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↑What is “already known” in this topic: 
Several studies in different countries have used mandibular 
radiography and CT scan indicators of living people and 
cadavers to determine sex.   
 
→What this article adds: 

We provide important information for forensic medicine 
specialists to predict sex in the Iranian population by mandible 
bone 3D CT scan indicators.  
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Abstract 
    Background: Sex determination is one of the most important criteria in cadaver identification so if it determines accurately, half of 
the population can be statistically excluded. The aim of this study was to determine the sex according to diagnostic factors in a 3D CT 
scan of the mandible. 
   Methods: In this cross-sectional study, we selected 197 3D CT scans files of mandible available at PACS of hospitals affiliated with 
the Iran University of Medical Sciences (IUMS). In this study, we measured mandibular or gonial angle (G angle), ramus length, 
minimum ramus breadth, maximum ramus breadth, coronoid height, mandibular length, bigonial breadth, bicondylar breadth, 
symphyseal height, symphyseal height to mandibular length ratio, symphyseal height to ramus length ratio, symphyseal height to 
bicondylar breadth ratio, symphyseal height to bigonial breadth ratio, ramus length to bigonial breadth ratio, ramus length to 
bicondylar breadth ratio, bigonial breadth to bicondylar breadth ratio and ramus length to mandibular length ratio. The ROC curve was 
used to evaluate the diagnostic value of each indicator.  
   Results: There was a significant difference between males and females in all indicators except symphyseal height to mandibular 
length ratio, symphyseal height to bicondylar breadth ratio, symphyseal height to bigonial breadth ratio and bigonial breadth to 
bicondylar breadth ratio. The highest AUC, sensitivity, specificity and diagnostic accuracy were related to ramus length, symphyseal 
height to ramus length ratio, bicondylar breadth and ramus length respectively. 
   Conclusion: Mandible bone 3D CT scan indicators could be used alone to determine sex in the Iranian population. 
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Introduction 
Sex determination is one of the most important criteria 

in cadaver identification so if it determines accurately, 
half of the population can be statistically excluded. Alt-
hough sex differences are not clear before puberty, specif-
ic pelvic measurements can determine a person's sex to 
some extent, even during pregnancy (1, 2).  

The accuracy of sex determination can be difficult to es-
timate because there are several factors involved. Sex de-
termination is based on the whole skeleton, pelvis, skull, 
skull and pelvis together, long bones, long bones, and pel-
vis together, and skull and mandible are mentioned with 
different accuracy from 80 to 100 percent. Generally, dif-
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ferent dimensions of bones in adult females are about 94% 
of the sizes obtained in males of the same race. Also, the 
mentioned items are practical and reliable for the ages of 
20 to 55 years (1). 

Knight's forensic pathology, as a reference book, intro-
duced several indicators based on bone measurements, 
such as subpubic angle, ischiopubic index, base wing in-
dex, and trochanteric oblique length.  All of these indica-
tors are based on dry or fresh bone measurements (1). 

Recent studies have been used to determine sex based 
on available indicators that can be calculated on radio-
graphic images and CT scans in addition to bone meas-
urements. Numerous indicators have been evaluated in 
radiographic images and CT scans of living people and 
corpses, including foramen magnum (3, 4), scapula (5-7),  
lumbar vertebrae (8), hyoid bone (9), whole skeleton (10), 
femur (11), skull (12-18), maxillary sinus (19), sternum 
(20, 21), pelvis (22) temporal bone (2) and orbital (23). 
Several studies in different countries such as South Korea 
(24),  China (25, 26), Brazil (27, 28), India (17, 29), Japan 
(30), Malaysia (31, 32), Turkey (4, 33), Egypt (34) and 
France (35) have been used mandibular radiography and 
CT scan indicators of living people and cadaver to deter-
mine sex. Several indicators are studied in these studies, 
such as gonial or mandibular angle, mandibular length, 
ramus length of mandible, minimum ramus breadth, max-
imum ramus breadth, bigonial breadth, bicondylar 
breadth, symphyseal height and so on.  

Based on the literature review, 3D CT scan indicators of 
mandible bone have not been already used in sex determi-
nation in recent studies conducted in Iran so far. Thus, it is 
necessary to study the mentioned indicators in the Iranian 
population in order to standardize and evaluate their diag-
nostic value. Also, in this study, we have tried to define 
several new indicators in the Iranian population using pre-
vious studies in order to achieve better diagnostic accura-
cy. Therefore, the aim of this study was to determine the 
sex of selected individuals in Tehran according to diag-
nostic factors in a 3D CT scan of the mandible. 

 
Methods 
This was a cross-sectional study. Sample size was cal-

culated by Power Analysis & Sample Size  (PASS)  ver-
sion 15. Based on an alpha error equal to 0.05, the beta 
error equal to 0.2, the null hypothesis equal to 80% (the 
area under the curve (AUC) equal to 80%) and the alterna-
tive hypothesis equal to 90% (AUC equal to 90%), the 
sample size had been estimated 162 (36). However, we 
selected non-randomly 197 3D CT scans files of mandible 
available at the Picture Achieving and Communication 
System (PACS) of hospitals affiliated to Iran University 
of Medical Sciences (IUMS) (Firoozgar Hospital and 7th 
Tir Martyrs Hospital) in 2021 to 2022. Inclusion criteria 
were age > 20 years and clarity of the gender status of the 
CT scan. Exclusion criteria were age <= 20 years and un-
certainty of people's names and surnames. In this study, 
17 indicators were evaluated. These indicators were man-
dibular or gonial angle (G angle), ramus length, minimum 
ramus breadth, maximum ramus breadth, coronoid height, 
mandibular length, bigonial breadth, bicondylar breadth, 

symphyseal height, symphyseal height to mandibular 
length ratio, symphyseal height to ramus length ratio, 
symphyseal height to bicondylar breadth ratio, symphyse-
al height to bigonial breadth ratio, ramus length to bigoni-
al breadth ratio, ramus length to bicondylar breadth ratio, 
bigonial breadth to bicondylar breadth ratio and ramus 
length to mandibular length ratio. Figures 1 to 3 show the 
measured parameters. Also, Table 1 shows the definition 
of the first 9 parameters. A checklist was prepared based 
on the mentioned indicators. These indicators were meas-
ured by an oral and maxillofacial radiologist using PACS 
software.  

We used SPSS version 24 to analyze data.  Frequency 

 
Fig. 1. Ramus length, Body length (Mandibular length), and Man-
dibular angle 

 
Fig. 2. Bigonial breadth, Bicondylar breadth, Symphyseal height  
 

 
Fig. 3. Minimum ramus breadth, Maximum ramus breadth, Coro-
noid height 
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and percentage were reported for qualitative variables; and 
mean and standard deviation (SD) were reported for quan-
titative variables. Normal distribution was tested by Kol-
mogorov–Smirnov test. Independent t-test or its non-
parametric equivalent Mann-Whitney U test, was used to 
compare quantitative variables between two groups. The 
ROC curve (receiver operating characteristic curve) was 
used to evaluate the diagnostic value of each indicator. 
Also, sensitivity and specificity based on the best cut-off 
were reported. The significance level was considered less 
than 0.05.  

This article is the result of the first author's forensic 
medicine residency dissertation, which was approved by 
the Research Ethics Committee of the Faculty of Medicine 
of IUMS (Approval ID: IR.IUMS.FMD.REC.1399.182). 

 
Results 
A total of 197 3D mandibular bone CT scan files from 

the PACS were evaluated. One hundred files belonged to 
women, and the rest belonged to men (Table 2). 

Table 3 presents the mandibular bone indicators by sex.  
There was a significant difference between males and fe-

Table 1. Definition of 9 measured parameters 
Parameter Definition 
Mandibular or gonial angle (G angle) The angle formed by the posterior border of the ramus and the inferior border of the man-

dible body  
Ramus length The direct distance between condylion and gonion 
Minimum ramus breadth The distance between the most posterior point on the anterior border of the ramus to the 

most anterior point on the posterior border of the ramus. 
Maximum ramus breadth The distance between the most anterior point on the mandibular ramus and a line connect-

ing the most posterior point on the condyle. 
Coronoid height The distance between the coronion and the lower wall of the mandibular bone 
Mandibular length The direct distance between gonion and gnathion  
Bigonial breadth The direct distance between right and left gonion 
Bicondylar breadth The direct distance between the two condylion 
Symphyseal height The distance between the infra-dental 

and gnathion 

Table 2. Sex status of 3D mandible bone CT scan file 
 Sex status Frequency Percentage 
Male 97 49.2 
Female 100 51.8 
Total 197 100 
 
Table 3. Mandibular bone indicators by sex 
3 Sex Mean SD P value 
G angle ° Male 120.14 5.97 0.010 

Female 122.06 5.33 
Ramus length (mm) Male 60.81 4.59 <0.001 

Female 54.69 4.14 
Minimum ramus breadth (mm) Male 31.20 3.09 0.001 

Female 29.81 2.48 
Coronoid height (mm) Male 66.89 4.35 <0.001 

Female 60.82 4.30 
Mandibular length (mm) Male 75.41 4.29 <0.001 

Female 71.61 4.59 
Bicondylar breadth (mm) Male 121.93 5.24 <0.001 

Female 115.35 5.13 
Bigonial breadth (mm) Male 96.56 6.18 <0.001 

Female 89.76 4.73 
Maximum ramus breadth (mm) Male 37.41 3.76 <0.001 

Female 35.03 2.89 
Symphyseal height (mm) Male 31.53 4.05 0.001 

Female 30.35 2.43 
Symphyseal height to mandibular length ratio Male .42 .06 0.474 

Female .43 .04 
Symphyseal height to ramus length ratio Male .52 .08 <0.001 

Female .56 .05 
Symphyseal height to bicondylar breadth ratio Male .26 .04 0.282 

Female .26 .02 
Symphyseal height to bigonial breadth ratio Male .33 .05 0.117 

Female .34 .03 
Ramus length to bigonial breadth ratio Male .63 .06 0.008 

Female .61 .05 
Ramus length to bicondylar breadth ratio Male .50 .04 <0.001 

Female .47 .04 
Bigonial breadth to bicondylar breadth ratio Male .79 .06 0.062 

Female .78 .04 
Ramus length to mandibular length ratio Male .81 .08 <0.001 

Female .77 .07 
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males in all indicators except 4 indicators. These 4 indica-
tors were ratios. In all indicators, except G angle, sym-
physeal height to mandibular length ratio, symphyseal 
height to ramus length ratio, symphyseal height to bicon-
dylar breadth ratio and symphyseal height to bigonial 
breadth ratio, the measured values were higher in men.  

To evaluate the diagnostic value of each indicator, we 
used the ROC curve and calculated the area under the 
curve (AUC), sensitivity, specificity and best cut-off. Ta-
ble 4 presents the area under the curve (AUC) and the best 
cut-off for each indicator. Also, Table 5 presents sensitivi-
ty, specificity, positive likelihood ratio (PLR), negative 
likelihood ratio (NLR), positive predictive value (PPV), 
negative predictive value (NPV) and diagnostic accuracy 
(DA) with a 95% confidence interval for each indicator. 

The highest AUC, sensitivity, specificity, diagnostic ac-
curacy, PLR, NLR, PPV, and NPV were related to ramus 
length, symphyseal height to ramus length ratio, bicondy-
lar breadth, ramus length, bicondylar breadth, ramus 

length, bicondylar breadth and ramus length respectively. 
Due to the insignificancy of AUC, best cut-off, sensitivity, 
specificity, PLR, NLR, PPV, NPV and DA were not cal-
culated for symphyseal height to mandibular length ratio, 
symphyseal height to bicondylar breadth ratio, symphyse-
al height to bigonial breadth ratio and bigonial breadth to 
bicondylar breadth ratio. Thus, these indicators did not 
have a good diagnostic value. In all indicators except G 
angle and symphyseal height to ramus length ratio, the 
higher the indicator value from the cut-off point, the more 
likely it is to be a male.  

 
Discussion 
Sex determination plays an important role in the identi-

fication of cadavers. The mandible bone indicators have 
been appropriately used to predict sex in various popula-
tions by using different methods. (4, 17, 24-35, 37) 

The present study showed that mandibular indicators 
were significantly dimorphic between males and females. 

Table 4. The AUC and the best cut-off for each mandibular bone indicator 
Indicator AUC (95% CI) Best cut-off P value 
G angle ° 0.606 (0.526-0.685) 118.35 0.010 
Ramus length (mm) 0.847 (0.791-0.903) 57.025 <0.001 
Minimum ramus breadth (mm) 0.641 (0.563-0.719) 31.68 0.001 
Coronoid height (mm) 0.846 (0.790-0.901) 63.585 <0.001 
Mandibular length (mm) 0.734 (0.664-0.804) 72.755 <0.001 
Bicondylar breadth (mm) 0.826 (0.767-0.886) 120.15 <0.001 
Bigonial breadth (mm) 0.812 (0.753-0.872) 93.615 <0.001 
Maximum ramus breadth (mm) 0.708 (0.635-0.781) 37.235 <0.001 
Symphyseal height (mm) 0.631 (0.552-0.711) 31.225 0.001 
Symphyseal height to mandibular length ratio 0.53 (0.448-0.611) ------------- 0.474 
Symphyseal height to ramus length ratio 0.638 (0.560-0.715) 0.4859 0.001 
Symphyseal height to bicondylar breadth ratio 0.524 (0.442-0.606) --------------- 0.562 
Symphyseal height to bigonial breadth ratio 0.565 (0.483-0.646) --------------- 0.117 
Ramus length to bigonial breadth ratio 0.618 (0.539-0.697) 0.6124 0.004 
Ramus length to bicondylar breadth ratio 0.678 (0.603-0.754) 0.4829 <0.001 
Bigonial breadth to bicondylar breadth ratio 0.555 (0.474-0.637) --------------- 0.18 
Ramus length to mandibular length ratio 0.679 (0.604-0.754) 0.7808 <0.001 
 
Table 5. The sensitivity, specificity, PLR, NLR, PPV, NPV, and diagnostic accuracy (DA) for each mandibular bone indicator 
Indicator Sensitivity 

(95% CI) 
Specificity 
(95% CI) 

PLR (95% 
CI) 

NLR 
(95% CI) 

PPV (95% 
CI) 

NPV (95% CI) DA (95% CI) 

G angle ° 78.00% 
(68.61- 85.67) 

44.33% (34.24- 
54.77) 

1.40 (1.14- 
1.72) 

0.50 (0.32- 
0.76) 

59.13% (54.08- 
63.99) 

66.12% (55.91- 
75.02) 

61.43% (54.25-
68.27) 

Ramus length (mm) 88.66% (80.61- 
94.20) 

73.00 (63.20- 
81.39) 

3.28 (2.36- 
4.57) 

0.16 (0.09- 
0.27) 

76.08% (69.57- 
81.56) 

86.92% (79.00%- 
92.15) 

80.70% (74.49- 
85.97) 

Minimum ramus breadth 
(mm) 

50.52 (40.17- 
60.83) 

81.00 (71.93- 
88.16) 

2.66 (1.70-
4.17) 

0.61 (0.49- 
0.76) 

72.03% (62.15- 
80.15) 

62.83% (57.50- 
67.86) 

66.00% (58.93- 
72.58) 

Coronoid height (mm) 85.57% (76.97-
91.88) 

72.00% (62.13 
80.52) 

3.06 (2.21-
4.23) 

0.20 (0.12- 
0.33) 

74.75% (68.14- 
80.37) 

83.74% (75.76- 
89.46) 

78.67% (72.29- 
84.18) 

Mandibular length (mm) 76.29% (66.58- 
84.34) 

61.62 (51.30- 
71.22) 

1.99 (1.51- 
2.61) 

0.38 (0.26- 
0.57) 

65.81% (59.43- 
71.67) 

72.85% (64.51- 
79.84) 

68.84% (61.85- 
75.24) 

Bicondylar breadth 
(mm) 

71.13% (61.05- 
79.89) 

84.85% (76.24- 
91.26) 

4.69 (2.90- 
7.61) 

0.34 (0.25- 
0.47) 

81.97% (73.72- 
88.05) 

75.22% (68.72- 
80.74) 

78.10% (71.65- 
83.68) 

Bigonial breadth (mm) 71.13% (61.05- 
79.89) 

80.81% (71.66- 
88.03) 

3.71 (2.43- 
5.66) 

0.36 (0.26-
0.50) 

78.21% (70.15- 
84.58) 

74.30% (67.58- 
80.03) 

76.05% (69.45- 
81.84) 

Maximum ramus 
breadth (mm) 

57.29% (46.78- 
67.34) 

81.00% (71.93- 
88.16) 

3.02 (1.94- 
4.68) 

0.53 (0.41- 
0.68) 

74.49% (65.29- 
81.93) 

66.20% (60.39- 
71.55) 

69.34% (62.37- 
75.71) 

Symphyseal height 
(mm) 

58.76% (48.31- 
68.67) 

70.00% (60.02- 
78.76) 

1.96 (1.39- 
2.76) 

0.59 (0.45-
0.77) 

65.48% (57.39- 
72.77) 

63.67% (57.23- 
69.66) 

64.47% (57.36-
71.14) 

Symphyseal height to 
ramus length ratio 

94.00% (87.40- 
97.77) 

34.02% (24.70- 
44.34) 

1.42 (1.22-
1.66) 

0.18 (0.08-
0.40) 

57.98% (54.26- 
61.61) 

85.41% (71.98- 
93.03) 

63.53% (56.39- 
70.26) 

Ramus length to bigoni-
al breadth ratio 

64.95% (54.59- 
74.36) 

58.59% (48.24- 
68.40) 

1.57 (1.19-
2.07) 

0.60 (0.44-
0.82) 

60.30% (53.54- 
66.69) 

63.31% (55.68-
70.33) 

61.72% (54.52- 
68.55) 

Ramus length to bicon-
dylar breadth ratio 

70.10% (59.96- 
78.98) 

63.64% (53.36- 
73.07) 

1.93 (1.44- 
2.58) 

0.47 (0.33-
0.66) 

65.12% (58.25-
71.41) 

68.73% (61.02- 
75.52) 

66.82% (59.75- 
73.36) 

Ramus length to man-
dibular length ratio 

64.95% (54.59- 
74.36) 

66.67% (56.48- 
75.82) 

1.95 (1.42- 
2.67) 

0.53 (0.39- 
0.71) 

65.36% (57.94-
72.10) 

66.26% (59.15-
72.70) 

65.82% (58.72-
72.43) 
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All indicators except 4 indicators showed sex dimorphism. 
These indicators were symphyseal height to mandibular 
length ratio, symphyseal height to bicondylar breadth ra-
tio, symphyseal height to bigonial breadth ratio and big-
onial breadth to bicondylar breadth ratio. Also, except for 
these indicators and the G angle, all other indicators were 
higher in males. The highest AUC, sensitivity and speci-
ficity were related to ramus length, symphyseal height to 
ramus length ratio and bicondylar breadth respectively. 

Mandibular angle could be used to predict sex in this 
study. This finding is consistent with other studies’ find-
ings in the Chinese population (25), Japanese population 
(30), Turkish population (33), and Egyptian population 
(34). However, our finding is inconsistent with İlgüy (4) 
and Gamba studies (28). İlgüy and his colleagues’ study 
reported that there is no significant difference between 
males’ and females’ G angles.(4) Gamba and his col-
leagues’ study showed that male G angle is significantly 
higher than female G angle.(28) These inconsistencies 
could be interpreted by racial differences. 

Ramus length could be a perfect indicator to predict sex 
in this study due to the highest AUC and diagnostic accu-
racy. Fortunately, our finding is consistent with other 
studies performed in different populations. (4, 24, 25, 28, 
31, 33) 

Minimum ramus breadth could be used to predict sex in 
this study. This finding is consistent with studies per-
formed by İlgüy (4), Alias (31), and Inci (33). However, 
our finding is inconsistent with the Gamba’s study (28). 
Gamba and his colleagues’ study reported that minimum 
ramus breadth did not significantly differ between males 
and females. This inconsistency may be interpreted by 
racial differences. 

Coronoid height, as the second rank in AUC and diag-
nostic value, could be a perfect indicator to predict sex in 
this study. Our finding is consistent with the Alias’s study. 
(31) In addition, Mandibular length could be used to pre-
dict sex in this study. Our finding is consistent with stud-
ies performed by İlgüy (4) and Hwang (24). 

   Bicondylar breadth as the third rank in AUC and di-
agnostic value with the highest specificity, could be an-
other perfect indicator to predict sex in this study. Fortu-
nately, our finding is consistent with other studies per-
formed in different populations. (4, 24-26, 28, 30, 31, 34). 
Also, bigonial breadth as the fourth rank in AUC and di-
agnostic value could be another perfect indicator to pre-
dict sex in this study. Fortunately, our finding is consistent 
with other studies performed in different populations. (4, 
24-26, 28, 30, 31, 34) 

Maximum ramus breadth could be used to predict sex in 
this study. Our finding is consistent with studies per-
formed by Dong (25), Alias (31), and Inci (33). Also, 
Symphyseal height can play a role in sex determination. 
This finding is consistent with studies performed by 
Hwang (24) and Alias (31).  

Symphyseal height to mandibular length ratio is not a 
good indicator to predict sex. This finding is consistent 
with Hwang's study (24). However, the symphyseal height 
to ramus length ratio with the highest sensitivity could be 
used to predict sex in our study. This finding is incon-

sistent with Hwang's study maybe due to racial differ-
ences. Hwang and his colleagues’ study reported that this 
indicator did not significantly differ between males and 
females. (24). 

Symphyseal height to bicondylar breadth ratio and sym-
physeal height to bigonial breadth ratio are not good indi-
cators for sex prediction. These findings are consistent 
with Hwang's study (24). 

Ramus length to bigonial breadth ratio could be used to 
predict sex in this study. This finding is inconsistent with 
Hwang's study, maybe due to racial differences. Hwang 
and his colleagues’ study reported that this indicator did 
not significantly differ between males and females. (24) 
Also, the ramus length to bicondylar breadth ratio could 
be used to predict sex in this study. This finding is con-
sistent with Hwang's study (24). 

Bigonial breadth to bicondylar breadth ratio is not a 
good indicator to predict sex. Although this  finding is 
consistent with Deng's study (26); however, it is incon-
sistent with Hwang's study (24). Hwang and his col-
leagues’ study reported that this indicator is significantly 
higher in males. This inconsistency may be interpreted by 
racial differences. 

Finally, the ramus length to mandibular length ratio 
could be used to predict sex in this study. This finding is 
consistent with Hwang's study (24).  

In our study, ramus length with the best diagnostic accu-
racy (80.85%) was the best and most important indicator. 
This finding is consistent with Hwang's study. In the 
Hwang’s study, the best diagnostic accuracy belonged to 
ramus length (82.9%) (24).  

 
Conclusion 
Mandible bone 3D CT scan indicators could be used 

alone to determine sex. Moreover, our findings provide 
important information for forensic medicine specialists to 
predict sex in the Iranian population and could be consid-
ered a primary guideline for sex determination in this 
population. 
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