by Schacher 
et al.[20] who stated that females had thicker mucosa than males 
which basically depends on body mass.

conclusIon

The thickness of posterior palatal mucosa shows a varied 
degree of variation, and the difference in the mean thickness 
might be due to age, gender, ethnicity, varying measurement 
methods, and the placement of measurement points. The area 
of the palate from the distal line angle of the canine to the 

Table 7: Gender-wise intergroup comparison of thickness 
of palatal mucosa in different areas for different gender 
groups

Types 
of tooth

P Ga1, Gb1, 
Gc1 versus 
Ga2, Gb2, 

Gc2

Ga1 versus 
Ga2

Gb1 versus 
Gb2

Gc1 versus 
Gc2

Ca 0.16 0.56 1.00 0.57
P1 0.13 0.33 1.00 0.48
P2 0.36 1.00 0.27 0.54
M1 0.56 0.41 0.47 0.48
Mi 0.26 0.08 0.56 0.30
M2 0.27 0.10 0.79 0.38
Ga1: Average of mean gingival thickness of posterior palatal mucosa 
at 3 mm from gingival margin in male patients, Ga2: Average of mean 
gingival thickness of posterior palatal mucosa at 3 mm from gingival 
margin in female patients, Gb1: Average of mean gingival thickness of 
posterior palatal mucosa at 8 mm from gingival margin in male patients, 
Gb2: Average of mean gingival thickness of posterior palatal mucosa at 
8 mm from gingival margin in female patients, Gc1: Average of mean 
gingival thickness of posterior palatal mucosa at 12 mm from gingival 
margin in male patients, Gc2: Average of mean gingival thickness of 
posterior palatal mucosa at 12 mm from gingival margin in female patients

mesial line angle of the palatal root of the first molar provides 
a sufficient donor tissue for grafting procedures and also 
reduces the risk of violating the associated neurovascular 
structures.
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Are the grapes sour…?

“When you blame and criticize others, you are 
avoiding some truth about yourself”

–Deepak Chopra

Over the last one and a half years, the hot topic 
of discussion among maximum number of 
academicians was the admission of students in 
post graduation (P.G.) and their likely choice. 
The number of seats, which went vacant last year 
in the subject of Periodontology, demonstrated 
the loss of interest among graduates of dentistry 
towards the subject and an emerging crisis for 
our branch.

The important issue, which needs to be addressed 
here, is: Why is decline seen in the interest towards 
our subject in the graduate dental surgeons? The 
decline in interest also becomes more noticeable 
considering the fact that our branch deals 
with tissues around which dentistry revolves. 
Consider the realities: Is orthodontic treatment 
possible without healthy periodontium? How 
many root canal treatments will survive in 
periodontally compromised teeth? How would 
prosthodontic treatment of removable and fixed 
partial dentures be successful without healthy 
periodontium? Last but not the least, it’s the 
periodontium because of which we can extract 
the teeth easily without traumatizing the bone. 
If there were no periodontium, each time, you 
would have to cut through the bone to extract. 
Importance of maintenance of crestal bone 
especially for implants and other prosthetic 
options is no hidden fact.

What makes this decline starker is the fact that 
there is a huge prevalence of periodontal disease 
in public that makes availability of a large number 
of patients suffering from periodontal diseases 
available for treatment in dental colleges as well 
as in private practice. An availability of huge 
number of periodontal patients in dental colleges 
provides an opportunity to the students to master 

the science of periodontology besides providing 
the patients with treatment at affordable cost. In 
private practice, the huge availability of patients 
gives us a chance to provide the best possible 
treatment while making a comfortable living 
for ourselves.

We need to look inwards and find out answers, 
rather than blaming the subject or any thing else. 
Are we to blame ourselves for the situation? 
Where have we gone wrong in our academics in 
last few years? Why are we not able to generate 
interest in a third/final year student towards 
periodontology? What is wrong with what we 
teach at undergraduate level in periodontology 
theory and clinicals that students do not find 
it interesting? Is it the fact that they are not 
exposed to any treatment modality beyond 
scaling? Or their belief that treatment they learn 
at undergraduate level can’t get them much 
in terms of money when they start practicing. 
Is it the lack of awareness among patients and 
reluctance to get treatment done despite a huge 
chunk of population suffering from periodontal 
diseases dissuades students from looking 
positively at periodontology?

There are no readymade answers. We need to 
discuss and find solution to the problem. We need 
to make changes in academic curriculum and 
demonstrate to the students at undergraduate 
levels that periodontology is not only interesting 
but there is much that can be done, significantly 
beyond scaling. We need to work at ground level 
to increase awareness about the disease. More 
importantly they need to be presented with 
evidence that practice of periodontology can 
give them a respectable standing in the society 
financially as well as in terms of stature.

“It is easy to blame others for your situation. Its much 
more productive to search your own past and find what 
caused your faults.”

–Anonymous
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S ccess without U…. Tough

The presence of periodontal disease in a 
substantial percentage of Indian population 

is an obvious problem we have to deal with. 
This problem gets compounded when the 
evidence from the ongoing research is leading us 
to a direction which points to some relatioship 
between few systemic diseases and periodontal 
diseases. Although a lot of systemic diseases have 
been proposed to have some liking for periodontal 
diseases, but I still will talk about few, as only 
these diseses have been under extensive research 
for their relationship with periodontal disease.

As you would agree with me, there was some 
weight in the evidence provided by initial studies 
where in periodontal diseases were linked to 
systemic diseases, that is why, a new branch, 
“Periodontal medicine” saw the light of the day.

Almost 19 years have gone since the inception of 
Periodontal Medicine, we are still in various stages 
of research trying to prove our point to our friends 
in medical fraternity. May be the weak evidence 
that our studies have presented has not been able 
to convince our medical friends. Nevertheless 
the research will go on and a day would come 
when we will be able to prove that intervention of 
periodontal disease can reduce the risk of systemic 
disease. That time may not be very far away.

Despite the absence of conclusive evidence for 
preterm low birth weight, what stops us from 
collaborating with gyanecologists and working 
with them on importance of maintanence of oral 
and periodontal health during pregnancy. It is 
conclusively proven that pregnant females who do 
not maintain oral hygiene upto optimum standards 
have gingival enlargements and increased bleeding. 
We can convince them for compulsary periodontal 
checkup and scaling during pregnancy. May be a 
day would come, when this is implemented and 
gyanecologists would notice reduction in preterm 
low birth babies.

Despite the absence of conclusive evidence for 
relationship between diabetes and periodontal 
disesase, American Diabetic Association in 
Standards of Medical Care in Diabetes 2018 says 
that “Because periodontal disease is associated 
with diabetes, the utility of screening in a dental 
setting and referral to primary care as a means to 
improve the diagnosis of prediabetes and diabetes 
has been explored, with one study estimating 

that 30% of patients ≥30 years of age seen in 
general dental practices had dysglycemia. Further 
research is needed to demonstrate the feasibility, 
effectiveness, and cost-effectiveness of screening 
in this setting.”[1] At least this statement accepts 
that there is a relationship between diabetes and 
periodontal diseases. India is diabetes capital 
of the world. Why can’t we collaborate with 
diabetologists and convince them for regular 
periodontal check up for their diabetic patients?

Despite the absence of conclusive evidence 
for relationship between cardiovascular and 
periodontal disesase, what is wrong in convincing 
our fellow cardiologists about the importance of 
maintanence of oral hygiene, considering the fact 
that mouth is the dirtiest part of the body with 
maximum number of microorganisms present. 
These microorganisms can enter blood stream 
and may become a risk factor.

Interesting fact of the matter is, diabetes and 
cardiovascular diseases are interlinked, pregnancy 
and diabetes have a link. Periodontitis may be one 
of the common factors between all the three.

“Together we can…. As working together works”

Ashish Kumar
Editor, 
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Editorial

Inhale the future, exhale 
the past

“Inhale the future, exhale the past”
-Anonymous

Journal of Indian Society of Periodontology, called 
as “JISP,” more commonly, is one facet of Indian 
Society of Periodontology to which each member 
of this “august society” associates himself/herself 
with. Every member, be it associate, life member or 
members belonging to other branches of dentistry 
who have had publications in this journal are 
linked to it in one way or the other. After all, it 
was one of the fi rst national journal of any dental 
society from India to get PubMed Indexation.

Transition is never smooth. It always has 
turbulence. It’s a huge resposibility entrusted to 
me, especially after a lot of turbulence in recent 
past. To get the journal back on track, on time 
and clear the pending manuscripts was not an 
easy task. With the blessings of God, my late 
mother and my teachers at Bapuji Dental College 
& Hospital, Davangere, great help from Dr Kolte, 
our Hon’ble Secretary ISP, Dr. Ashish Nichani, 
former Editor, JISP, and reviewers, we were able 
to revive this journal.

A great deal of appreciation also goes to all those 
who have kept their confi dence in JISP, despite 
having quite a long period of quiescence. With 
JISP eventually becoming active again, I see a huge 
increase in submissions of manuscripts of late.

Nevertheless, I would invite you and encourage 
you to submit your manuscripts. A few important 
aspects of manuscript submission need your 
attention, which will help everyone in the long run 
and also reduce response time from editorial offi ce.

I have noticed that a sizable number of 
manuscripts gets rejected because of plagiarism. 
Plagiarism is the gravest misdemeanour out 
of all the methods of publication misconducts. 
The recent intensifi cation of plagiarism could 
be attributed to the fact that faculties are under 
stress to “publish or perish.” We as authors 
need to look into this aspect of scientifi c writing 
very carefully and check our manuscripts for 
plagiarism before submission, so that we don’t 
face rejection and disappointment on this count.

Second aspect which I would request the authors 
to take note of is, the journal guidelines. All of 
us should spend enough time in understanding 
the submission guidelines before we submit a 
new manuscript. This again will help all of us 
in reducing the time taken by manuscipt for its 
publication. A manuscript submitted according to 
journal guidelines is hardly sent back to its authors 
for technical corrections and directly goes for peer 
review, if found suitable for the journal.

Third aspect which we all need to take care of is, 
the names to be included as authors. We should 
strictly follow the four criteria of authorship 
given by ICMJE (www.icmje.org) to see whether 
a person whom we want to include as an author, 
fulfi ls the requirements laid by ICMJE.

Last of all, I promise all our esteemed authors 
and readers, that there will be no holding up of 
manuscipts at the editorial level. The response 
from the editorial will be as prompt as possible.

“Embrace the present and what’s yet to come, let go 
of the past”

-Anonymous.
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Editorial

An 8 mm pocket that wasn’t 3 
mm at one time...?

The aim of every research in any given field 
is to find solutions to problems faced by 

population. The ultimate test and success of any 
research is determined by how much of it can 
benefit the population at large.

The disease we deal with, “Periodontitis” is 
prevalent in a major section of society. The task 
of prevention, interception, treatment of this 
disease becomes much more harder, bearing 
in mind the huge population in our country. 
Adding to this huge dimension of numbers, are 
issues, which superimpose on this population 
of 1.25 billion people; the educational status, 
the awareness, the myths, neglect of oral cavity 
in terms of health, the habits, etc. Combined 
effect of these issues makes the situation 
really alarming in terms of health needs of our 
population.

T h e  r e s e a r c h  w e  d o  i n  t h e  f i e l d  o f 
Periodontology should be aimed at providing 
benefits to a large section of population. The 
research should not only be aimed at finding 
solutions for the rich and who can afford but 
should also target affordable delivery of health 
care at mass level.

In recent years, the research in our country in 
the field of Periodontology, predominantly 
occurring in educational institutions, has 
primarily been focussed on treatment modalities, 
especially regenerative periodontics. No doubt, 
regenerative periodontics is an interesting field 
and a lot of innovations have taken place. But, 
can it be a solution to huge problem what we 
are facing in terms of prevalence of disease? The 
answer is a big NO. The regenerative therapy 
is individualistic therapy that has huge bias in 
terms of affordability.

Can we start focussing in our institutions 
on research that leans towards developing 
strategies, which focus more on either prevention 
or interception of disease at early stages? After all 

prevention is always better than cure. Not only 
developing these strategies through research is 
important, but also focus on affordability and 
applicability is also the key fundamentals we 
need to keep in mind in our research. The huge 
burden of periodontitis can only be reduced by 
prevention and interception.

Applicability of the research will have to take 
care of superimposing factors, which I mentioned 
above. Research should focus on how we can 
improve our strategies to raise awareness among 
masses about this disease, its effects, advantages/
disadvantages of getting it treated/not-treated 
early in terms of health and economics (of the 
patient).

Until we have a concerted effort in all 
post-graduate departments of Periodontology 
to have research which focuses on prevention 
and interception, we will never succeed in our 
aim of providing better health care for our 
population. Just imagine, if 90% of research in 
our post-graduate departments for next 15 years 
is focussed on prevention and interception, we 
would be able to develop some way out to tackle 
this problem at national level.

An increase in awareness towards this 
disease will increase the patient input in our 
hospitals and clinics who would want to get 
themselves diagnosed and treated as early as 
possible. A demand by patients for treatment 
of periodontitis will automatically increase 
the demand of Periodontology as a subject of 
specialization among students.

“Education is for improving the lives of others and 
for leaving your community and world better than 
you found it.”

–Marian Wright Edelman

Ashish Kumar
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Back to basics…

“Success is neither magical nor mysterious. 
Success is the natural consequence of 

consistently applying the basic fundamentals.”

–Jim Rohn

The branch of periodontology is growing 
enormously. The growth is not only at treatment 
levels, but also at the understanding of basic 
pathology behind the disease. Newer concepts 
on pathological aspects, newer paradigms, and 
newer hypothesis are all adding new information 
to the science of periodontology.

Similarly, newer instruments, newer and 
advanced diagnostic aids, latest techniques, 
newer and more effective biomaterials, 
concepts of tissue engineering, stem cells, 
lasers, photodynamic therapy, piezosurgery 
are all making periodontology more and more 
interesting.

Implants is one of the treatment modalities, 
which has been the flavour of these times. The 
reasons are many, one of the most important 
being the financial aspect. Periodontists are 
considered to be the best persons to handle 
implantology.

It is also a fact that we have newer periodontists 
and postgraduate students who are fascinated by 
these advances. There is nothing wrong in being 
on a par with the advances and using the latest 
technologies to provide the best of treatment 
possible to our patients.

Despite all these advances, the irony is that, we 
tend to forget our basics. Two basic approaches, 
which need application in every case, are 
non-surgical therapy and supportive periodontal 
therapy (SPT). Whatever treatment you may 
do, in fact in any branch of dentistry, the first 
treatment generally recommended is scaling, 
before other treatments are started. Scaling and 
root planing play the most important role in 
dentistry as a singular treatment modality that 
is maximally used, but still does not get its share 
of importance.

In periodontology, whatever advances you may 
use, you will have to first treat the patient with 
non-surgical therapy. For your surgical therapy 
to be successful, success of non-surgical therapy 
is of paramount importance. The studies have 
already proven beyond doubt that non-surgical 
therapy can give you equivalent results to 
surgical therapy. When I talk of non-surgical 
therapy, I also include patient education and 
motivation as an important aspect of it.

The results we intend to get by non-surgical, 
surgical or any newer technologies can only be 
maintained if patient religiously follows SPT. We 
should be able to motivate our patients for SPT 
in each and every case for successful outcomes 
of treatments to be maintained for a long time.

We are best trained to place implants, because 
of our basic training in soft tissue and bone 
handling. A person, who could not maintain his 
teeth, can’t be expected to maintain implants, if 
not educated and motivated properly. A proper 
SPT schedule needs to be maintained for implants 
to be successful.

So, in a zeal to use newer technology, we cannot 
overlook the importance of learning the basics 
of periodontology. We need to emphasize to 
our budding periodontists that learning basics 
is as important as learning newer treatment 
modalities for them to be successful. The 
treatment plan advocated in our fundamental 
books of periodontology and its subsequent 
issues has still not changed over the last 50 years, 
despite all the recent advances.

So, to be successful, in any therapy, we need 
to be strong in our basics - strong in basics of 
motivation and education, non-surgical therapy, 
surgical therapy and SPT.

As said by Barry Larkin “What people don’t realize 
is that professionals are sensational because of the 
fundamentals.”
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INTRODUCTION

Periodontal disease is an inflammatory process involving 
progressive, episodic loss of  the periodontal attachment 
apparatus including gingiva, cementum, periodontal 
ligament, and alveolar bone, resulting ultimately in tooth 
loss in susceptible patients. National Oral Health Survey 
and Fluoride Mapping (2002–2003), DCI, New Delhi, 
2004, did a first ever epidemiological survey in India and 
the prevalence of  periodontal disease was 57%, 67.7%, 
89.6%, and 79.9% in the age groups 12, 15, 35–44, and 
65–74 years, respectively.[1,2] There is an abundance of  
empirical evidence and substantial theoretical justification 
for accepting the widespread belief  that periodontal 
diseases are of  multifactorial etiology and also complex 
in nature.[3] The importance of  successful management 
and treatment of  periodontitis has gained added press in 
recent years with the recognition that periodontitis is a 
risk factor for a number of  important systemic diseases, 

which include cardiovascular disease, diabetes, and 
rheumatoid arthritis.[4,5] A risk factor can be defined as 
an occurrence or characteristic that has been associated 
with the increased rate of  a subsequently occurring 
disease. It is important to make the distinction that risk 
factors are associated with a disease but do not necessarily 
cause the disease. Risk factors may be modifiable or 
nonmodifiable characterized as genetic, environmental 
(e.g., stress, bacterial challenge), and lifestyle/behavioral 
(e.g., exercise, nutrition, smoking).[6,7] For many years, 
the literature has cited the importance of  nutrition in a 
range of  chronic inflammatory diseases, all of  which are 
associated with periodontitis, but in recent years, there has 
been an increased research investigating this phenomenon; 
however, until recently, the role of  nutrition in periodontal 
disease has gained attention.[8] Therefore, this article aims 
to discuss the impact of  nutrition in periodontitis and 
how can individuals nutritional status effect this complex 
disease processes.

Periodontitis results from the loss of a delicate balance between microbial virulence factors and a 
proportionate host response. Nutrition may be important in redressing the balance between microbial 
challenge and the host response because it has been implicated in a number of inflammatory diseases 
and conditions, including type II diabetes mellitus, cardiovascular diseases, rheumatoid arthritis, and 
inflammatory bowel disease, all of which have also been associated with periodontal diseases. Nutrigenomics 
is concerned with the impact of dietary components on the genome, proteome (the sum total of all proteins), 
and metabolites (the sum of all metabolites). This article reviews the evidence for nutritional impact on 
periodontitis.
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ROLE OF NUTRITION

Nutrient is defined as a source of  nourishment, such as 
food, that can be metabolized by an organism to give energy 
and build tissue whereas nutrition is the organic process by 
which an organism assimilates food and uses it for growth 
and maintenance. Nutrients can be divided into six major 
classes, i.e. fats, carbohydrates, proteins, minerals, vitamins, 
and water; these can be further subdivided into two broad 
categories, “macronutrients” (fats, carbohydrates, and 
proteins) which are required in large quantities from the diet 
and “micronutrients” (minerals, vitamins, trace elements, 
amino acids, and polyunsaturated fatty acids [PUFA]) which 
are only required in small quantities in the diet and which 
are essential for a range of  biological processes important 
in supporting optimal health.[9] Common dietary chemicals 
act on the human genome, either directly or indirectly, to 
alter gene expression or structure. Genes are important in 
determining the function, but nutrition is able to modify 
the degree of  gene expression.[10]

ORIGIN OF NUTRIGENOMICS

On April 14, 2003, it was believed that genomic era was 
born when Human Genome Project[3] was launched with 
the participation of  former US President Bill Clinton 
and former British PM Tony Blair, which contained the 
complete sequencing of  the human genome.
• In 2004,  NuGo (European Nutr igenomics 

Organization) was born and funded until June 2010
• In 2007, Nestle Research Center joined the industrial 

platform of  the Kluyver Centre for Genomics of  
Industrial Fermentation, The Netherlands

• In 2008, the US Berkeley scientist predicted human 
genome tests within 5 years.[11]

NUTRITION AND PERIODONTAL DISEASE

Periodontal disease is a complex process characterized by 
the destruction of  the periodontal attachment apparatus, 
following an inflammatory response.[12] Several studies 
support a role for nutrition in controlling periodontal 
inflammation. Research studies using an experimental 
gingivitis model have shown increased levels of  bleeding 
on probing when participants were fed with a diet high 
in carbohydrates when compared to those on a low sugar 
diet.[13] This finding was further supported by another 
study investigating volunteers placed on a primitive diet 
which was high in fiber, antioxidants (AOs), and fish 
oils but low in refined sugars and with no oral hygiene 
measures. As would be expected, plaque levels increased 
significantly and classic periodontal pathogens emerged 
within the biofilm; however, unexpectedly, gingival bleeding 

significantly reduced from 35% to 13%.[14] Dang et al.[15] 
hypothesized that zinc supplements may alter periodontal 
disease progression through changes in expression of  the 
ZnT8 transporter gene [Figure 1]. However, further studies 
investigating cross-susceptibility genes (including ZnT8) 
between periodontal disease, diabetes, and modulation by 
diet are required. Based on these study results, it can be 
assumed that nutrition imparts its effect on periodontal 
condition too just like other inflammatory disorders as till 
date the precise mechanism is not completely understood.

Inflammation is a localized protective response elicited by 
injury or destruction of  tissues, which serves to destroy, 
dilute, or wall off  both the injurious agent and the 
injured tissue. Chronic and nonresolving inflammation is 
destructive and is central to a number of  chronic diseases, 
periodontitis being one of  them [Figure 2]. Oxidative 
stress is a key driver of  chronic inflammation and as a 
result has a central role in the pathogenesis of  a wide 
range of  chronic inflammatory diseases.[16] Periodontal 
attachment destruction is caused by hyperinflammatory 
response which fails to eradicate the causative pathogens 
and generates prolonged release of  neutrophil proteolytic 
enzymes, pro‑inflammatory mediators, and reactive oxygen 
species (ROS).[17] The term “ROS” has been adopted to 
include molecules such as hydrogen peroxide, hypochlorous 
acid, and singlet oxygen, which, though not radical in 
nature, are capable of  radical transformation in the 
extra- and intra-cellular environments. Although most ROS 
have extremely short half-lives, they can cause substantial 
tissue damage by initiating free radical chain reactions. 
Therefore, the body contains a number of  protective AO 
mechanisms, whose specific role is to remove harmful 
oxidants (ROS), as soon as they form, or to repair the 
damage caused by ROS in vivo.[18]

EFFECTS OF REACTIVE OXYGEN SPECIES ON 
PERIODONTAL TISSUES AND COMPONENTS

The ROS cause periodontal tissue damage by:
• Ground substance degradation
• Collagenolysis either directly or indirectly or as a result 

of  oxidation of  proteases
• Stimulation of  excessive proinflammatory cytokine 

release through nuclear factor-κB (NF‑κB) activation
• PG‑E2 production through lipid peroxidation and 

superoxide release, both of  which have been linked 
with bone resorption

• Since interleukin‑1 (IL‑1) and tumor necrosis factor 
alpha positively regulate their own production, the 
additive effects of  endotoxin-mediated cytokine 
production and that arising from respiratory burst 
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of  polymorphonuclear leukocytes in response to the 
same organisms lead to periodontal inflammation and 
subsequent attachment loss.[17]

DISCUSSION

Nutrigenomics and periodontics
Changing concepts in periodontal microbiology might 
modify approach to mechanical therapy, and technologic 
advances might help to understand the exact nature of  
periodontal infections and to perform the treatment 
more effectively and easily.[19] Improved understanding 
of  the mechanism behind periodontal tissue destruction, 
potential defensive role of  nutrients, and advent of  
modern genomic measurement tools has led to an 
increased interest in the association between nutrition 
and periodontal disease.[15] Periodontitis is associated with 
low serum/plasma micronutrient levels that may result 
from dietary and/or lifestyle factors as well as nutrigenetic 
characteristics. Primary evidence suggests beneficial results 
from nutritional interventions, supporting the contention 
that daily intake of  certain nutrients should be at the higher 
end of  recommended daily allowances.[9]

Researchers  have found i r refutable  ev idence 
that macronutrients and micronutrients modulate 
proinflammatory and anti‑inflammatory cascades, which 
influence a person’s baseline inflammatory status. The 
functionality of  nutrients in human biology extends beyond 
fuels for energy production and cofactors in metabolism, 
the key macronutrients and micronutrients modulate 
inflammation and also act as molecular signals that are 

capable of  modulating gene and protein expression at 
a molecular level.[20] A lack of  nutrients does not cause 
gingival inflammation but may be a predisposing factor by 
disrupting the process of  tissue repair. Adequate nutrients 
can hasten healing and repair processes. Controlling 
or modifying the etiological factors can reverse clinical 
characteristics. Nutritional interventions for varying 
severities of  gingivitis are the same as those for promoting 
overall health by encouraging adequate intake of  all food 
groups and analyzing fermentable carbohydrate intake to 
determine potentially damaging habits that intensify the 
gingivitis. Patients need to maintain adequate nutrient stores 
before periodontal surgery to support successful outcomes. 
This ensures an acceptable immunological response for 
optimal healing and can help prevent or minimize infections, 
thereby controlling the consumption of  dietary sugars and 
fats will aid in reducing the levels of  oxidative stress and 
minimizing the inflammatory sequelae. Elevated glucose and 
lipid levels generate ROS at a rate that exceeds endogenous 
AO defenses and oxidative stress results. Investigators 
have noted that this “postprandial dysmetabolism” plays 
a role in the genesis of  inflammation. Multiple elevations 
in glucose eventually lead to chronic inflammatory 
pathologies.[21,22] Furthermore, in states of  oxidative stress, 
lipid peroxidation (a chain reaction induced by ROS attack 
on the PUFA side-chains of  lipid membranes) arises,[17] low 
density lipoproteins are oxidized (oxLDL), and the oxLDLs 
bind to a group of  pattern recognition receptors called 
“toll‑like receptors‑2/4” on inflammatory cell membranes, 
triggering NF‑κB activation through the protein-kinase-C 
enzyme and other related pathways. NF‑κB transcribes 
several proinflammatory cytokines.[23] In addition, 
researchers have proposed reduced glutathione (GSH), 
the key intracellular AO redox regulator of  NF‑κB as a 

Figure 2: Oxidative stress is central to the pathogenesis of a number 
of systemic diseases including periodontitis and has been proposed 
as a potential mechanistic link with systemic disease

Figure 1: Possible role for nutrient regulation of genes associated with 
periodontal disease. The proposed model demonstrates the known 
central role of diet in the etiology of periodontal disease
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novel approach to downregulation of  hyperinflammatory 
events.[24] GSH levels appear depleted in periodontitis,[25] 
and methods of  enhancing intracellular GSH may prove 
beneficial. PUFAs of  the omega‑3 form (ω‑3 PUFAs) 
found in fish oils lower postprandial triglyceride levels[26] and 
findings observed by Yokoyama M et al. in their randomized 
control study oserved that it has anti-inflammatory 
and ardiovascular protective effects.[27] Kesavalu et al.[28] 
demonstrated that rats infected with Porphyromonas gingivalis 
and fed a diet rich in ω-3 PUFAs for 22 weeks experienced 
less bone loss than control rats fed a diet rich in n-6 PUFAs. 
One mode of  action of  PUFAs includes the downregulation 
of  proinflammatory gene expression through the nuclear 
peroxisome proliferator-activated receptors others include 
inflammation-resolving mediators derived from ω-3 
PUFAs (resolvins).[29] A recent randomized, double-blinded, 
clinical trial by Van der Velden et al.[9] investigated potential 
clinical benefits of  a powdered fruit and vegetable juice 
concentrate on the treatment of  patients with chronic 
periodontitis. The study assessed dietary intake and 
biochemical nutritional status (plasma ß-carotene). It was 
concluded that supplementation with the fruit and vegetable 
concentrate results in increased pocket depth reduction, 
following standard nonsurgical therapy when compared 
to a placebo control. Therefore, higher consumption of  
components/nutrients with AO capabilities has been 
associated with lower frequency of  numerous human 
morbidities or mortalities as per many epidemiological 
studies. Diverse potential applications of  AO/free radical 
manipulations in prevention or control of  disease have been 
revealed by ongoing research.[30]

Further, as an adjunct to scaling and root planing, selected 
application of  beneficial bacteria would also achieve 
and maintain periodontal health. Probiotics are live 
microorganisms administered in adequate amounts with 
beneficial health effects on the host. They repopulate 
the beneficial bacteria which can help kill pathogenic 
bacteria and fight against infection which in turn lowers 
the risk of  developing periodontitis. Oral administration 
of  probiotics may also benefit oral health by preventing 
the growth of  harmful microbiota or by modulating 
mucosal immunity in the oral cavity.[31,32] Probiotics are 
also known to produce AOs, which in turn prevent plaque 
formation by neutralizing the free electrons which are 
needed for the mineralization of  plaque.[33] On the other 
hand, prebiotics are nondigestible oligosaccharides that 
affect the proliferation of  resident commensal bacteria, 
which may exert beneficial effects on the host by directly 
stimulating expression of  IL-10, interferon, enhancement 
of  immunoglobulin A secretion, and modulation of  
inflammatory responses in pathogens.[34]

For inhibition and management of  periodontitis, daily 
nutrition should include sufficient AOs, Vitamin D, and 
calcium. Insufficient AO levels may be managed by higher 
intake of  vegetables, berries, and fruits (e.g., kiwi fruit) 
or by phytonutrient supplementation. AO micronutrient 
deficiencies can be met by a higher intake of  vegetables, 
fruits, and berries.[9] The recommendations of  the 2011 
European workshop on periodontology suggest that the 
dental team should consider including advice to all patients 
to increase levels of  fish oils, fiber, fruit, and vegetables and 
to reduce levels of  refined sugars as part of  a periodontal 
prevention/treatment regimen and a general health benefit 
message.[35]

CONCLUSION

Diet is an important environmental factor that interacts 
with the genome to modulate disease risk. A clear 
understanding of  these interactions has the potential to 
support disease prevention through optimization of  dietary 
recommendations. The interaction between genetic and 
dietary influences can result in a higher risk of  disease 
in certain individuals and populations. The future of  
nutrigenomic research promises to provide additional 
knowledge of  biological function and individual response 
to diet. Based on the pathology of  periodontal disease, the 
assumption is that specific nutrients which can modulate 
immune and inflammatory responses could in turn 
modulate periodontal health.
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A clinicoradiographic assessment of 
1% metformin gel with platelet‑rich 
fibrin in the treatment of mandibular 
grade II furcation defects
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Abstract:

Background: Management of furcation defects is challenging, and constantly newer therapeutic strategies 
are evolving. Platelet‑rich fibrin (PRF) is successfully used alone and in combination with various agents in 
the furcation defects. Lately, metformin (MF), a second generation biguanide has gained popularity owing to 
its osteogenic potential. Aims and Objectives: The aim of the present study was to evaluate the clinical and 
radiographic effectiveness of open flap debridement (OFD) and PRF when compared to OFD + PRF + 1% MF 
gel in the management of mandibular Grade II furcation defects. Materials and Methods: Thirty mandibular 
grade II furcation defects were stratified into two groups; in one group OFD and PRF is used, and the other group 
had an additional MF gel with PRF in OFD. Clinical parameters such as plaque index, modified sulcus bleeding 
index, probing pocket depth (PD), relative vertical attachment level (RVAL), and relative horizontal attachment 
level (RHAL) were recorded at baseline and at 6 months. Radiovisiography and ImageJ software were used to 
evaluate the intrabony defect depth. Results: The OFD + PRF + MF group showed significantly higher probing 
PD reduction, RVAL and RHAL gain than the OFD + PRF group. Conclusions: PRF when combined with a 
potential osteogenic agent like MF can provide a better therapeutic benefit to a furcation involved tooth.
Key words: 

Furcation defects, metformin, open flap debridement, platelet‑rich fibrin

INTRODUCTION

Periodontal diseases encompass a set of 
inflammatory conditions resulting in the 

obliteration of the supporting tissues of the 
teeth, particularly bone, through osteoclastic 
resorption.[1] A clinician’s vision has always been 
on efforts to regenerate lost alveolar bone. This 
holds true, especially in furcation areas where 
the ease of access to instrumentation has always 
been a challenge.[2] The presence of proximal deep 
furcation defects may not only affect the response 
to therapy of an affected tooth adversely but also 
the prognosis of adjacent teeth.[3-5]

To overcome these challenges, newer therapeutic 
modalities such as Emdogain, PRP, introduction of 
growth factors, and bone morphogenetic proteins 
have been initiated.[6-9] Lately, metformin (MF), 
an antidiabetic agent, is successfully used as a 
local drug delivery agent in chronic periodontitis 
patients.[10] Literature has suggested that MF 
possesses osteogenic potential and it is also 
established that MF induces growth of osteoblast 
precursor cells.[10] Histological studies have 
supported the role of MF as an anti‑inflammatory 
agent, and thus, it is known to hinder bone 
resorption in a periodontitis model.[10] A significant 

improvement in the clinical parameters has been 
reported when MF is used in conjunction with 
SRP in chronic periodontitis cases.[10]

The aim of the present study was to assess the 
clinical as well as radiographic effectiveness of 
open flap debridement (OFD) + platelet-rich 
fibrin (PRF) and OFD + PRF + 1% MF gel in the 
management of mandibular Grade II furcation 
defects.

MATERIALS AND METHODS

This cl inicoradiographic single center, 
longitudinal, double-blind study was performed 
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for a duration of 6 months. A total of 30 sites in 22 patients 
having Grade II furcation involved mandibular molars were 
chosen from the outpatient department of Periodontology. The 
selected sites were stratified arbitrarily with the toss of coin into 
two groups. The distribution of study participants, as well as 
the study design, is depicted in Figure 1.
• Group A: Test group consisted of 15 buccal grade II 

furcation defects that were managed by OFD followed by 
PRF and 1% MF gel

• Group B: Control group consisted of 15 buccal grade II 
furcation defects that were managed by OFD followed by 
PRF only.

After getting the approval from the institutional ethical 
board, the participants were verbally informed about the 
study protocol and written informed consent was received. 
Diagnosis of chronic periodontitis was made according to the 
American Academy of Periodontology, 1999 World Workshop 
Consensus.[11] The set criteria for inclusion in the study were:
1. Buccal Grade II furcation defect in mandibular molars 

which were endodontically vital[12]

2. Asymptomatic mandibular first and second molars 
with a radiolucency in the furcation area on the 
radiovisiography (RVG)

3. Probing pocket depth (PD) >5 mm and horizontal 
PD >3 mm after phase 1 therapy.[13,14]

The exclusion criteria for the study were:
1. Diabetic patients, patients with cardiac disorders or 

bleeding disorders, immunocompromised (e.g., HIV 
individuals) individuals, and patients on long-term 
medications such as corticosteroids or calcium channel 
blockers which may affect the bone metabolism

2. Patients with reported allergies to medications
3. Pregnant or lactating females
4. Patients with a habit of tobacco chewing/smoking
5. Individuals with poor oral hygiene
6. Teeth with interproximal intrabony defects and gingival 

recession
7. Mobility of tooth Grade II or teeth with furcation caries was 

also excluded.

The enrolled patients signed informed consent form in 
English as well as in Hindi language to willingly participate 
in the research. Comprehensive medical and dental histories 
were taken to assess for any contraindications. The clinical 
parameters incorporated site‑specific plaque index (PI),[15] 
modified sulcus bleeding index (mSBI),[16] PD from the 
gingival margin, relative vertical attachment level (RVAL), and 
relative horizontal attachment level (RHAL) from the apical 
level of custom-made acrylic stents with grooves to ensure 
a reproducible placement of a periodontal probe (PCP-UNC 
15, Hu Friedy® for vertical measurement) and Naber’s 
probe (Hu Friedy® PQ2N6-for horizontal measurement). All 
the clinical parameters were examined at baseline and 6 months 
postoperatively.

For evaluation of intrabony defect (IBD) depth, distance 
from the furcation fornix to the base of the defect was 
taken into consideration. RVG images were obtained 
preoperatively and 6-month postoperatively. Radiolucency 
at the furcation site was measured from the furcation fornix, 

in millimeters.[17] Image J software  (1.50i, National Institutes 
of Health, USA) was used to measure the bone defect depth.

Presurgical phase included phase I therapy after which sites 
were randomly chosen for test and control group with the 
toss of a coin.

Surgical phase
The PRF was formed as per the procedure stated by Choukroun 
et al.[18] Just before the surgical procedure, intravenous 
blood (by venipuncturing the antecubital vein) was collected 
in three, 10-ml sterilized test tubes. No anticoagulant was 
added to the tubes and instantly centrifuged in centrifugation 
machine (REMI, Mumbai) at 3000 RPM for 10 min. This ensured 
the formation of structured fibrin clot in the center of the 
tube, just in the middle of the red corpuscles at the base and 
acellular plasma (platelet-poor plasma [PPP]) at the top. PRF 
was separated from RBCs using sterile tweezers and scissors 
just after the removal of PPP. Then, it was transferred onto 
sterile gauze compress so as to squeeze out the serum out of 
a stable PRF membrane. This membrane thus formed is easy 
to handle and be manipulated by the operator. PRF, thus 
prepared, was used in two ways in both groups, one to fill the 
defect (with or without 1% MF gel) and second as a protective 
barrier membrane over the defect space.[19]

Preparation of 1% metformin gel
MF gel was prepared as described by Mohapatra et al.[20] The 
necessary ingredients needed for the gel preparation were 
weighed precisely. Initially, a dry gellan gum powder and distilled 
water were mixed with a magnetic stirrer at 95°C for a period 
of 20 min to facilitate the formation of hydrous gellan gum. The 
temperature was maintained at ≥80°C, and mannitol (required 
amount) was added to the solution formed. Subsequent to this, 
MF (weighed quantity) was incorporated in addition to the citric 
acid, sucralose and preservatives such as propylparaben and 
methylparaben. It is important to continuously stir the mixture 
all through the procedure. To this mix, the required amount of 
liquefied sodium citrate was incorporated. This blend produced 
a gel once; it was cooled at around 20°C–25°C. Hence, the 
concentration of final MF gel was adjusted to ~1%.

Before surgery, patients rinsed with 0.12% chlorhexidine 
digluconate (Hexidine® ICPA). Subsequent to administering 
local anesthesia, intracrevicular incisions were given at 
buccal and lingual surfaces, and mucoperiosteal flaps were 
reflected [Figure 2].[13] Thorough defect debridement was done 
followed by root planing with area‑specific curettes (Gracey 
curettes Hu-friedy®) and furcation curettes (Quetin SQBL 
16 Hu-friedy®). The prepared gel of 1% MF was mixed with 
PRF and placed into the furcation defect following OFD in 
group A [Figure 3], whereas in group B, PRF alone was placed 
into the furcation defect.  The furcation defects of both the 
groups were further covered by a PRF membrane to provide 
protection and space [Figure 4]. The mucoperiosteal flaps were 
repositioned and sutured with 3-0 non-absorbable silk surgical 
sutures [Figure 5]. The treated area was covered by means of 
periodontal dressing [Figure 6]. Postoperative instructions 
were given. The prescribed medications were 500 mg 
amoxicillin, 400 mg metronidazole and 400 mg ibuprofen t. 
i. d all for 7 days. Patients were asked to rinse chlorhexidine 
digluconate rinses (0.12%) (Hexidine® ICPA), for the next 
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Figure 1: Study design; n - Number of participants

Figure 3: Placement of platelet-rich fibrin and 1% metformin gel mixture

Figure 5: Repositioning and suturing with interdental sutures

Figure 7: Preoperative radiovisiography for intrabony defect measurement

Figure 2: Reflection of mucoperiosteal flap and debridement

Figure 4: Application of platelet-rich fibrin membrane to cover the defects

Figure 6: Application of periodontal dressing

Figure 8: Six-month postoperative radiovisiography depicting intrabony defect fill
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15 days twice daily. Suture removal was performed 10 days 
postsurgery. The treated areas were then gently cleansed, 
and participants were instructed to resume brushing in the 
operated area with a soft toothbrush. Soft and hard tissue 
evaluations were done 6 months post-surgery. For hard tissue 
reevaluation, second RVG images of the same study site 
were taken, and furcation bone defect measurements were 
reevaluated [Figures 7 and 8].

Radiographic assessment of intrabony defects
The depth of IBD was evaluated at baseline and 6 months with 
the help of an image analyzer (Image J®) IBD was measured 
on the radiograph by computing the vertical distance from the 
crest of the alveolar bone to the base of the defect. Standardized 
radiographs were taken using the paralleling technique and 
holders so as to obtain films as reproducible as possible. All 
the radiographic images were evaluated in a single reference 
centre by the masked evaluator.

Statistical analysis
The statistical analysis for the periodontal parameters was 
done using a “Paired t-test” (intragroup) and one-way ANOVA 
(intergroup) for comparative evaluation at two different time 
intervals for clinical and radiographic parameters. For all the 
tests, P ≤ 0.05 was considered statistically significant.

RESULTS

The characteristics of the study groups are represented in 
Table 1. All the patients completed the study. There were no 
statistical differences in the mean age and sex among the test 
and control groups. No undesirable reactions related to the 
treatment procedure were noted among patients. Satisfactory 

wound healing was observed at all the sites involved in the 
study. Results of the study are expressed in Table 2.

Primary outcome measures were RVAL, RHAL, and IBD depth, 
whereas secondary outcome measures were PI, mSBI, and PD.

A statistically significant reduction in both PI and mSBI was 
observed at 6 months from baseline in both the study groups. 
This indicates uniformity in oral hygiene maintenance by all 
the study participants.

A highly significant improvement in PD was observed in both 
the study groups at 6 months from baseline. On comparing 
intergroup data, Group A showed highly significant reduction 
in PD (P = 0.01) compared to Group B.

The mean score of RVAL at 6 months for Group A showed 
no significant difference compared to the Group B score. 
However, the mean scores of RHAL and IBD at 6 months 
showed significant improvement compared to the baseline 
scores (P ≤ 0.05) in both the study groups. At 6 months, 
the mean score of RHAL for Group A showed statistically 
significant improvement compared to the scores of Group B. 
On the other hand, at 6 months, the mean score of IBD, 
3.68 ± 0.97 for Group A showed no significant improvement 
over Group B (3.42 ± 0.51) (P > 0.05). None of the treated defects 
progressed to degree III.

DISCUSSION

The present study investigated the effectiveness of PRF 
when combined with MF in the management of furcation 
defects. At baseline all the values were almost identical and 
statistically nonsignificant. At 6 months, the mean score 
of PI for Group A showed a significant improvement over 
Group B, (P ≤ 0.05). The closely monitored regimen of 
maintenance was identical in both the study participants. The 
difference in the results at 6 months can clearly be attributed 
to the complete or partial closure of the furcations.[13,21,22] This 
improvement is in accordance with the studies of Caffesse 
et al. and Pradeep et al.[13,22] At 6 months, the mean score of 
mSBI showed significant improvement from baseline scores 
in both the study groups. Similar observations were recorded 
by Thorat et al. and Pradeep et al.[13,23]

Table 2: Clinical and radiographic parameters in study groups at baseline and 6 months
Parameter Visit OFD + 1% MF + PRF (Group A) OFD + PRF (Group B) Intergroup comparisons 

(Group A vs. Group B)Mean±SD# P* Mean±SD# P*

PI Baseline 1.10±0.50 0.0* 1.32±0.47 0.04* 0.04*
Six months 0.87±0.38 1.20±0.46

mSBI Baseline 1.66±0.39 0.0* 1.71±0.64 0.0* 0.41
Six months 1.38±0.40 1.55±0.66

PD Baseline 7.67±0.98 0.0* 7.40±1.63 0.0* 0.01*
Six months 4.47±0.74 5.76±1.87

RVAL Baseline 10.20±0.94 0.03* 9.80±1.97 0.0* 0.47
Six months 7.26±1.16 7.73±2.18

RHAL Baseline 8.13±0.83 0.0* 6.86±0.99 0.0* 0.05*
Six months 7.06±1.33 6.06±1.38

IBD depth Baseline 4.34±0.57 0.03* 3.63±0.36 0.0* 0.38
Six months 3.68±0.97 3.42±0.51

P* – Statistically significant (P ≤ 0.05), #In millimeters, mean±SD. OFD – Open flap debridement; PRF – Platelet‑rich fibrin; MF – Metformin; SD – Standard 
deviation; PI – Plaque index; mSBI – Modified sulcus bleeding index; PD – Pocket depth; RVAL – Relative vertical attachment level; RHAL – Relative horizontal 
attachment level; IBD – Intrabony defect

Table 1: Characteristics of the study population
Characteristics OFD + PRF + 1% 

MF (Group A)
OFD + PRF 
(Group B)

n 15 15
Mean age (years)±SD 41.33±5.77 41.46±4.43
Age range (years) 25-50 25-50
Males 5 7
Females 6 4
OFD – Open flap debridement; PRF – Platelet‑rich fibrin; MF – Metformin; 
SD – Standard deviation; n – Number of participants
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Probing depth is not only a sought-after result of periodontal 
regeneration procedure but also an important factor for patients 
oral self‑care strategy. At 6 months, significant reduction in 
PD was observed in both the study groups. On intergroup 
comparisons a highly significant value was obtained favoring 
Group A (P ≤ 0.01). The observations indicate significant gain 
in clinical attachment level which is a consequence of improved 
tissue healing following surgical periodontal treatment.[6,13,24,25]

Similarly, the mean scores of RVAL of both the groups showed 
significant improvement at 6 months from baseline. However, 
intergroup comparisons yielded nonsignificant results. Our 
findings are in agreement with the findings of Bowers et al., 
Anderegg et al., Selvig et al., Machtei et al., and Black et al.[26-30]

A significant improvement in intergroup comparisons of 
RHAL at baseline and 6 months was also found. Presurgical 
RHAL has confirmed a contrary association with furcation 
closure, increase in horizontal probing depth were more or less 
associated with diminished percentage of sites demonstrating 
complete clinical closure.[26] This was further proven by the 
results of our study. Complete furcation closure was obtained 
in 90% of early furcation lesions (≤4 mm).[26] We attained 
almost matching results where Group A containing MF was 
significantly better compared to Group B in furcation closure. 
This can be attributed to MF because it is a known activator 
of proliferation and differentiation of local progenitor cells 
leading to the formation of new bone matrix. Also, MF  
significantly reduces the intracellular reactive oxygen species 
and apoptosis of local  progenitor cells which improve the 
production of type I collagen leading to enhanced healing.[10] 
Thus, generous bone fill was obtained in Grade II furcations 
in the Group A. A 6 months evaluation period in our study 
was based on several studies which revealed that dimensional 
changes of periodontal tissues ensuing from surgical healing 
sometimes continue to occur up to 6 months.[31,32]

The IBD depths at 6 months did not differ much in both the 
groups. The reason for this seems to be because of slow release 
of growth factors such as platelet-derived growth factor, 
transforming growth factor beta 1 in the case of PRF, and 
insulin-like growth factor-1 expression in the case of MF. The 
release of all these factors has been found to be timebound in 
different studies. Furthermore, a study by Borges et al. revealed 
that 80 weeks of MF treatment induces very modest increase 
in bone mineral density, thus these possible bone sparing and 
bone formative effects of MF may be linked to the passage of 
time.[33] Studies indicate that 1% MF worked best and superior 
to 0.5% and 1.5% concentrations [34] and was retained in the 
target compartment suggesting a sustained release of drug until 
4 weeks, when used as intrapocket gel.[21] Thus, it seems the 
growth factors obtained from both PRF as well as MF have a 
wash off period limiting the accuracy over the 6 months period 
of the study.[35] Another factor to be taken into consideration 
is that, highest probability of clinical furcation closure and 
IBD reduction was detected in early class II defects, and in 
general, the results were proportionate to the extent of furcation 
involvement – the earlier, less severe the defect, the greater 
the likelihood of achieving complete clinical furcation closure. 
Furthermore, anatomical challenges such as short-root trunks 
architecture of furcation entrance, root divergence, root surface 
irregularities and curvatures, interradicular root surfaces, and 

root concavities all affect the regeneration of furcation defects 
in mandibular molars predominantly first molars possibly 
affecting the IBD reduction.[26]

In the present study, the efficacy of PRF with MF was assessed 
for 6 months duration. The evaluative period could have been 
longer to elucidate the role of MF in inducing bone formation. 
Latest advances in radiographic techniques like cone-beam 
computed tomography could have been utilized to assess 
furcation defects.

CONCLUSIONS

The observations of our study revealed that MF may exhibit a 
beneficial effect on the alveolar bone by increasing osteoblast 
differentiation. Although we are unsure about definitive and 
conclusive remarks regarding the effect of MF, the present findings 
appear to be meaningful with regards to the beneficial effects of 
MF on bone tissues in Grade II furcation defects. However, 
more longitudinal, multicentric, randomized controlled clinical 
and interventional trials will need to be conducted to know its 
clinicohistologic and radiographic effects on the healing of the 
bone, thereby confirming the findings of our study.
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ABSTRACT
Aim: The aim of the present study was to identify the various 
background variables and its influence on behavior manage-
ment problems (BMP) in children.

Materials and methods: The study included 165 children 
aged 2 to 8 years. During the initial dental visit, an experienced 
operator obtained each child’s background variables from 
accompanying guardians using a standardized questionnaire. 
Children’s dental behavior was rated by Frankel behavior 
rating scale. The behavior was then analyzed in relation to the 
answers of the questionnaire, and a logistic regression model 
was used to determine the power of the variables, separately 
or combined, to predict BMP.

Results: The logistic regression analysis considering dif-
ferences in background variables between children with 
negative or positive behavior. Four variables turned out to be 
as predictors: Age, the guardian’s expectation of the child’s 
behavior at the dental examination, the child’s anxiety when 
meeting unfamiliar people, and the presence and absence 
of toothache.

Conclusion: The present study concluded that by means of 
simple questionnaire BMP in children may be expected if one 
of these attributes is found.

Clinical significance: Information on the origin of dental fear 
and uncooperative behavior in a child patient prior to treat-
ment process may help the pediatric dentist plan appropriate 
behavior management and treatment strategy.

Keywords: Behavior, Dental anxiety, Management problems, 
Prediction.
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INTRODUCTION

Despite the evolving nature of pediatric dentistry, a 
greater challenge facing the profession still remains: How 
to prevent or intercept dental fear/anxiety at the outset. 
Dental fear is a normal emotional reaction to one or 
more specific threatening stimuli in the dental situation, 
whereas the dental anxiety denotes a state of apprehen-
sion that something dreadful is going to happen in rela-
tion to dental treatment, and it is coupled with a sense of 
losing control.1 In practice differentiating dental anxiety, 
dental fear and phobia is complicated, and these terms 
are often used interchangeably in the literature. Moreover, 
the term “dental anxiety” is often used to include all  
different types of dental fears and phobias.2

Dental anxiety is a common problem which develops 
mostly in childhood and adolescence.1,3 Dental anxiety 
can have major implications for the child, dental team, 
and dental services. Providing treatment for the child 
patient with dental anxiety can be time-consuming, costly, 
and demanding for the clinician.4,5 Previous studies have 
shown that a majority of children with dental anxiety 
present behavior management problems (BMP) in dental 
treatment situations.6 Evaluating a child’s level of anxiety 
before pediatric treatment is the key, since this anxiety 
is closely related to their behavior during dental visits.6 
Identifying and quantifying which factors trigger a situa-
tion of fear/anxiety is a basic requirement for controlling 
these factors to the largest extent possible and, therefore, 
reducing the child’s negative behavior during treatment.

The interaction of several variables, often suggested to 
be elements of a child’s behavior pattern, makes it difficult 
to study and analyze single elements. The objective of the 
science is to widen an understanding of the interpersonal 
social force that influences a patient’s behavior. Resear- 
chers have yet to determine which variables to target in 
order to improve their behaviors in a dental setting. No 
single assessment method or tool is completely accurate in 
predicting a child’s patients behavior for dental treatment, 
but awareness of the different types of background factors 
on child behavior may aid in predicting the behavior of 
pediatric patient.
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Historically, research in the behavior aspects of 
children dentistry has focused on methods for altering 
the child’s behavior; however, the studies concerning 
the prediction of behavior of child in a dental clinic has 
received less consideration. Therefore, it is necessary 
to effectively predict children dental behavior, identify 
children at risk of BMP before such problems arise, and 
develop an appropriate management stratagem. Conse-
quently, the present study was planned to explore and 
identify the various children background variables with 
a view to estimating their influence on BMP by means of 
a structured questionnaire.

MATERIALS AND METHODS

This study included 165 children aged 2 to 8 years  
(90 boys and 75 girls) presenting for initial visit and 
seeking dental care. The criteria for including a child 
in the study were as follows: (1) Children aged 2 to  
8 years; (2) child patients indicated for dental treatment 
including filling, tooth extraction, pulp therapy, pit and 
fissure sealants, and topical fluoride application; (3) the 
accompanying parent/guardian was one of the child’s 
primary caretakers; (4) the dentist had no previous con-
nection with child or guardian; and (5) the accompanying 
person was able to understand and reply to our questions.

Children with dental emergencies, such as trauma, 
acute pulpitis, periapical abscess, and acute periapical 
periodontitis and the child with easily discernable mental 
limitations or communicative disorders were excluded 
from the study.

Upon arrival at the clinic, the guardians were 
informed of the aims of the study and could choose 
whether to take part in the study without affecting the 
dental care provided to child. An experienced operator 
elicited each child’s background variables from accom-
panying guardians using a standardized questionnaire. 
The questionnaire comprised of 16 questions, 8 of which 
had 3 to 5 alternative answers arranged as semantic scale 
and 8 of which had dichotomized answers (yes or no). 
The questions covered the child’s sociodemographic 
features (e.g., age, gender), previous dental and medical 

treatment experience, personality factors, health status, 
environmental conditions within or outside the family, 
and guardian’s attitude toward and experience with 
dental treatment.

The initial examination was evaluated in the follow-
ing order: Step 1—enter treatment room; step 2—mirror 
in mouth; step 3—probe on fingernail and tooth surface; 
step 4—air blower on hand and in mouth; step 5—lie or 
sit in dental chair; and step 6—examination. The demands 
are gradually augmented in ascending order of relative 
magnitude as anxiety-provoking stimuli. Direct ratings 
of behavior were made by the Frankel behavior rating 
scale7 which was dichotomized into positive and nega-
tive behavior. The degree of acceptance was coded 1, 2, 
3, or 4 according to the Frankel behavior rating scale. 
Positive behavior was defined as positive acceptance 
(rating 3 = positive; or 4 = definitely positive) whereas 
the negative behavior was defined as negative acceptance 
(rating 1 = definitely negative; or 2 = negative) at step 6.

The behavior was then analyzed in relation to the 
answers of the interviews, and a logistic regression 
model was used to determine the power of the variables, 
separately or combined, to predict BMP. Regression was 
performed on the data with complete questionnaires. 
Chi-square tests using exact methods to compute the 
statistical significance (p value) were used to compare 
possible predictors and uncooperative behavior.

RESULTS

A total of 165 children aged 2 to 8 years were included in 
the study with a distribution of 85 males and 80 females. 
The mean age of the studied population was 4.2 years old 
with a standard deviation of 1.4 years. The numbers of 
children with acceptance 1, 2, 3, and 4 at different treat-
ment steps are shown in Table 1 and Graph 1. The logistic 
regression analysis considering differences in background 
variables between children with negative or positive 
behavior at step 6 indicated four statistically significant 
variables as predictors: Age, the guardian’s expectation 
of the child’s behavior at the dental examination, the 
child’s anxiety when meeting unfamiliar people, and 

Table 1: Number and percentage of children with acceptance 1, 2, 3, and 4 at different steps
Negative acceptance Positive acceptance

1 2 3 4
No. % No. % No. % No. %

1. Enter treatment room 10 16.5 17 28 79 47.8 59 35.7
2. Mirror in the mouth 18 10.9 25 15.1 72 43.7 50 30.3
3. Probe on fingernail and tooth surface 20 12.1 24 14.5 69 41.8 52 31.6
4. Air blower on hand and in mouth 16 9.7 25 15.1 72 43.6 52 31.6
5. Lie or sit in the operating chair 12 7.2 30 18.2 66 40 57 34.6
6. Examination 18 10.9 20 12.1 68 41.2 59 35.8
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the presence and absence of toothache (Table 2). While 
113 (68.4%) guardians expected positive dental behavior 
from their children, 52 (31.5%) expected negative behavior  
(Graph 2). More than one-third (60/165, 36.3%) of  
children were anxious around strangers, and 93 out of 
165 (56.3%) of children had suffered toothache prior to 
the dental visit

DISCUSSION

Before the 1960s, prevailing theories of children’s psycho-
logical development proposed that a child is a “tabula 

rasa,” or blank slate, i.e., imprinted upon by external 
forces which were considered to be the major formative 
factors in child behavior patterns.8 However, Stella Chess 
and Alexander Thomas after studying behavior patterns 
hypothesized that children are not “blank slates,” rather 
they have internal influences that lead to inherent individ-
ual differences in their reactions and motivations.9 A more 
comprehensive view may be that the child’s development 
and behavior are affected by a host of factors including 
individual physiology, temperament, and cognitive traits, 
as well as family and other environmental influences. 
Dental anxiety is likely to have multifactorial origins 
which are broadly divided into the internal and external 
origin. The external origin has been described as a simple 
conditioned phobia emerging from direct and indirect 
negative dental experience,3,10 and that internal origin 
can be characterized as a personality trait or endogenous 
anxiety, including factors related to the person.11,12

The clinical pediatric dentist must be capable of 
effectively managing a child’s behavior and to accom-
plish this, there is need to discover what factors reduce 
anxiety and improve potentially negative behavior during 
a dental procedure. Through an understanding of child 
development and origin of dental fear and uncooperative 
behavior in a child patient prior to treatment process may 
help the pediatric dentist plan appropriate behavior man-
agement and treatment strategy. The response of a child 
patient to the demands of dental treatment is complex and 
determined by many factors. Child age/cognitive level, 
temperament/personality characteristics, anxiety and 
fear, reaction to the strangers, previous dental experience, 
and maternal dental anxiety influence a child’s reaction to 
the dental setting.13 Moreover, difficulties exist in assess-
ing dental fear in younger children, and therefore its 
evaluation is largely based on interpretation of observed 
behavior in the dental situation using rating scales. Some 
authors have claimed that, because of limited emotional 

Graph 1: Number of children with acceptance 1, 2, 3, and 4 at different steps

Table 2: Variables found to predict children at risk of BMP 
during the initial dental visit

B Wald  Sig OR
Age –0.775 18.146 <0.0001 0.313
Guardian expectation 1.121 16.561 <0.001 3.063
Anxiety around strangers 1.363 4.325  0.030 2.984
Toothache 0.819 0.619  0.041 2.525
Constant 0.925 0.989  0.328 2.589
B: Regression coefficient; Sig: Significance correlation; OR: Odds 
ratio; BMP: Behavior management problems

Graph 2: Guardian expectations of behavior
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development of young children, questions should only be 
used with teenagers and adults.14 Since children exhibit 
a broad range of physical, intellectual, emotional, and 
social development, as well as a diversity of attitudes and 
temperament, the present study was designed to deter-
mine the influence of these factors derived from parental 
response on the prediction of behavioral responses during 
an initial dental appointment.

In the present study, logistic regression analysis 
identified four variables of the questionnaire that proved 
to be statistically significant predictors: The child’s age, 
the guardian’s expectation of the child’s behavior, the 
child’s anxiety when meeting strangers, and the pres-
ence of toothache. All these four factors proved to be 
important parameters, and many authors, as described 
below, have justified the predictors used in the present 
study.

Baier et al15 conclusions indicated that children under 
age 6 are more likely to exhibit negative behaviors,  
signifying that age may play a role both in behavior and 
anxiety in a dental setting. Hosey,16 in addition, sug-
gested that the younger children are often afraid of the 
dental office, no matter what procedure they are facing. 
Moreover, Rud and Kisling17 stated that chronological age 
does not always correspond to level of mental develop-
ment and stated that children who had reached a mental 
development corresponding to 29 months of age were 
able to cooperate in the dental situation. In the present 
study also, we found age to be one of the predictors which 
might be due to the fact that due to the limited intellec-
tual development, the younger children were unable to 
be fully comprehended and realistically appraised the 
nature of dental treatment, or understood the explana-
tions and instructions.

A guardian’s expectation of a negative reaction from a 
child was the second best predictor. The child’s behavior 
can be dependent on various factors like maturity, per-
sonality, and environmental factors, and the parents well 
aware of the effects of these background variables can 
very well predict the child’s ability to cope in the dental 
situation. These results are in accordance with studies 
carried out by Holst18 and Xia.19

Anxiety when meeting unfamiliar people is a normal, 
common part of a child’s developmental sequence that 
most children experience. Venham et al20 found that 
dental anxious children had stronger promotion of inde-
pendence and weaker socialization training, resulting 
in anxiety when experiencing unknown people or situ-
ations. This background variable has been reported by 
various studies to be considered in predicting the child 
behavior.18,19 The present results are also compatible with 
the previously cited findings suggesting that not only the 

maturity and basic personality traits, but also the certain 
features of child rearing methods are significantly related 
to the children’s response to dental stress.

Children perceive and react to painful stimuli dif-
ferently from each other, and studies have shown that 
children under the age of 4 are more sensitive to painful 
stimuli.13 Xia19 identified the presence of toothache as 
a risk factor for BMP; in addition, Poulton21 stated that 
symptomatic dental patient to be a predictor of early-
onset dental fear. In a country like India, where health 
services have been usually oriented toward therapeutic 
care, toothache has been the main reason for seeking 
dental treatment. In the present study also, the presence 
of toothache was found to be a significant predictor. Our 
results showed that 58.7% of children had the history of 
toothache; moreover, 29% of the children presented for 
the first dental treatment because of toothache. Ferrari22 
reported that fear of pain to be the most important pre-
dictor of dental anxiety. We believe that from a cognitive 
behavioral perspective, younger children with toothache 
to some degree anticipated aggravation of pain during 
the initial dental examination; furthermore, they are more 
likely to fear the consequences of pain sensations and 
more likely to avoid them, subsequently resulting in the 
negative behavior.

Versloot et al23 reported that the memory of previous 
dental experiences greatly influenced children behavior. 
In the present study, the majority of the children with 
previous dental experience displayed negative behavior, 
and it can be assumed that most of them were referred 
for BMP to specialized pediatric clinics. These findings 
suggest the importance of first dental visit which should 
be structured and organized in a playful and an enjoy-
able experience.

Based on this study, predictors for uncooperative 
behavior in the child were identified. The results of this 
investigation were established with a relatively simple 
questionnaire, and certain key questions asked prior to 
the initial dental examination may perhaps be helpful in 
assessing cooperative ability.

CONCLUSION

Based on the results of this study, the following four 
factors were found to be predictive of children’s BMP in 
the dental clinic: The child’s age, the guardian’s expecta-
tion of the child’s behavior at the dental clinic, presence of 
anxiety around strangers, and the presence of toothache. 
Since there are many other variables that may influence 
behavior of children during dental appointment, further 
research using more appropriate methods are needed to 
clarify the role of these background variables in the BMP 
in children.
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INTRODUCTION
Fear is “an unpleasant emotional condition involving psychosomatic 
and psycho-physiological reaction to a realistic external threat 
that includes anxiety, apprehension and mobilization of alarmed 
response” [1]. It is one of the primary emotions acquired soon 
after birth to protect the individual from harm and self destruction. 
The majority of fears evident in children may have been acquired 
either objectively or subjectively. Objective fears are those which 
are produced by direct stimulation of sense organs and they don’t 
have any parental origin. Subjective fears are the ones based on 
feelings and attitudes that have been suggested to the child by 
others mostly through parents or acquaintances [2].

The anaesthesia for various intraoral procedures like symptomatic 
relief from the pain of superficial mucosal lesions, toothache and 
post extraction pain is provided by topical anaesthetic agents. These 
agents act by blocking the terminal fibres of sensory nerve endings 
thus controlling painful stimulation during needle insertion [3]. When 
it comes to dental treatment children are usually lot more anxious 
and it’s very normal for the children to be afraid of new and potentially 
threatening situations. Most common anxiety provoking and fearful 
experience for children in dental operatory is administration of local 
anaesthesia because on seeing the needle, children usually become 
uncooperative. There is a strong relationship between a child’s 
dental anxiety and successful dental treatment, and also between 
anxiety and pain [4]. The painful situations like needle insertion 
can result in fear; while fear and anxiety during dental treatment 
might amplify the amount of perceived pain. The haemodynamic 

changes like alteration in pulse rate and oxygen saturation of 
a patient can also be induced by the pain caused during dental 
procedure [5]. Management of a fearful child is important because 
behaviour management of a paediatric dental patient is very crucial 
in successful outcome of dental treatment.

Behaviour management includes non-pharmacological methods 
along with the pharmacological means. The present trend is towards 
using non-aversive techniques out of which AV distraction has also 
emerged as a very successful technique for managing children in 
dental settings. The anxiety of patients undergoing dental treatment 
can be reduced by AV distraction technique and it can be extremely 
relaxing for fearful patients [6]. Therefore, the present study was 
undertaken to compare the efficacy of topical anaesthetics EMLA 
cream and benzocaine (20%) gel in reducing the pain during the 
needle insertion with and without the use of AV aids.

MATERIALS AND METHODS
The present randomized controlled clinical study was carried out in 
Department of Paedodontics and Preventive Dentistry and approved 
by the institutional ethics committee. The study was conducted on 
120 children (60 male and 60 female) in the age range of three to 
14 years, irrespective of sex, attending the departmental outpatient 
department for their treatment. The sample size for each group was 
calculated based on the mean values obtained in the pilot study 
to have 80% power and 95% confidence interval. At the mean 
difference of 2.28, the sample size required for each group was 28 
which were rounded off to 30 children, hence making a total sample 
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ABSTRACT
Introduction: Topical anaesthetic agents enable pain free intraoral 
procedures, symptomatic pain relief for toothache, superficial 
mucosal lesions and pain related to post extraction time. Most 
common anxiety provoking and fearful experience for children in 
dental operatory is administration of local anaesthesia because 
on seeing the needle, children usually become uncooperative. 
One of recent trend of behaviour management technique is using 
non-aversive techniques out of which audiovisual distraction has 
emerged as a very successful technique for managing children 
in dental settings. Audio visual distraction could decrease the 
procedure related anxiety of patients undergoing dental treatment 
and can be very relaxing for highly anxious patients.

Aim: The aim of the present study was to compare the efficacy 
of topical anaesthetics EMLA (Eutectic Mixture of Local 
Anaesthetics) cream and benzocaine (20%) gel in reducing the 
pain during the needle insertion with and without the use of 
Audio Visual (AV) aids.

Materials and Methods: The study was conducted on 120 
children, the age range of 3-14 years attending the outpatient 
department for their treatment. EMLA and benzocaine gel (20%) 

were assessed for their effectiveness in reducing the pain on 
needle insertion during local anaesthesia administration. Based 
on the inclusion and the exclusion criteria, children requiring local 
anaesthesia for the dental treatment were randomly divided into 
four equal groups of 30 children based upon whether AV aids 
were used or not. AV aids were given using Sony Vaio laptop with 
earphones with nursery rhymes and cartoon movies DVD. The 
pain assessment was done by using the Visual Analogue Scale 
(VAS) scale and measurement of the physiological responses of 
pulse rate and oxygen saturation were done by pulse oximeter.

Results: There was a statistically significant difference in the 
mean pain score, pulse rate and mean oxygen saturation rate 
when it was compared between the four groups. EMLA with 
AV aids was found to be a better topical anaesthestic agent as 
compared to other three groups.

Conclusion: EMLA with AV aids was better when compared 
with EMLA without AV aids followed by benzocaine with AV 
aids. Benzocaine topical anaesthetic agent without AV aids was 
least effective in reducing the pain scores and improving the 
oxygen saturation rate.

Effectiveness of Two Topical Anaesthetic 
Agents used along with Audio Visual Aids 
in Paediatric Dental Patients
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[Table/Fig-1]: Comparison of mean pain scores among all the groups. 
One-way ANOVA test

[Table/Fig-2]: Comparison of mean pulse rates among all the groups.  
One-way ANOVA test

[Table/Fig-3]: Comparison of mean oxygen saturation rates among all the groups. 
One-way ANOVA test

intergroup comparison between the groups was done using the 
Post-hoc Bonferroni test. The level of significance for the present 
study was 0.05.

RESULTS
The study population consisted of 120 children with the mean age 
of 8.8 years. The comparison among the four groups with respect 
to mean pain scores, mean pulse rate and mean oxygen saturation 
rate are as follows:

1. Comparison of Mean Pain Scores 

 The mean pain score in the EMLA group without and with 
AV aids were 5.7±0.93 and 4.73±1.14 respectively, while in 
benzocaine group with and without audiovisual aids were 
5.86±0.77 and 7.36±0.71 respectively. The comparison 
between four groups was found to be statistically significant 
(p<0.001) as shown in [Table/Fig-1].

2. Comparison of Mean Pulse Rates 

 The mean pulse rate in the EMLA group without and with AV 
aids were 74.16±2.97 and 72.36±2.38 respectively, while 
in benzocaine group with and without audiovisual aids were 
78.19±3.14 and 80.19±2.14 respectively. The comparison 
between four groups was found to be statistically significant 
(p<0.001) as shown in [Table/Fig-2].

3. Comparison of Mean Oxygen saturation rate 

 The mean oxygen saturation rate in the EMLA group without 
and with audiovisual aids were 98.36±2.09 and 99.47±2.02 
respectively, while in benzocaine group with and without 
audiovisual aids were 98.31±2.62 and 97.19±2.34 respectively. 

size of 120. The children well oriented to surroundings, requiring 
local anaesthesia for dental treatment with no previous dental 
experience were included in the present study. The children allergic 
to any of the components of the topical anaesthetic agents used in 
the study, medically compromised or the disabled children, children 
with any dentofacial anomaly and syndrome were excluded from 
the present study. Written informed consent was obtained from the 
parents after explaining them the procedure and confirming their 
participation in the study.

EMLA (lidocaine 2.5% and prilocaine 2.5%) and benzocaine gel  
(20%) were assessed for their effectiveness in reducing the pain 
on needle insertion during local anaesthesia administration. AV aids 
were given using Sony Vaio laptop with earphones and DVD used 
were nursery rhymes and cartoon movies. The pain assessment was 
done by using the VAS scale and measurement of the physiological 
responses of heart rate and oxygen saturation were done by pulse 
oximeter (OMRON).

Based on the inclusion and the exclusion criteria, children requiring 
local anaesthesia for the dental treatment were selected for the 
study and randomly divided into two equal groups of 60 children 
which were further subdivided into two equal subgroups of 30 
children each based upon whether AV aids were used or not. Thus, 
the final grouping was as follows:

1) EMLA cream group without AV aids (n=30);

2) EMLA cream group with AV aids (n=30);

3) Benzocaine gel without AV aids (n=30);

4) Benzocaine gel with AV aids (n=30).

The vital statistics were recorded for each patient and the child and 
the parents were made to fill the proforma while they were waiting 
in the play area. The complete treatment of the patient was done 
in a single visit. A single examiner checked the patient and carried 
out the study to rule out any operator bias in recording the scores. 
Evaluation of the patient was done in four stages in a single visit. 

Stage I: Baseline reading: After the patient was seated on the dental 
chair. But prior to any treatment, the pulse oximeter was attached 
to the patient and the pulse rate and the oxygen saturation were 
recorded by the examiner.

Stage II: The child was allotted either Group A or Group B conse-
cutively. The site of local anaesthesia delivery was identified, cleaned 
with sterile gauge piece and dried and the respective topical agent 
was applied. Pulse rate and oxygen saturation were continuously 
monitored. The highest pulse rate and at the same time oxygen 
saturation were recorded for the patient.

Stage III: When the baseline heart rate was attained, the local 
anaesthetic solution was deposited by the injection. In the experi-
mental group AV aids were used for distraction during needle inser-
tion. In the control groups, no AV aids were used. The video was 
selected on the basis of the child’s age. The younger children were 
shown nursery rhymes whereas the older children were given the 
choice of a cartoon movie. The highest pulse rate and the oxygen 
saturation post injection were recorded. When heart rate returned 
to base line, the patient was made to complete the VAS for that 
injection. Once the injection was given the study portion of the 
appointment was complete and the necessary treatment was then 
done for the child.

Stage IV: After completion of treatment procedure, the pulse rate 
and oxygen saturation were again recorded. The patient was sent 
after the baseline readings were attained. Necessary postoperative 
instructions were given to the parents and child verbally.

Comparisons were made between the groups and the results 
obtained were subjected to statistical analysis. The data was 
analyzed using the SPSS version 19.0 software. The descriptive 
analysis included mean and standard deviation. The intragroup 
comparison was done using the one-way ANOVA test and 

Groups Mean SD F-
value

p-
value

1 EMLA Group
(Without AV aid) 5.70 0.93218

23.45 <0.001

2 EMLA Group
(With AV aid) 4.73 1.14269

3 Benzocaine Group
(Without AV aid ) 7.36 0.71840

4 Benzocaine Group
(With AV aid ) 5.86 0.77608

Groups
Mean

(in beats/
min)

SD F-value p-value

1 EMLA Group
(Without AV aid) 74.16 2.97

22.47 <0.001

2 EMLA Group
(With AV aid) 72.36 2.38

3 Benzocaine Group
(Without AV aid ) 80.19 2.14

4 Benzocaine Group
(With AV aid ) 78.19 3.14

Groups Mean
(in %) SD F-value p-value

1 EMLA Group
(Without AV aid) 98.36 2.09

22.92 <0.001

2 EMLA Group
(With AV aid) 99.47 2.02

3 Benzocaine Group
(Without AV aid ) 97.19 2.34

4 Benzocaine Group
(With AV aid ) 98.31 2.62
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The comparison between four groups was found to be 
statistically significant (p<0.001) as shown in [Table/Fig-3]. The 
intergroup comparison among the four groups was found to 
be statistically significant as shown in [Table/Fig-4].

 The pulse rate did not show any significant difference with 
respect to use of AV aids with any of the anaesthetic agent as 
shown by Post-hoc results [Table/Fig-4].

 Post-hoc results show that EMLA with AV aids was found 
to have statistically significant difference than EMLA without 
AV aids. Similar results were seen with the benzocaine group 
[Table/Fig-4].

DISCUSSION
Fear of the needle is one of the most common anxiety provoking 
stimuli especially in small children who are probably undergoing 
their first experience in a dental clinic. Intraoral local anaesthesia 
is commonly used for children to control pain during dental 
procedures. Paradoxically, local anaesthetic administration itself 
produces pain and anxiety that may possibly result in a negative 
behaviour during dental treatment [3]. Eradication of this fear and 
anxiety encompasses a major aspect of behaviour management 
in the field of paediatric dentistry. To develop a cooperative and 
positive attitude in a child is a critical and desirable outcome of any 
dental procedure.

Topical anaesthetic agents may be applied prior to needle insertion 
to reduce the pain due to intraoral local anaesthetic injections.
They produce anaesthesia by the direct application of the drug to 
abraded skin or mucous membrane surface by anaesthetizing their 
superficial nerve endings. Topical anaesthesia is effective only 2 to 3 
mm deep into the surface tissues. However, this surface anaesthesia 
is sufficient for painless needle penetration during local anaesthetic 
administration [3].

Benzocaine is the ethyl ester of p-Aminobenzoic Acid (PABA). This 
agent is effective only on surface tissues; however tissues deep to 
the area of application are poorly anaesthetized. It is one of the 
commonly used anaesthetic agents used in paediatric dentistry, due 
to its characteristics of rapid onset of action (30 sec), acceptable 
taste, effectiveness and lack of systemic absorption [7]. Lidocaine, 
chemically is 2-diethylaminoethyl-4-amino-2-propoxybenzoate hy-
drochloride. Lidocaine hydrochloride tends to penetrate tissues 
more proficiently than lidocaine base which in turn also makes it 
more toxic due to the greater possibility of systemic absorption. To 
overcome this fact various formulations of lidocaine are prepared 
and one of those preparations is EMLA. EMLA is an oil-in-water 
emulsion of 2.5% lidocaine and 2.5% prilocaine and when these 
agents are combined in eutectic form, it results in the formation of 
polyoxyethylene fatty acid emulsifiers at mouth temperature (370C) 
which consequently facilitates its absorption. It was specifically 
formulated to provide anaesthesia of intact skin surface and is 
effective when used principally before painful events like venipuncture 
or needle insertion [8]. Furthermore, research has reported that a 

five minute topical application of EMLA cream significantly reduces 
pain that happens during needle insertion of dental anaesthetic 
agents [9]. The advantages of EMLA are its longer duration of 
action approximately 60 minutes, thereby making the procedure 
completely painless [10]. Benefits of these topical anaesthetics are 
not only pharmacological but also psychological, as they reduce the 
needle prick pain. This might help in diminishing the anxiety levels 
which consequently results in better cooperation from the patient. 

One of the well accepted means of behaviour modification of 
uncooperative children is by distraction through AV aids. Distraction 
is a non pharmacological intervention that breaks one’s attention 
from a non noxious stimulus through passive redirection of the 
subject’s attention or by actively engaging the subject in performing 
the diversion task. This technique encompasses the method 
of visual distraction by counting objects or watching TV, vocal 
distraction by listening to music, touch motion distraction by slow 
regular breathing and purposive distraction by playing with toys [11]. 
Of all these distraction methods used among children AV distraction 
is most effective, because in this type of distraction child listens 
to music with the earphones as well as sees the cartoon movie 
on the screen. For this purpose either laptop or television screens 
could be used. Children with different age groups prefer different 
distraction movies like younger age group prefer watching nursery 
rhymes or cartoon movies whereas older age group prefer to watch 
movies and listening music. Kaur B et al., have reported that there 
is an effect of AV distraction technique on human emotional and 
physiological responses like pulse rate [12]. 

The alteration in the physiological parameters can be very well 
assessed by the use of pulse oximeter. It is a medical apparatus 
which monitors the pulse rate and indirectly measures the oxygen 
saturation rate of a patient’s blood [13]. The main physiological 
indicators of anxiety and pain perception considered are pulse rate 
and oxygen saturation levels [14]. Thus, considering these factors, 
the efficacy of two topical anaesthetic agents viz., EMLA and 
benzocaine (20%) was compared for reducing pain due to needle 
insertion with or without the use of AV aids. Pain was assessed 
using VAS and further correlated with the physiological parameters 
of pulse rate and oxygen saturation.

When the mean pain scores were compared within the EMLA 
group, it was seen that pain score was significantly lower when 
AV aids were used. The pulse rate was comparatively lower and 
oxygen saturation higher when AV aids were used for distraction 
at the time of needle penetration. Similar results were obtained 
in the benzocaine group suggesting that when both the topical 
anaesthetic agents were used separately, the changes in pain 
score; pulse rate and oxygen saturation were observed when 
AV methods were used. These results are in accordance to Kaur 
B et al., and Prabhakar AR et al., who found in their study that 
audiovisual distraction certainly reduces the pain perception and 
distress in children during intravenous injection and concluded that 
AV distraction was more effective in managing anxious paediatric 
patients in terms of heart rate and oxygen saturation level [12,15]. 
However, Aitken JC et al., reported that there was no significant 
difference in heart rate and consequently pain and anxiety in 
children when music distraction is used [16]. Farrokhnia M et al., 
investigated the role of cognitive involvement on decrease in pain 
intensity, heart rate change as well as level of oxygen saturation 
during lumbar puncture or intrathecal injection and observed that 
cognitive involvements were competent in plummeting the pain 
intensity, reducing heart rate and increasing oxygen saturation levels 
[17]. Another study evaluated the audio and AV distraction technique 
in the managing of anxious paediatric dental patients and reported 
that AV distraction technique was more proficient as compared 
to audio distraction technique alone [15]. Results indicate that 
there was a decrease in oxygen saturation as pulse rate increased 
though the difference was not statistically significant. Our findings 

Group Group Mean pain score Mean pulse rate Mean oxygen 
saturation rate

Mean 
diff p-value Mean 

diff p-value Mean 
diff p-value

1

2 0.97 0.048 1.8 0.089 -1.11 0.010

3 -2.26 0.002 -6.03 <0.001 1.17 0.005

4 -0.76 0.067 -4.03 0.006 0.05 0.072

2
3 -2.63 <0.001 -7.83 <0.001 2.28 <0.001

4 -1.13 0.036 -5.83 0.003 1.16 0.004

3 4 1.5 0.024 2.00 0.063 -1.12 0.012

[Table/Fig-4]: Intergroup comparison of mean pain score, pulse rate and oxygen 
saturation rate.  
Post-hoc Bonferroni test, p-value <0.05-significant, p-value <0.001-highly significant
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regarding the efficiency of AV distraction in reducing pain intensity 
and changing heart rate and oxygen saturation level are consistent 
with those of the previous studies. Studies by Tousignant-Laflamme 
Y et al., have demonstrated the relationship between pain and 
physiological parameters [18]. Anxiety and discomfort resulting from 
acute pain releases corticosteroids, glucagon, catecholamines and 
growth hormone. This increases the heart rate on the one hand, and 
constricts the vessels on the other, overall compromising the tissue 
perfusion and oxygenation. In response to pain, heart rate elevates 
and blood oxygen saturation levels fall. The autonomous nervous 
system prepares a person for fighting or escaping if a danger or 
threat is perceived. Children undergoing painful medical procedures 
manifest similar responses indicating mental pressure. Distracting 
the child may reduce the physiological changes by diminishing his 
or her anxiety and discomfort [17].

In the present study, it was seen that the mean pain scores, pulse 
rate were found to be higher and the oxygen saturation level lower 
with the use of EMLA (5%) in comparison to benzocaine (20%) both 
without and with the use of AV aids. The difference was seen to be 
statistically significant. These results are in agreement with that of 
Nayak R et al., Dhawan P et al., Primosch ER et al., Dabagh RA et 
al., Roghani S et al., who all reported that among local anaesthetic 
agents, EMLA was effective in reducing pain [9,10,19-21]. However, 
contrary to our findings, Leyda AM et al., concluded that there were 
no significant differences between these two agents in reduction  
pain response to needle puncture [7]. These findings are reported 
when these researchers have used these topical anaesthetic agents 
without any AV aids.

However, in the present study when these anaesthetic agents 
were used in conjunction with the AV aids, EMLA was seen to be 
significantly better than benzocaine. No other study have been 
reported in dental literature when both EMLA and benzocaine 
topical anaesthetic agents were compared for pain reduction in 
combination with AV aids. These results suggest that there might 
be a synergistic effect of AV aids and the topical anaesthetic 
agents which helped in the reduction of pain scores in children 
and consequently lowered the pulse rate and improve the oxygen 
saturation rate. When all four groups were compared, our findings 
suggested that the reduction of pain score and increase in oxygen 
saturation rate was superior in EMLA when used with or without AV 
aids as compared to benzocaine. EMLA has high water content and 
is lipophilic making it more permeable which could be the reason 
for greater pain reduction as compared with benzocaine. This 
shows that the composition and properties of EMLA are superior 
to benzocaine in reducing pain when used in combination with AV 
distraction technique.

The present study indicated a definite positive effectiveness of AV 
distraction technique in managing dental anxiety in children. The 
better results obtained with the AV aids can be explained by the 
fact that AV distraction allowed the children to use two of their 
senses, becoming more engaged and thereby distracting their 
attention from the anxiety resulting from the local anaesthesia 
administration. One of the limitations of the present study was that 
the study design did not used the split mouth design which would 

have given more accurate interpretation of the parameters involved 
in the present study. To conclude, the AV distraction system may be 
a useful adjunct in paediatric dental clinic to help in reducing anxiety 
and discomfort associated with the dental procedures. Therefore, 
there should be widespread and regular use of the AV aids along 
with other well recognized behaviour management techniques in 
paediatric dental practice.

CONCLUSION
Within the limitations of this study it can be concluded that EMLA 
with AV aids was better when compared with EMLA without AV 
aids followed by benzocaine with AV aids. Benzocaine topical 
anaesthetic agent without AV aids was least effective in reducing 
the pain scores and improving the oxygen saturation rate. 
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Pediatric dentistry has evolved from an extraction-oriented  
practice, where primary teeth with inflamed pulps were pri- 
marily extracted, to the application of different treatment  
modalities for managing irreversibly inflamed or necrotic  
pulps. Pulpectomy is one such treatment option, consisting of 
removing the in!amed/necrotic pulp tissue from the canal fol- 
lowed by canal obturation using resorbable root canal filling  
materials.1 Successful primary root canal therapy requires a  
thorough understanding of primary pulp morphology as well 
as the different obturating materials and techniques capable 
of compactly filling the entire root canal system.2 A number 
of di"erent techniques have been used successfully to #ll root  
canals of primary teeth and include introducing the #lling ma- 
terials into the canals with either an endodontic plugger or  
cotton pellets and the use of hand and rotary lentulo spirals,  
insulin syringes, and endodontic pressure syringes.1,3,4

The ultimate aim of root filling is to create a fluid-tight  
seal along the entire cleaned and prepared root canal space  
with an obturating material in order to prevent post-treatment 
disease or complication.5 $e presence of voids in root #llings  
of primary teeth may provide pathways for leakage, leading to 
bacterial regrowth and infection. Voids in the apical or coronal 
portion or extending through the entire root canal length  
increase the risk of endodontic therapy failure.6  Therefore, a  
careful and advanced assessment of the #lling of the root canals 
is essential for evaluating the maximum success in pediatric 
endodontic procedures.

Traditional experimental methods used to assess the quality  
of #lling of the root canals include radiographs, radio isotopes,  

 

dye penetration, !uid #ltration, bacterial leakage, microscopic 
analysis, cleaning techniques, and digital radiography.1,7-9 More- 
over, studies have reported di"erent and varying success rates 
concerning the quality of #ll of di"erent obturation techniques  
as assessed by radiography. Subba Reddy et al.10 and Memar- 
pour et al.1 reported that the lentulo spiral was superior for  
depth of fill when compared to other obturation techniques. 
Vashista et al.11 stated no significant difference between the  
quality of obturation using the pressure syringe and lentulo  
spiral, while Guelmann et al.4 reported that the NaviTip system 
showed the highest number of complete fillings when com- 
pared to the lentulo spiral and vitapex syringe. One of the  
major disadvantages of two-dimensional radiography is that 
it does not assess completeness of obturation in three dimen- 
sions. Therefore, there is a need for an advanced tool that  
may provide more precise three-dimensional information in  
both pre- and post-treatment assessment of root canal systems.

Currently, cone beam computed tomography (CBCT) is 
a relatively new technology in dentistry, used for the three-
dimensional imaging of the dentofacial structures. This tech- 
nique produces images with slice thickness much thinner  
than conventional CT methods, provides a low radiation  
dose, and benefits from a faster scanning system.12,13 CBCT  
has been used for studying the root canal morphology of pri- 
mary teeth14; however, to date no study has been reported  
using CBCT to analyze the three-dimensional volume of root  
canal #lls of primary teeth using di"erent obturating techniques.

Hence, the purpose of this study was to comparatively eval- 
uate the volume of root canals of extracted human primary  
teeth filled using four different obturating techniques: (1)  
lentulo spiral (LS); (2) insulin syringe (IS); (3) endodontic  
pressure syringe (EPS); and (4) the NaviTip system (NS) using 
cone beam computed tomography.

1 Dr. Singh is a postgraduate student, 2Dr. Gupta is a professor, 3Dr. Agarwal is a pro- 
fessor and head, 4Dr. Kumar is reader, and 5Dr. Anand is a senior lecturer, all in the  
Department of Paedodontics and Preventive Dentistry, Institute of Dental Studies and  
Technologies, Modinagar, Ghaziabad, Uttar Pradesh, India.
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Methods
$e present study was conducted at the Department of Pedo- 
dontics and Preventive Dentistry, Institute of Dental Studies 
and Technologies, Modinagar, Ghaziabad, Uttar Pradesh,  
India. The study design was reviewed and approved by the  
Institute’s Institutional Review Board. Informed consent was  
obtained from the parents before extraction of the tooth by  
explaining the purpose of the present in vitro study.

The initial sample for the present study consisted of 39 
extracted human primary molar teeth (18 maxillary molars— 
nine first molars and nine second molars) and 21 mandibu-
lar molars (10 #rst molars and 11 second molars). Collection,  
storage, sterilization, and handling of extracted teeth followed 
Occupational Safety and Health Administration guidelines and 
regulations.15 Intraoral periapical radiographs were exposed  
for each tooth and assessed for number and curvature of root  
canals. Extracted human primary molar teeth with or without 
coronal dental caries, and with at least one root with a mini- 
mum of eight mm root length, were included. Exclusion criteria 
included: teeth with caries extending to the root; root canals 
showing internal and external resorption; roots demonstrat-
ing developmental root anomalies, such as extensive curva-
ture; and the presence of any accessory canal other than the 
main root canals. Application of the selection criteria included  
visual and radiographic evaluation of each root, and 39 ex- 
tracted primary teeth with 92 root canals (28 maxillary and  
64 mandibular) were found suitable for the study. Four 
study groups were created based on the following obturation  
techniques: (1) group one—lentulo spiral (LS); (2) group  
two—insulin syringe (IS); (3) group three—endodontic pressure 

syringe (EPS); and (4) group four—the NaviTip system (NS).  
Care was taken that an equal number of similar root canals  
were allotted to the four study groups (e.g., an equal number  
of mesiobuccal canals of maxillary molars to each group, etc.)  
to avoid any bias. $erefore, from 92 selected root canals, only  
76 (19 root canals in each study group) were #nally included  
in the study (Table 1).

An access cavity was prepared in each tooth, the pulp was 
removed with a barbed broach, and the working length was 
established one-mm short of the radiographic apex. Biome- 
chanical preparation of the root canal was completed with a  
no. 30 K-#le (21 mm, Dentsply, Maillefer, Switzerland). $e  
canal was repeatedly irrigated alternatively with one percent  
sodium hypochlorite and saline and dried. All the canals were 
prepared in a similar manner. Eight wax blocks were prepared 
for mounting teeth to avoid possible extrusion of zinc oxide 
and eugenol (ZOE) and for scanning under CS 9300 system 
(Carestream Health, Rochester, N.Y., USA) using Carestream 
Dental Imaging Software v.3.5.7 (Carestream Dental, Atlanta,  
Ga., USA). $e single operator, after learning and mastering t 
he procedure under the supervision of an expert radiologist, had  
analyzed and performed all the volumetric measurements re- 
quired (preobturation and postobturation) through CBCT using  
On-Demand software. $e scanning protocol used was: sagittal  
plane; 20-second scanning time; 84 kV; #ve mA; 5cm x 5cm 
#eld of view; and 6.07 mGy.cm2 radiation. $e prepared root  
canal area was measured from the canal ori#ce to the root apex  
by measuring the area of each slice. $e thickness of each slice  
was fixed at 0.045 mm for measuring the area of each slice;  
the area was marked and finally computed automatically 
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using On-Demand software. The volume of each slice was 
then calculated by multiplying the root canal area by the slice  
thickness (0.045 mm). The preobturated volume (X) of each  
canal was calculated by adding the individual volumes of each  
slice of that root canal from the canal ori#ce to the radiogra- 
phic apex (Figure 1a-d).

After obtaining X of each root canal, all canals were ob- 
turated with ZOE using the obturating technique assigned to  
that individual root canal. A single pan electrical weighing  
machine (Keroy Balances Pvt. Ltd., Varanasi, Uttar Pradesh, 
India) and the pipette were used to measure zinc oxide pow- 
der and eugenol liquid, respectively. The ratio of zinc oxide  
powder to eugenol liquid for all groups one to four were 0.4 
ml/g, 0.4 ml/g, 0.275 ml/g, and 0.275 ml/g, respectively. A 
standardized mixture of pure ZOE (DPI Ltd., Mumbai, 
Maharashtra, India) without additives or fillers was prepared  
for each technique, per the manufacturer’s recommendation  
and/or the technique limitation. The difference in consisten- 

cies of the ZOE paste was attributable to the physical limita- 
tions of the di"erent techniques.16 Each canal was then obtura- 
ted by a single trained operator with ZOE using the respec- 
tive technique for that group (Figure 2). $e method of #lling  
the canals with ZOE for each study group is discussed next.

Group one—LS. A 21-mm lentulo spiral (size 25;  
Dentsply, Maillefer, Switzerland) mounted in a slow-speed  
contra-angle handpiece (1,000 rpm) was used to deliver the  
ZOE into the root canals. A rubber stopper was used to keep  
the lentulo spiral one-mm short of the working length. The  
lentulo spiral was dipped into the ZOE paste, inserted into  
the canal to its predetermined length, rotated in a clockwise  
direction and withdrawn from the canal while still rotating. 
Additional amounts of paste were introduced until the canal  
ori#ce appeared to be #lled with paste. $e lentulo spiral was 
changed after every #ve obturations.

Group two—IS. The standardized homogeneous mix- 
ture of ZOE was back-loaded into the insulin syringe (size  

30 gauge, 5/16th inch; DispoVan,  
HMD, Ballabgarh, Faridadad, Haryana,  
India), and the needle was inserted  
into the canal and kept approximately  
two mm short of the apex using a 
rubber stopper on the needle. $e ma- 
terial was then pressed into the canal 
by slow #nger pressure on the plunger;  
while doing so, the needle was with-
drawn from the canal outward while  
continuing to press the material inside  
until the canal was visibly #lled at the 
ori#ce.

Group three—EPS. A 30-gauge 
pressure syringe needle (Pulpdent, 
Watertown, Mass., USA) was selected 
and prefitted in the canal, with the  
length two mm short of the prede-
termined canal length. The ZOE was  
mixed and filled into the hub of the  
needle brimful (to the point of over- 
!owing). $e needle was screwed onto 
the barrel and tightened, first with  
hand pressure and then with the open  
end of the wrench. The needle was 
inserted into the root canal to the 
reference point, and the screw plunger 
was twisted only a quarter turn using a  
slow, withdrawing-type motion. The 
needle was withdrawn in three-mm 
intervals, with each quarter turn of the 
screw until the canal was visibly #lled  
at the ori#ce.

Group four—NS. ZOE paste  
mixed to a creamy consistency was in- 
serted into the prepared root canal  
using the NaviTip system (29-gauge 
cannula and 21-mm length; Ultradent 
Products, Inc., South Jordan, Utah, 
USA). A rubber stopper was used to  
mark the length of the needle to be  
inserted into the canal by keeping it 
two mm short of the apex. $e plunger 
was pressed gently, and the needle 
was removed slowly from the canal as 

Figure 1. CBCT slice showing preobturated volume of root canal by four obturating techniques:  
a) Lentulospiral, b) Insulin syringe, c) Endodontic pressure syringe, d) NaviTip syringe CBCT slice  
showing postobturated volume of root canal by four obturating techniques, e) Lentulospiral, f ) Insulin  
syringe, g) Endodontic pressure syringe, and h) NaviTip syringe.

Figure 2. Showing tips of four obturating techniques: a) Lentulospiral, b) Insulin syringe,  
c) Endodontic pressure syringe, and d) NaviTip syringe. 
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the material expressed into it. Once back#ll of the paste from 
the canal orifice was observed, it was assumed that the canal  
was #lled.

In all the groups, when the canal was assumed to be #lled,  
a wet cotton pellet was used to lightly press the material inside  
the canals. A second CBCT scan with the same scanning pro- 
tocol was performed to determine the volume of the filling  
material (i.e., the postobturated volume [Y]; Figure 1e to h).  
In slices where the voids were observed, the area of individual 
void was measured using On-Demand software. The volume  
of the voids was calculated by multiplying the void area and  
the slice thickness (0.045 mm). Y was determined by subtrac- 
ting the voids volume. The percentage of obturated volume  
(POV) of each canal was calculated using the formula Y/X%100.

$e statistical analysis was conducted using SPSS 16.0 soft- 
ware (SPSS Inc., Chicago, Ill., USA). Data were expressed as  
mean plus or minus standard deviation. The X and Y values  
for all four groups were compared using the paired t test. $e  
mean POV scores, mean volume, and number of voids for all  
four groups were compared using the one-way analysis of  
variance test, and the intergroup comparison of mean POV  
scores was done using the post-hoc Bonferroni test. Only dif- 
ferences with a P-value less than 0.05 were considered statisti- 
cally signi#cant.

Results
The volume (mean plus or minus standard deviation) of the  
root canals before (X) and after (Y) obturation is provided in  
Table 2. $ere was a statistically signi#cant di"erence (P<.001) 
between the mean X and Y values in all the four groups. $e  
mean values decreased signi#cantly from pre- to post-obturation  
in all groups, although the decrease was less for groups three  
and four. There was a significant difference (P<.001) in the  
mean POV values among the four groups, as shown in Table  
3. Group four showed the highest mean POV score followed  
by groups three, one, and two, respectively. Posthoc tests (Table  
4) show that the NaviTip system (93.53 percent) and endo- 
dontic pressure syringe (91.51 percent) had the highest POV 
followed by the lentulo spiral (75.57 percent) and insulin syr- 
inge (64.01 percent). $ere was a signi#cant di"erence in the  
number of voids and mean volume of voids (P=0.009) among 
the four groups (Table 5). The NaviTip system showed the  
least number and smaller volume of voids, while the insulin  
syringe had the highest number and larger volume of voids.

Discussion 
The primary aim of this study was to compare the pre- and 
post-obturated volumes of root canals filled by the four dif- 
ferent obturating techniques. $e present study was, therefore, 
designed to keep constant the two factors—use of a single tech- 
nique of biomechanical preparation and a single obturating  
material—and then assess the quality of fill via the four  
different techniques using CBCT. ZOE is one of the most  
widely used preparations for primary tooth pulpectomies, as  
several authors have reported a moderate to high success rate 
in preserving chronically infected teeth using this material.17 
$erefore, in the present study, ZOE was chosen as a root canal 
#lling material. $e di"erence in the consistencies of the ZOE 
mixtures was attributable to the physical limitations of the dif- 
ferent techniques. Consequently, in all four techniques, ZOE 
mixtures were prepared according to the manufacturer’s recom-
mendation or technique limitations. It has been reported in the 

Table 2.    COMPARISON BETWEEN PREOBTURATED AND  
                  POSTOBTURATED VOLUMES OF EACH GROUP 

Groups Mean±(SD) t P-value

Preobturated  
volume (X) mm3

Postobturated  
volume (Y) mm3

1 (LS)* 0.54±0.20 0.41±0.17 9.1799 <0.001

2 (IS)† 0.54±0.21 0.34±0.14 9.7084 <0.001

3 (EPS)‡ 0.59±0.24 0.51±0.23 5.903 <0.001

4 (NS)§ 0.59±0.56 0.56±0.21 8.308 <0.001

* F= Variation between sample means/ variation within the samples.
† LS=lentulo spiral.      ‡ IS=insulin syringe.  
§ EPS=endodontic pressure syringe (EPS).   || NS=NaviTip system.

Table 4.     INTERGROUP COMPARISON OF PERCENTAGE  
                   OBTURATED VOLUMES (POV)
Intergroup comparison Mean di!erence  

in POV (%)
P-value

Group 1 (LS)* Group 2 (IS) 11.6 0.001

Group 3 (EPS) -15.9 <0.001

Group 4 (NS) -17.9 <0.001

Group 2 (IS) † Group 3 (EPS) -27.5 <0.001

Group 4 (NS) -29.5 <0.001

Group 3 (EPS) ‡ Group 4 (NS) -2.01 0.881

* F= Variation between sample means/ variation within the samples.
† LS=lentulo spiral.      ‡ IS=insulin syringe.  
§ EPS=endodontic pressure syringe (EPS).   || NS=NaviTip system.

Table 3.     COMPARISON OF MEAN OF PERCENTAGE OF  
                   OBTURATED VOLUMES (POV) OF EACH GROUP

Groups Mean
POV (%)

Standard  
deviation  

(%)

Standard  
error of 

mean (%)

F * P-value

1 (LS) † 75.57 7.60 1.79

99.267 <0.0012 (IS) ‡ 64.01 8.14 1.92

3 (EPS) § 91.51 4.25 1.00

4 (NS) || 93.53 2.71 0.62

* LS=lentulo spiral.      † IS=insulin syringe.  
‡ EPS=endodontic pressure syringe (EPS).   § NS=NaviTip system. 

* LS=lentulo spiral.      † IS=insulin syringe.     ‡ EPS=endodontic pressure  
                                                                                    syringe (EPS).   

Table 5.     SHOWING NUMBER AND MEAN VOLUME OF  
                   VOIDS IN EACH GROUP
Groups No. of voids  

(")
Mean volume  
of voids ±SD

(mm3)

F * P-value

1 (LS) † 12 0.0016±0.0012

4.415 0.009
2 (IS) ‡ 17 0.0021±0.0014

3 (EPS) § 8 0.0007±0.0005

4 (NS) || 5 0.0003±0.0004
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literature that all of the techniques used in the present study—
lentulo spiral, insulin syringe, endodontic pressure syringe,  
and NaviTip system—can deliver ZOE to optimally fill the  
root canals of primary teeth.1,4,8,9,16,18

$e depth and quality of #ll of the root canal #lling tech- 
nique for primary teeth can be determined by evaluating and 
comparing using a 3-D imaging system like CBCT. In 2000,  
limited cone beam computed tomography (LCBCT) was intro- 
duced for 3-D imaging of dentoalveolar regions at a lower  
radiation dose and cost compared with CT. CBCT has a cone-
shaped X-ray beam that captures a cylindrical or spherical 3-D 
volume of data using a simple and direct relationship between  
the beam source and sensor. One of its major advantages is that  
the clinician can easily apply simple software to evaluate the  
areas of interest in any plane.19 $is technique can provide more 
accurate 3-D information in both the pre- and post-treatment 
assessment of root canals that are highly accurate and quanti- 
fiable. Recently, Asokan et al. volumetrically analyzed the  
e&cacy of root canal #llings in primary teeth using spiral com- 
puted tomography20; however, there is no published data  
comparing volumetric analysis of the filled canals of primary  
molars with di"erent #lling techniques using a more advanced 
imaging method (i.e., CBCT).

The present study measured the canal space or volume 
occupied by the voids and the volume occupied by #lling ma- 
terial three dimensionally, thereby assessing the exact amount  
of intracanal space that can be #lled by a particular technique. 
Coll et al. stated that the best obturation technique is the one  
that provides optimal #lling of the root canal.21 $erefore, the  
more the volume is occupied by voids, the more the chances of 
failure after pulpectomy and the less e"ective and e&cient the 
technique. $e results of the present study have shown that all  
four techniques can be used for filling the canals of primary  
molars, but the volume of filling material in the filled canals 
(postobturated volume) was statistically signi#cantly less than 
the volume of the prepared canals (preobturated volume). It  
was shown that all four techniques used to #ll the canals of pri- 
mary molars in this study led to voids in the #lling material,  
which is a finding consistent with many other reports in the  
literature for the obturation techniques.1,9,20 $e di"erence ob- 
served was the highest with the insulin syringe, followed by the 
lentulo spiral, endodontic pressure syringe, and the NaviTip  
system, respectively. Moreover, when the number and volume  
of voids was compared, the NaviTip system produced the  
least number and smaller size of voids, and the insulin syringe 
showed the highest number and largest size of voids. Hence, 
the insulin syringe showed the worst results in #lling the canals  
of primary molars, while the NaviTip syringe showed the best 
results.

In the present study, the lentulo spiral was found to be  
better than the insulin syringe but poorer than the other two 
techniques. $is #nding was consistent with those of Subbha 
Reddy et al., who observed that the endodontic pressure syr- 
inge was better than the lentulo spiral in controlling the  
voids.10 However, Dandashi et al. found no signi#cant di"erence  
between the lentulo instrument, pressure syringe, and packing 
technique.18 Memapour et al. observed that the lentulo spiral  
led to better depth of fill to the apex, though they produced  
more voids than the endodontic pressure syringe and the  
NaviTip.1 $e results in the present study could be attributed  
to the di"erences in the method and area of observation from  
other studies, including the use of CBCT for the present study.  
The presence of voids with lentulo spirals could be due to  

entrapment of air bubbles during mixing of the powder with  
liquid and the need for repeated removal and reinsertion of  
the instrument in the canal during the #lling procedure.

$e insulin syringe showed the poorest POV, with a sta- 
tistical significant difference (F=99.267, P<0.001) compared 
to the other three techniques used in the present study. In  
the case of the insulin syringe, the hub being small and slender  
provided an easy access to the pulpal ori#ce. However, as the  
needle is not flexible, it provides an intracanal reach only to  
the middle third of canals and not near the apical end of the  
root canal, thereby causing less fill of the material and com- 
paratively more voids. $is is further validated by this study’s  
findings, which revealed that the insulin syringe produced  
the highest number and largest size of voids. Lentulo spirals  
are more flexible, resulting in a complete fill of the root  
canals and less voids versus the insulin syringe. However,  
Nagar et al. showed there was no signi#cant di"erence found  
between the insulin syringe and handheld reamer technique  
when depth of #ll and voids were compared radiographically.8  

No studies are available that compares the insulin syringe to  
other #lling techniques.

It would be logical to assume that the two syringes used in 
the present study, the endodontic pressure syringe and insulin 
syringe, should have shown similar results, as both are based 
on the plunger system; however, this was not found to be true  
under this study’s conditions. $ough the pressure exerted by  
the two plunger systems was not measured in the present  
study, the highly signi#cant higher values of the postobturated 
volumes and POV of canals for the endodontic pressure syr- 
inge compared to the insulin syringe could be attributed to  
the obvious higher pressure generated by the plunger system  
of the endodontic pressure syringe. The ZOE mixtures used  
and recommended for the two syringes were thicker (0.275 ml/
gm) for the endodontic pressure syringe and thinner (0.40 ml/ 
gm) for the insulin syringe. Greater pressure was required to  
push the thicker material using the endodontic pressure syr- 
inge, and less force was required with the insulin syringe. In the 
present study, the insulin syringe did not exert enough pressure  
to deliver even its thinner mix e"ectively and e&ciently. $is  
was consistent with the #ndings of Aylard et al.16

This study’s findings suggest that the plunger system of 
the endodontic pressure syringe is much better at providing the 
far greater pressure required to release the thicker mix of ZOE  
recommended by the manufacturers. Also, the comparatively 
!exible and thin needle of the endodontic pressure syringe pro- 
vided a homogenous #ll with fewer and smaller-sized voids in 
primary molar canals versus the non!exible or rigid needle of  
the insulin syringe. $e endodontic pressure syringe’s !exible  
needle allowed it to bend, simulating the curvature of posterior 
primary teeth root canals, resulting in more e&cient and e"ec- 
tive filling of primary molar canals, particularly curved root  
canals.

$e NaviTip system was found to be the best technique for 
#lling primary molar canals, with a statistically signi#cant dif- 
ference noted for the lentulo spiral and insulin syringe (P<0.001); 
however, a statistically insignificant difference was observed  
when compared with the endodontic pressure syringe (P=0.88). 
$e Skini syringe is a small diameter syringe that facilitates the 
!ow of viscous materials through the tiny NaviTip system, with 
minimal plunger pressure required. $e NaviTip system is spe- 
cially designed to deliver paste into the root canal and consists  
of a flexible tip that is not easily separated from the holder  
during injection.4,22 $e highly !exible needle penetrates into  

* F= Variation between sample means/ variation within the samples.
† LS=lentulo spiral.      ‡ IS=insulin syringe.  
§ EPS=endodontic pressure syringe (EPS).   || NS=NaviTip system.

* F= Variation between sample means/ variation within the samples.
† LS=lentulo spiral.      ‡ IS=insulin syringe.  
§ EPS=endodontic pressure syringe (EPS).   || NS=NaviTip system.
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the curved, narrow canal close to the apex and injects paste  
rapidly and uniformly. The cannula of the NaviTip system  
is slightly rigid through the base and center but flexible at  
the tip to allow for easy navigation of curved canals. The  
hub and shank are rigid to support insertion, and the !exible  
rounded ends negotiate curves, especially in posterior teeth.  
Guelmann et al. assessed the quality of root canal #ll by using  
three filling systems and concluded that the NaviTip system  
o"ered a more desirable #lling quality than lentulo spiral and  
Vitapex syringe techniques.4 Moreover, Memarpour et al.  
concluded that the NaviTip system produced the smallest void  
size and lowest number of voids and was superior in control- 
ling paste extrusion from the apical foramen.1 In the present  
study, the NaviTip system showed the least number and  
smallest sized voids and highest POV.

This study was limited to in vitro primary molars. We  
suggest that future studies should employ a larger sample size,  
by including more in vitro and in vivo primary molars, and 
conduct longer periods of evaluation. Additionally, a number  
of frequently encountered in vivo clinical factors must be con- 
sidered carefully—such as the patient’s age and cooperation  
level, intraoral opening, access to the involved teeth and  
canals, and facility or approach for the advanced system of 
imaging (e.g., CBCT)—that can affect the outcome when  
trying to determine the most e"ective and e&cient obturating 
technique for human primary teeth.

Conclusions
Based on this study’s results, the following conclusions can  
be made:

1. All four techniques—lentulo spiral, insulin syringe, 
endodontic pressure syringe, and the NaviTip system—
can be used for placing zinc oxide eugenol in the root 
canals of primary molars.

2. The NaviTip system, followed by the endodontic pres- 
sure syringe, provided the best root canal obturation of 
primary molars with the nearest to complete filling of  
the volumes of prepared root canals.

3. The insulin syringe was the least effective in filling the 
canals of primary teeth compared to the lentulo spiral, 
endodontic pressure syringe, and NaviTip system.
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S. mutans is considered to be an important biomarker of caries 
risk assessment. There are various methods to detect the S. 
mutans counts that include both conventional as well as latest 
advancements. The various conventional culture medias used are 
mitis salivarius with bacitracin (MSB), mitis salivarius kanamycin-
bacitracin (MSKB), glucose-sucrose tellurite-bacitracin (GSTB), 
trypticase soy-sucrose bacitracin (TYS20B) and tryptone-yeast-
cysteine sucrose-bacitracin (TYCSB) agars [2]. All these medias 
are specific for S. mutans but requires a well-equipped laboratory 
and a minimum incubation period of 48hours and are therefore 
cumbersome and time consuming.

To overcome these time concerns, more research is being done 
on inventions of rapid detection methods that are easy, quick and 
reliable Tal H and Rosenberg M in the year 1990, first proposed 
oratest as a simple non invasive chairside detection method for 
assessing the microbial count of the oral cavity. Oratest is a non-
specific test that detects salivary microbes based on their rate of 
oxygen depletion. Aerobic organisms utilize oxygen with the help 
of the enzyme aerobic dehydrogenase that transfers the electrons 
from oxygen. The activity of this enzyme reduces methylene blue 
to leucomethylene blue in the milk substrate. The rate of change 
in colour shows the metabolic activity of aerobic organisms 
present in saliva [3]. The major disadvantage of oratest is that it 
does not specifically detect s. mutans alone, rather it tells about 
the activity of aerobic microorganisms in the saliva. Moreover, this 
test requires a lot of armamentarium and is not rapid in action. To 
combat with these difficulties rapid chair- side detection kits are 
available now-a-days that gives instant results and can be used as 
powerful motivational tools for the patients regarding their oral 
health.

The various kits that are available in the market are Orion 
Diagnostica’s Dentocult® SM Strip mutans, CRT bacteria (Ivoclar 
Vivadent AG, Liechtenstein), ClinproTM Cario L-PopTM (3M ESPE 
Dental Products, St. Paul, MN, USA) and Saliva-Check Mutans (GC 

America, Alsip, IL, USA). Orion Diagnostica’s Dentocult SM Strip 
mutans provides easy detection of mutans streptococci from a 
saliva sample and plaque. The method is based on the use of a 
selective culture broth and the adherence and growth of mutans 
streptococci on the test strip. CRT bacteria (Ivoclar Vivadent AG, 
Liechtenstein), enables the simultaneous determination of the 
mutans streptococci and lactobacilli counts in saliva by means of 
selective agars. The stimulated saliva is spit in the tube containing 
the media to which NaHCO3 tablet is added at the bottom which 
produces CO2 making conditions favourable for S. Mutans 
and Lactobacilli growth. The blue mitis-salivarius-agar with 
bacitracin is used to detect mutans streptococci, while the light 
culture medium, Rogosa agar, is used to evaluate lactobacilli [4]. 
Both these chair-side methods are highly specific and sensitive 
for S. mutans but takes 48 hours to test positive. ClinproTM Cario 
L-PopTM (3M ESPE Dental Products, St. Paul, MN, USA) is a 
biochemical commercial rapid chair-side method that measures 
the production of lactic acid by metabolically active cariogenic 
bacteria. The reaction is based on the enzymatic degradation of 
lactic acid by lactate dehydrogenase and coupled to a cascade of 
redox indicators that generate a color signal, which is analyzed 
using a semi-quantitative scale [1]. This kit gives rapid results 
but is not specific for S. mutans as it does not determine CFU of 
microbes rather it determines their acidic activity [5]. Saliva-
Check Mutans (GC America, Alsip, IL, USA) detects S. mutans in 
saliva using a highly specific immunochromotography process. 
The S. mutans present in saliva react with colloidal gold labeled 
anti S. mutans monoclonal antibody which is contained in the test 
device. Thus, gold colloidal particles attach to the surface of S. 
mutans. This reacts with another S. mutans antibody to form the 
red line on the test window and to show positive results. This kit 
test is highly specific and sensitive for S. mutans and gives results 
within 15 minutes, therefore it is considered as a powerful tool for 
rapid S. mutans detection.

Opinion
Dental caries prevails as one of the most widely spread 

infectious disease worldwide. It is a ubiquitous disease of 
multifactorial origin in which microorganisms play the prime role 
for causation of the disease Susan Fisher-Owens conceptual model 
describes oral health being influenced by various level of factors 
that acts together. These multilevel factors are categorized into 5 
sets which are genetics and biology; social environment; physical 
environment; health-influencing behaviors; and medical care; in 
individual, family and community levels, interacting across time 
and space. Considering the biological determinants microflora is 
an important aspect for causing the imbalance in the oral cavity 
leading to caries [1].

When focusing on the flora Streptococcus Mutans are the chief 
etiological microorganisms which are held culprit for dental 
caries, therefore, a quantitative measure of S. mutans is said 
to be a dependable measure to forecast the true caries activity. 
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Though there are multiple caries activity test kits available 
that can detect Streptococcus mutans count but all of them have 
certain advantages and disadvantages. Therefore, still there is 
need of inventing a novel caries risk assessment tool that can 
effectively forecast the caries activity and provide us with instant 
and correct results.
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Abstract 
Teeth present at the time of birth are termed as natal teeth and most of them represent the early eruption of normal primary 

teeth. Its occurrence is a rare condition and when present can be associated with numerous clinical complications. Due to this, 
majority of natal teeth are prematurely lost or extracted and the presence of retained natal teeth is uncommon. The purpose of this 
case report is to document a rare case of retained natal teeth in a 3 year old child and to highlight the importance of the periodic 
examination program in such cases. 
 
Keywords: Natal teeth, Child, Hypoplastic Enamel. 
 
Introduction 

In 1950, Massler and Savara introduced the 
commonly used term “natal teeth” for teeth present at 
birth(1) also known as congenital teeth, fetal teeth, 
predeciduous teeth, premature teeth, or dentitia 
praecox.(2) The incidence of natal teeth has been studied 
extensively which ranges from 1:2000-1:3,500 live 
births.(3) The etiology of natal teeth is unknown but 
several conditions such as infection or malnutrition, 
trauma, hypovitaminosis, febrile states, hormonal 
stimulation and maternal exposure to environmental 
toxins have been implicated as causative factors.(4,5) 
However, the current concept proposed that, these teeth 
are attributed to a superficial position of the developing 
tooth germ, which predisposes the tooth to erupt 
early.(4,5) The majority of the natal teeth represent the 
early eruption of the normal primary dentition while 
less than 10% are supernumerary.(6-8) Morphologically, 
it might resemble normal primary dentition in size and 
shape; though the teeth are often smaller, conical and 
yellowish, and have hypoplastic enamel and dentin with 
poor or absent root formation.(2,8) 

The presence of natal teeth can be associated with 
numerous clinical complications, the most common 
being the discomfort during suckling, laceration of the 
mother’s breasts, sublingual laceration (Riga-Fede 
disease) with resultant feeding refusal, mobility and 
aspiration of the natal teeth.(6,7) Due to these 
complications majority of the natal teeth are being 
prematurely lost or extracted and as a result the 
documentation regarding retained natal teeth is rarely 
reported in dental literature. With this preview, a 
description of a rare case of retained natal teeth present 
in the mandibular anterior region of a 3 year old child is 
reported.  
 
Case Report  

A 3-year old healthy male patient was brought to 
the outpatient Department of Pedodontics by his parents 
with the chief complaint of black discoloration of his 
two lower front teeth. The parents reported that both the 

teeth were present at the time of birth of the child and 
since then no further eruption of any new teeth occurred 
in the central incisor region of the mandibular arch. The 
parents revealed that the child was born to normal full 
term pregnancy and was physically normal at the time 
of birth. The teeth present at the time of birth were 
associated with no complications, so the parents never 
consulted a dentist at that time.  

The intra oral examination revealed the presence of 
fully erupted teeth with brownish and blackish 
discoloration corresponding to position of teeth 71 and 
81 (Fig. 1). The teeth were smaller in overall dimension 
than the corresponding primary teeth with the presence 
of hypocalcified and hypoplastic enamel that were 
firmly attached to the alveolus exhibiting no mobility. 
Moreover, all the other primary teeth showed normal 
color, appearance and eruption pattern. The 
radiographic examination revealed the erupted teeth 
were 71 and 81, the mandibular primary central 
incisors. These teeth showed thin shell of hypoplastic 
enamel and dentin with poorly outlined short roots 
giving a ghost-like appearance. The pulp chambers 
were large with the wide root canals as the hypoplastic 
dentin was thin and seemed to be just serving the 
outline of the image of the root (Fig. 2). Based on the 
clinical and radiographic findings, a diagnosis of 
retained natal teeth was made. 

 

 
Fig. 1: Intra oral examination showing presence of 

fully erupted teeth with brownish and blackish 
discoloration corresponding to position of teeth 71 

and 81 
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Fig. 2: Radiographic image showing large pulp 

chambers with wide root canals in relation to 71 and 
81 
 

The importance of these teeth in the growth of the 
child was explained to the parents after the fluoride 
application and reinforcement of the oral hygiene and 
home care measures. A regular 6 month periodic recall 
visit was established. 
 
Discussion 

The term natal and neonatal teeth simply represent 
the time of eruption and not the anatomical, 
morphological and structural characteristics of these 
teeth. Spouge and Feasby classified these teeth on the 
basis of clinical characteristics as “mature” teeth which 
are almost fully developed with moderately good 
prognosis, and “immature” which are incompletely 
formed with a poor prognosis.(9) Hebling also classified 
natal teeth into 4 clinical categories: shell shaped crown 
poorly fixed to the alveolus by gingival tissue and 
absence of a root; solid crown poorly fixed to alveolus 
by gingival tissue and little or no root; eruption of the 
incisal margin of the crown through gingival tissue and 
edema of gingival tissue with an unerupted but palpable 
tooth.(10) As per these classifications described above 
the present case was of immature teeth with shell 
shaped crown and little root which were firmly fixed to 
the alveolus by the gingival tissue. However in the 
present case, these retained teeth presented with very 
little development of the root still, the teeth were firmly 
fixated to the underlying alveolus by the gingival tissue. 
This clinical presentation has never been reported in the 
dental literature. 

The presence of natal and neonatal teeth may be a 
source of uncertainty about the treatment plan. In the 
decision of maintenance or removal of these teeth in the 
oral cavity, there is an agreement in clinical studies that 
these teeth should be retained because they are most 
commonly the teeth of normal dentition.(6,10) As a 
result, it is strongly recommended that natal and 
neonatal teeth should be left in place, if possible, and be 
removed only if extremely mobile. The preservation of 
these teeth of the normal dentition is imperative, since 

the premature loss of a primary tooth may cause loss of 
space and collapse of the developing mandibular arch 
resulting in malocclusion of permanent dentition.(6) In 
the present case the natal teeth was of normal primary 
dentition and represented the true normal eruption with 
no clinical complications, therefore it was decided to 
periodic follow up the case till the eruption of 
permanent mandibular incisors.  

This case report emphasizes that the periodic 
examination program in the children with the retained 
natal teeth should be carried out in order to observe the 
mobility, shape, color and any associated clinical 
complications. Moreover, longitudinal studies in order 
to determine the cause and effect of survival of natal 
and neonatal teeth should be planned in future.  
 
References 

1. Massler M, Savara BS. Natal and neonatal teeth: a review 
of 24 cases reported in the literature. J Pediatr 1950; 36: 
349-59. 

2. Zhu J, King D. Natal and neonatal teeth. J Dent Child 
1995; 62:123-8. 

3. Chow MH. Natal and Neonatal teeth. J Am Dent Assoc 
1980; 100: 215-6. 

4. Cunha RF, Boer FAC, Torriani DD, Frossard WT, Natal 
and neonatal teeth: review of the literature. Pediatr Dent 
2001;23:158-62. 

5. Gladen BC, Taylor JS, Wu YC. Dermatological findings 
in children exposed transplacentally to heat-degradated 
polychlorinated biphenyls in Taiwan. Br J Dermatol 
1990; 122: 799-808. 

6. Leung AK. Natal teeth. Am J Dis Child 1986;140:249-51. 
7. Buchanan S, Jenkins CR. Riga-Fedes syndrome: natal or 

neonatal teeth associated with tongue ulceration. Case 
report. Aust Dent J 1997;42:225-7. 

8. Galassi MS, Santos-Pinto L, Ramalho LT. Natal 
maxillary primary molars: case report. J Clin Pediatr Dent 
2004; 29(1): 41-4. 

9. Spouge JD, Feasby WH. Erupted teeth in the newborn. 
Oral Surg Oral Med Oral Pathol 1966; 22: 198-208.  

10. Hebling J, Zuanon ACC, Vianna DR. Dente Natal—A 
case of natal teeth. Odontol Clín 1997; 7: 37-40. 



See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/321910461

Dental Manifestations of Congenital Syphilis in a 12-year-old Girl

Article  in  Journal of Oral Health and Community Dentistry · December 2017

DOI: 10.5005/jp-journals-10062-0016

CITATIONS

0
READS

2,734

3 authors:

Some of the authors of this publication are also working on these related projects:

Streptococcus mutans and its detection: The battle continues View project

Nidhi Agarwal

Institute of Dental Studies and Technologies

34 PUBLICATIONS   102 CITATIONS   

SEE PROFILE

Aakansha Sharma

Sharda University

5 PUBLICATIONS   13 CITATIONS   

SEE PROFILE

Ashish Anand

National Institute of Technology Patna

16 PUBLICATIONS   97 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Aakansha Sharma on 10 September 2018.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/321910461_Dental_Manifestations_of_Congenital_Syphilis_in_a_12-year-old_Girl?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/321910461_Dental_Manifestations_of_Congenital_Syphilis_in_a_12-year-old_Girl?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Streptococcus-mutans-and-its-detection-The-battle-continues?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nidhi-Agarwal-7?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nidhi-Agarwal-7?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Institute_of_Dental_Studies_and_Technologies?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nidhi-Agarwal-7?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Aakansha-Sharma?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Aakansha-Sharma?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Sharda_University?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Aakansha-Sharma?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ashish-Anand-17?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ashish-Anand-17?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/National-Institute-of-Technology-Patna?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ashish-Anand-17?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Aakansha-Sharma?enrichId=rgreq-4cc82862bf1d17427a832a280584657b-XXX&enrichSource=Y292ZXJQYWdlOzMyMTkxMDQ2MTtBUzo2NjkzNDE5NzI0NTk1NTNAMTUzNjU5NDk3MDczOA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Dental Manifestations of Congenital Syphilis in a 12-year-old Girl

Journal of Oral Health and Community Dentistry, September-December 2017;11(3):75-77 75

JOHCD

ABSTRACT
Introduction: Congenital syphilis, which is an infectious 
disease, is transmitted to the newborn by an infected mother 
during pregnancy and primarily caused by the microorga-
nism Treponema pallidum. Late congenital syphilis is a very 
infrequent clinical finding acknowledged 2 or more years after 
birth, and its early diagnosis and treatment are necessary.

Case report: This case report highlights a case of late con-
genital syphilis presenting itself with mulberry molars at an 
age of 12 years. The present clinical findings, the medical 
history, and reports given at the time of birth are indicative 
of the disease.

Conclusion: Thus, the case report highlights the fact that 
dentists should be well versed with the systemic conditions 
and its dental implications for the right treatment of the 
disease.

Keywords: Congenital syphilis, Dental manifestations, Mul-
berry molars.
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divided into early and late. Diffuse maculopapular rash, 
periostitis, and rhinitis are the early manifestations. Late 
features are seen almost 24 months after birth, compris-
ing the Hutchinson’s triad, which is interstitial keratitis, 
eighth nerve deafness, and dental anomalies (notched, 
screw driver-shaped incisors, and mulberry molars).2 
Epidemiologic studies have shown that, worldwide, over 
2 million expectant mothers test positive for syphilis each 
year. This comprises 1.5% of all pregnancies globally. It is 
also reported that 650,000 of these pregnancy difficulties 
result in perinatal death of the child.1,3-8

But, at times, due to a lack of acute symptoms or 
complications, manifestations of congenital syphilis may 
go unnoticed.

This is a case report of a girl who presented to the out-
patient department for dental problems and, on complete 
examination, was diagnosed with congenital syphilis.

CASE REPORT

A 12-year-old girl reported to the department with the 
chief complaint of missing 13, 23. On general examina-
tion, the patient was seen wearing spectacles. On intraoral 
examination, notched upper central incisors and hypoplas-
tic lower central and lateral incisors were seen along with 
mulberry molars in the upper and lower arch as shown in 
(Figs 1, 2A and B). Besides that, 13 and 23 were missing, 
the maxilla was short with high palatal arch, and there 
was crowding in the upper and lower anterior regions. 
Suspecting it to be a case of congenital syphilis, a detailed 
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INTRODUCTION

Congenital syphilis is an infectious disease, i.e., trans-
mitted to the fetus by an infected mother. It is one of the 
oldest identified infections, and still continues to prevail 
accounting for widespread global perinatal morbidity 
and mortality.1 The main microorganism, i.e., T. pallidum, 
which is responsible for this infectious disease, after the 
16th week of the intrauterine life, crosses through the 
placenta. Therefore, depending upon the time and extent 
of infection, it may patchily affect the facial structures. 
The orofacial appearances of congenital syphilis can be 

Fig. 1: Notched maxillary central incisors, hypoplastic 
mandibular central and lateral incisors
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patient and family history was obtained from the mother. 
The patient had no siblings, so any chances of occurrence 
of this disease in the other child was not there. The mother 
additionally revealed that both the parents had undergone 
treatment during the time of the child’s delivery, but they 
were unable to define the treatment they underwent. On 
checking the earlier clinical records of the patient, it was 
found that she had acute gastroenteritis with convulsions 
at the age of 6 months. The temperature was raised and 
evident pallor was seen at that time. The cardiovascular 
tests done at that time were normal. The blood inves-
tigations done at the age of 6 months showed reduced 
hemoglobin (Hb)% and increased total leukocyte count.

An orthopantomogram was advised for the present 
dental condition that showed impacted maxillary canines 
as shown in Figure 2C. The routine blood investigations 
revealed normal Hb%, total leukocyte count, differential 
leukocyte count, and platelet count. Venereal Disease 
Research Laboratory (VDRL) test (screening test) was 
reactive at 1:64 dilutions and T. pallidum hemagglutina-
tion (specific test) was positive.

The patient had diminished vision, but no evidence of 
neurological or cardiovascular involvement and no signs 
of eighth nerve deafness were seen. There was no outward 
bony abnormality. Apart from the anterior teeth and the 
permanent 1st molars, no other teeth in both the arches 
were seen to be malformed or hypoplastic.

Esthetic dental treatment was carried out for the 
notched incisors and composite restorations were done in 

all the deformed teeth as shown in Figure 3. The patient 
was referred to a physician for further treatment.

DISCUSSION

The purpose of this report is to highlight a case present-
ing with a rare finding, i.e., congenital syphilis based on 
dental findings alone.

Congenital syphilis, as the name indicates, is a type 
of syphilis, i.e., present at the time of birth in a child 
born to an infected mother. Few infants with this condi-
tion present with findings at the time of birth itself, but 
most children develop the symptoms later in life.9 The 
classical primary syphilitic chancre will not be seen in 

Figs 2A to C: Mulberry molars in the (A) Maxillary arch; (B) mandibular arch;  
and (C) orthopantomogram

Fig. 3: Composite restorations done in maxillary central incisors 
and mandibular central and lateral incisors

A B

C
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the newborn, but signs of secondary syphilis (i.e., gen-
eralized body rash) can be seen. Very often, such babies 
will develop syphilitic rhinitis (snuffles), the mucus 
which is loaded with the T. pallidum bacteria, and for 
that reason, it is highly infectious in nature. Babies that 
are exposed, in utero, may develop malformations or 
seizures along with certain other problems, such as rash, 
fever, hepatosplenomegaly, gastrointestinal inflamma-
tion, jaundice, anemia, leukopenia or leukocytosis, and 
fibrosis.9 In this case, the child had presented with acute 
gastroenteritis and convulsions at 6 months of age along 
with fever, decreased Hb, and increased total leukocyte 
count, which accounts for detailed evaluation and 
confirmatory diagnosis for the case, which was proved 
by the VDRL testing done. Sometimes, the signs and 
symptoms of syphilis go unobserved in infants. Then, 
they may develop the symptoms of latent syphilis, which 
includes damage to their teeth, bones, ears, eyes, and 
brain. The classical Hutchinson’s triad of this disease 
includes interstitial keratitis, eighth nerve deafness, and 
Hutchinson’s teeth (peg-shaped, notched central incisors 
and mulberry molars), although eighth nerve deafness 
is not always seen and is reported in only 3% cases.9 
In syphilis, the dental flaw may originate within a few 
weeks after birth as a single disruption to tooth crown 
formation or during the later development of the teeth. 
But it becomes evident only later, when the permanent 
incisors and first molars erupt. This disturbance occurs as 
an inflammatory reaction induced by T. pallidum, which 
enters near the vicinity of the developing dental germ 
and causes ameloblasts inhibition.10

CONCLUSION

Dentists play an important role in taking care of the oral 
as well as systemic health of an individual. A thorough 
knowledge of the systemic conditions along with its 
dental manifestations aids the dental surgeon to help 

correctly diagnose, treat, and improve the overall health 
status of a patient.

Clinical Significance

An apparently simple clinical condition may have a 
systemic origin due to which the treatment plan may get 
altered. As the oral cavity can act as a window to systemic 
illnesses, a vigilant dentist should be able to provide 
optimal care to the patient.
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Clinical Relevance to Interdisciplinary Dentistry
Dentist	may	find	this	as	easy,	effective	and	less	expensive	approach	for	correction	
of cross-bite cases.

According	 to	 Dewey’s	 modification	 of	 angle’s	 malocclusion,	 Class	 I	 Type	 3	
malocclusion is the Class I malocclusion with anterior crossbite. This case 

report illustrates the treatment of the 13-year-old patient, with a crossbite of 

the maxillary right permanent central and lateral incisors. Two upper acrylic 

removable appliances, each with an expansion jackscrew, were used to correct 

the crossbite. The total active treatment time was 6 months, and the treatment 

outcome was successfully maintained for the subsequent 6 months. General and 

pediatric	 dentists,	 as	 well	 as	 orthodontists,	 may	 find	 this	 technique	 useful	 in	
managing crossbite cases of the permanent dentition by the removable appliance 

and utilizing the discussion and illustrations for further clinical guidance.

Keywords: Crossbite, expansion screw, malocclusion, removable appliance
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replace	Angle’s	classification.	This	has	 resulted	 in	many	
subtypes and new systems.

Dewey’s	modification	of	angles	Class‑I	malocclusion
•	 Type	1	‑	Anterior	teeth	crowding
•	 Type	2	‑	Maxillary	incisor	proclination
•	 Type	3	‑	Anterior	cross	bite
•	 Type	4	‑	Posterior	cross	bite
•	 Type	5	‑	Permanent	molar	drifts	mesially.

Crossbite is a term used to describe abnormal 

malocclusion in the transverse plane. It has a reported 

incidence of 4%–5% and usually becomes evident during 

the early mixed dentition period.[1] Anterior crossbite is 

defined	 as	 a	 situation	 in	which	 one	 or	more	 primary	 or	
permanent mandibular incisors occlude labially to their 

antagonists (or when one or more maxillary incisors are 

lingual to their antagonists).[2] It can be a major esthetic 

Case Report

Introduction

A malocclusion is a misalignment or incorrect relation 

between the teeth of the two dental arches when 

they approach each other as the jaws close. It can 

broadly	 be	 classified	 as	 an	 intra‑arch	 malocclusion,	
inter-arch malocclusion, and skeletal malocclusion.

Depending on the sagittal relations of teeth and jaws, 

malocclusions can be divided mainly into three types 

according	to	Angle’s	classification	system	published	1899.

This	classification	 is	based	on,	where	 the	buccal	groove	
of	 the	 mandibular	 first	 molar	 contacts	 the	 mesiobuccal	
cusp	of	the	maxillary	first	molar:
•	 On	 the	 cusp	 (class	 I,	 neutroclusion,	 or	 normal	

occlusion)

•	 Distal	 to	 the	 cusp	 by	 at	 least	 the	 width	 of	 a	
premolar (Class II, distocclusion)

•	 Mesial	to	the	cusp	(Class	III,	mesiocclusion).

However, there are also other conditions, for example, 

crowding	 of	 teeth,	 not	 directly	 fitting	 into	 this	
classification.	 Many	 authors	 have	 tried	 to	 modify	 or	
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and functional concern and may lead to abnormal enamel 

abrasion or proclination of the mandibular incisors, 

which, in turn, leads to thinning of the labial alveolar 

plate and/or gingival recession. Mandibular shift caused 

by abnormal mandibular movements may place strain 

on the orofacial structures, causing adverse effects on 

the temporomandibular joints and masticatory system. 

Spontaneous correction of such malocclusion has been 

reported to be too low to justify nonintervention,[3] and 

the rate of self-correction was shown to range from 

0% to 9%.[3] Therefore, interceptive treatment is often 

advised to normalize the occlusion and create conditions 

for normal occlusal development.

Bonding brackets to the four maxillary incisors in 

combination with banding the two maxillary permanent 

first	 molars	 (2	 ×	 4	 fixed	 appliance)	 are	 one	 of	 the	
methods used for the correction of anterior crossbite 

with	fixed	appliances.	It	has	been	reported	to	effectively	
manage anterior crossbite in the mixed dentition as 

well as in the adult dentition.[4] This method has the 

advantages of requiring little or no patient compliance 

or alteration of speech. Other reported treatment 

modalities for the correction of anterior crossbite include 

rare	 earth	 magnetic	 appliances,	 fixed	 acrylic	 inclined	
planes, bonded resin composite slopes, and multiple sets 

of Essix-based appliances.[5]

Removable appliances have the advantages of easier 

maintenance and oral hygiene care for young patients, 

utilization of palatal anchorage, and the ability to move 

a selected block of teeth.[6] The literature includes 

management techniques for unilateral crossbite using 

removable appliances with mid-sagittal expansion screws.

This case report aims to provide general and pediatric 

dentists with a simple technique to manage anterior 

crossbite in the permanent dentition. Illustrations of 

treatment progress and appliance design are included for 

further clinical guidance.

Case Report
A 13-year-old boy came to the Department of Pedodontics 

and preventive dentistry of D.J College of Dental Science 

and Research with the complaint of irregularly arranged 

teeth. Extraorally, he had a balanced face with a pleasant 

profile.	 Intraorally,	 he	 presented	 in	 the	 permanent	
dentition stage with Class I Type 3 malocclusion (Class I 

molar relationship on both sides, with the right maxillary 

incisors tipped palatally) and dental maxillary midline 

shifting towards the right side . The overbite was deep 

(100% on the left maxillary central incisor), and an 

anterior crossbite of the maxillary right permanent central 

and lateral incisors was evident [Figure 1a-c].

Treatment planning and progress
Based	 on	 the	 above	 findings,	 the	 patient	was	 scheduled	
for treatment to restore normal occlusion and alleviate 

the underlying functional shift. The study model 

was made and  Carey's  space analysis was done and 

accordingly the appliance design was formulated.

At preoperative stage, the tooth material and arch space 

discrepancy as according to Carey ’s space  analysis 

was 3mm, henceforth an appliance with mid-palatal jack 

screw	 was	 de	 signed,	 in	 which	 two	 finger	 spring	 were	
incorporated to control the deviation of left central  and 

lateral incisors toward right side  and posterior bite plane 

(about 4 mm thick) to disengage the bite and facilitate 

tooth movement [Figure	 2a].	 This	 first	 removable	
appliance was activated in the department quarter turn 

twice a week for 3 months. Once the cross bite appeared 

to be corrected the bite plane was reduced and slowly got 

removed to achieve posterior occlusion [Figure 3a-c].

After	 3	 months	 the	 first	 appliance	 was	 replaced	 by	
another removable appliance which is simple hawley’s 

with a midpalate jackscrew [Figure 2b]. This was to 

further expand the maxilla and labial bow to align the 

maxillary teeth. At this operative stage, the tooth material 

and arch space discrepancy according to Carey's  space 

analysis was 1mm. This appliance was also activated 

twice a week quarter turn for next 3 months, till the 

desired result achieved [Figure 4a-c].

Hence, the patient was asked to visit the department 

every twice a week for activating the jackscrew a 

quarter turn  and the patient was instructed to wear the 

appliance full-time (day and night) except for eating and 

teeth cleaning. The patient was also instructed to clean 

the appliance as well, and handle it gently, avoid holding 

its wire extensions or edges while cleaning.

Upon treatment completion, the second appliance was 

planned to replace as a retainer to ensure the stability  of 

Figure 1: (a) Preoperative. (b) Preoperative  study model in occlusion. 
(c) Preoperative  maxillary study model to carry out carey’s space analysis

a b

c

[Downloaded free from http://www.jidonline.com on Tuesday, June 14, 2022, IP: 106.215.175.216]



Bhati and Jabin: Management of unilateral anterior crossbite

74 Journal of Interdisciplinary Dentistry ! Volume 7 ! Issue 2 ! May-August 2017

the corrected malocclusion. The parents consented to the 

treatment plan. Follow up was done once in a month for 

next 6 months. After 6 months retainer was removed and 

the patient was recalled for follow-up after 3 months for 

next 6 months.

Discussion
In cases of unilateral crossbite, determining the correct 

treatment approach for each individual case is the key 

to treatment success and stability. The clinician must 

first	 distinguish	 crossbites	 of	 dental	 origin	 from	 those	
of skeletal origin. Dental crossbite involves localized 

tipping of a tooth or teeth and does not involve the 

basal bone.[7] Pseudo Class III malocclusion is another 

example of dental anterior crossbite that needs to be 

differentiated from sagittal skeletal discrepancies. It 

involves retroclination of maxillary incisors that cause 

the mandible to shift forward.[7] That is why treatment 

of these cases should aim to correct maxillary incisor 

inclination.[8]

The maxillary arch displayed an asymmetric shape due 

to palatal tipping of the right central and lateral incisor. 

The mesial and distal line angles of the respective 

maxillary and mandibular left central incisors acted as a 

guide plane during the development of the shift, resulting 

in an axial tipping of these teeth. Therefore, treatment 

was	 geared	 to	 alleviate	 the	 anterior	 	 crossbite	 first	 and	
then control the remaining transverse discrepancy. It 

should be noted that cases with symmetrical arches 

could	 benefit	 from	 symmetric	 expansion	 even	 in	 the	
presence of unilateral crossbite and mandibular shift. 

In such cases, the amount of intermaxillary transverse 

discrepancy is usually reduced to less than a full bilateral 

crossbite.

In regard to the bite plane, clear instructions should be 

included to specify the thickness of the acrylic and the 

amount	 of	 tooth	 separation.	 For	 the	 first	 appliance,	 an	
acrylic	 thickness	 of	 4	 mm	 was	 specified	 (i.e.,	 barely	
enough to disengage the anterior crossbite tooth). 

Increased and unnecessary amounts of bite opening 

may lead alteration of the vertical relationship and the 

patient’s decreased compliance.

In general, the recommended activation frequency of 

similar appliances is every second or third day.[9] In this 

case, we followed a quarterly twice a week activation 

protocol,	which	was	 found	 to	be	efficient	and	effective	
in the management of this case. Activation every 

3rd day is recommended during the 1st week of therapy 

for improved patient comfort and acceptance. Other 

authors advocate activation twice a week and once a 

week.[10]

The duration of treatment with removable appliances 

is reported to range from 6 to 12 weeks.[9] With a 

slower expansion rate, treatment can take up to 6 and 

12 months.[10]	 The	 first	 and	 second	 appliance	 therapies	
lasted for 3 months, respectively, which is in agreement 

with the above-mentioned range.

The Hawley retainer was used for 6 months. The 

recommended retention period for similarly treated 

cases is 4–6 months (or for a period at least equal to 

Figure 2: (a) Removable appliance 1. (b) Removable appliance 2

a b

Figure 3: (a) Crossbite correction after 3 months. (b) Study model after 
3 months. (c) Maxillary study model after 3 months

a b

c

Figure 4: (a) Postoperative intaoral maxillary occlusion. (b) Postoperative 
study model. (c) Postoperative study model

a b

c

[Downloaded free from http://www.jidonline.com on Tuesday, June 14, 2022, IP: 106.215.175.216]



Bhati and Jabin: Management of unilateral anterior crossbite

75Journal of Interdisciplinary Dentistry ! Volume 7 ! Issue 2 ! May-August 2017

that required for crossbite correction).[9] After being 

out of retention for 4 months, the case demonstrated 

good stability. Increased treatment time and cost 

have been associated with the use of removable 

appliances	 versus	 fixed	 (e.g.,	 quad‑helix)	 for	 crossbite	
correction. Nevertheless, treatment of the present 

case	 was	 confined	 to	 the	 expected	 treatment	 time	 and	
matched the reported treatment duration using similar 

removable appliances. This highlights the importance 

of case selection and the necessity of enlisting patient 

and parental compliance before the start of treatment. 

In	 case	 of	 relapse,	 fixed	 orthodontics	 along	with	 other	
orthopedic appliance may be required to complete the 

case.

Conclusions
A simple removable appliance for the correction of 

anterior unilateral crossbite with functional shift was 

presented. Thorough clinical assessment and accurate 

diagnosis must be performed to plan proper treatment 

strategies and appliance design. General practitioners 

and pediatric dentists can utilize this technique to 

manage cases with similar malocclusions.
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ABSTRACT  

Aim: To determine the effect of different placement techniques of composite restoration on fracture resistance. 

Materials and Method: Eighty freshly extracted human pre-molars were taken for the study. Standardized 
rectangular cavities (5×3×2mm) were prepared on the cervical one third of all the teeth. All the samples were 
acid etched with 35% phosphoric acid followed by abundant rinsing with water and bonding agent was applied 
and cured for 20 seconds. Thereafter these samples were divided into four groups according to the various 
placement techniques. Group I was restored with bulk placement of composite, Group II with Horizontal 
incremental technique, Group III with split horizontal incremental technique and Group IV with Mat horizontal 
incremental technique. Composites used for the entire procedure was Spectrum composite restorative material. 
The samples were then thermocycled between 5 to 55 + 2 ºC for 100 cycles and stored in distilled water for 24 
hours at 37 ºC in an incubator before testing. The teeth were embedded in acrylic resin blocks and fracture 
resistance was measured using Universal Testing Machine (Instron). 

Results: Group IV (Mat horizontal incremental technique) showed significantly better resistance to fracture as 
compared to Group I (bulk placement of composite), Group II (incremental technique) and Group III (split 
horizontal incremental technique) 

Conclusion: The Mat horizontal incremental technique results in reduction of the C-factor and thus reduces the 
polymerization shrinkage. Therefore, it showed better resistance to fracture as compared to other techniques. 

Keywords: Composite restoration, polymerization shrinkage, Mat horizontal incremental technique, split 
incremental placement technique, C-factor, fracture resistance. 

INTRODUCTION 

Composites were introduced in the 1960’s 
and since then composites represent a class of 
materials widely used in restorative dentistry. 
Though it has many acceptable properties such as 
aesthetic, directly bonds to the tooth structure 
without removing healthy tissues, it still possesses 
the inherent problem of shrinkage during light 

polymerization which generates stress.3These 
stresses may initiate adhesive failure at the 
composite tooth interface, resulting in gap 
formation between composite resin and cavity walls 
and eventually its failure1. The magnitude of these 
stresses depends on several factors, including the 
resin’s modulus of elasticity, the rate of 
polymerization, and the restorative techniques 
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utilized, as well as cavity configuration (also known 
as the C-factor)2. The C-factor is the ratio between 
bonded and unbonded surfaces3; as the ratio 
increases, the polymerization stress increases and a 
decrease in this ratio leads to a decrease in the 
polymerization shrinkage stress. One of the major 
challenges in restorative dentistry is to control 
these stresses and achieve a composite restoration 
with complete and long-lasting marginal seal4. 

Dentists and researchers are aware of the 
adverse effects of the shrinkage stresses. Several 
efforts have been made to decrease these stresses 
such as improving composite resin formulation, use 
of liners under composite restorations, use of 
flowable composites, photocuring methods and 
restorative placement techniques5. Restoration 
placement techniques are widely recognized as a 
major factor in the modification of shrinkage stress. 
By using specific restorative placement techniques 
stresses resulting from constrained shrinkage may 
be reduced. 

For the past several years, different 
techniques and materials have been examined to 
reduce the C-factor. Strength and longevity of these 
restorations can be potentially improved with 
advances in aesthetic restorative materials and also 
introduction of latest generation of bonding agents. 
Recently a new technique the Mat incremental 
technique has been proposed. This technique has 
been further modified in which the horizontal 
increment placed is further split to reduce the C- 
factor, thereby reducing the polymerization 
shrinkage stress4. 

Therefore, the purpose of this study was to 
analyse the effect of various placement techniques 
on the fracture resistance of composite restoration. 

MATERIALS AND METHOD 

Eighty sound human premolars extracted 
due to periodontal or orthodontic reasons were 
selected for the study. Teeth with intact 
buccal/lingual surfaces, which were free from 
restoration and fluorosis were included and teeth 
with caries present on the buccal and lingual 
surfaces, or presence of white spot lesions, 
hypoplastic or hypo mineralized teeth and teeth 
with any kind of developmental anomaly were 
excluded from the study. They were cleaned of 

calculus, soft tissue and debris and were stored in 
saline at room temperature. Standardized 
rectangular cavities (5×3×2mm) were prepared on 
the cervical one-third on the buccal surfaces. All 
cavity preparations were done by a round bur in a 
high speed air rotor with water coolant followed by 
straight fissure. All the prepared teeth were acid 
etched and bonded by spectrum restorative 
material (Dentsply) applied according to the 
manufacturer’s instructions and was light-cured for 
20 seconds. Thereafter all the samples were 
randomly divided into four groups of 20 samples 
each depending upon the different placement 
techniques used.  

In Group I, the bulk placement technique 
was used wherein the entire cavity was filled with 
composite and then light-cured.  

In Group II, the incremental technique was 
utilized where the first increment was placed to fill 
half of the cavity, and then light cured. Similarly, the 
second increment filled the rest of the cavity and 
was light cured.  

In Group III, the split horizontal 
incremental technique was used where in a 1 mm 
thick increment was applied to fill the cavity. Prior 
to light curing, two diagonal cuts were made in this 
increment using a blunt filling instrument. This cut 
extended through the entire thickness of the 
restoration, splitting it into four triangular shaped 
flat portions and was then followed by light curing. 
The two diagonal cuts were then filled completely 
and were light cured. The second horizontal 
increment of 1 mm thickness was then placed to 
cover the first light cured increment. 

Group IV, Mat horizontal increment 
technique the  composite restorative material was 
placed to fill half of the cavity depth, one mesio-
distal and two occlusal –gingival cuts was made to 
split the first uncured increment into six square 
shaped portions using a blunt probe up to the entire 
depth of the cavity and were light cured. Then the 
horizontal and vertical cuts in the form of mat were 
filled with restorative composite and light cured 
followed by the third increment that was placed 
horizontally upto cavo surface margin to fill the rest 
of the cavity and light cured. 
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In all the groups, prepared cavities were restored 
with composite, Spectrum (Dentsply) with different 
placement techniques and were light cured for 40 
seconds. 

All the specimens were thermocycled 
between 5 to 55 + 2 ºC for 100 cycles and were then 
placed into acrylic blocks, wherein the lingual 
surface of the tooth was placed inside the acrylic 
thus exposing the buccal surface of the tooth. The 
teeth were later tested for resistance to fracture 
with a universal Testing Machine (INSTRON). A 
3mm diameter steel sphere applied force on the 
restoration at a crosshead speed of 0.5 mm/min 
until fracture occurred. All the values were then 
statistically analysed. 

RESULTS 

Data was subjected to statistical analysis 
using SPSS version 19. The p-value less than 0.05 is 
considered as significant and ANOVA with 
Bonferroni multiple comparison test at 95% 
confidence was used for fracture resistance of 
composite restoration. 

Table 1, shows the mean value of the fracture 
resistance for Group I (Bulk fill technique), Group II 
(Horizontal incremental Technique), Group III (split 
horizontal incremental technique) and Group 
IV(Mat horizontal incremental technique) were 
648.4, 708.5, 844.25 and 1033.8 respectively. It was 
found that Group IV (Mat horizontal incremental 
technique) had highest mean value followed by 
Group III (split horizontal incremental technique) 
then in), Group II (Horizontal incremental 
Technique) and lowest in Group I (Bulk fill 
technique). (Table 1).  

Table 1: Mean and Standard Deviation of Fracture 
Resistance in Various Groups. 

Group No.of samples(N) Mean±Std. Deviation 

Group I 20 648.4 ± 30.56 

Group II 20 708.5 ± 36.94 

Group III 20 844.25 ± 48.54 

Group IV 20 1033.8+108.78 
*Group I-Bulk placement, Group II- Incremental, 
Group III- Split horizontal Incremental, Group IV- Mat 
horizontal incremental. 

Table 2 shows the mean difference for the fracture 
resistance among different groups. After Statistical 
Analysis for Fracture Resistance among different 
Groups using ANOVA resulted that there was 
statistical difference between and within the 
groups. 

Table 2: Statistical Analysis for Fracture Resistance 
among different Groups (ANOVA). 

 
Sum of 
Squares 

(df
) 

Mean 
Square 

Degree 
of 
freedo
m (F) 

p 
valu
e * 

Betwee
n 
Groups 

1753398.73
7 

3 
584466.24
6 141.77

3 
00.0
0 

Within 
Groups 

313312.487 76 4122.536 

*. The mean difference is significant at the 0.05 
level. 

Figure1: Bar diagram showing Mean Fracture 
Resistance of Composite Restoration using Different 
Placement Techniques. 

On applying ANOVA within the various groups p-
value of 0.000 was calculated which was statistically 
significant. (Table 2; Figure 1) 

 

DISCUSSION 

Polymerization shrinkage is the major 
drawback of composite restorations. The 
polymerization shrinkage of a resin composite can 
create contraction forces that may disrupt the bond 
to cavity walls. The stresses induced by the 
contracting composite can cause deformation on the 
surrounding tooth structure. The resulting coronal 
deformation may result in postoperative sensitivity 
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and microcracks in the cervical enamel, which 
predisposes the tooth to fracture. The stress 
generated from the polymerization shrinkage is 
related to the C-factor of restoration5.In 1987, 
Feilzer et al. published a study showing that the 
expected magnitude of stress might be estimated 
through the ratio of the bonded to the unbonded 
areas, also known as the “configuration factor,” or 
simply “C-factor.” According to these authors, the 
higher the C-factor (higher amounts of bonded 
areas), the higher the stress level6.When the 
conventional horizontal technique is utilized, each 
composite increment that connects the cavity floor 
with the four surrounding walls produces the 
highest and the most unfavourable C-factor ratio of 
5 when it is light cured. In the proposed technique, 
i.e. split incremental technique, relief of such 
stresses was achieved through the use of two 
diagonal cuts to split each flat increment into four 
triangular shaped portions before light curing. This 
would reduce the C-factor from the ratio of 5 to an 
approximate ratio of 0.55. 

In the present study, the Mat horizontal 
incremental technique showed a higher value of 
fracture resistance as compared to the Split 
incremental technique, incremental and bulk 
placement technique which is in accordance with 
the studies done by E Ozel who stated that 
incremental placement is the preferred restorative 
technique for posterior composite restoration as it 
results in better marginal adaptation7.In relation to 
the split incremental technique, also Salwa Khier 
and Khamis Hassan stated that this technique could 
be useful for restoration of large Class V cavities 
with composite resin, especially when gingival 
margins extend beyond the cement-enamel 
junction. Such restorations would preserve the 
gingival margin seal and reduce microleakage1. 

Most of the current literature focuses on 
the microleakage, which is one of the major factors 
determining the long-term success of restoration. 
Nadi et al. stated that splitting in increments 
showed least microleakage. The smaller increment 
size, along with the lower C-factor, would relieve 
most of the shrinkage stresses by means of flow of 
the free surfaces, rather than the bonded interfaces, 
which otherwise would increase cuspal 
deformation8. 

Within the limitation of the study, it can be 
inferred that placement techniques have an effect 
on the fracture resistance of composite restoration. 
The Mat horizontal incremental technique showed 
greater resistance to fracture as compared to the 
Split horizontal incremental, horizontal incremental 
and bulk placement technique. However, further in-
vivo and in-vitro studies are required to determine 
the validity of these techniques. 

CONCLUSION 

It may be concluded there are many factors 
involved during the polymerization process that 
may affect the resulting shrinkage stresses and their 
impact upon the integrity of the tooth restoration 
complexes. The split incremental technique used for 
composite placement offer several advantages over 
other available techniques. In addition to 
minimising the harmful effect of polymerization 
shrinkage stresses at the adhesive interface and the 
cavity walls, so we can recommend mat horizontal 
incremental technique for restoration of tooth with 
composite resin. 
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A	wide	 array	 of	materials	 have	 been	 used	 in	 the	 past	 as	 pulpotomy	medicaments	
including	 calcium	 hydroxide,	 formocresol,	 and	 mineral	 trioxide	 aggregate.	
However,	 none	 of	 these	 are	 considered	 ideal	 as	 each	 has	 its	 own	 disadvantages.	
In	 the	 recent	 years,	 Biodentine	 has	 been	 considered	 a	 promising	 material	 for	
pulpotomy	 of	 primary	 molars	 owing	 to	 its	 superior	 physical	 and	 biological	
properties.	 This	 article	 describes	 a	 series	 of	 eight	 case	 reports	 on	 clinical	 and	
radiographic	evaluation	of	primary	molars	treated	with	Biodentine	pulpotomy	with	
a	follow-up	of	3,	6,	and	9	months.

Keywords: Biodentine, primary molars, pulpotomy
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Septodont	 and	 made	 commercially	 available	 in	 2009.	
The	powder	mainly	consists	of	 tricalcium	and	dicalcium	
silicate,	 calcium	 carbonate,	 and	 zirconium	 dioxide	
as	 a	 contrast	 medium.	 The	 liquid	 consists	 of	 calcium	
chloride	 in	 an	 aqueous	 solution	 with	 an	 admixture	 of	
modified	polycarboxylate.	It	has	a	wide	range	of	clinical	
applications	 including	 apexogenesis,	 apexification,	
revascularization,	 root	 perforations,	 pulpotomy,	 pulp	
capping,	 and	 retrograde-filling	 material	 in	 endodontic	
surgery	 and	 as	 a	 dentin-replacement	 material	 in	
restorative	dentistry.[6]

The	 present	 article	 describes	 a	 series	 of	 eight	 case	
reports	 on	 clinical	 and	 radiographic	 evaluation	 of	
primary	molars	 treated	with	Biodentine	 pulpotomy	with	
a	follow-up	of	3,	6,	and	9	months.

Case Report
All	 the	 patients	 included	 in	 the	 case	 series	 reported	
with	a	chief	complaint	of	either	pain	 in	 the	 tooth	which	
subsided	 on	 removal	 of	 the	 stimulus	 or	 decayed	 tooth	
[Table	1].

Introduction

Pulpotomy	 is	 the	most	 commonly	 used	 treatment	 to	
maintain	 primary	 molars	 with	 chronic	 reversible	

pulpitis	 which	 otherwise	 would	 be	 extracted.	 Its	
objective	 is	 to	 preserve	 radicular	 pulp,	 avoid	 pain	 and	
inflammation,	and	maintain	the	tooth.[1]

Over	 the	 years,	 a	 wide	 variety	 of	 materials	 have	 been	
used	 as	 pulpotomy	 medicaments.	 Calcium	 hydroxide	
was	 the	 first	 agent	 in	 this	 context;	 however,	 it	 is	 not	
recommended	 in	 primary	 dentition	 owing	 to	 its	 high	
alkalinity	causing	necrosis,	inflammation,	and	dystrophic	
calcification	 in	 the	 pulp	 tissue	 leading	 to	 internal	
resorption.[2]	Sweet	introduced	formocresol	as	pulpotomy	
dressing	that	has	been	widely	used	in	primary	molars	for	
several	decades.	Its	potential	carcinogenic	and	mutagenic	
effects	have	limited	its	use	as	pulpotomy	medicament.[3]

Mineral	 trioxide	 aggregate	 (MTA)	 is	 a	 fine	 hydrophilic	
powder	 developed	 by	 Torabinejad	 in	 1993	 at	 Loma	
Linda	 University.	 It	 has	 superior	 biocompatibility	 and	
is	 less	 cytotoxic	 than	 other	 materials	 traditionally	 used	
in	 pulp	 therapy.[4]	 However,	 its	 disadvantages	 such	 as	
high	 cost,	 difficult	 handling	 characteristics,	 long	 setting	
time,	 and	 potential	 of	 discoloration	 have	 led	 to	 the	
development	 of	 new	 calcium	 silicate-based	 material	
such	as	Biodentine.[5]

Biodentine™	 with	 active	 biosilicate	 technology	
was	 announced	 by	 the	 dental	 material	 manufacturer	
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The	 criteria	 for	 tooth	 selection	 for	 pulpotomy	 were	 as	
follows:
1.	 Vital	 primary	 molars	 with	 carious	 or	 iatrogenic	

exposure	of	the	pulp
2.	 Lack	 of	 clinical	 evidence	 of	 pulpal	 degeneration	

(pain	on	percussion,	history	of	swelling,	or	sinus	tracts)
3.	 Absence	of	 radiographic	 changes	of	 internal/external	

resorption	 and	 furcation	 radiolucency	 (preoperative	
radiograph)

4.	 Restorable	molars.

Before	 the	 procedure,	 approval	 was	 obtained	 from	
the	 ethics	 committee,	 and	 written	 informed	 consent	
was	 taken	 from	 the	 parents.	 After	 administering	 local	
anesthesia,	 the	 tooth	 was	 isolated	 with	 a	 rubber	 dam.	
All	 caries	 were	 removed	 and	 coronal	 access	 was	
gained	 using	 a	 sterile	 No.	 330	 high-speed	 bur	 (Mani,	
Utsunomiya,	 Japan)	 with	 water	 spray	 to	 expose	 the	
pulp	 chamber	 [Figure	 1a].	 A	 spoon	 excavator	 (GDC)	

was	 used	 for	 coronal	 pulp	 amputation.	A	 sterile	 cotton	
pellet	moistened	with	distilled	water	was	placed	over	the	
pulp	 stumps,	 and	 light	 pressure	 was	 applied	 for	 5	 min	
for	 obtaining	 hemostasis.	 The	 pulp	 stumps	 were	 then	
covered	 with	 Biodentine	 (Septodont,	 France)	 material,	
obtained	after	mixing	the	powder	and	liquid	in	a	triturator	
for	30	s	to	make	a	thick	layer	of	1–1.5	mm	[Figure	1b].	
The	 mixture	 was	 compressed	 against	 the	 exposure	 site	
with	 a	 moist	 cotton	 pellet.	 After	 waiting	 for	 12	 min	
to	 allow	 the	 material	 to	 set,	 the	 cavity	 was	 restored	
with	 glass	 ionomer	 cement	 (GC	 FUJI	 IX)	 [Figure	 1c].	
Within	1	week,	 the	 tooth	was	restored	with	a	preformed	
stainless	steel	crown.	All	the	cases	were	followed	up	till	
3,	6,	and	9	months	after	the	procedure	[Figures	2-9].

Discussion
As	 depicted	 in	 Tables	 2	 and	 3,	 good	 clinical	 and	
radiographic	 success	 at	 3,	 6,	 and	 9	 month	 follow-up	
was	 recorded	 in	 seven	 out	 of	 eight	 cases	 in	 the	
present	 case	 series.	 However,	 in	 one	 case	 (case	 no.	 7),	
periodontal	 ligament	 widening	 and	 furcal	 radiolucency	
were	 seen	 at	 3,	 6,	 and	 9	 months	 of	 follow-up.	 The	
choice	 of	medicament	 used	 in	 pulpotomy	 procedures	 is	
influenced	by	a	number	of	factors	including	pulp	healing	
potential,	antibacterial	properties,	mechanical	properties,	
biocompatibility,	 cytotoxicity,	 dimensional	 stability,	 and	
handling	properties.

In	 search	 of	 ideal	 pulpotomy	 medicament,	 materials	
such	 as	 formocresol,	 ferric	 sulfate,	 glutaraldehyde,	

Table 1: Details of the eight cases
Case number Age (years)/sex Tooth involved
1 7/male 65
2 8/male 75
3 5/female 74
4 6/male 85
5 7/female 75
6 6/female 74
7 8/male 85
8 7/male 75

Figure 2:	Case	1	–	Preoperative,	3,	6,	and	9	months	of	follow-up

Figure 3:	Case	2	–	Preoperative,	3,	6,	and	9	months	of	follow-up

Figure 1:	 	Pulp	exposure,	placement	of	Biodentine,	glass	ionomer	cement	restoration.	(a)	Pulp	exposure.	(b)	Placement	of	Biodentine.	(c)	Glass	
Ionomer	Cement	restoration

cba
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calcium	 hydroxide,	 adhesive	 liners,	 enamel	 matrix	
derivative,	 MTA,	 bioactive	 glass,	 bone	 morphogenetic	
protein,	 growth	 factors,	 pulpotec,	 and	 collagen	 and	
other	 techniques	 such	 as	 electrosurgery	 and	 lasers	 had	
been	 tried	 out	 with	 variable	 clinical,	 radiological,	 and	
histological	 success	 for	 pulpotomy	 procedure	 in	 both	
primary	and	permanent	dentitions.[7]

Previously,	 formocresol	 was	 the	 most	 widely	 used	
pulpotomy	 medicament.	 However	 its	 usage	 has	 been	
limited	in	the	recent	years	because	of	 the	evidence	gained	

from	animal	testing	indicating	the	mutagenic,	carcinogenic,	
immunogenic	and	toxic	potential	of	formaldehyde.[8]

Many	 studies	 have	 addressed	 MTA	 as	 a	 potential	
alternative	 to	 formocresol	 pulpotomy	 in	 primary	
teeth.	 These	 studies	 showed	 100%	 success	 rate	 of	
MTA,	 both	 clinically	 and	 radiographically,	 through	
different	 follow-up	protocols.[9,10]	 It	 is	 a	 biocompatible	
material	 and	 its	 sealing	 ability	 is	 superior	 to	 amalgam	
or	 zinc	 oxide	 eugenol.	 It	 also	 has	 the	 ability	 to	
stimulate	 the	 release	 of	 cytokines	 from	 bone	 cells,	

Figure 4:	Case	3	–	Preoperative,	3,	6,	and	9	months	of	follow-up

Figure 5:	Case	4	–	Preoperative,	3,	6,	and	9	months	of	follow-up

Figure 6:	Case	5	–	Preoperative,	3,	6,	and	9	months	of	follow-up

Figure 7:	Case	6	–	Preoperative,	3,	6,	and	9	months	of	follow-up

Figure 8:	Case	7	–	Preoperative,	3,	6,	and	9	months	of	follow-up

Figure 9:	Case	8	–	Preoperative,	3,	6,	and	9	months	of	follow-up
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which	 demonstrates	 the	 active	 assistance	 of	 MTA	
in	 hard-tissue	 formation.[11]	 However,	 slow	 setting	
kinetics	 and	 complicated	 handling	 rendered	 MTA	
pulpotomy	 technique	sensitive	and	 restricted	 its	use	 to	
specialists.[5]

Biodentine	 is	 a	 calcium	 silicate-based	 product	 which	
became	 commercially	 available	 in	 2009.	 It	 has	 some	
superior	 features	 over	 MTA:	 better	 consistency	 suited	
to	 clinical	 use,	 its	 presentation	 ensures	 better	 handling	
and	 safety,	 as	 the	 setting	 is	 faster,	 and	 there	 is	 a	 lower	
risk	 of	 bacterial	 contamination,	 in	 addition	 to	 its	 ability	
to	 be	 used	 as	 a	 dentine	 substitute.	 Therefore,	 its	 use	 is	
advantageous	for	both	the	clinician	and	the	patient.

Calcium	 silicate-based	 cements	 are	 known	 to	 release	
during	 setting	 and	 for	 a	 long	 period	 of	 time	 thereafter	
significant	 amounts	 of	 calcium	 hydroxide	 ions,	
responsible	 for	 triggering	 pulp	 reparative	 processes.	
Histological	 studies	 have	 shown	 the	 formation	 of	 a	
homogeneous	 dentin	 bridge	 at	 the	 pulp	 exposure	 site	
after	direct	or	indirect	capping	with	Biodentine.	Its	ability	
to	trigger	reparative	dentin	formation	and	its	antibacterial	
properties	are	two	factors	ensuring	long-term	preservation	
of	 pulp	 vitality.	While	 the	 antibacterial	 activity	 may	 be	
due	to	the	alkaline	pH,	the	induction	of	reparative	dentin	
seems	 to	 be	 due	 to	 a	 release	 of	 transforming	 growth	
factor-ß1	from	pulp	cells.[12]

Various	 studies	 have	 reported	 a	 high	 success	 rate	 of	
Biodentine	 used	 as	 a	 pulpotomy	medicament,	 stating	 it	
as	a	 favorable	and	promising	alternative	 for	 the	existing	
pulpotomy	 medicaments.	 Kusum	 et	 al.	 conducted	 a	
study	 on	 the	 clinical	 and	 radiographical	 evaluation	
of	 MTA,	 Biodentine,	 and	 propolis	 as	 pulpotomy	
medicaments	 in	 primary	 teeth.	 They	 concluded	 that	
the	 clinical	 success	 rates	 obtained	 by	 the	 teeth	 in	 the	
respective	 groups	 over	 9	 months	 follow-up	 period	
were	 100%,	 100%,	 and	 84%,	 respectively	 whereas	 the	
radiographic	 success	 rates	 obtained	 by	 the	 teeth	 in	 the	
respective	 groups	 over	 9	months	 follow-up	 period	were	
92%,	80%,	and	72%,	 respectively.[13]	Another	 study	was	
conducted	 by	 Niranjani	 et	 al.	 on	 clinical	 evaluation	 of	
success	 of	 primary	 teeth	 pulpotomy	 using	 MTA,	 laser,	
and	Biodentine.	The	authors	concluded	that	pulpotomies	
performed	 with	 either	 MTA,	 laser,	 or	 Biodentine	 are	
equally	 efficient	 with	 similar	 clinical/radiographic	
success	 and	 hence	 can	 be	 considered	 as	 alternatives	
to	 formocresol.[14]	 A	 study	 was	 done	 by	 El	 Meligy	
et	 al.	 to	 assess	 the	 clinical	 and	 radiographic	 success	
of	 formocresol	 and	 Biodentine	 pulpotomy	 in	 primary	
molars,	 with	 3	 and	 6	 months	 of	 follow-up.	 They	
concluded	 that	both	MTA	and	Biodentine	showed	100%	
success	rate.[15]

Table 2: Clinical parameters assessed
Case 
number

Pain Sinus tract Swelling Mobility
3 months 6 months 9 months 3 months 6 months 9 months 3 months 6 months 9 months 3 months 6 months 9 months

1 X X X X X X X X X X X X
2 X X X X X X X X X X X X
3 X X X X X X X X X X X X
4 X X X X X X X X X X X X
5 X X X X X X X X X X X X
6 X X X X X X X X X X X X
7 X X X X X X X X X X X X
8 X X X X X X X X X X X X
X:	Absent

Table 3: Radiographic parameters assessed
Case 
number

Premature exfoliation PDL widening External/internal resorption Furcal/periapical 
radioluscency

3 months 6 months 9 months 3 months 6 months 9 months 3 months 6 months 9 months 3 months 6 months 9 months
1 X X X X X X X X X X X X
2 X X X X X X X X X X X X
3 X X X X X X X X X X X X
4 X X X X X X X X X X X X
5 X X X X X X X X X X X X
6 X X X X X X X X X X X X
7 X X X    X X X   
8 X X X X X X X X X X X X
X:	Absent,	:	Present.	PDL:	Periodontal	ligament
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Conclusion
Biodentine	 has	 become	 the	 material	 of	 choice	 for	
various	 therapeutic	 purposes	worldwide	 since	 its	 launch	
in	2009.	Majority	of	the	studies	done	are	in	favor	of	this	
product,	 despite	 a	 few	 contradictory	 reports.	As	 shown	
in	 the	 present	 case	 series,	 though	 further	 research	 is	
necessary,	Biodentine	appears	to	be	a	promising	material	
for	 clinical	 dental	 procedures	 as	 it	 is	 biocompatible	 and	
easy	to	handle	with	short	setting	time.
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Original Article

IntroductIon

The Federation Dentaire Internationale has defined forensic 
odontology as “that branch of dentistry which, in the 
interest of justice, deals with the proper evaluation and 
presentation of dental findings.”[1] By reviewing literature, 
it can be specified that forensic dentistry works with the two 
objectives: (1) postmortem identification of an individual and 
(2) identification of the culprit from evidences that may be left 
behind, for example, bite marks and lip prints.[2] The study 
of lip prints is known as cheiloscopy and is derived from the 
Greek word cheilos meaning “lips” and e skopein meaning 
“to see.”[3]

The wrinkles and grooves present on the lip were designated 
as “sulci labiorum rubrorum” by Suzuki and Tsuchihashi in 
1970.[4] Lip prints are seen to remain same for an individual 
throughout his/her life unless scaring occurs due to a pathosis, 
a trauma or due to any surgical procedure. The scarring may 
lead to change in the lip print pattern, their size, shape, etc.[5] 
By analyzing the imprints of lips left at the crime scene and 
their comparison with the suspects, investigating personnel 
can place the culprit at the crime scene and also can give a 
positive match.[6] Lip prints can be attained from the clothing, 

glasses, cigarettes, cups, windows, and doors at the crime 
site. This method basically provides a strong and definite link 
between an individual and a specific location and helps in 
placing the suspect at the crime scene.[7] The prime objective 
of the present study was to determine if any two lip prints were 
the same and to determine the authenticity and evidentiary 
value of imprints of lips for any peculiar pattern regarding 
specific gender so that the identification of a suspect/suspects 
at crime scene could be made possible. Furthermore, an 
attempt was made to see the correlation between the lip prints 
and blood group of a person.

MaterIals and Methods

The study was conducted among 500 randomly selected 
students (undergraduates and postgraduates) of Institute of 
Dental Studies and Technologies, Kadrabad, Modinagar 
(Uttar Pradesh) after obtaining clearance from the Institutional 
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Ethical Committee. All the details about the purpose of the study 
were briefed to the participants and informed consent was taken.

Inclusion criterion
(a) The participants having full dentition were included in the 
study. Eruption of third molar was ignored in categorizing a 
person with full dentition. (b) Consenting students of IDST 
Modinagar were included in the study.

Exclusion criterion
(a) Participants with malformations, deformity, inflammation, 
trauma and surgical scars (e.g., operation for cleft palate), and 
other abnormalities of the lips. (b) Gross deformity of lips such 
as cleft lip, ulcers, traumatic injuries on lips, angular cheilitis, 
lip pits, cheilitis glandularis, and cheilitis granulomatosa. 
(c) The participants allergic to lipstick and cellophane tape.

Study materials
a. Lipstick: Revlon amazing moisturizing lipstick. 264 red
b. Cellophane tape: Apex packs 365, ISO: 2000 certified co.
c. White bond paper: Royal executive bond paper A4
d. Cotton swabs
e. Scissors: Stainless steel scissors
f. Brush
g. Hand mirror
h. Adobe Photoshop 0.7 software [Figure 1].

Technique
After properly cleaning the lips with cotton swabs, lipstick 
was applied to the lower lip with a brush using a single stroke 
[Figure 2]. Over the lipstick, the glued portion of cellophane 
tape strip was placed, and the participant was asked to press/
her lips together gently [Figure 3]. The cellophane tape strip 
was removed and stuck to a white bond paper (8.5 cm × 6.0 cm) 
for further analysis [Figure 4]. Blood group was noted from 
the college identity card. Each lip print was assigned a serial 
number and then studied by the help of Adobe Photoshop 0.7 
software [Figure 5]. Only the most legible image of the lower 
lip was considered. It was divided into three parts, and the center 
most part was analyzed. In case where there were two dominant 
patterns, the most dominant one was considered for the study 
purpose. Analysis was done based on the classification system 
given by Suzuki and Tsuchihashi in 1970.[4]

• Type I: Complete vertical grooves that run across the entire 
lip

• Type I’: Partial vertical. Similar to Type I but do not cover 
the entire lip

• Type II: Branching
• Type III: Intersecting
• Type IV: Reticular
• Type V: Undetermined/other. Here, the grooves do not 

fall into any of above type and cannot be differentiated 
morphologically.

Statistical analysis
• Statistical analysis was done using using statistical 

package for social science (SPSS). Ver.16.0 U.S.A. 

I.B.M. The frequency of each type of lip print was 
tabulated, and the percentage of each type was calculated

• Chi-square was applied to test whether there was any 
association between the type of lip print and blood group 
of the participants

• Analysis of all the lip prints was done by two observers 
independently, and evaluation of data was done to 
eliminate any subjective bias.

results

The present  s tudy compr ised  500 par t ic ipants , 
of which 248 were females with a mean age of 22.34 
(standard deviation [SD] ± 12.30) years and 252 were males 
with a mean age of 22.14 (SD ± 2.57) years.

The images were superimposed on each other, and no two lip 
prints were found to match which prove that every individual 
has unique lip prints. The most predominant pattern in the 
entire study population was found to be Type I (120 [24%]), 
followed by Type III (113 [22.60%]), Type IV (84 [16.80%]), 
Type I’ (78 [15.60%]), Type II (60 [12%]), and Type V (45 [9%]).

On analysis, it was revealed that Type I lip print was more 
common among female participants (35.88%) and Type III 
lip print pattern was more common amid male participants 
(34.92%) [Table 1]. The statistical analysis between lip prints 
and gender was done using Chi-square tests, and the value was 
found to be highly significant (P = 0.000) [Figure 1].

Out of 258 female participants, 199 (80.2%) were correctly 
identified as females by their lip prints and 59 (23.4%) females 
were erroneously recognized as males. Out of 242 males, 
193 (76.6%) were correctly identified as males and 49 (19.8%) 
males were misinterpreted as female. The values were found 
highly significant (P = 0.000) [Table 2]. The accuracy of 
cheiloscopy in gender determination was calculated to be 
78.44% [Figure 2].

On further comparing of lip print types with blood group 
of the participants, we observed that most common blood 
group in the entire study population was B+ (215 [43%]) 
and AB was rarest (1 [0.2%]). Statistical analysis between 
lip print pattern and blood group was done using Chi-square 

Table 1: Distribution of types of lip prints in males and 
females

Lip print pattern Gender Total (%)

Female (%) Male (%)
I 88 (35.88) 32 (12.69) 120 (24.00)
I’ 63 (25.40) 15 (5.95) 78 (15.60)
II 47 (18.95) 13 (5.15) 60 (12.00)
III 25 (10.08) 88 (34.92) 113 (22.00)
IV 16 (6.45) 68 (26.98) 84 (16.80)
V 9 (3.62) 36 (14.28) 45 (9.00)
Total 248 (100.00) 252 (100.00) 500 (100.00)
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test, and the difference was found to be statistically 
nonsignificant (P = 0.874).

dIscussIon

With the increase in crime rates, it has become crucial for law 
personnel to relate the evidences attained at the crime site to 
the perpetrator.[8] Identification of an individual, dead or alive 
is a challenging task.[9] Every individual has some unique 
traits in him/her, which can help in their identification.[10] 
Various methodologies are being used now-a-days such as 
fingerprints, DNA analysis, dental profiling, and rugoscopy. 
The consistent search for more reliable technologies in 

forensics still continues.[11] The distinctive pattern of grooves 
and wrinkles in lips has made cheiloscopy a reliable procedure 
for antemortem personal identification.[12]

Lip prints can be recognized as early as the 6th week of the 
fetal stage and remain permanent; resisting environment 
changes, pathologies, minor traumas, and inflammation.[13] The 
continuous moistening from the oral cavity and the secretion 
of sebum from the sebaceous glands leads to latent lip prints 
formation.[14] These can be perceived as discernible prints on 
photographs, glass, papers, window, cutlery, cigarette, skin, 
etc.[15] A number of chemicals and dyes, for example, Sudan 
black, lysochrome, carbonate powder, and Nile red are used to 
highlight these imprints so that they can be easily visualized 
and identified.[16] In 1975, Suzuki and Tsuchihashi reported two 
cases, in which the culprits were identified by their lip prints. 
In the first case, the mystery was resolved by analyzing the 
lip prints present on an envelope, whereas in other case, lip 
prints were detected on undergarments using color test and 
ultraviolet rays.[17] The FBI in 1987 had successfully identified 
a male bank robber, who left his lip prints on the glass door of 
the bank he was robbing.[18] All these cases recommend the use 
of lip prints as an antemortem identification tool.

Many researchers have put forth different classification systems 
for categorizing the lip prints into groups, and we followed 
the most popular one proposed by Suzuki and Tsuchihashi in 
our study.[4] Different authors have used different methods of 
recording the lip prints and analyzing them, the procedure done 
by Sivapathasundharam et al.[5] where they considered the 

Table 2: Gender estimation on the basis of lip prints in 
the study group

Lip print pattern Gender Total (%)

Female (%) Male (%)
Female 199 (80.2) 59 (23.4) 258 (51.1)
Male 49 (19.8) 193 (76.6) 242 (48.4)
Total 248 (100.0) 252 (100.0) 500 (100.0)

Figure 1: Armamentarium used for lip print recording

Figure 2: Lipstick applied as a thin layer uniformly over the lower lip

Figure 3: Application of cellophane tape on the lower lip for recording 
of the lip print

Figure 4: Cellophane tape stripe stuck onto the bond paper
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middle third portion of the lower lip as the area to be analyzed 
has been followed by us. Numerous studies on cheiloscopy 
have been conducted throughout the country and overseas on 
their local populations and all these illustrate varied results. 
The results of our study were in agreement with the studies 
done by Randhawa et al.,[19] Koneru et al.,[20] Singh et al.,[21] 
Sharma et al.,[22] Bajpai et al.,[23] Nagalaxmi et al.,[24] Kaul 
et al.,[25] and Ramakrishnan et al.[26] Accordingly, Type I lip 
prints (vertical type) are most commonly seen in the studied 
population, whereas the results of Chaitanya et al.,[27] Verghese 
et al.,[28] Gondivkar et al.,[9] and Narang et al.[29] did not match 
our findings. Karim and Gupta[30] showed contradictory 
results as they demonstrated Type II pattern to be common 
in males and Type III pattern in females. Rest all the studies 
showed similar results to our study, i.e., Type III and Type IV 
lip prints commonly seen in males and Type I, I’, and II 
commonly seen among females. This proves that determination 
of gender using cheiloscopy has a high degree of accuracy 
and reproducibility (our accuracy for gender estimation was 
78.44%). Narang et al.[29] also found a gender determination 
accuracy of 86.4%. Thus, it can be recommended that lip 
prints can act not only as a means of identifying individuals 
but also they have a high rate of accuracy in gender estimation. 
However, owing to its soft tissue structure, there are some 
drawbacks too. Lip prints are more prone to injury due to 
which the clarity of the prints may change. The clarity may also 
depending on the pressure applied to the recording material, 
depending on the surface on which the print was recorded, 
etc. Lip prints being soft tissue and change after death though 
may not be very valuable in postmortem cases, for example, 
mass disasters where the body is mutilated or decomposed, 
but they can be very valuable in antemortem cases where 
both the victims/evidence and the suspected perpetrators can 
be examined soon after the incident. Where the lip prints can 
be lifted from either body surface, cloths, or surrounding 
inanimate objects and can be matched to the victim or suspect 
and can lead to a conviction.

conclusIon

Forensic dentistry plays a very significant role in establishing 
the identity of an individual. There are many scientific 
means of antemortem identification such as dental records, 
fingerprints, iris scan, and DNA analysis. One of the most 
interesting antemortem techniques is cheiloscopy or the 
study of lip prints. To link somebody with someone or to 
a specific place, cheiloscopy represents one of the most 
reliable ways. We observed a great accuracy using lip prints 
for determination of gender, but there was no correlation 
found between lip prints and blood groups. By analyzing the 
available literature, we can conclude that cheiloscopy may be 
a reliable parameter of gender determination. A broad database 
of lip prints of individuals from different geographical areas 
should be recorded and evaluated as we observed that lip 
prints are seen to vary in different populations in different 
geographical areas.

With the ever-increasing globalization of the populations, the 
need of the hour is a vast and detailed database documenting not 
only individual details but also the characteristics commonly 
seen in the population indigenous to a particular area.
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INTRODUCTION
The term dysplasia (dys=abnormal/bad; plasia=growth) has its origin 
from the Greek language and literally means “disordered growth” 
[1]. The term ‘dysplasia’ was introduced in pathology by Reagon in 
1958 in relation to cells exfoliated from lesions of the uterine cervix. 
In the past, epithelial dysplasia, epithelial atypia and dyskeratosis 
had the same connotations. Nowadays, it is considered that the 
first change suggestive of malignant transformation is epithelial 
dysplasia [1].

Various researches have shown a significant increase in vascularity 
(angiogenesis) during the transition from normal oral mucosa through 
the different degrees of dysplasia to frank invasive carcinoma [2-4].  
Angiogenesis is the process of new blood vessel formation from pre-
existing vascular networks by capillary sprouting [5].  It is extremely 
important not only in physiological conditions such as ovulation, 
development of corpus luteum, embryogenesis etc., but also in 
pathological conditions e.g., during the growth and metastasis of 
solid tumours, angiofibroma, arteriovenous malformation, pyogenic 
granuloma, psoriasis and rheumatoid arthritis [6-8]. Angiogenesis is 
thought to be initiated by an increase in the level of angiogenic stimuli 
like VEGF, angiogenin, angiotensin II, basic Fibroblast Growth Factor 
(bFGF) etc., and a concomitant decrease in the level of angiogenic 
inhibitors like angiostatin, nitric oxide, substance P, angiostatic 
steroids etc., in the local environment. Angiogenesis is considered to 
be an important phenomenon in epithelial dysplasia for the nutrition 
and growth of the dysplastic cells. Angiogenic factors are produced 
by the dysplastic cells, tumour cells, stromal cells like fibroblasts 
and inflammatory cells such as mast cells and macrophages. These 
factors are said to be responsible for progression, invasion and 
metastasis of the tumour [5,9-11]. 

VEGF is a powerful cytokine implicated in neoangiogenesis as the 

malignant cells are rapidly dividing and they require nutrients in higher 
quantities. Neovascularisation, possibly via the overexpression of 
VEGF helps in their sustenance. Recent studies have shown up-
regulation of VEGF expression in oral tissues during the transition 
from normal oral mucosa to varying grades of epithelial dysplasia 
and then to Oral Squamous Cell Carcinoma (OSCC) [12-14].

CD34 is a heavily glycosylated type I transmembrane glycoprotein 
and is a member of the sialomucin family of surface molecules. It is 
expressed on lymphohaematopoietic stem cells, progenitor cells, 
small vessel endothelial cells and embryonic fibroblasts. CD34 is 
also determined to be an essential marker for tissue vascularisation 
and signifies microvascular density in the tissue [15]. 

The present study was undertaken to assess, compare and correlate 
the degree of angiogenesis in normal oral mucosa and in various 
grades of dysplasia by assessing the expression of VEGF and CD34 
in normal oral mucosa and in the different grades of oral epithelial 
dysplasia. The role of angiogenesis in the biological behaviour and 
progression of epithelial dysplasia was also evaluated based on the 
above findings.

MATERIALS AND METHODS
A retrospective study was carried out on 40 formalin-fixed paraffin- 
embedded tissue blocks comprising of 10 cases of normal oral 
mucosa and 30 cases of oral epithelial dysplasia histopathologically 
diagnosed (using H&E) and retrieved from archives of the Department 
of Oral Pathology IDST College, Modinagar, Uttar Pradesh, India, 
and from a private laboratory in Jaipur. The presence of epithelial 
dysplasia and its histologic grading was categorized according to the 
World Health Organization classification (2005) into mild, moderate 
and severe epithelial dysplasia [16]. The study was approved by the 
Institutional Ethical Committee of IDST College, Modinagar.
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ABSTRACT
Introduction: Vascular Endothelial Growth Factor (VEGF) is an 
angiogenic cytokine which induces endothelial cell proliferation, 
migration and is important in developing new vascular beds. 
CD34 is a heavily glycosylated type I transmembrane glycoprotein 
and considered as an important marker for tissue vascularisation 
which represents microvascular density in the tissue.

Aim: The aim of the present study was to assess, compare 
and correlate the expression of VEGF and CD34 in normal oral 
mucosa and in different grades of epithelial dysplasia to infer if 
angiogenesis has a role in progression of epithelial dysplasia.

Materials and Methods: A retrospective study was conducted 
on 40 formalin-fixed, paraffin-embedded tissue blocks, including 
normal oral mucosa (10 cases), mild epithelial dysplasia (10 
cases), moderate epithelial dysplasia (10 cases) and severe 

epithelial dysplasia (10 cases) which are histopathologically 
diagnosed using Hematoxylin and Eosin (H&E). VEGF expression 
was observed on the basis of localization, intensity and area 
of stained cells whereas, CD34 expression was assessed in 
relation to the localisation and microvessel density.

Results: The expression of VEGF and CD34 was found to 
increase significantly during the transition from normal oral 
mucosa to severe oral epithelial dysplasia. A statistically 
significant correlation (p<0.001) was observed between VEGF 
and CD34 expression. 

Conclusion: The evaluation of expression of VEGF in the 
epithelium and CD34 in the connective tissue can be an 
adjuvant aid for the assessment of the severity of the lesions 
in biopsy specimens apart from the routinely used methods for 
histopathological diagnosis.
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lens and 10X ocular lens). Microvessel density was calculated as 
their mean number per optical field.

STATISTICAL ANALYSIS
Data on immunohistochemical expression of VEGF and CD34 in 
all the tissue sections was collected and statistically analysed with 
the help of Statistical Package for Social Sciences (SPSS) software 
version 19.0 using mean, standard deviation, Analysis of Variance 
(ANOVA), Post-hoc Bonferroni test, Independent t-test, Pearson 
Chi-square test, Pearson correlation coefficient test and Cronbach’s 
alpha reliability test. A probability value of <0.05 was considered to 
be statistically significant.

RESULTS
In all the study groups included in the present study, majority of 
the patients were males (82.5%) and rest were females (17.5%). 
The age of the patients ranged from 19-60 years with a mean of 
39.08 (±12.88) years. A good interobserver reliability was found 
on applying Cronbach’s alpha reliability test [Table/Fig-2] to the 
observations obtained from all three observers for the assessment 
of percentage of VEGF immunoreactivity, intensity of VEGF staining 
and CD34 immunostaining. Thus the observations of only one 
observer (observer 1) were considered for all further statistical 
analysis.

The tissue samples were divided into various groups:

Group 1- Normal oral mucosa (10 cases);

Group 2- Mild epithelial dysplasia (10 cases);

Group 3- Moderate epithelial dysplasia (10 cases);

Group 4- Severe epithelial dysplasia (10 cases).

The reagents {i.e., Primary anti-human rabbit monoclonal antibody 
VEGF, mouse monoclonal anti-human antibody CD34 and secondary 
conjugated polymer (Biocare Medical manufacture’s)} were stored 
at 2-8°C temperature in the refrigerator as per the manufacturer's 
instructions.

From each paraffin embedded block, two sections of 3-4 µm 
thickness were cut by using semiautomatic rotary microtome 
(Yorko) and the sections were lifted on to the pre-coated (3- 
Aminopropyl triethoxy silane) slides for Immunohistochemical (IHC) 
staining for VEGF and CD34 antibody. After staining and mounting 
Dibutylphthalate Polystyrene Xylene (DPX), all the stained slides were 
analysed by three observers under the microscope to eliminate any 
subjective bias. VEGF expression was determined by IHC on the 
basis of localisation, intensity and area of stained cells whereas CD34 
expression was observed on the basis of microvessel density.

Evaluation of VEGF Immunoreactivity
VEGF immunostaining was evaluated by a semi-quantitative scoring 
system as: a) Percentage of VEGF immunoreactivity; b) Intensity of 
staining; and c) VEGF final score. In each section, five high power 
light microscopic fields (400X magnification i.e., 40X objective lens 
and 10X ocular lens) were randomly selected. Three observers 
individually noted the percentage of VEGF positivity in each field 
and the region of staining was scored as follows:

Score 0 - no staining of cells in any microscopic field;

Score 1+ - less than 25% of tissue stained positive;

Score 2+ - between 25% and 50% of tissue stained positive;

Score 3+ - between 50% and 75% of tissue stained positive;

Score 4+ - more than 75% of tissue stained positivity.

Three observers were independently recording the intensity scores 
by comparing it with the positive control slides (i.e., renal glomerulus) 
[Table/Fig-1a]. The intensity of VEGF reaction was scored as 
follows:

Score 0- No staining was evident;

Score 1- Mild staining when intensity was less than the positive 
control;

Score 2- Moderate staining when intensity was equal to the positive 
control;

Score 3- Intense staining when intensity was greater than the 
positive control.

VEGF final score was obtained by the product of percentage score 
(0-4) and intensity score (0-3). A VEGF final score was assessed 
as:

Score 0-4- Negative staining;

Score 5-12- Positive staining.

Evaluation of CD34 Immunoreactivity
The presence of brown coloured cytoplasmic staining of endothelial 
cells lining the lumen surfaces of blood-vessels, or clusters of 
endothelial cells without lumen formation which were considered as 
a single microvessel unit. The microvessel counting was performed 
using an Olympus research microscope CX41 and three observers 
independently recorded the microvessel count. For the determination 
of microvessel counting, five most vascular areas (i.e., hot spots) 
within a section were selected in the connective tissue adjacent to 
the basement membrane i.e., subepithelially and counted under a 
light microscope with a 400-fold magnification (i.e., 40X objective 

[Table/Fig-1]: Photomicrograph showing: a) VEGF expression in renal glomerulus 
(positive control); b) Negative to mild VEGF immunoreactivity in the epithelium in 
normal oral mucosa; c) Mild VEGF immunoreactivity in basal and suprabasal layer of 
epithelium in mild epithelial dysplasia; d) Moderate VEGF immunoreactivity in basal 
and suprabasal layer of epithelium in moderate epithelial dysplasia; and e) Intense 
VEGF immunoreactivity occurs throughout the epithelium in severe epithelial dyspla-
sia with diffuse and diminishing reactivity in most superficial layer of epithelium (IHC 
stain, 40X).

Reliability Analysis
Cronbach’s α Test

CD34 PVEGF IVEGF

Observer 1 and Observer 2 0.997 0.975 0.993

Observer 1 and Observer 3 0.997 0.984 0.997

Observer 2 and Observer 3 0.996 0.978 0.992

[Table/Fig-2]: Interobserver reliability analysis for VEGF percentage, VEGF inten-
sity and CD34 immunostaining.
PVEGF- VEGF percentage, IVEGF- VEGF intensity

a. Evaluation of VEGF Immunostaining
VEGF immunostaining was heterogeneous, diffuse, brownish 
and showed granular staining of cytoplasm of the epithelial cells 
along with a few stromal components like fibroblasts, endothelial 
cells, inflammatory cells, salivary glands and muscle fiber bundles. 
Negative to mild VEGF immunoreactivity was found in the epithelium 
in normal oral mucosa [Table/Fig-1b]. Mild VEGF immunolocalisation 
was observed in the basal and suprabasal layers of epithelium in 
mild epithelial dysplasia [Table/Fig-1c], whereas moderate staining 
intensity was determined in the basal and suprabasal layers of 
epithelium in moderate epithelial dysplasia [Table/Fig-1d]. Intense 
VEGF immunoreactivity occurred throughout the thickness of the 
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epithelium in severe oral epithelial dysplasia with a diffuse and 
diminished reactivity in the most superficial layer of the epithelium 
[Table/Fig-1e].

1. Percentage of VEGF immunoreactivity: A significant difference 
(p=0.002) was observed in VEGF percentage between normal 
oral mucosa and all the sum total of oral epithelial dysplasia 
cases. Percentage of VEGF immunoreactivity increased during 
the progression from normal oral mucosa through varying 
grades of oral epithelial dysplasia [Table/Fig-3a].

2. Intensity of VEGF immunostaining: There was a statistically 
significant difference (p=0.001) reported between VEGF 
intensity in normal oral mucosa and that of all the cases of oral 
epithelial dysplasia together. Intensity of VEGF immunostaining 
increased during the progression from normal oral mucosa to 
severe oral epithelial dysplasia [Table/Fig-3b].

3. Evaluation of VEGF final score: A statistically significant 
correlation (p=0.001) was found between VEGF positivity in 
normal oral mucosa and the total oral epithelial dysplasia cases 
together [Table/Fig-3c].

 A statistically significant difference (p<0.001) was noticed 
between VEGF final score in all the groups [Table/Fig-3c]. VEGF 
expression was found to be higher in oral epithelial dysplasia 
than in normal oral mucosa.

b. Evaluation of CD34 Immunostaining 
A sharp and crisp brown coloured staining was seen in the cytoplasm 
of CD34 positive endothelial cells of blood vessels in normal oral 
mucosa and in different grades of dysplasia as well as in positive 
control [Table/Fig-4a-d]. In severe epithelial dysplasia, capillary tufts 
were noticed closer to the juxtaepithelial zone [Table/Fig-4e]. 

A statistically significant (p<0.001) difference was reported between 
the mean microvessel density in normal oral mucosa and the total 
number of oral epithelial dysplasia cases [Table/Fig-5].

c. Correlation between VEGF and CD34 Expression
A statistically significant correlation (p < 0.001) was found between 
VEGF and CD34 expression [Table/Fig-6].

DISCUSSION
For the progression of oral epithelial dysplasia to frank carcinoma, 
angiogenesis i.e., the growth of new blood-vessels from the pre-
existing vasculature plays an essential role. This process is dependent 
on the net balance between angiogenic factors like VEGF, Tumour 
Necrosis Factor alpha (TNF-α), bFGF etc., and antiangiogenic 
factors like angiostatic steroids, angiostatin, nitric oxide etc., [5,6]. 
The most potent angiogenic factor which acts on endothelial cells 
is VEGF. The primary regulator of VEGF secretion is a hypoxic 
microenvironment, which is mediated by the transcription factor 
i.e., Hypoxia Inducible Factor 1-α (HIF-1α). Increased production of 
VEGF stimulates angiogenesis, which in turn give rises to increased 
blood cells and oxygen delivery [5] [Table/Fig-7].

In our study, we observed that VEGF immunostaining was 
heterogeneous, diffuse, brownish and showed a granular staining 
of the cytoplasm of epithelial cells along with a few stromal 
components like fibroblasts, endothelial cells, inflammatory cells, 
salivary glands and muscle fiber bundles. This was in agreement 
with the study done by Carlile J et al., and Gandolfo M et al., [3,17]. 
The immunolocalisation of VEGF in mild, moderate and severe oral 
epithelial dysplasia [Table/Fig-1c-e] in the present study was in 
accordance with the study carried out by Brennan PA et al., who 
found that the expression of VEGF in mild dysplasia was limited to 
the basal and suprabasal layers of the epithelium whereas in severe 
dysplasia, intense expression of VEGF was seen throughout the 
epithelium [18]. 

We also found that a significant (p<0.001) increase in VEGF 
expression both in the percentage of VEGF stained epithelial cells 
and in the intensity of VEGF [Table/Fig-3a-c] in oral tissues during 
the transition from normal oral mucosa to oral epithelial dysplasia 
and was in agreement with the study done by Michailidou EZ et 
al., [19]. This signified that the angiogenic activity in the involved 
tissues increased with the aggressiveness of the lesions. Amongst 
the dysplastic lesions observed in the present study, a significant 
difference (p<0.001) was found between the VEGF expression and 
the grade of dysplasia which was in accordance with the study 
carried out by Michailidou EZ et al., [19], but this was in contrast with 

Group
VEGF percentage

Score 0 Score 1+ Score 2+ Score 3+ Score 4+

Normal oral mucosa 02 (20.0%) 06 (60.0%) 02 (20.0%) 00 (00.0%) 00 (00.0%)

Total dysplasia 01 (03.3%) 04 (13.3%) 07 (23.3%) 18 (60.0%) 00 (00.0%)

Chi-square test 15.348

Degree of freedom (df) 3

p-value 0.002

Group Score 0 Score 1+ Score 2+ Score 3+ Score 4+

Group 1 02 (20.0%) 06 (60.0%) 02 (20.0%) 00 (00.0%) 00 (00.0%)

Group 2 01 (10.0%) 02 (20.0%) 05 (50.0%) 02 (20.0%) 00 (00.0%)

Group 3 00 (00.0%) 02 (20.0%) 01 (10.0%) 07 (70.0%) 00 (00.0%)

Group 4 00 (00.0%) 00 (00.0%) 01 (10.0%) 09 (90.0%) 00 (00.0%)

Chi-square test 27.822

Degree of freedom (df) 9

p-value 0.001

Group
VEGF percentage

Chi-square test Degree of freedom (df) p-value

Group 1 vs Group 2 5.619 3 0.132

Group 1 vs Group 3 11.333 3 0.010

Group 1 vs Group 4 17.333 3 0.001

Group 2 vs Group 3 6.444 3 0.092

Group 2 vs Group 4 10.121 3 0.018

Group 3 vs Group 4 2.250 3 0.325

[Table/Fig-3a]: Comparison between percentage of VEGF immunoreactivity in normal oral mucosa and in oral epithelial dysplasia.
Group 1- Normal oral mucosa, Group 2- Mild epithelial dysplasia, Group 3- Moderate epithelial dysplasia, Group 4- Severe epithelial dysplasia
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the results obtained by Carlile J et al., Johnstone S and Logan RM, 
Darwish ZE and AlGhamdi AS, Astekar M et al., who all suggested 
that an increase in dysplasia was not inevitably accompanied by an 
increase in VEGF expression [3,14,20,21]. 

CD34 is a transmembrane glycoprotein expressed by the vascular 
endothelial progenitor cells at the site of active angiogenesis and 
determines the microvessel density (i.e., tissue vascularisation) in 

the tissue [15]. In the present study, a sharp and crisp brown colour 
was seen in the cytoplasm of endothelial cells of blood vessels in 
normal mucosa [Table/Fig-4b] and also in the positive control [Table/
Fig-4a]. Similar expression was observed in the different grades of 
dysplasia [Table/Fig-4c-e] but in addition, capillary tufting was noticed 
in cases of severe epithelial dysplasia nearer to the juxtaepithelial 
zone [Table/Fig-4e]. These findings were also encountered by Siar 

Group
VEGF intensity

Score 0 Score 1 Score 2 Score 3

Normal oral mucosa 04 (40.0%) 06 (60.0%) 00 (00.0%) 00 (00.0%)

Total dysplasia 01 (03.3%) 09 (30.0%) 12 (40.0%) 08 (26.7%)

Chi-square test 16.533

Degree of freedom (df) 1

p-value 0.001

Group Score 0 Score 1 Score 2 Score 3

Group 1 04 (40.0%) 06 (60.0%) 00 (00.0%) 00 (00.0%)

Group 2 01 (10.0%) 07 (70.0%) 02 (20.0%) 00 (00.0%)

Group 3 00 (00.0%) 02 (20.0%) 07 (70.0%) 01 (10.0%)

Group 4 00 (00.0%) 00 (00.0%) 03 (30.0%) 07 (70.0%)

Chi-square test 43.000

Degree of freedom (df) 9

p-value < 0.001

Group
VEGF intensity

Chi-square test Degree of freedom (df) p–value

Group 1 vs Group 2 3.8777 3 0.144

Group 1 vs Group 3 14.000 3 0.003

Group 1 vs Group 4 20.000 3 <0.001

Group 2 vs Group 3 7.556 3 0.05

Group 2 vs Group 4 15.200 3 0.002

Group 3 vs Group 4 8.100 3 0.017

[Table/Fig-3b]: Comparison between intensity of VEGF immunostaining in normal oral mucosa and in oral epithelial dysplasia.
Group 1- Normal oral mucosa, Group 2- Mild epithelial dysplasia, Group 3- Moderate epithelial dysplasia, Group 4- Severe epithelial dysplasia

Group
VEGF final score

Negative Positive

Normal oral mucosa 10 (100.0%) 0 (00.0%)

Total dysplasia 11 (36.7%) 19 (63.3%)

Chi-square test 12.063

Degree of freedom (df) 1

p-value 0.001

Group Negative Positive

Group 1 10 (100.0%) 0 (00.0%)

Group 2 9 (90.0%) 1 (10.0%)

Group 3 2 (20.0%) 8 (80.0%)

Group 4 0 (00.0%) 10 (100.0%)

Chi-square test 29.975

Degree of freedom (df) 3

p-value < 0.001

Group
VEGF final score

Chi-square test Degree of freedom (df) p–value

Group 1 vs Group 2 1.053 1 0.305

Group 1 vs Group 3 13.333 1 < 0.001

Group 1 vs Group 4 20.000 1 < 0.001

Group 2 vs Group 3 9.899 1 0.002

Group 2 vs Group 4 16.364 1 < 0.001

Group 3 vs Group 4 2.222 1 0.136

[Table/Fig-3c]: Comparison between VEGF final score in normal oral mucosa and in oral epithelial dysplasia.
Group 1- Normal oral mucosa, Group 2- Mild epithelial dysplasia, Group 3- Moderate epithelial dysplasia, Group 4- Severe epithelial dysplasia
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CH et al., who reported capillary tufts both in moderate and severe 
dysplasia [22]. 

In the present study, a significant (p<0.001) increase in the vascularity 
[Table/Fig-5] was observed as the oral mucosa progressed from 
normal through the increasing grades of dysplasia and these findings 
were similar with the study conducted by Michailidou EZ et al., and 
Siar CH et al., [19,22]. These results indicated that the disease 
progression in the oral cavity was associated with angiogenesis. 

In the present study, VEGF expression in epithelial cells correlated 
significantly (p<0.001) with the microvessel density [Table/Fig-6]. 
Our findings were not in agreement with the study obtained by 
Michailidou EZ et al., and Nayak S et al., who found no significant 
correlation between the expression of VEGF and CD34 [19,23], but 

[Table/Fig-4]: Photomicrograph showing: a) CD34 positive endothelial lined blood 
vessels in renal fibrosis (positive control); b) CD34 positive endothelial lined blood 
vessels in normal oral mucosa; c) CD34 positive endothelial lined blood vessels in 
mild epithelial dysplasia; d) CD34 positive endothelial lined blood vessels in moderate 
epithelial dysplasia; and e) CD34 positive endothelial lined blood vessels in severe 
epithelial dysplasia, Arrow showing capillary tufting in severe epithelial dysplasia (IHC 
stain, 40X).

Group
Microvessel density

Mean SD

Normal oral mucosa 3.8400 0.5641

Total Dysplasia 16.9733 5.5233

Independent t-test 7.442

p-value < 0.001

Group Mean SD

Group 1 3.8400 0.5641

Group 2 10.5400 1.4698

Group 3 17.8200 2.8479

Group 4 22.5600 2.5626

ANOVA (F) 157.514

p-value < 0.001

Group Microvessel density {Post-hoc Bonferroni (p-value)}

Group 1 vs Group 2 <0.001

Group 1 vs Group 3 <0.001

Group 1 vs Group 4 <0.001

Group 2 vs Group 3 <0.001

Group 2 vs Group 4 <0.001

Group 3 vs Group 4 <0.001

[Table/Fig-5]: Comparison between microvessel density in normal oral mucosa 
and in oral epithelial dysplasia.
Group 1- Normal oral mucosa, Group 2- Mild epithelial dysplasia, Group 3- Moderate epithelial 
dysplasia, Group 4- Severe epithelial dysplasia, SD – Standard Deviation

PVEGF IVEGF

CD34 r=0.726 r=0.804

p-value <0.001 <0.001

[Table/Fig-6]: Correlation between VEGF and CD34 expression.
r– Correlation Coefficient, PVEGF- VEGF percentage, IVEGF- VEGF intensity

findings were similar to study carried out by Astekar M et al., [21].

Hence, the alteration in the immunolocalisation of VEGF between 
different grades of oral epithelial dysplasia could suggest that 
this protein is involved in the progression of dysplasia and may 
culminate in the malignant transformation of the epithelium but in 
the present study, we could not evaluate the potential for malignant 
transformation of oral epithelial dysplasia. We assessed that up-
regulation in the expression of VEGF and CD34 occurs as the normal 
mucosa progresses from normal to severe epithelial dysplasia. Thus, 
stating that the expression of epithelial VEGF and subepithelial 
vascularisation might be an additional tool for the evaluation of the 
severity of the lesion. Further studies on larger series of samples are 
necessary in order to clarify the role of VEGF and CD34 expression 
in oral carcinogenesis from a clinical, biological and molecular point 
of view.

LIMITATION
The limitation of this study was that the sample size was small 
and the study group was limited to different grades of epithelial 
dysplasia. In this study, we could not assess the potential for 
malignant transformation of oral epithelial dysplasia.

CONCLUSION
Oral epithelial dysplasia is a potentially malignant disorder of the 
oral cavity characterized histopathologically by varying degree 
of cytological atypia and an abnormality in the maturation of cells 
within a tissue. The role of angiogenesis in various physiological and 
certain pathological conditions is well established. In the present 
study, we observed that the progression of epithelial dysplasia in the 
oral cavity was accompanied by an increase in angiogenesis. VEGF 
and CD34 both are considered as potent candidates responsible 

[Table/Fig-7]: Possible role of vascularity in oral epithelial dysplasia.
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for neovascularisation and our results suggest that they may play an 
important role in the maintenance of a blood supply for developing 
and progression of potentially malignant disorders. 
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INTRODUCTION
Identification of dismembered, mutilated and fragmentary human 
remains encountered in cases of mass disasters, criminal mutilation, 
explosions, homicides, air plane crashes, traffic accidents, assault 
cases etc., is of utmost importance in any forensic investigations 
and has been a major challenge for forensic experts and physical 
anthropologists. Besides various parameters of identification (i.e., 
race, age and stature), gender estimation from the human body 
parts and skeletal remains is an essential component of personal 
identification in medico-legal investigations [1,2]. The key indicators 
of identification like race, gender, age, and stature can be determined 
by somatometry, osteologic and radiologic examination of hands. In 
both genders, age of fusion of epiphysis differs. Hence, estimation 
of gender from hand and foot dimensions can also benefit the 
forensic scientist in identification of dismembered, mutilated and 
fragmentary human remains [3,4]. Various studies have reported 
that when an individual hand or foot is found accidentally and 
carried for analysis, the dimensions of hand or foot can afford useful 
information regarding the stature, gender and age of the person [1]. 
Various researches have been carried out by different authors for the 
estimation of stature [5-9] from the measurements of hand and foot, 
fingers and phalanges length, small bones of the hand and foot, 
foot prints etc., by means of statistical equations and formulae [1]. 

The aim of the present study was to determine whether index/ring 
finger length ratio, hand and foot index, as well as their correlation 
could be used in gender estimation. 

MATERIALS AND METHODS
 A descriptive cross-sectional study was conducted on 300 subjects 
at IDST College, Modinagar, Uttar Pradesh, India. The study was 
restricted to dental students and dental professionals. 

The required sample size was calculated based on the results of a 
pilot study data taking prevalence of 73.5%. Required sample size 
based this was 300.

This study was done with the intention to see the feasibility within 
the college premises as this study sample was easily accessible.

Hand length, breadth and hand index, Index Finger Length (IFL), 
Ring Finger Length (RFL) and IFL/RFL ratio as well as foot length, 
foot breadth and foot index was estimated in millimeters (mm) 
by using a sliding-anthropometric caliper. The subjects with the 
following were excluded from the study; deformity or any disease, 
any injury, fractures and amputation or a history of any surgical 
procedure on their hands/feet. All the measurements were taken 
by one observer on right and left hands/feet so as to avoid inter-
observer bias. This study was approved by Ethical Committee of 
IDST College, Modinagar. An informed consent was obtained from 
the study subjects for the study.

Hand measurements were obtained by asking the subject to place 
their hand on a flat surface with palm facing upwards (i.e., supine 
position), fingers extended and close to each other. Care was taken 
to avoid abduction or adduction at the wrist joint and the forearm 
was directly in line with the middle finger. Hand length was measured 
as a projected distance between distal crease of wrist joint and the 
most anterior projecting point, i.e., tip of middle finger. Hand breadth 
was estimated as a projected distance between the most laterally 
placed point on the head of second metacarpal bone to the most 
medially placed point situated on the head of fifth metacarpal bone 
[Table/Fig-1]. The hand index was calculated by dividing the hand 
breadth by hand length and then multiplied by 100 (breadth divided 
by length ! 100). The index finger length was measured as a straight 
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ABSTRACT
Introduction: Gender estimation from dismembered human 
body parts and skeletal remains in cases of mass disasters, 
explosions, and assaults cases is an imperative element of any 
medico-legal investigations and has been a major challenge for 
forensic scientists. 

Aim: The aim of the present study was to estimate the gender 
by using index and ring finger length ratio, hand and foot index 
along with the correlation of both the hand and foot index to 
determine the vital role of all the indices in establishing gender 
identity.

Materials and Methods: A descriptive cross-sectional study 
was done on 300 subjects (150 males and 150 females). Various 
anthropometric measurements like hand length, hand breadth 
and hand index, Index Finger Length (IFL), Ring Finger Length 
(RFL) and IFL/RFL ratio as well as foot length, foot breadth and 

foot index were estimated in millimeters (mm) with the help of 
a sliding-anthropometric caliper. The data was analysed using 
independent t-test and Pearson correlation coefficient test. 
A probability value (p) of < 0.05 was considered statistically 
significant.

Results: The index and ring finger ratio was found to be higher 
in females as compared to males. The hand and foot index 
was more in males than in females. The index and ring finger 
length ratio, hand and foot index between males and females 
was found to be statistically significant for both hands and feet. 
A statistically significant correlation was determined between 
hand indexes versus foot index.

Conclusion: This study can be useful to establish the gender 
of a dismembered hand or foot when subjected for medicolegal 
examination.
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distance between the proximal most metacarpo-phalangeal creases 
to the tip of the index finger. The ring finger length was obtained as a 
straight distance between the distal metacarpo-phalangeal creases 
to the tip of the ring finger [Table/Fig-2]. The index and ring finger 
ratio was calculated by dividing IFL by RFL.

Foot measurements were obtained by asking the patient to sit on 
a chair with his/her leg being slightly bent and measurement was 
taken with the help of sliding caliper on the inner surface of the foot. 
Foot length (FL) was calculated as the distance between the most 
posterior point of the heel (pternion) to the most anterior point of 
the longest toe (first or second). Foot breadth was measured as 
the distance between the most prominent point of the inner side of 
the foot (metatarsal-tibiale), and the joint of the anterior epiphyses 
of the fifth metatarsal, the most prominent point of the outer side 
(metatarsal-fibulare) [Table/Fig-3].

STATISTICAL ANALYSIS
 Statistical analysis was done to determine the significance of findings 
observed between both the genders using statistical software 
(SPSS version 19.0). Mean, standard deviation and standard error 
of mean were calculated. They were compared by using the test of 
significance i.e., independent t-test. Pearson correlation coefficient 
test was done to observe the correlation between the hand and 
foot index. A probability value (p) of < 0.05 was considered to be 
statistically significant. Average of mean IFL/RFL ratio, hand and 
foot index of both genders was taken for gender estimation of the 
subject, and was known as the “sectioning point”. A dividing line 
(Cutoff point) for IFL/RFL ratio, hand and foot index between the 
genders was attained, on the basis of sectioning point and by “trial 
and error” analysis.

RESULTS 
The mean age of the males and females was 24.35 years and 
23.07 years respectively. Descriptive statistics of IFL, RFL and 
index/ring finger length ratio (IFL/RFL) for both hands in males 
and females were shown in [Table/Fig-4]. In males, the mean RFL 
was greater than mean IFL in females. The index and ring finger 
length ratio was found to be higher in females as compared to 
males. The index and ring finger length ratio between males and 
females was statistically significant (p≤0.001) for both hands but 
the difference between left hand IFL/RFL ratio and right hand IFL/
RFL ratio was not significant (p-value = 0.536) in females. On the 
basis of mean index and ring finger length ratio for both genders, 
the sectioning point for the index and ring finger length ratio was 
found to be 0.996 for the right and 0.999 for the left hand. This 
was done so as to discriminate the male and female hands. By trial 
and error, a cutoff point ratio of 0.99 was obtained to determine 
the sexual dimorphism of the ratio. The cutoff point ratio of ≤ 0.99 
was indicative of males and the cutoff point ratio of ≥ 0.99 was 
suggestive of females for both hands.

Descriptive statistics of the hand length, hand breadth and hand 
index for both hands in males and females were shown in [Table/
Fig-5]. The hand length and breadth was more in males on the right 
side than in females. The hand index was greater in males on right 
side as compared to left side. The hand index between males and 
females was found to be statistically significant (p≤0.001) for both 
hands. Based on mean hand index for both genders, the sectioning 
point for the hand index to discriminate the male and female hands 
was found to be 43.94 for the right and 43.61 for the left hand. By 
trial and error, a cutoff point of 43.417 was obtained to determine 
the sexual dimorphism of the ratio. All the cases with cutoff point 
index for both the hands in females were found to be ≤43.41 and in 
males to be ≥43.41. 

Descriptive statistics of the foot length, foot breadth and foot index 
for both hands in males and females were shown in [Table/Fig-6]. 
The foot length and breadth was greater in males than in females. 

[Table/Fig-2]: Human hand showing landmarks of hand length (AB) and hand 
breadth (CD).

[Table/Fig-3]: Human foot showing landmarks of foot length (EF) and foot breadth 
(GH).

[Table/Fig-1]: Human hand showing landmarks of Index Finger Length (IFL) and 
Ring Finger Length (RFL).

These findings were found to be stastically significant (p≤0.001). 
The foot index was larger in males on the right side as compared to 
females. Based on mean foot index for both genders, the sectioning 
point for the foot index to discriminate the male and female foot was 
found to be 37.99 for the right and 37.77 for the left foot. By trial 
and error, a cutoff point of 37.60 was obtained to determine the 
sexual dimorphism of the ratio. All the cases with cutoff point index 
of ≤37.60 were suggestive of females and ≥37.60 were indicative of 
males for both the feet. 

Correlation between hand index versus foot index were shown in 
[Table/Fig-7,8a-f]. The p-value (< 0.001) was found to be statistically 
significant between hand index versus foot index. Correlation was 
found to be strong between left hand index versus right hand index 
and right foot index versus left foot index. A weak correlation was 
obtained between left hand index versus left foot index, left hand 
index versus right foot index, right hand index versus left foot index 
and right hand index versus right foot index. 
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DISCUSSION
Sometimes human bodies are damaged so badly that only pieces 
of body parts are recovered. In such cases, establishment of 
identity is a big challenge for the forensic scientist in solving various 
medico-legal issues. Several techniques are commonly used 
in forensic anthropology for the identification of an individual like 
DNA technology etc., In our study, an attempt had been made to 

determine the sexual dimorphism of index/ring finger length ratio, 
hand and foot index, as well as the correlation between hand and 
foot index.

We found that index and ring fingers were significantly longer in males 
as compared to females and similar findings were encountered by 
Sen J et al., [10]. In males, the index finger length was found to be 
significantly (p ≤ 0.001) shorter than that of ring finger length for 
both hands [Table/Fig-4]. A study carried out by Aboul-Hagag KE 
et al., in 2011, Kanchan T et al., and Ibrahim MA et al., found that 
the index and ring finger were almost equal in length in females 
but males had longer ring fingers [1,3,11]. In our study, the mean 
index and ring finger length ratio in females were significantly 
(p≤0.001) higher than in males for both hands. Our findings were 
in accordance with the results obtained by Aboul-Hagag KE et al., 
Kanchan T et al., Ibrahim MA et al., and Bailey AA and Hurd PL 
[1,3,11,12]. We also noticed that the mean index and ring finger 
length ratio were identical in both left and right hand in males as 
well as in females [Table/Fig-4]. On contrary, Sen J et al., reported 
with non-significant mean index and ring finger length ratio for both 
hands [10]. Barrett CK and Case DT putforth in their study that 
2D:4D digit ratios might be population specific and could be an 
inappropriate tool for determining the gender of an individual [13]. In 
our study, index and ring finger length ratio for males was seen to be 
≤ 0.99 and for females was found to be ≥ 0.99 for both the hands. 
These findings were similar to the study done by Aboul-Hagag KE 
et al., and Kanchan T et al., [1,3]. 

LHI RHI LFI RFI

LHI Pearson Correlation 0.979** 0.359** 0.386**

p-value <0.001 <0.001 <0.001

N 300 300 300

RHI Pearson Correlation 0.979** 0.350** 0.375**

p-value <0.001 <0.001 <0.001

N 300 300 300

LFI Pearson Correlation 0.359** 0.350** 0.973**

p-value <0.001 <0.001 <0.001

N 300 300 300

RFI Pearson Correlation 0.386** 0.375** 0.973**

p-value <0.001 <0.001 <0.001

N 300 300 300

[Table/Fig-7]: Correlation between hand index versus foot index.
LHI- Left hand index, RHI- Right hand index, LFI- Left foot index, RFI- Right foot index
** indicates correlation is significant at <0.001 level

Hand Right Hand Left Hand

Gender Male (n=150) Female (n=150) Male (n=150) Female (n=150)

IFL RFL IFL/RFL IFL/RFL IFL RFL IFL RFL IFL/RFL IFL/RFL IFL RFL

Minimum 61.15 62.05 0.91 0.88 56.75 52.95 60.73 61.95 0.92 0.96 55.70 53.55

Maximum 79.95 80.15 1.07 1.13 79.95 75.15 78.55 79.95 1.07 1.08 74.25 73.15

*Mean 70.39 71.82 0.98 1.01 66.37 65.56 70.16 71.21 0.98 1.01 65.74 64.87

SD 4.21 4.11 0.017 0.021 4.00 4.03 4.16 4.17 0.015 0.016 3.89 4.05

SE 0.34 0.33 0.0014 0.0017 0.32 0.32 0.34 0.34 0.0012 0.0013 0.31 0.33

SP 0.996 0.999

[Table/Fig-4]: Descriptive statistics of index finger length (mm), ring finger length (mm) and index/ring finger length ratio for both hands in males and females.
*p ≤ 0.001 (for corresponding male-female values) SD- Standard deviation, SE- Standard error of mean, SP- Sectioning point, IFL-Index finger length, RFL-Ring finger length

Hand Right Hand Left Hand

Gender Male (n=150) Female (n=150) Male (n=150) Female (n=150)

Length Breadth Index Index Length Breadth Length Breadth Index Index Length Breadth

Minimum 164.10 72.95 40.63 33.70 142.35 61.95 163.30 71.55 40.56 32.96 141.60 62.05

Maximum 194.65 92.20 50.30 48.25 191.85 84.95 194.15 92.10 50.00 47.76 189.85 84.70

*Mean 180.97 83.25 46.04 41.84 171.31 71.50 179.79 82.06 45.69 41.53 170.51 70.65

SD 7.94 4.21 2.34 3.35 8.69 4.53 7.85 4.02 2.31 3.33 8.57 4.58

SE 0.65 0.34 0.19 0.27 0.71 0.37 0.64 0.32 0.18 0.27 0.70 0.37

SP 43.94 43.61

[Table/Fig-5]: Descriptive statistics of hand length (mm), hand breadth (mm) and hand index for both hands in males and females.
*p ≤ 0.001 (for corresponding male-female values), SD- Standard deviation, SE- Standard error of mean, SP- Sectioning point

Foot Right Foot Left Foot

Gender Male (n=150) Female (n=150) Male (n=150) Female (n=150)

Length Breadth Index Index Length Breadth Length Breadth Index Index Length Breadth

Minimum 207.05 77.80 30.17 31.24 199.05 66.90 207.25 76.60 29.88 31.03 199.65 65.85

Maximum 257.85 102.85 47.76 42.85 258.90 99.90 256.30 103.25 47.38 42.42 259.75 98.95

*Mean 233.34 91.42 39.26 36.71 227.42 83.33 231.98 90.22 38.98 36.57 226.84 82.82

SD 11.36 5.98 3.16 2.27 11.95 4.36 11.30 6.05 3.17 2.26 11.51 4.33

SE 0.92 0.48 0.25 0.19 0.97 0.35 0.92 0.49 0.25 0.18 0.94 0.35

SP 37.99 37.77

[Table/Fig-6]: Descriptive statistics of foot length (mm), foot breadth (mm) and foot index for both feet in males and females.
*p ≤ 0.001 (for corresponding male-female values), SD- Standard deviation, SE- Standard error of mean, SP- Sectioning point
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[Table/Fig-8a,b]: a) Correlation between right hand index versus left hand index; b)
Correlation between left foot index versus left hand index.

[Table/Fig-8c,d]: c) Correlation between left hand index versus right foot index; d) 
Correlation between right hand index versus left foot index.

[Table/Fig-8e,f]: e) Correlation between right hand index versus right foot index; f) Correlation between right foot index versus left foot index.

In the present study, the right hand dimensions (i.e., hand length, 
hand breadth and hand index) were reported to be significantly (p 
≤ 0.001) higher in males as compared to females [Table/Fig-6]. The 
results of our study were similar to the findings of Aboul-Hagag KE 
et al., Krishan T et al., Ibrahim MA et al., Varu PR et al., Dey S and 
Kapoor AK, Asha RK et al., Kanchan T and Rastogi P found that 
female hand dimensions were consistently lower than male hand 
dimensions in different human populations [1,4,11,14-17]. A cutoff 
point index ≤ 43.41 was suggestive of females and cutoff point 

index ≥ 43.41 was indicative of males for both the hands, whereas 
in the study done by Aboul-Hagag KE et al., determined a cutoff 
point index of ≤ 40.55 for females and ≥ 40.55 for males [1]. Cutoff 
point index of ≤ 42 was indicative of females and ≥ 42 was indicative 
of males for right and left hand as observed by Varu PR et al., in 
2016 in their research [14]. 

In our study, the foot dimensions (i.e., foot length, foot breadth) 
were found to be significantly (p≤0.001) larger in males than in 
females on the right side [Table/Fig-6]. Our findings were contrary 



www.jcdr.net Sonia Gupta et al., Index/Ring Finger Ratio, Hand and Foot Index: Gender Estimation Tools

Journal of Clinical and Diagnostic Research. 2017 Jun, Vol-11(6): ZC73-ZC77 7777

to the results obtained by Sen J et al., who found that foot length 
was longer on the left side as compared to the right side and non-
significant differences were obtained in males and females between 
right and left side with foot breadth [18]. Foot index was found to 
be significantly higher in males on the right side as compared to 
females [Table/Fig-6]. Our results were contradictory with the study 
done by Moudgil R et al., who observed that the foot index was 
found to be slightly larger in females on the right side whereas in 
males, foot index was greater on the left side [2]. We found that the 
cutoff point index for females to be ≤ 37.60 and for males to be ≥ 
37.60 for both the feet, whereas other studies in the literature have 
not mentioned the cutoff point index for both the feet. 

A statistically significant (p-value<0.001) correlation was found 
between hand index versus foot index [Table/Fig-7]. A strong 
correlation was between left hand index versus right hand index and 
right foot index versus left foot index whereas a weak correlation 
was determined between left hand index versus left foot index, left 
hand index versus right foot index, right hand index versus left foot 
index and right hand index versus right foot index. 

LIMITATION
The limitation of this study was that the sample size was small 
and the study population was limited to dental students and 
professionals, so the views received could be different from those of 
the specific population. Further studies on a larger sample should 
be conducted to confirm the findings of our study and to evaluate 
whether index/ring finger length ratio, hand and foot index along 
with their correlation can be used as a valuable tools in gender 
identification of an individual.

CONCLUSION
Thus, we found that the mean index and ring finger ratio was found 
to be significantly lesser in males whereas males showed higher 
mean values in hand and foot index as compared to females. This 
study will be valuable in estimating the gender of a dismembered 

and mutilated hand or foot found at the criminal sites or mass 
disasters. It may aid in the identification of the victim and hence in 
ultimately convicting the accused.
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Unfolding the Mysterious Path of Forensic Facial
Reconstruction: Review of Different Imaging Modalities

Mansi Khatri, Deepankar Misra, Shalu Rai, Akansha Misra
Department of Oral Medicine and Radiology, Institute of Dental Studies and Technologies, Kadrabad, Modinagar, Uttar Pradesh, India

Abstract

Forensic facial reconstruction (FFR) is the technique that combines art and science to recreate the antemortem appearance of an individual in
order to recognize and identify the decedent. Over the years, many techniques of FFR and imaging modalities that provide the basic data for
FFR have evolved. There is always a considerable debate and confusion regarding the advantages and limitations of these techniques. The aim
of this review is to summarize the different techniques of FFR and emphasize the role of radiological techniques including cone beam
computed tomography in it.

Keywords: Cone beam computed tomography, forensic facial reconstruction, three-dimensional reconstruction

INTRODUCTION
Over the years, many new techniques have evolved for the
identification of deceased individuals. Out of these
techniques, the commonly used are the comparison of
antemortem and postmortem data by using clinical records,
radiographs, or DNA. Still the identification of severely
mutilated bodies poses a challenge.[1] These cases limit the
identification process of sex, stature, and build. Such are the
cases in which facial reconstruction comes as a ray of hope.
As the face of an individual has several exclusive features
and, thus, is of great importance in identification and
recognition of a person.[2]

This article attempts to evaluate the efficacy of different
methods and imaging modalities for forensic facial
reconstruction (FFR). FFR is a technique based on both
scientific standards and artistic skills to rebuild a face onto
a skull to recreate the antemortem appearance of an individual
in order to recognize and identify the decedent.[3] It is also
known as “forensic facial approximation.” It is seen as a
connecting link between the sculpting art and science. Facial
reconstruction does not bring about absolute reproduction of

the facial details of the deceased, but a relative likeness is
definitely achieved. The practical application of this
reconstruction procedure includes the study of war or
crime victims, victims of mass disaster, facial
reconstruction from cadavers, and for archeological
purposes. It is also used in the identification of criminals
and victims.[4]

HISTORY OF FACIAL RECONSTRUCTION
Preservation of skull as a memory of the deceased dates back
to Neolithic age, showing the essentiality of skull bone in
facial appearance, but the soft tissue that includes skin,
muscle, and fat is not less significant. In 1996, Farkas
described how the minor variations in facial proportions
can change the individuality of the face.[5] Laura Verzé in
the review on history of FFR found that the first scientific
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facial reconstruction was attempted by the Swiss-born
German anatomist Wilhelm His in 1895.[6]

They also found that during Renaissance period, wax models
of faces were used by artists such as Michelangelo to study
anatomy and for other documentation purposes. The first
three–dimensional (3D) facial reconstruction was attempted
by His and Kollman (1898) by reconstructing the face of a
stone-age woman. Welcker, a German physiologist and
anatomist, documented average tissue depth by studying
cadavers. He inserted a small surgical blade into various
anthropometric landmarks on the face and then measured the
depth of penetration. This is called “Welcker Facial
Reconstruction Technique.”[6]

The advent of the twentieth century brought a revolution in the
field of facial reconstruction, as the computers could completely
change the methods of reconstruction. In the year 1916, first
successful attempt of facial reconstruction by medico-legal
experts was done in United States of America.[7,8]

METHODS OF FACIAL RECONSTRUCTION
The skeletal structure and osteological analyses of the skull
give essential information about the facial morphology, but
these are not enough when used alone. Modeling soft-tissue
structures covering the skull is a significant part of the process
of facial reconstruction.

FFR can be achieved by two basic techniques. These are two-
dimensional (2D) and 3D facial reconstructions. Each of these
techniques is further divided into (1) manual and (2)
automated techniques.[8]

Manual methods
Traditionally Russian and American manual methods of facial
reconstruction have been described in the literature (Figure 1).
These methods were 2D and 3D manual methods employing
impressions and clay-modeling techniques. In this technique,

the impressions of the skull were made, and casts were
fabricated over which different landmark pins were applied.
Various facial features were carved over the casts/models
obtained using clay according to their anatomical positions.
Later, the models were painted and hair was applied, and
pictures of the final models were taken. These were
relatively simple and fast reconstruction techniques that gave
rough identity to an individual.[6] Another method called
Manchester method was proposed by Neave and developed
byWilkinson.[8]These reconstruction techniquesuse soft facial
parts made of wax and other artificial substances that are
directly placed over the clay model. The photographs of the
fabricated model are then taken and provided to the medico-
legal experts. Although these methods were relatively simple
and easy to perform, these had some disadvantages.

Limitations: Time consuming, technique sensitive, and
expensive as the placement of modeled muscles on the
skull requires lot of skill.[7,8]

Computer-aided reconstruction
3D facial reconstruction relies on the principle of building a
“face” onto the skull based on the application of mean tissue
thicknesses for given anatomical landmarks.

The aims of computer aided facial reconstruction are as
follows:
(1) To make a model (actual or virtual) of the skull and

arrange the soft tissues on to the prepared model of skull
model.

(2) To form a database with average soft-tissue depth with
the use of various invasive and noninvasive imaging
modalities (Figure 2).

Advantages:
(1) Enables better visualization of the anatomical and

pathological state by providing high degree of quality
and resolution.[9]

Figure 1: Steps of manual method of forensic facial reconstruction: 1) Replicated skull with landmarks and already reconstructed eye socket and nose
structure. 2) Advanced reconstruction of the soft facial parts. 3) Crude model of the face. (courtesy: K Kreutz et al. Dtsch Arztebl 2007;104
(17):1160–5)
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(2) Provides 3D imaging of 2D objects by using soft-tissue
depth markers and algorithms that lay down mesh-like
face over these anatomic structures.

(3) Completely noninvasive procedure as it allows virtual
manipulation, simulation; bone sectioning in a virtual
space, thus preserving the original object.

(4) Allows sequential other reconstructions on the same
skull by using different facial templates from the same
database.[9,10]

Limitations:-
(1) As stated by Lee et al.[11], computerized method of FFR

uses a limited database to extract information using
templates of pregenerated faces. Therefore, the end
results in computer-aided facial reconstruction might
be prejudiced as they would resemble the pregenerated
facial template only. He further advocated that this
limitation could be overcome by means of a
statistical average model, prepared from average of a
large database.[11]

(2) It is technique sensitive, may face a number of
intraoperative imaging limitations, and requires
highly trained specialists for interpretation of the
images obtained.[12]

Different imaging modalities used for computer-aided
facial reconstruction: For hard- and soft-tissue
imaging
Nowadays, the data used are commonly obtained using
computed tomography (CT), magnetic resonance imaging
(MRI), and ultrasound in which the two latter techniques
are considered low risk and noninvasive.

On the contrary, such soft-tissue thickness data described
above have certain limitations including the following:
(1) The studies previously reported reliability due to

insufficient sample size.
(2) Previously conducted studies have restricted

comparative tissue thickness data for different age
groups, sex, ancestry, and build.

(3) There is lack of standardization of landmark sites
employed by different studies to obtain soft-tissue depth
data (especially when using different methodologies).

Lateral cephalograms
Children and adolescents undergoing the orthodontic
treatment are routinely subjected to lateral cephaograms.
Studies have measured the soft-tissue thickness with the
help of these radiographs.[13]

The limitations of this radiograph include soft-tissue depth
data that are obtained in the midline area only. Therefore, any
soft-tissue depth data lateral to these landmarks cannot be
obtained and evaluated with respect to significance to age,
sex, and ancestry.[13]

Computed tomography
Vanezis et al.[14] and Claes et al.[15] introduced the use of CT
in FFR. In this method, all the defects and natural orifices of
the skull are blocked before a scanning procedure to make an
anthropological assessment of the skull. Then a virtual copy
of the skull is obtained by scanning the skull using the CT.
Later landmark tags are used as an aid to add soft facial parts
to this virtual skull copy, and then facial features are inserted
(Figure 3).

Figure 2: Stepwise automated Computerized facial reconstruction. (courtesy: Claes P et al. Forensic Science International 2010;201:138–145.)
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Various standard software are available that make facial
reconstruction accessible to a wide range of people
without the need of experts.[16]

Advantages:
(1) CT scanners can image both the internal hard-tissue

structures and the external cutaneous covering allowing
a complete assessment of facial morphology.

(2) It is also useful in assessment of soft-tissue thickness.
(3) CT scan is widely available in all areas of the world
(4) CT scan is also indicated routinely for many conditions,

giving a chance to record soft-tissue thickness
simultaneously to create a database in these patients
without adding any extra radiation.

Limitations:
(1) Use of CT scan is a comparatively expensive technique.
(2) The devices expose patients to high amounts of

radiation.
(3) CT craniofacial scans do not allow determining dental

morphology accurately because of artifacts from
metallic restorations or orthodontic brackets.[17]

Cone beam computed tomography
The most recent modified form of CT is the cone beam CT
(CBCT). It offers affordable 3D craniofacial reconstructions,

with a reduced radiation exposure. CBCT systems have been
developed specifically for the maxillofacial region. It was
introduced in dentistry in the 1990s.[18] Their different field of
views (FOV) allows an efficient imaging of the skull
including most of the landmarks used in cephalometric
analysis together with a 3D volumetric rendering of the
external facial surface.[19]

In a study conducted by Sforza et al.[20], where they reviewed
various imaging technologies to study three dimensional
facial morphology useful in facial reconstruction found
that there was a decrease in the error rate in various
studies on facial reconstruction after the use of CBCT
from 2000 to 2006.

CBCT plays a significant role in a number of forensic studies
today (Figure 4).[21-23] This methodology utilizes various
landmarks that are well defined points on the head and may
be classified as cephalometric and craniofacial. Cephalometric
points are correspondingmarks on the surface of skin, whereas
craniofacial landmarks are placed on the skull.[24] Hwang
et al.[19] constructed a database on CBCT for facial soft-
tissue thickness using midline and bilateral soft-tissue
landmarks as described by De Greef et al.[25] (Figure 5).

By reducing the restoration-related artifacts, CBCT further
improves accuracy of facial reconstruction for that individual
by recording the site and type of the restorations. Dental fillings

Figure 4: 3 D reconstructed CBCT Image of skull alongwith facial soft tissue construction (courtesy : C. Sforza et al. Journal of Anthropological Sciences

Figure 3: 3Dimensional computerized facial reconstruction procedure following the combination method. (courtesy: Lee WJ et al. J Forensic Sci.
March 2012;57(2): 318–327.)
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provide useful identification to that particular person and can be
very helpful in identification on comparison with antemortem
records available.[26] Dental CBCT can readily confirm the
presence of restorations and prostheses, root canal filling
materials, and denture clasps and wires for enforcement in
both dry- and soft-tissue-attached skulls during their forensic
analysis and are thus useful in reconstruction of face.

Advantages:
(1) Noninvasive procedure producing 3D images.
(2) Ability to restrict size of exposed area by using different

FOV thereby reducing overall radiation dose.
(3) Lack of superimposition.
(4) Absence of geometric distortion. Measurements made

on the images are accurate.
(5) Software to analyze images are user friendly and have

multiple tools that help to modify scanned images.[21]

(6) It provides multiplanar reconstruction mode for images.
Images can be visualized in different windows, that is,
axial, coronal, saggital, and 3D-reconstructed images.

(7) Different rendering tools are available. These are (1)
maximum intensity projection, (2) surface rendering,
(3) soft-tissue density, and (4) different color schemes.

(8) Imaging of dentomaxillofacial region can be performed
accurately avoiding image artifacts arising from metallic
dental restorations and appliances. “Virtopsy” alongwith
fluoroscopic system inCBCTwas introduced by Pohlenz
et al.[22] and had the advantage of obtaining isocentric
fluoroscopic images that can overcome the errors of
artifacts due to metallic restorations on CBCT
images and could also provide better visualization of
soft tissues.

Limitations:
(1) The soft tissues are not as accurately visible in CBCT

images as in MRI and ultrasonography (USG).
(2) The resolution of CBCT images is not as high as that of

CT scan’ a the energy of x-rays used in CT scan is of
high intensity compared with CBCT.[22]

Magnetic resonance imaging
MRI was introduced in forensics for evaluation of soft-tissue
depths to overcome the shortcomings of CT.

Advantages:
(1) MRI is more accurate than CT images for obtaining the

soft-tissue depths.[27]

(2) It is also useful to demonstrate atrophy or hypertrophy
of the muscles and soft tissues as it gives immense
details about structural features also.

(3) It is a nonionizing radiation. Hence, risk of radiation
exposure hazards can be avoided.

Limitations:
(1) Aulsebrook et al.[27] suggested that MRI gives accurate

information only about soft tissues; underlying bone
details may be lost.

(2) MRI is relatively expensive procedure.
(3) This modality is not readily accessible, and thus it does

not contribute in forming database of the normal
individuals with different facial characteristics.

Ultrasonography
Lebedinskaya et al.[28] utilized ultrasound for measuring the
soft-tissue thickness of 1695 faces of 10 different ethnic
groups and contributed to form a successful database in
the former Soviet Union.

Advantages:
(1) It is the safest method to measure soft-tissue depths. It

has proved to be an economical and easily accessible
technique.

(2) Nonionizing radiation, thus avoiding hazardous effects
of radiation.

(3) Relatively cheap and easily available in clinical setups.

Limitations:
(1) It is an operator sensitive technique and requires highly

trained radiologist to obtain soft-tissue data.[26]

Figure 5: Craniofacial landmarks (courtesy: Galzi PJ, Mullins A (2016) Case Study: 3D Application of the Anatomical Method of Forensic Facial
Reconstruction. J Forensic Res 7: 350)
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(2) USG images are of poor resolution and, once obtained,
cannot be manipulated.[27]

Laser scanners
This is a noncontact surface imaging technique and is useful
to capture 3D images of the object (Figure 6).

In this method, the image of face is obtained after a 360 degree
rotation. A “wireframe” matrix is constructed over the image
and tissue-depth measurements are obtained. Digitized images
of facial features notpredictedby the skull contours (nose, eyes,
and mouth) are later added by separate means to generate a
wireframe face on which color and texture are subsequently
applied to achieve the final mode of reconstructed face.[29]

Limitations:
(1) Although laser scanning is a general technique for

scanning the outer surface of 3D objects, the skull
surface is very complex to reconstruct on the basis of
laserline projections.

(2) These scanners have a limited scanning resolution, such
that very small details of the skull are not acquired or
copied.[14]

Digital stereophotogrammetry technology
This is a useful computer-aided technology of FFR, which
provides superior quality “external surface” photographs,
coupling a color facial image (texture) with a 3D mesh of the
analyzed surface.[30,31] These systems are capable of
accurately reproducing the surface geometry of the face
and map realistic color and texture data onto the
geometric shape resulting in a life-like appearance
(Figure 7).[32]

Advantages:
(1) It is a safe, noninvasive, fast (typical scan time 2ms)

modality.
(2) It does not require a physical contact between the

instrument and the face.

Figure 6: Three-dimensional reproduction of the facial soft tissues of a woman obtained by laser scanning (three-dimensional polygonal mesh, and
homogenous surface rendering) (courtesy : C. Sforza et al. Journal of Anthropological Sciences. 2013;91:159–184.)

Figure 7: Three-dimensional reproduction of the facial soft tissues of a normal 20-y old woman obtained by a stereophotogrammety (courtesy : C.
Sforza et al. Journal of Anthropological Sciences. 2013;91:159–184.)
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Limitations:
(1) It can record and reproduce only the external body

surface permitting 3D measurements of the external
(soft tissues, in the living persons) structures.[33]

Fusion imaging
Cevidanes et al.[34] and Hammond and Suttie[35] described
fusion imaging for complete assessment of patients during
FFR using combination of CT scans and 3D facial images
obtained by optical method. The CT scans provide a detailed
image of the skeletal surfaces and volumes, and 3D facial
images offer additional information about color and surface
texture as well as higher resolution of soft-tissue surfaces.

CONCLUSION
After weighing the benefits and limitations of each modality,
we conclude that CBCT is useful for capturing quantitative
information about the facial soft tissues and hard tissues as it
provides distinct advantages with minimal invasiveness,
quick capture speeds (often under one second), high
precision, and accuracy and the ability to archive images
for subsequent analyses.[19,24,36] These systems provide safe,
speedy, and reliable data at the time of mass disaster scenarios
and crime scenes.[37]

Faces reconstructed with this technique closely resemble the
face of the individual. Thus, after detailed evaluation, CBCT
emerged as the practically most useful imaging modality for
FFR.[38]
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