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AbStRAct
Introduction: sex determination from unknown skeletal remains play an essential role in the fields of forensics and 
anthropology. Since the mandible is the largest and sturdiest facial bone and is frequently injury-resistant, it is a crucial 
resource for knowledge regarding sexual dimorphism. The present study was aimed to measure and differentiate sex-related 
mandible changes in the South Indian population on digital panoramic radiographic images and to evaluate their reliability in 
sex determination that might serve as evidence in forensics. 
Methods: this was a cross-sectional study performed on digital panoramic images of 620 patients. One angular measurement 
(gonial angle) and four linear measurements (condylar length, ramus length, cortical bone thickness, and ramal notch width) 
were assessed. The data obtained was subjected to statistical analysis. 
Results: the males have higher values than females across all metrics considered in our study. A significant difference of p<0.05 
was noted among males and females when gonial angle, condylar length and ramus length was considered. There was no 
statistical significance when comparing cortical bone thickness and ramal notch width between males and females.
conclusion: males have higher values than females on comparing the gonial angle, condylar length, ramus length, cortical bone 
thickness and ramal notch width. This study recommends the use of the mandibular parameters in Orthopantomogram reliable 
for the purpose of sex determination. 
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Introduction
Establishing one’s identity is critical for the 

unknown deceased person in homicide, accidents, 
suicide, and catastrophic disasters such as terrorist 
attacks, explosions, earthquakes, and plane accidents, 
as well as for criminals who are concealing their 
identities1. Identification of the sex of the human 
skeleton remains of an unknown deceased person is 
regarded as the first difficult step in forensics2. Few 
studies have focused on using several skeleton traits 
to determine disparity related to sex and ethnicity to 
improve forensic identification2,3. Many studies have 
proven that the pelvis and skull bones demonstrate the 
highest sexual dimorphism of around 98% and could 
be used for this purpose4,5,6. Bone morphology change 
at a constant rate throughout a person’s life, and those 

changes in the skeleton follow a chronological pattern3. 
Knowing what changes take place in the bones can 
help determine sex from the skeleton. The mandible is 
the largest, strongest, and most mobile component of 
skull, and its identification is the most crucial aspect in 
anthropological research and medico-legal matters6. 

Radiology plays a vital role in determining an 
individual’s age and sex3. No two radiographs are 
alike, and this ideology is implicated in determining 
an individual’s sex. Panoramic radiography is a 
common modality in routine dental check-ups and an 
employed method in scientific research and criminal 
investigations7,8. Even though there are a variety of 
ways of determining sex, Orthopantomography (OPG) 
can provide anatomical measurements with accuracy 
when the exterior features are damaged9. 
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In this study, the different dimensions of the mandible 
as seen on OPG were measured, evaluated, and 
compared between the sexes, thereby recommending 
OPG as an accurate tool in gender determination. 

Materials and Methods
The present study was a cross sectional study 

conducted on patients who reported to the outpatient 
department and were advised OPG [Planmeca 
Promax- SCARA 3, Planmeca, Finland] for diagnostic 
purposes. The study was conducted from June 2021 
to May 2022. The institutional ethics committee was 
acquired [JSSDCH IEC Protocol No: 63/2019 dated 
on 25/10/2019] prior to commencement of the study. 

 Inclusion criteria - Subjects ranging from 12 to 70 
years, ideal digital panoramic radiographic images 
with optimum diagnostic quality, (no artifacts, no 
magnification errors and clearly showing reference 
landmarks like condyle, ramus, gonial angle) were 
included.  

Exclusion criteria - Patients with systemic 
disorders affecting the jawbone (rheumatoid 
arthritis, osteoarthritis etc), patients who had 
temporomandibular joint disorders, maxillofacial 
trauma/surgery, or orthognathic treatment in 
the past, Patients who suffer from congenital 
maxillofacial malformations or syndrome, completely 
edentulous mandibular arch were excluded. 

The sample size estimated was 620. All participants 
were separated into 4 different groups based on 
their age range. Four different age groups used were: 
12–18 years [group 1]; 19–40 years [group 2]; 41–60 
years [group 3] and 61–70 years [group 4]7. Out of 620 
subjects, 310 (50%) were males and 310 (50%) were 

females. All Linear and angular measurements were 
made on digital panoramic images for all parameters 
on both sides using Planmeca Romexis software 
version 3.2.0.R.  The parameters that were measured 
in present study were as follows7:

1. Gonial angle (GA): It is formed by drawing a line 
between two imaginary lines that extend from lower 
border of mandible to ramus of mandible.

2. Condylar length (CL): It is the distance measured 
between two tangential lines that are drawn at the 
superior most point of condylar head and another at 
the base of curvature of sigmoid notch.

3. Ramus length (RL): It is calculated by drawing 
two lines, both perpendicular to ramus tangent 
line, one at the level of the most lateral image of the 
condyle and the other at the level of most lateral 
image of ramus. The distance between these two 
lines is RL.

4. Cortical bone thickness: The thickness of the 
radiopaque band is measured at lower border of 
mandible’s body, where antegonial notch begins 
mesially.

5. Ramal notch depth (RND): It is calculated by 
drawing a line from the ramus tangent line to the 
ramus notch concavity’s deepest point. [Figure 1]

Statistical analysis
All collected data were tabulated and statistically 

analysed using SPSS software version 22.0. 
Independent sample t-test was used to compare 
the mean values of gonial angles, condylar length, 
ramus length, ramal notch width and cortical 
bone thickness between males and females in four 
different age groups was assessed. P-value less than 
0.05 was considered to be statistically significant.

Figure 1. is a panoramic image showing gonial angle (red line), condylar length (yellow line), ramus length (green line), ramal notch width (light blue line) and cortical 
bone thickness (dark blue line) that are measured with Planmeca Romexis Software.
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Results 
Table 1 indicates the age and sex distribution of the 

study group. All subjects were divided into 4 categories 
i.e., 12-18 years of age [group 1], 19–40 years of age 
[group 2], 41–60 years of age [group 3], and 60-70 years 
of age [group 4]. The mean age of the participants in 
group 1 was 15.0±1.2 years, in group 2 was 27.0 ±2.5, in 
group 3 was 48.0± 0.84 and in group 4 was 66.0 ±3.04.  
All the parameters had higher male measurements 

than females and hence each variable was a significant 
predictor in classifying the gender. 

The mean value of gonial angle among 310 males was 
181.09°, and among 310 females it was 179.89° which 
was statistically significant with the p-value of 0.002. 
Males had higher values than females in all age groups. 
Comparing the values between the sides, right side 
depicts comparatively higher values than the left in 
both males and females in all age groups. [Table 2,3,4 
shows the parameters and values compared between 
males and females]

The mean value of the condylar length among 310 
males was 22.39 mm and among 310 females was 21.28 
mm.  This was statistically significant with the males 
depicting comparatively higher values than females. 
(p = 0.001). Right side shows higher values than the 
left side across all age groups on comparing the sides 
except in group 4 where condylar length was higher on 
left side in females as shown in tables 2,3,4.

The mean value of the ramus length among 310 
males was 71.57 mm and among 310 females was 66.67 
mm. A statistically significant difference was noted 
between the genders and males had higher values than 

Age in 
Years

Sex 
total n (%)

Male n (%) Female n (%)

12-18 90 (14.51%) 90 (14.51%) 180 (29.03%)

19-40 90 (14.51%) 90 (14.51%) 180 (29.03%)

41-60 90 (14.51%) 90 (14.51%) 180 (29.03%)

61-70 40 (6.45%) 40 (6.45%) 80 (12.90%)

Total 310 (49.98%) 310 (49.98%) 620 (100.0%)

table 1. Frequency distribution of study participants by age and sex along with 
mean values (n=620).

Parameters Side 12-18
Years Mean±SD

19-40
Years Mean±SD

41-60 years
Mean±SD

61-70 years
Mean±SD

Gonial Angle (°)
Right 233.35±5.70 237.82±6.22 239.75±5.98 239.69±7.51

Left 129.70±18.26 123.69±6.52 122.26±6.42 121.92±7.34

condylar Length (mm)
Right 20.48±3.52 23.44±4.07 22.86±4.61 24.89±4.23

Left 20.34±4.47 23.28±5.39 22.44±3.57 23.13±5.68

Ramus Length (mm)
Right 66.51±11.99 73.65±8.63 73.29±9.25 76.51±4.23

Left 65.99±12.44 72.93±8.57 72.76±8.76 76.31±3.64

cortical bone thickness 
(mm)

Right 3.09±0.73 3.62±0.68 4.04±0.72 4.05±0.81

Left 3.23±0.78 3.70±0.76 4.05±0.74 4.02±0.71

Ramal Notch Width (mm)
Right 2.24±1.01 2.93±1.16 3.04±0.81 3.55±1.07

Left 2.25±0.90 3.33±1.28 3.07±0.97 3.80±1.19

table 2. Comparison of each parameter’s mean value in males.

Parameters Side 12-18
Years Mean±SD

19-40
Years Mean±SD

41-60 years
Mean±SD

61-70 years
Mean±SD

Gonial Angle (°)
Right 233.22±6.59 233.67±14.97 237.27±7.51 235.36±4.03

Left 127.00±6.71 124.55±7.77 123.36±7.56 125.10±4.49

condylar Length (mm)
Right 21.81±4.02 21.18± 4.08 21.97±3.74 19.95±2.69

Left 21.57±4.27 21.07 ±4.05 21.54±3.94 20.81±3.19

Ramus Length (mm)
Right 65.95±6.64 67.89±5.97 67.21±6.81 65.97±5.81

Left 65.40±6.56 67.81±5.78 66.81±6.69 64.94±5.98

cortical bone thickness 
(mm)

Right 3.44±0.55 3.63±0.57 3.65±0.76 3.97±1.05

Left 3.61±0.45 3.72±0.51 3.68±0.79 3.43±1.04

Ramal Notch Width (mm)
Right 2.81±0.98 2.61±0.88 2.75±1.02 2.99±1.04

Left 2.95±0.88 2.84±0.97 2.87±0.86 3.18±1.07

table 3. Comparison of each parameter’s mean value in females.
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females (p=0.000). While considering the sides, right 
side shows comparatively higher values than the left in 
both males and females in all age groups.

The mean value of the cortical bone thickness 
among 310 males was 3.681 mm and among 310 females 
it was 3.60 mm. No statistically significant difference 
was noted between males and females (p = 0.170). 
While comparing the sides, the left side showed higher 
values than the right side in age groups 1,2,3 in both 
males and females.

The mean value of ramal notch among males was 
2.92 mm and among females it was 2.84 mm. There 
was no statistical significance between the males and 
females (p=0.330). While comparing the sides, left side 
showed higher values than the right side across all age 
groups in both the genders.   

Discussion
In forensic anthropology, the estimation of distinct 

attributes of each individual to help in identification 
or to serve as proof of a suspected identification is 
usually done using human osteological remains10. 
Based on morphological features, a person’s gender 
can be determined subjectively and is more likely to be 
correctly identified. To determine sex from the skull, 
methods based on measurements and morphometry 
are dependable and can be used.

It has been established in the past that panoramic 
radiography accurately provides anatomical 
measurements. Nowadays, panoramic radiographs 
are frequently utilized as a reliable screening 
technique for identifying oral problems. Broad 
coverage, minimal patient radiation exposure, and 
quick imaging acquisition are some of the main 
benefits of panoramic radiography. Magnification and 
geometric distortion are the limitations of panoramic 
radiography11. This constraint, however, had no impact 
on our findings because all images were consistently 
scaled. 

In this study, there was no difference between males 
and females gonial angles. The males had higher values 
than the females.  This above statement is in contrast 
with the results of Chole et al.,7 Joo et al.,12 and V. 
Sairam et al., who observed a wider gonial angle among 
female subjects than that of males7,12,13. Larheim et al., 
in his study found no noticeable difference between 
the genders14. This variation might be explained by the 
different sample sizes and the research population’s 
age range (14–28 years) conducted by Larheim et al. 
Overall, this parameter (gonial angle) is found to be a 
promising parameter in sexual dimorphism.

According to Humphrey et al.’s study from 1999, 
there is a considerable variation among males and 
females in condylar length. On the other hand, 
Jeong-Ki Joo et al study’s identified no significant 
differences in condyle length between male and 
female groups using digital panoramic radiography to 
detect gender13,15. Among both males and females, this 
study found significant difference in condylar length 
between both sides of the jaw. A study conducted by 
Krisjane et al. also concluded a significant difference 
between right and left condylar lengths16. Overall, 
this parameter (condylar length) was found to be a 
promising parameter for sex determination.

Ramus length variations between males and 
females were also discovered in this study. This claim 
is supported by a number of additional research, 
including those by Morant et al. (1936)15, Humphrey 
et al. (1999)17, Hrdlicka (1940)18, and Mangla et al 
(2011)19. In this study, it was discovered that males 
had longer rami than females. This assertion is also 
consistent with the research conducted by Mangla et 
al. (2011), who observed that males have longer rami 
than females19. Among both sex groups, we noticed a 
significant difference in ramus length between both 
sides of the jaw, which was found to be statistically 
significant with the males showing a higher value. (p 
= <0.05). Overall, this parameter (ramus length) was a 

Parameters Gender 12-18
years

19-40
years 41-60 years 61-70 years Mean±SD dF p-value

Gonial Angle (°)
Male 181.64± 8.83 180.76±1.87 180.99± 2.21 180.79± 1.99 181.09±3.057 618

.002*
Female 180.11± 1.89 178.89± 8.04 180.27± 2.35 180.25± 1.74 179.89±3.05 614.47

condylar Length 
(mm)

Male 20.42± 3.75 23.36± 4.48 22.65± 3.97 24.01± 4.21 22.39±3.41 618
.001*

Female 21.00± 4.00 20.77± 3.84 21.44± 3.74 20.18± 2.80 21.28±3.41 607.47

Ramus Length 
(mm)

Male 66.25± 12.17 73.29± 8.44 73.02± 8.82 76.41± 3.54 71.57±7.32 618
.000*

Female 65.36± 6.47 67.60± 5.65 66.67± 6.64 65.20± 5.66 66.67±7.32 518.11

cortical bone 
thickness (mm)

Male 3.16± .072 3.65± 0.66 4.04± 0.70 4.04± 0.72 3.60±1.37 618
.170

Female 3.50± 0.46 3.66± 5.65 3.59± 0.75 3.28± 1.02 3.68±1.37 599.08

Ramal Notch 
Width (mm)

Male 2.25± 0.90 3.14± 1.16 3.04± 0.85 3.67± 1.08 2.92±0.97 618
.330

Female 2.75± 0.87 2.59 ±0.84 2.62± 0.89 2.91± 1.02 2.84±0.97 593.04

table 4. Comparison of each parameter’s mean value between males and females.

*: p-value <0.05 was considered as statistically significant.
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promising parameter for sex determination.
The cortical bone thickness was significantly 

higher in males compared to females which was 
not statistically significant (p=0.170). The above 
statement was shown to be in complete accordance 
with the study presented by Jeong-ki Joo (2012)13. We 
also found that when comparing right and left sides, 
the left side had slightly higher values in certain age 
groups. 

In our study, ramal notch width was higher in males 
than females. The values were greater in left side 
compared to right side across all age groups. Overall, 

the ramal notch width was observed to be significant 
in determination of sex.

Numerous studies5,6,7 have shown that each group 
has unique bone traits and have stressed about 
necessity for population-specific osteometric 
criteria for determining sex. Table 5 depicts the 
various mandibular parameters assessed in other 
populations. Not one skeletal indication should be 
relied upon primarily if additional verified dimorphic 
regions are available; the maximum chance of a 
gender determination comes from a thorough study 
of all known bones belonging to a specific individual.  

Sl no Author’s name 
and year 

Place of 
study Sample size Parameters compared  conclusion

1
Poongodi, 
et al20

2015
India Males-113 

Females- 87
gonial angle, width of the ramus, height of 
condyle and coronoid

Males have higher values of the gonial 
angle, ramus height than females

2 Taleb NSA
et al21 2015 Egypt Males-105 

Females-86 

Upper ramus breadth, lower ramus 
breadth, projective height, condylar 
ramus height and coronoid ramus height 
and gonial angle

The accuracy of prediction was 81% in 
males and 77.9% in females and an overall 
accuracy of 79.6%.

3 Pangotra, 
et al.22 2018 India Males-50

Females-50

maximum ramus breadth, minimum 
ramus breadth, condylar ramus height, 
projective ramus height, and coronoid 
ramus height.

Sex was accurately determined in 44 cases 
of 50 male mandibular measurements 
with prediction accuracy rate of 88% and 
sex was accurately determined in 46 cases 
of 50 female mandibular measurements 
with an accuracy rate of 92%.

4

Aruleena 
Shaminey 
et al23

2019

India Males-100 
Females-100 

maximum ramus breadth, minimum ramus 
breadth, condylar height, projective 
height of ramus, coronoid height, height 
of mandible, superior margin of mental 
foramen to inferior border, inferior margin 
of mental foramen to inferior border, 
superior margin of mental foramen to 
alveolar crest, gonial angle, antegonial 
angle and antegonial depth

The projective height of the ramus is the 
most significant of all the parameters, 
which may be used for gender 
determination using the mandible

 5 Ostovar Rad 
et al.24 2020 Iran Males- 217

Females- 315

Ramus height, Coronoid height, 
mental height, mandible body height, 
minimum width of the ramus, the distance 
between the right and left gonial angle, 
intercondylar distance, intercoronoid 
distance 

All parameters of mandible had sexual 
dimorphism and showed that they are 
reliable parameters with a total accuracy 
of 82.5% in the sexual dimorphism.

6 Saloni, 
et al.25 2020 India Males-74

Females-126

maximum ramus breadth, minimum ramus 
breadth, condylar height, projective 
height of ramus, and coronoid height

The overall accuracy for determining sex 
from mandibular ramus was found to be 
77.6%, whereas for determining male and 
female, the accuracy was 78.4% and 76.8%, 
respectively.

7 Mehta, 
et al.26 2020 India 900 males and 

900 females

maximum ramus breadth, Minimum ramus 
breadth, Condylar height, Projective 
height, Coronoid height, Mandibular Angle

The overall accuracy rate was around 75%. 
However, the accuracy increases to more 
than 85% when two or more predictors 
were cumulatively calculated for gender 
determination of the mandible.

8
Ranaweera  
et al27
2020

Srilanka 175 males and 
175 females

maximum ramus breadth, minimum ramus 
breadth, condylar height, projective 
height, coronoid height

condylar height was found to be more 
reliable to determine sex. The study 
revealed higher identification rates for 
males (77.1%) and females (73.7%) with a 
total accuracy rate of 75.4%

9 Present study
2022 India Males-310

Females-310

gonial angle, condylar length, ramus 
length, cortical bone thickness, and ramal 
notch width

Gonial angle, condylar length and ramus 
length can be considered as predictors for 
gender determination.

table 5. Mandibular parameters analysed in previous studies in different populations.
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Limitations of the Study
Our study cannot predict the exact gender, it 

can only be used to identify information regarding 
the gender by the value estimated. This is a 
population specific study so care should be taken 
when extending the findings to individuals of other 
races. Further studies are recommended to validate 
our hypothesis with larger sample size, including 
various ethnicity and socioeconomic groups for age 
determination.

Conclusion
Gonial angle, condyle length, ramus length, indicate 

anatomic differences between men and females and are 
statistically significant. These may be used in forensic 
anthropology to determine sex. These measures 
are encouraged for forensics when additional bones 
are unavailable. This study has overcome certain 
drawbacks of previous studies as it includes large 
sample size and assessment of mandibular parameters 
in various growth spurts from young adults to old age.
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