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Abstract Objective The mandible has been used for sex determination and forensic identifica-
tion due to its unique anatomy and morphology. Every part of the mandible is unique,
including the shape and size of the temperomandibular joint, the ramus, the body and
the symphysis region, and the inferior alveolar canal. In addition, the position and
placement of the teeth within their sockets are unique for every individual.
Sample Population A study was conducted on 20 males and females to estimate
sexual dimorphism using anthropometric measurements obtained by cone beam
computed tomography images of the mandible of Karnataka and Kerala populations.
Materials and Methods The mean, standard deviation, and standard error along with
the confidence interval of different measurements were documented. Various measure-
ments between the sexes were compared using Student’s t-test. Association between
categorical variables was analyzed using the Chi-square test. A p-value<0.05 was
considered to be statistically significant. Datawere analyzedusing statistical SPSS software.
Results The p-value of mRBr L, GA L, and GA R among females was significantly higher
in the Karnataka population when compared with that in the Kerala population. The
Karnataka State population showed significantly higher values of RL R, BiGBr, and BiCBr
among males, and the p-value of the Kerala population for GGL L and GGL R was
significant and higher among the males.
Conclusion The data derived from the above study suggest that the mandibular
anthropometric measurements used may be applied for forensic sex estimation.
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Introduction

Sexual dimorphism describes morphologic differences be-
tween the sexes, although it also describes any biological
process that differs betweenmen andwomen.1 Sex determi-
nation or estimation is important for human identification
for judicial or social reasons. This study attempts to establish
possible morphological parameters for the same using cone
beam computed tomography (CBCT) images of the human
mandible. The advent of CBCT has simplified the process of
three-dimensional (3D) imaging and assessment of the face.
As anthropological data are specific to race/ethnicity/popu-
lation, our study was attempted to estimate themorphologi-
cal measurements of the mandible for the purpose of sexual
dimorphism in Coastal Karnataka and Kerala populations.

Materials and Methods

This retrospective studywasperformedusingmandibular CBCT
dataof20patientsvisiting theDepartmentofOralMedicineand
Radiology from our institution as per the inclusion and exclu-
sion criteria of the study. As a part of the study, approval was
obtained from the Institutional Ethics Committee. The inclusion
criteria comprised the CBCTof subjects who visited our institu-
tion fromcoastal Karnataka andnorthKerala and agedbetween
18 to 30 years. Patients with congenital anomalies/syndromes,
orofacial pathologies, orthodontic corrections, history of trau-
ma, surgical intervention, and exposure to radiotherapy were
excluded from the study. CBCT data of 20 subjects, 7 male
subjects out of which 3were from coastal Karnataka and 4 from
Kerala, and13 female subjects, out ofwhich 8were fromcoastal
Karnataka and 5 from Kerala, were collected using ProMax 3D
Mid (Planmeca, Helsinki, Finland). The standard protocol used
was a full field of view 200�170cm; voxel size 400mm; and
exposure time 4.7 seconds.Morphometricmeasurementswere
made and analyzed using NEMOCEPH 3D–the exclusive cepha-
lometric and orthodontic software of NemoStudio, The Digital
Medical Company. To minimize intra-observer variability, the
measurements were marked thrice in a week by two separate
observers and the mean values were taken into consideration.
The average measurements were analyzed statistically.

The anthropometric measurements were made on recon-
structed images generated by the NEMOCEPH software tools.
The3D locationsofgonion, condylion, andgnathion (►Table 1)
were marked bilaterally on the mandible. The six measure-
ments were measured on the lower jaw as reported by

Kharoshah et al.2 and Gamba et al.3 which were the gonial
angle (GA), ramus length (RL), minimum ramus breadth
(mRBr), gonion–gnathion length (GGL), bicondylar breadth
(BiCBr), and bigonial breadth (BiGBr). The 3D sagittal sections
were used for first four measurements and 3D axial sections
were used for the last two measurements.

Statistical Analysis
Themean, standard deviation, and standard error along with
the confidence interval of different measurements were
documented. Various measurements were compared be-
tween the sexes using Student’s t-test. Association between
categorical variables was analyzed using the Chi-square test.
A p-value<0.05 was considered to be statistically signifi-
cant. Data were analyzed using statistical SPSS software.

Results

This study presents morphometric measurements of 20
mandibles of patients from Karnataka and Kerala obtained
by analyzing their CBCT images.

Descriptive Statistics

The data submitted for statistical analysis for this study
consisted of 7 male subjects, out of which 3 were from state
1 and 4 from state 2; 13 female subjects, out of which, 8 were
from state 1 and 5 from state 2 (►Tables 2–4). Males showed
higher mean morphometric measurements concerning all
metric parameters when compared with females. The
females revealed a higher degree of mean left and right
gonial angle measurements than males (►Table 2).

The statistical analysis revealed that among the males, no
significant difference was seen in the study parameters
between the two states (►Table 3). However, among the
females, mRBr L, GA L, and GA R were significantly higher in
the Karnataka population as compared with those in Kerala
population, which were 0.02, 0.03, and 0.003 respectively
(►Table 4). In the Karnataka population RL R, BiGBr, and
BiCBr were significantly higher amongmales when complet-
ed to those in females, which were 0.009, 0.004, and 0.04
respectively (►Table 5), whereas the p-value of Kerala pop-
ulation for GGL L and GGL R were both 0.01; hence, it was
significant and higher amongmales than females (►Table 6).
There was no significant difference in other study param-
eters between the two sexes or states.

Table 1 Skeletal landmarks

Sl. No. Skeletal landmark
name (ABBR)

Definition

1. Gonion (go) Point on the rounded margin of the angle of the mandible, bisecting two lines, one
following the vertical margin of the ramus and the other following the horizontal margin of
the corpus of mandible, which forms the most inferior, posterior, and lateral points on the
external angle of the mandible

2. Gnathion (gn) The most inferior and anterior points on the profile curvature of the chin

3. Condylion (cn) The most superior and posterior points of the mandibular condyle
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Table 2 Descriptive statistics: frontal

Sex 1 Sex 2 Wilks’ Lambda F p-Value

N Mean SD N Mean SD

RL L 7 45.17 6.93 13 40.34 6.34 0.88 2.48 0.13 (NS)

RL R 7 48.42 5.64 13 42.70 5.98 0.81 4.32 0.05 (NS)

GGL L 7 78.11 6.81 13 71.10 4.01 0.68 8.56 0.009�

GGL R 7 77.08 5.27 13 70.45 3.26 0.60 12.24 0.003�

mRBr L 7 30.69 3.01 13 28.76 2.62 0.89 2.23 0.15 (NS)

mRBr R 7 30.45 2.46 13 28.34 2.90 0.87 2.66 0.12 (NS)

GA L 7 120.99 3.65 13 121.05 4.50 1.00 0.00 0.98 (NS)

GA R 7 120.74 3.12 13 121.53 4.09 0.99 0.20 0.66 (NS)

BiGBr 7 92.81 4.48 13 84.41 4.84 0.56 14.42 0.001�

BiCBr 7 115.85 7.94 13 109.59 6.12 0.82 3.87 0.07 (NS)

Abbreviation: NS, non-significant.
�p< 0.05, statistically significant.

Table 3 Comparison of parameters between the states among males

State N Mean SD Mean difference 95% CI of the
difference

t df p-Value

Lower Upper

RL L 1 3 48.29 7.24 5.45 –8.06 18.96 1.04 5 0.35 (NS)

2 4 42.83 6.63

RL R 1 3 52.46 1.99 7.08 –1.93 16.08 2.02 5 0.10 (NS)

2 4 45.39 5.69

GGL L 1 3 74.62 8.25 –6.11 –18.97 6.75 –1.22 5 0.28 (NS)

2 4 80.73 5.11

GGL R 1 3 74.33 5.58 –4.82 –14.71 5.08 –1.25 5 0.27 (NS)

2 4 79.15 4.64

mRBr L 1 3 32.29 2.49 2.79 –2.84 8.41 1.27 5 0.26 (NS)

2 4 29.50 3.09

mRBr R 1 3 31.35 2.16 1.58 –3.39 6.56 0.82 5 0.45 (NS)

2 4 29.77 2.76

GA L 1 3 121.34 5.61 0.61 –7.21 8.43 0.20 5 0.85 (NS)

2 4 120.73 2.35

GA R 1 3 121.16 4.90 0.73 –5.93 7.40 0.28 5 0.79 (NS)

2 4 120.42 1.79

BiGBr 1 3 94.84 1.83 3.55 –5.18 12.27 1.05 5 0.34 (NS)

2 4 91.30 5.54

BiCBr 1 3 118.07 7.95 3.89 –12.60 20.38 0.61 5 0.57 (NS)

2 4 114.18 8.68

Abbreviations: CI, confidence interval; NS, non-significant.
Note: Independent sample t-test.
Interpretation: In sex 1, there is no significant difference in the study parameters between the two states (p> 0.05).
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Discussion

This retrospective study was conducted onmandibular CBCT
images of the Karnataka and Kerala population belonging to
the age group of 18 to 30 years.

Numerous studies have been conducted on
cadavers/fragmentary bones4 using two-dimensional imag-
ing modalities,5,6 computed tomography (CT),7,8 magnetic
resonance imaging (MRI),9 etc., for the purpose of sexual
dimorphism and individual forensic identification. In recent
years, studies using CBCT scans of the facial region have
contributed immensely to the population metric database
toward forensic applications.10–12

The osteometric parameters analyzed in our study were
gonial angle (GA), ramus length (RL), minimum ramus
breadth (mRBr), gonian–gnathion length (GGL), bicondylar
length (BiCBr), and bigonial breadth (BiGBr) of themandible.
Osteometric mandibular measurements with the same
parameters were first recorded in the Egyptian population
by Kharoshah et al using spiral CT scanning.2 Our study is
unique as there were no systematic investigations or data in

the literature that have been recorded with regard to these
measurements belonging to this specific population from
Karnataka and Kerala. The additional modification in our
study is the CBCT imaging modality used due to its advan-
tages over other 3D imaging modalities.13,14

The parameters measured in our study were also studied
by Gamba et al in the Brazilian population,3 where they
collected anthropometricmeasurements using CBCTofman-
dibular images of 74males and 85 females. The rate of correct
sex estimation was 95.1% in four variables, enabling the
formula to be applied for sex estimation, and accuracy of
93.33% and 94.74% was found for estimating males and
females, respectively.14 The correct predictive accuracy
was 83.6% in males and 84.2% in females in the study by
Kharoshah et al.2 The results obtained from our analysis
suggest that 95.0% of the original grouped cases were cor-
rectly classified (►Table 7).

The purpose of conducting this study is to establish the
morphometricmeasurements in themandible as parameters
of sexual dimorphism. We are further analyzing the same
parameters in the said population with a larger sample size

Table 4 Comparison of parameters between the state among females

State N Mean SD Mean difference 95% CI of the
difference

t df p-Value

Lower Upper

RL L 1 8 39.91 4.97 –1.12 –9.39 7.15 –0.30 11 0.77 (NS)

2 5 41.03 8.73

RL R 1 8 41.59 5.44 –2.89 –10.49 4.71 –0.84 11 0.42 (NS)

2 5 44.48 7.00

GGL L 1 8 71.15 4.35 0.15 –5.10 5.40 0.06 11 0.95 (NS)

2 5 71.00 3.88

GGL R 1 8 70.91 3.28 1.19 –3.01 5.39 0.63 11 0.55 (NS)

2 5 69.72 3.45

mRBr L 1 8 30.01 1.97 3.23 0.55 5.92 2.65 11 0.02�

2 5 26.77 2.40

mRBr R 1 8 29.29 2.80 2.49 –0.94 5.92 1.60 11 0.14 (NS)

2 5 26.80 2.61

GA L 1 8 123.14 3.23 5.42 0.74 10.09 2.55 11 0.03�

2 5 117.72 4.46

GA R 1 8 123.88 2.60 6.11 2.61 9.61 3.85 11 0.003�

2 5 117.76 3.09

BiGBr 1 8 83.78 4.72 –1.64 –7.89 4.61 –0.58 11 0.58 (NS)

2 5 85.42 5.40

BiCBr 1 8 108.25 5.40 –3.49 –11.16 4.19 –1.00 11 0.34 (NS)

2 5 111.74 7.20

Abbreviations: CI, confidence interval; NS, non-significant.
Note: Independent sample t-test.
�p< 0.05, statistically significant.
Interpretation: In sex 2, mRBr L, GA L, and GA R are significantly higher in state 1 than in state 2 (p< 0.05). There is no significant difference in other
study parameters between the two states (p> 0.05).
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Table 5 Comparison of parameters between the sexes in coastal Karnataka

Sex N Mean SD Mean difference 95% CI of the
difference

t df p-Value

Lower Upper

RL L 1 3 48.29 7.24 8.38 –0.12 16.88 2.23 9 0.05 (NS)

2 8 39.91 4.97

RL R 1 3 52.46 1.99 10.88 3.39 18.37 3.29 9 0.009a

2 8 41.59 5.44

GGL L 1 3 74.62 8.25 3.47 –4.90 11.84 0.94 9 0.37 (NS)

2 8 71.15 4.35

GGL R 1 3 74.33 5.58 3.42 –2.57 9.41 1.29 9 0.23 (NS)

2 8 70.91 3.28

mRBr L 1 3 32.29 2.49 2.28 –0.93 5.49 1.60 9 0.14 (NS)

2 8 30.01 1.97

mRBr R 1 3 31.35 2.16 2.06 –2.03 6.15 1.14 9 0.28 (NS)

2 8 29.29 2.80

GA L 1 3 121.34 5.61 –1.80 –7.75 4.16 –0.68 9 0.51 (NS)

2 8 123.14 3.23

GA R 1 3 121.16 4.90 –2.72 –7.70 2.26 –1.24 9 0.25 (NS)

2 8 123.88 2.60

BiGBr 1 3 94.84 1.83 11.06 4.55 17.58 3.84 9 0.004a

2 8 83.78 4.72

BiCBr 1 3 118.07 7.95 9.82 0.54 19.10 2.39 9 0.04a

2 8 108.25 5.40

Abbreviations: CI, confidence interval; NS, non-significant.
Note: Independent sample t-test, ap< 0.05, statistically significant.
Interpretation: In state 1, RL R, BiGBr, and BiCBr are significantly higher in sex 1 than in sex 2 (p< 0.05). There is no significant difference in other
study parameters between the two sexes (p> 0.05).

Table 6 Comparison of parameters between the sexes in Kerala

Sex N Mean SD Mean difference 95% CI of the
difference

t df p-Value

Lower Upper

RL L 1 4 42.83 6.63 1.80 –10.73 14.34 0.34 7 0.74 (NS)

2 5 41.03 8.73

RL R 1 4 45.39 5.69 0.91 �9.36 11.18 0.21 7 0.84 (NS)

2 5 44.48 7.00

GGL L 1 4 80.73 5.11 9.73 2.67 16.79 3.26 7 0.01�

2 5 71.00 3.88

GGL R 1 4 79.15 4.64 9.43 3.07 15.79 3.51 7 0.01�

2 5 69.72 3.45

mRBr L 1 4 29.50 3.09 2.73 –1.59 7.04 1.49 7 0.18( NS)

2 5 26.77 2.40

mRBr R 1 4 29.77 2.76 2.97 –1.28 7.21 1.65 7 0.14 (NS)

2 5 26.80 2.61
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for a more definitive conclusion that will aid in the forensic
identification of coastal Karnataka and north Kerala
populations.

Limitations

The sample size was small for comparison between the
populations. Future research should be aimed at collecting
themorphometric data of the craniofacial region using larger
population sizes for better confirmatory results and the
establishment of a database for specific populations.

Conclusion

Sex estimation has been a challenge, especially when un-
known bony fragments are to be evaluated for individual
identification at crime scenes and mass disasters. Segrega-
tion of the body fragments to reduce the pool of bodies
requiring identification can be made using results obtained
from studies pertaining to sexual dimorphism. Our study
results imply that there is a definite bright scope for the use
of mandibular morphometric measurements in the estab-
lishment of sexual dimorphism with the aid of CBCT. This

becomes especially true and applicable when there exists a
dataset of anthropological measurements pertaining to spe-
cific population groups. Hence, research directed toward
maintaining a record of anthropological data of targeted
population groups has become of utmost importance for
forensic applications.
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