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The identification of skeletal remains is of paramount importance in medico-legal
investigations and anthropological works. Pelvis and skull were the most often
investigated skeletal components for gender determination. Various parameters in the
Mandible can be considered as a valuable tool in gender determination since it possesses
resistance to damage and disintegration processes. Presence of a dense layer of compact
bone makes it very much durable and well preserved than many other bones.

Aims and Objectives: To record and infer various parameters in the archived Cone Beam
Computed Tomographic images of mandible of males and female subjects which would
benefit in effective sex determination.

Materials and Methods: A retrospective study was conducted by using 100 archived
CBCT images of patients acquired using promax 3D Mid ProFace. Images of 50 males and
50 female patients whose age ranged between 18-60 years were retrieved and various
mandibular parameters which included

Maximum breadth of the ramus.

Minimum breadth of the ramus.

Height of the condyle.

Height of the coronoid.

Projective height of ramus

Gonial angle

Inter Condylar distance

Inter Coronoid distance

e  Shapes of the chin were measured in both right and left sides using Romexis software.
Results: There was a statistically significant difference found in the maximum ramus
breadth, height of the coronoid, height of the condyle, projective height of the ramus, with
their mean values 53.49 + 0.76_mm, 66.42+ 0.44mm 73.01+1.46mm and 69.08+1.15 in
adult males, respectively and 35.25+1.29mm, 55.02+0.71mm and 63.82+ 0.85mm and
56.41+0.49in adult females, respectively, there was three different types of chin shapes
observed in both the sexes There was no significant difference was found in the
intercondylar distance, intercoronoid distance, mandibular angle of males and females. The
parameters used for the present study gave an overall 95.1% accuracy in determining the
sexual dymorphism using mandible.

Conclusion: The mandibular parameters like maximum ramus breadth, height of the
coronoid, height of the condyle, projective height of the ramus, gonial angle can be used
effectively to determine gender.

Copyright©2018 Saraswathi.K.Gopal et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

thus assist in establishing the identity in a medico legal cases

The identification of skeletal remains is of paramount
importance in medico-legal investigations and anthropological
works. Sex determination using human skeletal remains is a
critical problem in forensic study. Bones are an important tool
for determining the age, sex and stature of an individual and
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and in identification during mass disasters. These osteometric
studies helps in establishing the process of evolution, race and
demographic profile.”) By sex determination, the complexity
of identification is scaled down. If the gender of human
skeletal remains is established first, then further investigations
like estimations of both age and stature can be confirmed with
ease. It is widely accepted that the pelvis exhibits the greatest
sexual dimorphism®*
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The eye of forensics has witnessed various mass disasters and
natural calamities where skeletal remains were the basis for
establishing the identity. In certain worst case scenarios there
were few bones or parts of bones were submitted to the
forensic investigators for identification.. Pelvis and skull were
the most often investigated skeletal components for gender
determination. Various parameters in the Mandible can be
considered as a valuable tool in gender determination since it
possesses resistance to damage and disintegration processes.
Presence of a dense layer of compact bone makes it very much
durable and well preserved than many other bones.

The mandible may be considered as second most sexually
dimorphic bone ".The mandible is the most durable facial
bone that retains its shape better than other bone in the body
RIS 1 In mass disasters it can retain its shape better than
other bone and commonly resist post mortem damages and
form an important source of information about sexual
dimorphism " The mandible has a horizontally curved body
that is convex forwards, with two broad rami which bear the
coronoid and condyloid processes.

Normally morphological and metric methods are used to
determine the sex of a mandible. Male and female mandibles
are distinguished by general size * | chin shape "% gonial
angle "' In general, the male mandibles are large, slightly
more robust with prominent muscular attachment sites than the
female mandibles. The present study is conducted to assess the
sexual dimorphism in the few metric and morphological
parameters in determination of the sex using CBCT.

MATERIALS AND METHODS

This retrospective study was conducted by obtaining 100
archived CBCT images of patients acquired using Planmeca
Promax 3D Mid Pro Face machine. Images of 50 males and 50
female patients were retrieved and both the right and left sides
were assessed for various mandibular parameters. The study
population consisted of patients whose age ranged between 16-
70 years who were dentulous. CBCT images of individuals
who had any type of developmental disturbance, pathologic
condition or mandibular fractures in the jaw region and
images with completely edentulous ridges were excluded from
the study. CBCT images were obtained retrospectively using
the following parameters: 54- 90 kVp, 8-15 mA, acquisition
time pulse- 5 to 12 seconds, reconstruction time 62 seconds,
voxel size 0.3 mm.

Various mandibular parameters which were wused to asses
gender included Maximum breadth of the ramus, Minimum
breadth of the ramus, Height of the condyle, Height of the
coronoid, Projective height of ramus, Gonial angle, Inter
Condylar distance, Inter Coronoid distance and Shapes of the
chin were measured in both right and left side on sagittal view
using Romexis software. Based on the comparative analysis of
the above mentioned parameters results were concluded.

Maximum ramus breadth: The distance between the most
anterior point on the mandibular ramus and a line connecting
the posterior most point on the condyle (Figure-1).

Figure 1

Minimum ramus breadth:
diameter of the ramus. (Figure-2).

Smallest anterior—posterior

Figure 2

Condylar height: Height of the ramus of the mandible from
the most superior point on the mandibular condyle to the
inferior border of the mandible.(Figure-3)

Figure 3

Projective height of ramus: Projective height of ramus is
maeasured between the highest point of the mandibular
condyle and lower margin of the base of the mandible.
(Figure-4)

Figure 4

Coronoid height: Projective distance between coronion and
lower border of the mandibular bone (Figure-5)
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Figure 5

Gonial Angle: The gonial angle was assessed by tracing a
tangential line drawn to the lower border of the mandible and
another tangential line drawn to the distal border of the ramus
on each side. The intersection of these lines formed the gonial
angle. The gonial angle measurement in both sides was
accomplished using 3D Panaromic view (Figure-6)

28.00

135.19°

Figure 6

Intercondylar distance: is the straight distance between the
most lateral points on the two condyles

Intercoronoid distance: is the straight distance between the
most lateral points on the two coronoids. The intercodyar
distance and intercoronoid distance were recovered using the
3D axial planes. (Figure-6)

Inter coronoid
distance

Inter condylar
distance

Figure 6

Chin Shape: The details regarding the chin shapes was
evaluated using the 3D reconstruction view. We were also able
to observe that the lateral aspect of the angle of the mandible
in males exhibited a rough or rigid appearance whereas In
females the angle of the jaw is often more rounded and gracile
in construction. (Figure-7)

U Shape

V Shape Square Shape

Figure 7

RESULTS

In our study done in archived images 50 males and 50 females
patients, On analysis of various parameters in male patients
between the right and left side there was only minor
differences observed in terms of few millimetre in regards
with all the parameters with respect to the sides (Graph 1)
[TABLE 1]. Similarly females patients also revealed not much
of differences in their values when compared with both sides
(Graph 2).

Master Chart
MEAN VALUES OF MANDIBULAR PARAMETERS IN MILLIMETERS
MAXIMUM RAMUS BREADTH MALES FEMALES PVALUE
RIGHT SIDE 5349 35.25 0.043
LEFT SIDE 5273 33.96 0013
MINIMUM RAMUS BREADTH
RIGHT SIDE 289 7.74 0432
LEFT SIDE 2831 28.45 0127
HEIGHT OF CONDYLE
RIGHT SIDE 7155 g2.97 0.0343
LEFT SIDE 7301 =8 0.0367
HEIGHT OF CORONOID
RIGHT SIDE 6642 55.02 0.014
LEFT SIDE 54.85 0032
PROJECTIVE HEIGHT
RIGHT SIDE 65.08 55.92 0.049
LEFT SIDE 67.93 55.41 0.083
INTERCON DYLAR DIST 183 89.62 iyl
INTERCORONOID DIST 10208 89.02 073%
GOMNIAL ANGLE IN DEGREES
RIGHT SIDE 145.05 DEGREES 142.05 DEGREES 0.047
LEFT SIDE 143 81 DEGREES 144 72 DEGREES 0044

P Value less than 0.05 is considered significant and those
parameters with significant p value is denoted in red colour.

COMPARATIVE ANALYSIS OF THE MANDIBULAR PARAMETRES
OF MALE PATIENTS
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Graph 2

On comparative assessment of various mandibular parameters
like maximum ramus breadth, height of condyle, height of
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coronoid and projective height of ramus was significantly high
in males when compared with that of females in both the right
and the left sides (Graph 3 & 4). The other parameters like
minimum ramus breadth, intercondylar distance and
intercoronoid distance did not exhibhit much of difference
between the males and females and furthermore between both
the sides.

COMPARISON OF VARIOUS MANDIBULAR PARAMETRES AMONG MALES AMD FEMALES
RIGHT SIDE
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Graph 3

COMPARISON OF VARIOUS MANDIBULAR PARAMETRES AMONG MALES AMD FEMALES
LEFT SIDE
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Graph-4

When gonial angle assessment was carried out the gonial angle
in males ranged between 145.05 ° to 143.81° and whereas in
females it was found to be 144.72° to 142.05°.The marked
observation in gonial angle measurement was the gonial angle
of the right side was high when compared with the left side in
male patients but it was vice versa in terms of female
patients(GRAPH-5)

CHIN SHAPE IN FEMALES

IN DEGREES USHAPE
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143.81

Graph S
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o
Chin Shapes

In our study three distinct chin shapes were observed. In
females U shaped chin was found in 52% followed by V
shaped chin 48% and Square shaped chin in only 2% of the
cases. In males V shaped chin was found in 40%, Square
shaped chin in 36% and U shaped chin in 24% (Chart -5)

DISCUSSION

Forensic dentistry utilizes various methods for assessing
sexual dimorphisms and authentic identification of missing
people through skeletal remains. Such estimation can be made
using anthropometric measurements in the jaw with the aid of
Vernier calipers. The mandible is one of the strongest and
most durable skull bones in humans with a high degree of
sexual dimorphic characteristics™ This study describes an
osteometric approach using mandibular measurements to
estimate sex in a Indian population; such a model could be
used as an auxiliary tool to predict gender in forensic dentistry.

Samantha k e al in 2016 " used digital orthopantomographs
to determine the sex of the individual by measuring the
mandibular ramus and concluded that the ramus parameters
can be used as a valuable tool for gender determination. As per
a morphometric study done by Maneesha Sharma et a/*? in
the Indian population concluded that the length of the body of
the mandible and the minimum ramus breadth were significant
high in males than females. M. Shahabi et al in 2009”* did an
OPG study to evaluate the existence of any differences in the
intercondylar distance among the males and females and found
that there was no differences in the intercondylar distance
existed between the males and females patients which is in
coincidence with our study.

Williams BA, Rogers et .a/ in their OPG study done in 2009
found out there were variations in gonial angle of males and
females which is in coincidence with our study and
furthermore in our study we were able to conclude that gonial
angle of the right side was high when compared with the left
side in male patients but it was vice versa in terms of female
patients

Naira F, Deana-et al -2006 in their morphometric study in
Brazilian population concluded that the square shaped chin
was attributed to the male patients whereas the V shaped chin
was predominantly seen in female patients. But in our study
done in Indian population, we were able to identify three
distinct chin shapes. In females U shaped chin was found in
52% followed by V shaped chin 48% and Square shaped chin
in only 2% of the cases. In males the V shaped chin was found
in 40%, Square shaped chin in 36% and U shaped chin in 24%.

Kharoshan ef al In 2010 evaluated six mandibular
measurements in CT images of the Brazilian individuals and
found greater mean values in males for three variables like
bicondylar breadth, gonial angle and bicoronoid breadth. In
our study gonial angle measurement along with four other
parameters were significant in determining gender. The
intercondylar distance and intercoronoid distance was not
sttistically significant in gender determination. ! These above
variables assessed showed 95.1% accuracy in sex estimation, a
rate with great reliability when compared with those found in
the literature. Iscan ef al in 1999 found an accuracy of 84.1%
(for an association between the cranium and mandible) and
83.7% (skull) in a Japanese population. The rates were 82% to
86% for jaws and skull, respectively, in White South Africans.
5] In a study of black South Africans, Kieser and Groeneveld
in 1986 found a 91% accuracy rate for the maxilla and
mandible combined and 78% for Gonial angle. The lower jaw
bone is frequently found among unidentified remains and can
provide accuracy rates of 80% plus.’ 261
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Several studies have used CT images involving other bony
structures to analyze sexual prediction. Uthaman et al in
2012[27], using measurements of the maxillary sinus on CT
images, reported an accuracy rate of 73.9% and showed viable
results for sex estimation. Uthmann et al.[28 ]evaluated the
accuracy and reproducibility of the foramen magnum and other
cranial measurements in sexual classification and found an
accuracy rate of 90.7% for the identification of males and
73.3% for females.

The present study carried out using different mandibular
measurements made on 3D CBCT images revealed a high
accuracy rate (95.1%) for sexual prediction, suggesting that
such images can be used for effective and accurate
anthropometric measurements. An important issue to consider
is that the presence of high-density materials in the FOV may
degrade the image quality and compromise CBCT-based
measurements, although this is not the case in this study.
Gamba ef al in 2014 demonstrated that image artifacts arising
from metallic restorations have a negative influence on the
reliability of orthodontic measurements. Current studies
comparing osteometric and tomographic measurements
confirm that CBCT images can be used efficaciously for
sexual prediction in forensic dentistry, application aimed at
achieving human identification of an unknown individual "

In a first CBCT study done by Dr. Saraswathi Gopal, K., et al
in 2016 various mandibular parameters were analysed and it
was evident in their study that parameters like maximum
breadth of the ramus, minimum breadth of the ramus, height of
the condyle, height of the coronoid and projective height of the
ramus were found to have a significant difference among the
gender which was in correlation with our present study.

CONCLUSION

Throughout history, dental forensics has played a major role in
identification of human remains in crime, abuse and mass
disasters. As dental professionals, we can continue to play a
key role by maintaining quality records such as CBCT data's
of each patient. These days CBCT is gaining more popularity
over the other conventional radiographic techniques because of
lesser radiation exposure, better accuracy thus it could widen
frontiers in the field of forensics. One such frontier would be
analyzing the mandibular parameters in gender determination.
Thus the outcome of the present study proves certain
mandibular parameters can be effective in determining the
gender.
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