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MANDIBULAR SEXUAL DIMORPHISM ANALYSIS IN CBCT SCANS IN A 

SYRIAN SAMPLE 

 

ABSTRACT 

Objectives: This study aimed to develop metrical and angular indices to 

predict the sex of unknown skeletonized human remains in Syria using the 

mandibular bone. 

Materials and Methods: The sample consisted of 99 CBCT scans of the 

Syrian population (43 males, 56 females) aged between 18-25 years. The 

collected CBCT images were analyzed on two occasions and by two 

examiners to test the reliability of measurements. Four measurements were 

analyzed to be used for sexual prediction analysis as following: Coronoid-

Gonion length (the distance between Gonion and the highest lateral point on 

the Coronoid process), minimum ramus breadth, Gonial angle, and Bigonial 

width. 

Results: All the aforementioned measurements showed significant statistical 

sex-related differences. The Bigonial width showed the highest difference 

with (P < 0.01 _ mean: 95.17 ± 6.45 mm for males, 86.84 ± 4.81 mm for 

females), followed by the gonial angle (P<0.01_ mean: 127.11º ± 7.87º for 

males, 131.52º ± 6.08º for females). Coronoid-gonion length (P < 0.01 _ 

mean: 58.61 ± 6.78 mm for males, 53.97 ± 5.26 mm for females) and 

minimum ramus breadth (P < 0.01 _ mean: 29.63 ± 2.90 mm for males, 27.89 

± 2.73 mm for females). specificity and sensitivity for the four indices 

derived function were 79 % and 80 % respectively and the diagnostic 

accuracy was 79.6 %. 

Conclusions: The present study suggested that the sex of mandible in Syrian 

population could be assessed using metrical and angular measurements which 

considered as an additional tool for sex identification. 

Key Words: Forensic anthropology, forensic dentistry, mandible, sex 

characteristics. 
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INTRODUCTION 

Sex identification using human remains is 

considered to be an important concern in forensic 

anthropology practice. Sex identification 

considered to be very difficult especially when the 

remains are decomposed or just bones.1, 2 

 Human pelvis bone is considered to be the 

most important bony standards that involve 

remarkable sexual dimorphism, with accuracy up 

to 95 % followed by cranial and long bones with 

approximate 92% accuracy. All previous bones 

will be decomposed or lost due to the big size and 

fragility as postmortem changes.3 The mandibular 

bone is very important as one of the hardest, most 

durable of cranial bones and has more form 

variations according to sex.4 

 3D radiography, such as CBCT and CT scans, 

is used in bone measurements for many medical 

purposes.5,6 Many anatomical landmarks exhibit the 

different features between males and females. In 

general, the mandible size in males is bigger than in 

females, whereas mandibular gonial angle is more 

rounded in females compared with males.7 The 

maximum height and width of ramus increased in 

males more than in females due to differences in 

masticatory muscles efficacy between males and 

females. A systematic review7 has found that 

87.5% of mandibular radiographic studies on 

adults, also 75% of studies on pre-identified dried 

mandibular bones of human remain showed 

significant differences between both sexes and 

referred to the lower jaw importance as an index in 

different races for sex determination.7 

 The forensic studies on Middle East 

populations are very few, although repeated armed 

conflicts in this area and the increased number of 

victims daily, there was a high need to find 

additional sex identifying indices for Syrian 

population-based on mandibular measurements. 

This study aimed to assess four mandibular indices 

for sex identification in the Syrian population 

including minimum breadth of the right ramus, the 

distance between coronoid process peak to gonion 

at a mandibular angle on the right side, right 

mandibular gonial angle, bigonial width. 

 

MATERIALS AND METHODS 

An approval was gained from the Ethics 

Committee at Damascus university to conduct the 

study (Approval ref: 283/2017). 

 This study is a retrospective cross-sectional 

study. 

 107 CBCT scans were randomly collected 

from the department of orthodontics and 

maxillofacial orthopedic at Damascus university. 

The inclusion criteria were patients Aged between 

18-25 years of Syrian origin. CBCTs with the 

flowing cases were excluded: acquired or 

developmental deformation, severe asymmetry, 

old or new mandibular fracture, loss of two or 

more teeth and periodontitis. Finally, just 99 

CBCT radiographs were included in the current 

study (56 females – 43 males).  

 The CBCT images were taken using the same 

CBCT scanner (Planmeca ProMax 3D Mid; 

Planmeca Oy; Helsinki, Finland) with a voxel size 

of 0.3–0.4 mm. 

 OnDemand3D program™ (Cypermed Inc., 

Seoul, Korea) was used to study CBCT images. 

As shown in (Figure 1) and the measurements 

were made on the 3D reconstructions, on the 

lateral view the following points were determined 

Gonion (Go: the most inferior posterior point on 

the mandibular angle), Gnathion (Gn: the most 

lower anterior point on the chin). Condylon (Co: 

the most upper posterior point on the lateral face 

of condyle), Coronoin (Cor: the most upper 

posterior point on the coronoid process). After 

that these measures were taken: The right side 

Gonial angle (Co-Go-Gn), Mr-Br (the minimum 

breadth of the right side ramus between anterior 

and posterior of ramus edges), Cor-Go (the 

distance between Coronoin and gonion points). 

On the axial view, the bigonial width (the distance 

between right and left gonion points) was 

measured as shown in (Figure 1). 
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Figure 1: (a) measurement of the gonial angle 1-2-3 and the distance 

between Co-Go 2-4, (b) measurement of minimum ramus breadth 
and (c) measurement of the distance between right and left gonion 

 All measurements were carried out by two 

observers and on two occasions (the 2nd after two 

weeks of the first occasion). 

Statistical Analysis 

Data analyzed using SPSS software (version 20; 

IBM, Armonk, New York). Data distribution was 

tested with the Kolmogorov-Smirnov test. The 

independent sample t-test was employed to 

explore the differences in Mr-Br, Cor-Go, 

bigonial width and the gonial angle between 

males and females. Discriminant functional 

analysis was used to determine the accuracy of the 

aforementioned measures for sex identification 

purposes. The intraclass correlation coefficient 

ICC values for all variables were ranged from 

94% to 99% and showed a high level of 

agreement and reliability for both interobserver 

and intraobserver measurements. 

RESULTS 

This study was carried out on 99 CBCT scans for 

individuals aged between 18 and 25 years (56 

females, 43 males). Kolmogorov-Smirnov test 

showed that data was normally distributed. The 

independent sample T-test showed that all the 

indices were statistically significant as shown in 

(Table 2).  

Table 1: Descriptive statistics of the Syrian sample including males and females.  

Variable N Minimum Maximum Range Mean SD 

MinRamBreadth 99 21.60 35.50 13.90 28.65 2.92 

Gonial Angle 99 103.30 149.50 46.20 129.60 7.22 

Co – Go 95 41.20 70.10 28.90 56.07 6.40 

BiGonial width 99 76.65 108.10 31.45 90.46 6.93 
MinRamBreadth: minimum ramus breadth. 

Co-Go; cordonion-gonion distance  

 

Table 2: T-test for comparison between males and females for all indices, * significant difference. 

MinRamBreadth: minimum ramus breadth. 
Co-Go: cordonion-gonion distance. 

* significant difference 

The most significant index between males and 

females was the bigonial distance (mean; 95.17 

mm for males, 86.84 mm for females), followed 

by Gonial angle and Co-Go distance. Since all 

variables showed significant differences between 

males and females, all data subjected to 

discriminant functional analysis. the following 

function was derived:  

D = -8.535 + 0.042 Mr-Br -0.053 gonial Angle – 

0.01 Co-Go + 0.162 bigonial width  

 If D score was less than zero, then this 

indicates female, and if it was above zero, this 

indicates male, with males and females centroids, 

Variabel Sex N Mean SD P-value Mean difference 
95% confidence interval of 

difference 

MinRamBreadth 
Male 43 29.63 2.90 

0.003* 1.73 0.60 2.86 
Female 56 27.89 2.73 

Gonial Angle 
Male 43 127.11 7.87 

0.002* -4.40 -7.19 -1.62 
Female 56 131.52 6.08 

Co – Go 
Male 43 58.61 6.78 

<0.001* 4.63 2.18 7.09 
Female 52 53.97 5.26 

BiGonial width 
Male 43 95.17 6.45 

<0.001* 8.32 6.08 10.57 
Female 56 86.84 4.81 
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are 0.864 and -0.715 respectively. On the other 

hand, specificity and sensitivity of the last 

function were 79% and 80% respectively and the 

diagnostic accuracy was 79.6%. 

DISCUSSION 

Sex identification methodology of skeletal 

remains involves many ways which can differ 

between males and females. Many methods are 

based on the form description of the studied 

bones, which often influenced by subjective 

opinions and this decreases its accuracy, also 

reliability that varies among examiners.8 

Therefore, the metric measurements of the 

skeletal features are considered to be more reliable 

for identification processes. 

 Several factors must be taken into 

consideration before determining the significance 

of a feature to be accepted as an index for sex 

identification. The morphological structure of this 

characteristic should reflect a sex-related form, 

and also must be able to resist decomposition for a 

long period.9 

 Al-Shamout et al.10 reported that many 

mandibular features change over time. The gonial 

angle of mandibular bone was one of the most 

affected features because of changes in the 

masticatory forces due to lack of effectiveness of 

mastoid muscles with aging, which directly affect 

the muscular activity causing remodeling of the 

lower jawbone. In contrast, De Oliveira et al.11 

found that mandibular radiographic cephalometric 

indices were unable to predict sex under the age 

of 16 years. Therefore mandible (Lower jaw bone) 

was adopted in our study, and young ages were 

chosen for the sample, because this is useful in the 

case of unidentified corpses resulting from the 

armed conflict, especially in Syria, and because 

the bones of elderly people may change its 

morphology due to Muscular function or 

osteoporosis.10 

 The results of this study were similar to De 

Oliveira Gamba et al.12 results, Which was 

conducted on  160 CBCT images of  Brazilian 

society ages between 18 to 60 years.  Our results 

were also agreed with those of Kharoshah et al.13 

study which performed on Egyptian society, and 

their results showed that the possibility of 

determining the sex accurately reached 83.9 % 

compared to 79.6 % in the current study.  The 

accuracy of mandible index in Syrians resulted in 

this study is about 79.6% which is close to 81.5% 

that resulted in Steyn & Iscan study14 which 

considered a standard norm in South African 

Whites.8 Despite the results of this study are 

similar to many studies in the medical literature,15-

18 it disagrees with Ayoub et al.19 that conducted 

on the Lebanese society, which is ethnically 

similar to Syrian society. Ayoub et al. showed that 

Gonial angle did not have significant statistical 

differences between males and females. This 

difference might be due to using lateral 

cephalometric radiographs in the Lebanese study, 

that do not show an obvious difference between 

left and right sides and may cause a confusing 

when determining anterior and posterior borders 

of the ramus and the body of mandible compared 

with CBCT images which used in this study. The 

bigonial distance showed the highest difference 

between males and females, with an average 

distance in males was 95.2 mm and in females 

was 86.8 mm. In contrast, this index showed 

higher accuracy in Indian society with an average 

distance of 103.5 mm for males and 78 mm for 

females,18 and it reached 101.17 mm in males and 

93.97 mm in females in Greek society.20 These 

differences might be a result of ethnic differences 

between communities. 

 The small sample size in our study is 

considered to be as a limitation, therefore, an 

extended study must be carried out in future with 

different age groups and greater numbers of 

individuals. 

CONCLUSIONS 

The present study suggested that the sex of 

mandible in the Syrian population might be 

assessed by using metrical parameters as an 

additional tool to establish the identity of a 

person. However, the results of this study should 

be confirmed in a different sample of Syrian 

society. 
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