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Abstract

Background: The determination of age and sex is required for forensic practice and medicolegal purposes. Because the 
mandible is typically recovered intact, it plays a crucial role in determining sex. Orthopantomogram X-rays can be used 
to thoroughly examine the mandible. The availability of a large number of antemortem orthopantomograms could be 
extremely beneficial in terms of evaluating and developing population-specific sex determination standards.
Objectives: To evaluate the usefulness of the mandibular ramus in sex determination by evaluating linear and angular 
measurements of the mandibular ramus on digital panoramic radiographs.
Methods: An analytical cross-sectional study was conducted on 216 digital orthopantomogram from March 2021 to 
June 2021 in Kantipur Dental College. A convenient sampling technique was used to collect the radiographs. Mandibular 
parameters were traced using Image J Software, and angular and linear parameters were calculated. Radiographs with 
high image quality and sharpness of patients with full permanent dentition, no radiographic evidence of trauma were 
included in the study. Descriptive analysis was done using IBM SPSS Statistics for Windows, version 20 (IBM Corp., Armonk, 
N.Y., USA). The measures were compared using an Independent t-test, and the results were subjected to discriminant 
function analysis. 
Results: The male’s vertical parameters were found to be greater than the female’s. The coronoid height was shown to be 
the most dimorphic using discriminant analysis. The overall accuracy of the mandibular parameters was 63.4%. 
Conclusion: Mandible can be used as an adjunct in sex determination.
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INTRODUCTION

The mandible is the largest and most powerful 
bone in the head and neck region, and it is sexually 

dimorphic. Its morphology shifts with age and tooth 
loss, manifested by a widening of the mandible’s angle. 
Among the various parameters of the mandible gonial 
angle has a significant role in sex determination. The 
gonial angle refers to the angle of the mandible.1,2 It can 
be measured radiographically using orthopantomogram 
(OPG). Panoramic radiograph has additional advantage 
over other dentofacial radiographs as it shows the entire 
maxillary and mandibular structures in a single film.1 

Sex determination of the skeleton is often found to be 
superior to other methods of sex determination due to 
its higher accuracy and lower inter and intraobserver 
variations.3,4 The goal of this study was to evaluate 
linear and angular measurements of the mandibular 
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ramus using digital panoramic radiographs in order to 
determine the usefulness of the mandibular ramus in 
determining sex.

METHODOLOGY
An analytical cross-sectional study was conducted from 
March 2021 to June 2021 in Kantipur Dental College 
and Research Centre, Basundhara, Kathmandu, Nepal. 
The study was conducted after taking approval from 
Institutional Review Committee (Ref. 04/021). The 
study population was OPG of the patients visiting 
Kantipur Dental College and Research Centre for routine 
radiographic examination. Radiographs with high image 
quality and sharpness of patients with full permanent 
dentition, no radiographic evidence of trauma were 
included in the study. Any pathological or developmental 
disturbances visible in the OPG were excluded from the 
study. Each patient was exposed to panoramic X-ray 
by Carestream (CS9300, Kodak) at 74Kv, 12 mA for 14.3 
seconds. The sample size was calculated using the 
following formula Z2 SD2/d2 taking 10% error; where Z = 
1.96; SD = 0.7;5 and d = 0.1. The obtained sample size was 
216 OPGs.

A convenient sampling technique was used. Two 
hundred and sixteen OPGs were exported in Image J 
software version 1.53a.  Linear and angular parameters 
were traced using the same software (Figure 1). 
Calibration was done for 1:1 magnification. Linear and 
angular measurements were determined as follows:4

A) Maximus ramus breadth:  Horizontal distance 
between the most anterior to most posterior point of 
the ramus 

B) Minimum ramus breadth: Smallest horizontal 
distance between the anterior and posterior point of 
the ramus.

C) Condylar ramus height: Height of the ramus from 
condyle to the most protruding point on the inferior 
border of the ramus.

D) Coronoid ramus height: Height of the ramus from the 
coronoid process to the most protruding point on 
the inferior border of the ramus.

E) Projective ramus height: Projective height from 
condyle to lower margin of the bone.

F) Gonial angle: Angle formed with a tangent to lower 
border of the mandible and another line tangent to 
the distal border of the ascending ramus.

G) Intergonial width: Horizontal distance between 
gonion of both sides.

Data were entered in Microsoft Excel sheet, and  
descriptive analysis was done using IBM Statistical 

Package for the Social Sciences (SPSS) Statistics 
for Windows, version 20 (IBM Corp., Armonk, N.Y., 
USA). An Independent t-test was used to evaluate 
the measurements between the groups and the 
measurements were subjected to discriminant function 
analysis.

RESULTS
The study included 216 OPG X-rays (126 females and 90 
males). Patients’ age ranged from 17 to 39 years (22.76  ±  
5.00 years). The mean value for males and females showed 
a slight difference. The condylar height, coronoid height, 
and projective height of the ramus were greater in males 
on both the right and left sides. Maximum ramus breath 
and gonial angle were greater in females than males on 
both sides (Table 1). 

An Independent sample t-test was used to compare 
the mean values from the right and left sides and 
among the sexes. The Independent t-test compared the 
measurements of the two sides. It showed a significant 
difference between condylar height and projective 
ramus height (p <0.05) (Table 2).  

The comparison among the sexes showed no statistically 
significant difference among males and females on both 
sides (Table 3). The intergonial width of both males and 
females was also not significantly different (p = 0.806).

Discriminant analysis was conducted to evaluate 
predictors that best discriminate between the sexes 
based on the mandibular parameters. The F-statistic 
values indicated that mandibular measurements 
expressing the greatest dimorphism was coronoid 
height followed by gonial angle and projective ramus 
height. The parameter showing the least dimorphism 
was minimum ramus breadth (Table 4).

The standardised and unstandardised discriminant 
function coefficients, structure matrix, and group 
centroids. The Canonical Discriminant Function 
Coefficients was used to create the discriminant function 
(equation):

The discriminant function= 2.152 + (0.092*maximum 
ramus breadth) + (-0.069*minimum ramus breadth) + 
(0.166*condylar height) + (-0.152*coronoid height) + 
(-0.097*projective ramus height) + (0.005*gonial angle) 
+ (0.008*intergonial width)

The sectioning point obtained was -0.03. If the value is 
more than the sectioning point, sex is predicted as female 
and if the value is less, the sex is predicted as male. The 
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Table 1: Descriptive data of the variables

Male (90) Female (126)
Right Left

Mean  ±  SD
Right Left

Mean  ±  SD
Mean  ±  SD Mean  ±  SD Mean  ±  SD Mean  ±  SD

Maximum ramus 
breadth

48.87  ±  8.18 49.07  ±  8.57 48.87  ±  8.19 49.10 ± 7.63 50.06 ± 7.93 49.11 ± 7.63

Minimum ramus 
breadth

42.68 ± 7.19 42.59 ± 7.48 42.68 ± 7.19 42.67 ± 6.46 43.23 ± 9.47 42.68 ± 6.46

Condylar height 107.69 ± 18.68 112.73 ± 19.28 107.70 ± 18.68 107.09 ± 16.81 112.08 ± 16.57 107.10 ± 16.82
Coronoid height 92.20 ± 13.34 92.90 ± 13.15 92.20 ± 13.35 90.44 ± 12.46 91.16 ± 12.58 90.45 ± 12.47
Projective ramus 
height 

101.01 ± 15.87 104.05 ± 16.06 101.01 ± 15.88 99.66 ± 15.40 102.80 ± 15.60 99.67 ± 15.40

Gonial angle 122.16 ± 7.51 122.08 ± 10.02 122.16 ± 7.52 132.26 ± 98.05 124.92 ± 10.97 132.26 ± 98.05
Intergonial width - - 198.96 ± 22.92 - - 198.21 ± 21.50

Table 2: Independent t-test to compare between right and left side

Location Mean ± SD t Sig. (2-tailed)

Maximum ramus breadth
Right 49.01  ± 7.85

-0.83 0.41
Left 49.65  ± 8.20

Minimum ramus breadth
Right 42.68  ± 6.76

-0.38 0.70
Left 42.97  ± 8.69

Condylar height 
Right 107.35  ± 17.58

-2.95 <0.05
Left 112.36  ± 17.71

Coronoid height
Right 91.18  ± 12.84

-0.57 0.57
Left 91.89 ± 12.82

Projective ramus height 
Right 100.23  ± 15.58

-2.05 <0.05
Left 103.33  ± 15.77

Gonial angle
Right 128.05  ± 75.09

0.84 0.40
Left 123.74  ± 10.66

Table 3: Independent t-test to compare gender (right and left side)

Gender
Right Left

Mean  ± SD t Sig Mean  ± SD t Sig

Maximum ramus breadth
Female 49.10  ± 7.6

0.213 0.832
50 ±  

0.875 0.382
Male 48.87  ± 8.1 49.07 ± 

Minimum ramus breadth
Female 42.67  ± 

-0.004 0.996
43.23  ± 

0.532 0.596
Male 42.68  ± 42.5

Condylar height 
Female 107. 09

-0.244 0.808
112.08

-0.258 0.796
Male 107.69 112.73

Coronoid height
Female 90.44

-0.989 0.324
91.16

-0.983 0.327
Male 92.20 92.90

Projective ramus height
Female 99.66

-0.624 0.535
102.8

-0.570 0.569
Male 101 104.05

Gonial angle 
Female 132.26

0.975 0.331
124.92

1.946 0.053
Male 122.16 122.08

classification results revealed that 126 (91.3%) of females 
were classified into females. Females were classified with 

better accuracy 115 (91.3%) than males 68 (75.6%). By 
considering all these variables, parameters showed an 
overall accuracy of 63.4% (Table 5).
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Figure 1: Figure showing linear and angular 
measurements

Table 4: Descriptive analysis

Wilks' 
Lambda

F
Standardised Canonical 
Discriminant Function 

Coefficients

Structure 
Matrix

Canonical Discriminant 
Function Coefficients

Centroid
(sectioning 

point)
Maximum ramus breadth 1.000 0.045 0.725 0.082 0.092

F=.150
M=-.210
(-0.03)

Minimum ramus breadth 1.000 0.000 -0.467 -0.002 -0.069

Condylar height 1.000 0.061 2.923 -0.095 0.166

Coronoid height 0.995 0.979 -1.955 -0.380 -0.152

Projective ramus height 0.998 0.390 -1.517 -0.240 -0.097

Gonial angle 0.996 0.950 0.340 0.374 0.005

Intergonial width 1.000 0.061 0.168 -0.095 0.008

(Constant) 2.152

Table 5: Accuracy

True group
Predicted Group

Total Accuracy (%) Overall accuracy
Female Male

Female 115 11 126 91.3
63.4%

Male 22 68 90 75.6

DISCUSSION
Sex determination by human skeletal remains is 
considered an initial step in Disaster Victim Identification 
(DVI). When an entire skeleton is found, sex determination 
by forensic examination gives 100% accuracy. In case of 
mass disasters where only fragmented or skeletonised 
remains are found establishment of human identification 
with 100% accuracy may not be possible. Gender 
determination with a skeleton is often found superior 
because of a higher accuracy rate.4

The present study evaluated the mandibular 
parameters which included both the linear and 
angular measurements. The parameters compared on 
both the sides showed the ramus breadth (maximum 
and minimum), coronoid height, and gonial angle 

to be statistically insignificant. The condylar height 
and projective height of the ramus had statistically 
significant values (p <0.05). According to Akcam  et al.6 
OPG provides information on the angular and vertical 
dimensions of craniofacial features, but it is not as 
accurate as a lateral cephalogram. The study showed 
variations mainly in the vertical dimensions. not on the 
horizontal parameters and angular measurement (gonial 
angle) as it was statistically insignificant, indicating the 
reliability of the OPG for measuring those parameters. 
Study performed by Shahabi  et al.7 concluded that in 
Class I patients, the external gonial angle was compared 
in lateral cephalograms and panoramic radiographs 
and panoramic radiography was as accurate as a lateral 
cephalogram in determining the gonial angle.

Both magnification flaws and displacement have been 
seen to impact the panoramic image. Because of the 
non-linear fluctuation in magnification at different object 
depths, horizontal distances are particularly inaccurate, 
although vertical distances are rather reliable.8 However, 
the measurements still are not the true representation of 
the real objects. The inherent unavoidable drawbacks in 
the orthopantomographic techniques such as distortion 
and magnification factors cannot be eliminated if the 
image is sharp.9 Ramstad et al.9 suggest that quantitative 
measurements on panoramic radiographs should not be 
encouraged.

The condylar height, coronoid height, and projective 
height of the ramus were greater in males on both the 
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right and left sides. A study showed that males have a 
larger ramus height and bigonial width than females10 
similar to current study. But the measurements were not 
statistically significant. Maximum ramus breadth and 
gonial angle were greater in females than males on both 
sides. However, these parameters were not statistically 
significant. The gonial angle on the right was 128.05  
±  75.09 and 123.74  ±  10.66 on the left. Evaluation of 
gonial angle in conventional   OPG among the skeletal 
Class I in the same institution showed gonial angle to be 
120.86  ±  7.35 on the right of OPG and 120.73  ±  7.11 
on the left side of OPG.11 The results of current study 
showed greater degrees of the gonial angle among the 
females on both the sides. A similar result was obtained 
in the study by Leversha et al. 10 where females have a 
significantly larger gonial angle than males (p <0.0002).

Gender-related differences vary among regional 
populations, necessitating the need for population-
specific standards to predict sex  accurately.4 Studies 
have found that sex  differences exist in the ramus 
height.4 Dayal et al.12 found mandibular ramus height to 
be  the best parameter with an accuracy of 75.8%.

The results showed that the coronoid height has the 
highest sexual dimorphism. Saini et al.4 and Sambhana 
et al.13 reported that the coronoid height expressed 
the greatest dimorphism. Other studies have reported 
different mandibular parameters as the most dimorphic; 
condylar height,14 minimum ramus breadth,15 projective 
height of ramus.16 Studies among the subjects with 

malnutrition observed a lower degree of dimorphism.17 
It has been established that socio-economic factors 
influence the development and appearance of the 
bones.4 The overall accuracy in predicting gender was 
found to be 63.4%. The prediction rate for females was 
greater than for males. One hundred fifteen cases were 
predicted accurately out of 126 females with an accuracy 
rate of 91.3% and 68 males among 90 with an accuracy 
rate of 75.6%. Similar study on conventional OPG showed 
an overall accuracy of 65.0%.18 Other studies have 
variable prediction accuracy; 69%,19 75.4%,14 80.2%.4

It is limitation of this study that male samples were less in 
comparison to female. The study could have been done 
in larger population.

CONCLUSION
The present study shows that mandibular vertical height 
can be used as a reliable tool for sex determination. 
It can be utilised in forensic casework when bodies 
beyond visual recognition and skeletonised remains are 
recovered.
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