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INTRODUCTION  

dentification of skeletal remains is crucial 

for forensic anthropologists particularly in 

cases of mass disaster and high intensity 

explosions (Blau et al., 2021). Sexual 

dimorphism is one of the major criteria of 

person identification and represents a set of 

morphologic traits which differentiate 

between males from females (Pokala et al., 

2023).  In cadavers with severe degree of 

decomposition, burns or disfigurement, 

identification from tissue typing and 

Deoxyribonucleic acid (DNA) profiling turns 

into a major challenge, and in these 

circumstances, bone turns into a more 

trustworthy tool for identification (Nugroho, 

2022). The pelvic bones and skull are 

considered the most significant indications of 

sexual dimorphism (Kurniawan et al., 2023).   

Although osseous structures of the skull like 

foramen magnum, frontal and maxillary 

sinuses, have been used to determine gender, 

there is less likelihood of these structures 

being preserved after death (Küchler et al., 

2024).  

The mandible is a (U) shaped bone, which is 

the only movable bone in the skull. It has 

three main parts, the body, the two rami and 

the process. It shows morphological changes 

related to size and remodeling during human 

growth. It has been found that there is a 

strong correlation between the chronological 

age and mandible morphology, especially that 

of the ramus. Additionally, ancestry 

and genetic factors are believed to modify 

bone age validation for chronological age 

determination (Okiriamu et al., 2023).  

I 

ABSTRACT 

Background: Sexual dimorphism is crucial for person identification, distinguishing males 

from females. The mandible, the most dimorphic skull bone, is easily imagined using Cone 

Beam Computed Tomography (CBCT). Skeletal structures vary among populations, requiring 

specific standards for accuracy. Aim of the work: To provide a reliable method and accurate 

determination for sex identification. Subjects and methods: The study comprised 260 full 

skull CBCT radiographs, it was carried out in Oral Radiology Department at Faculty of 

Dentistry in Suez Canal University (SCU), twelve parameters were measured, maximum 

ramus length (Max. RL), mandibular base length (MBL), gonial angle (GA), body height at 

mental foramen (BHMF), maximum ramus breadth (Max. RB), minimum ramus breadth 

(Min. RB), mandibular notch breadth (MNB), mandibular length projection (MLP), bi- 

coronoid breadth (BCB), bi- mental length (BML), bi- gonial breadth (BGB) and bi- condylar 

breadth (BCoB). Results:  Males were significantly larger in all measurements except for the 

gonial angle which was larger in females. Using receiver operating characteristics (ROC) 

analysis, BGB followed by BCB and BCoB provided sex discrimination accuracy of 76.16% 

and 73.46% respectively. 90% of the males and 89.2% of the females were properly identified 

by the binary logistic regression (BLR) model, yielding an overall classification accuracy of 

89.6%. The regression formula yielded an accuracy of 89.23%, specificity of 88.46% and 

sensitivity of 90%. Conclusion and recommendations: Mandible measurements can be used 

to correctly detect a person's sex, and it is an excellent bone for forensic examination. 
Keywords: Sex, mandibular bone, Cone Beam Computed Tomography, bi-gonial breadth,                             

bi-coronoid breadth, gonial angle. 
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The mandible is essential for determining sex 

in both living and deceased individuals and 

can do so with a high degree of accuracy 

because of its high degree of sexual 

dimorphism in terms of size and shape (Liu et 

al., 2018; Baghdadi and Pani, 2012). Due to 

the ease of imaging of the mandible, this bone 

is considered as an important tool in 

identification through radiology (Hussein et 

al., 2023). The bone thickness and size of the 

female skeleton are smaller than those of the 

male attributed to sex, nutrition, and physical 

activity. Due to the fact that males and 

females' masticatory forces differ, mandibular 

dimorphism is shown to be influenced by the 

relative development of the masticatory 

muscles, including their size, strength, and 

angulation (Van der wel et al., 2023).   

The most prevalent sex estimation techniques 

fall into one of two categories: metric or 

morphologic, while metric approaches offer a 

higher level of accuracy (Bulut et al., 2019; 

Cappella et al., 2020). Sexual dimorphism 

varies by population, the model that has been 

proven to work for one population may not 

work for another and it essential to study 

population-specific characteristics (Jerković 

et al., 2023; Dakhli and El-Dahab, 2020).  

In order to develop models and equations that 

help with sex identification using osteometric 

measures, many statistical techniques, such as 

binary logistic regression (BLR) and 

discriminant function analysis (DFA) can be 

used (Hamdan et al., 2023).  

However, because sexual dimorphism varies 

by population, the model that has been proven 

to work for one population may not work for 

another (Jerković et al., 2023).CBCT is a 

recent introduced three-dimensional (3D) 

imaging method that offers quick scan 

durations, high- resolution pictures, bone 

quality assessment, minimal nerve damage, 

non-intrusive equipment, a single scan for all 

purposes, and a dosage reduction that is 96% 

less than that of traditional Computed 

Tomography (CT) (Issrani et al., 2022). 

Moreover, the introduction of CBCT imaging 

in the management of patients has been more 

accurate in osteometric analysis. So, sexual 

dimorphism by using CBCT images have 

some advantages more than conventional 

osteometric methods (Köse and Bulut, 2022).  

THE AIM OF THE WORK 

The current study aimed to assess the 

reliability of sex identification using CBCT, 

assessing the mandibular measurements 

differences between both sex in a sample of 

Egyptian population and to develop a formula 

with potential dimorphic variables utilizing 

measurements of anatomic mandibular 

landmarks on CBCT images. 

SUBJECTS AND METHODS 

The sample size was calculated using the 

following formula:   

 [
(         )  

     
]
 

(Dawson and Trapp, 2004) 

Where:                                                              

n= is sample size required. Z α/2 = 1.96 (The 

critical value that divides the central 95% of 

the Z distribution from the 5% in the tail). Zβ 

= 0.84 (The critical value that separates the 

lower 20% of the Z distribution from the 

upper 80%). σ = 4.3 (The estimate of the 

standard deviation) (Albalawi et al., 2019). 

µ1= 47.7 (Mean linear distance from the right 

gonion to left gonion among males) (Albalawi 

et al., 2019). µ2 = 46.6 (Mean linear distance 

from the right gonion to left gonion among 

females) (Albalawi et al., 2019). According to 

the previous calculations, 260 radiographs of 

patients were required. Simple random 

sampling was used from archived radiographs 

of patients attending the Oral Radiology 

Department, Faculty of Dentistry, SCU, with 

full complement of teeth in mandible (except 

to wisdom tooth), radiographs with any bony 

lesions leading to variation in morphology of 

mandible as fracture or malunion of the 

mandible, bone diseases, previous orthodontic 

treatment, orthognathic surgery, severe 

developmental anomalies or massive head 

trauma or surgery were excluded from the 

previous archived patients records as they 

may affect in the results. The archived 

radiographs of patients were divided into two 

groups (males and females). The sample was 

chosen randomly equally from each group   

(n= 130 for each group) aged from 18 to 50 

years old as females older than 50 years 

undergo physiological changes as osteopenia 

which will affect the mandibular 

measurements, All archived radiographs of 

patients were scanned with full skull CBCT 

for various purposes using scanora 3dx 
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(scanora 3dx, soredex, Finland). Field of 

view fixed for all images included in the 

present study for standardization at 240×165 

mm used standard resolution mode. The 

operating parameters were 90 kVp, 10 mA 

and the effective exposure time was about 3.2 

seconds. The voxel size was 0.5 mm using a 

flat panel detector. The radiographs were 

coded and presented to two independent 

observers.The CBCT measurements were 

achieved using on demand 3D application 

software (on demand cybermed. co., Seoul, 

Korea), with the distance and angle 

measurement tools.  

 

 

The cases were opened on Lenovo (laptop-

4159oqkr) personal computer, then each case 

was opened by using DVR, then 3D views, 

for lengths, a ruler was used, and 

measurements were recorded in millimeters, 

angle was used, and was recorded in angles. 

Twelve parameters were measured (Table 1), 

Max. RL, MBL, GA, BHMF, Max. RB, Min. 

RB, MNB and MLP were measured from 

lateral view, BCB and BML from anterior 

view, BGB and BCOB from basal view 

(Figures 1, 2 and 3 respectively). 

 

 

 

 

Table (1): list of mandibular measurements and definitions. 
 The  measurement   Definition 

Minimum ramus breadth (Min. RB) The mandibular ramus's minimal breadth measured perpendicular to its height 

(Elsayed et al., 2021) 

Maximum ramus breadth (Max. RB) The mandibular ramus's maximal breadth measured perpendicular to the ramus's 

height (Elsayed et al., 2021) 

Maximum ramus length (Max. RL) The distance from gonion to the highest point on the mandibular condyle (Motawei 

et al., 2020) 

Mandibular base length (MBL) The distance between gonion to ganathion (El- sherbiny et al., 2019) 

Gonial angle (GA) Intersection between the line representing ramus length and the line representing 

the mandibular base (Kharoshah et al., 2010) 

Bi- gonial breadth (BGB) Linear distance between right and left gonion (İlgüy et al., 2014) 

Bi- condylar breadth (BCOB) Linear distance between right and left condylion (Abd Elsalam et al., 2019)  

Bi- coronoid breadth (BCB) Distance between the highest points of the mandibular coronoid processes (Abd 

Elsalam et al., 2019) 

Bi- mental length (BML) Linear distance between right and left mental foramen (Abd Elsalam et al., 2019) 

Body height at mental foramen (BHMF) Distance from the alveolar process to the inferior border of the mandible at the 

level of the mental foramen  (Abd Elsalam et al., 2019) 

Mandibular notch breadth (MNB) Distance between the superior point of the condylar process and the superior point 

of the coronoid process (Lopez et al., 2017) 

Mandibular length Projection (MLP) The Distance measured from pogonion to the perpendicular line that tangent the 

posterior part of the condylar processes (Lopez et al., 2017) 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (1): Lateral view full skull CBCT, a: Max. RL, maximum ramus length; GA, gonial angle; MBL: 

mandibular base length. b: Max. RB, maximum ramus breadth; Min. RB, minimum ramus breadth; 

MLP, mandibular length projection; BHMF, body height at mental foramen. c: MNB, mandibular notch 

breadth. 
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Figure (2): Basal view of full skull CBCT shows BGB, bi- gonial breadth; BCOB, bi- condylar breadth. 

 

 

 

 

 

 

 

 

 

 

 
Figure (3): Anterior view of full skull CBCT, a: BML, bi- mental length, b: BCB, bi- coronoid breadth. 

 

 

Statistical Analysis: SPSS version 25 (IBM 

Corporation, Chicago, USA) was used to 

analyze the data. The intra-observer reliability 

was evaluated using the Intraclass Correlation 

Coefficient (ICC) test. Mean and standard 

deviation (SD) were derived from the data. 

For parametric variables, the student t-test 

was used to determine the difference between 

the means of males and females’ 

measurements. Using the ROC curve, sex was 

predicted based on the mandibular data that 

were measured.  A sex prediction model was 

created using BLR analysis. A ROC curve 

was used to determine the resulting BLR 

formula's sensitivity, specificity and accuracy. 

Ethical considerations: Approval from the 

research ethical committee, Faculty of 

Medicine, SCU (Reference number: 5102) 

was obtained before starting the study. 

Administrative approval from the department 

council of Oral Radiology Department of 

Faculty of Dentistry, SCU was obtained 

before starting the study. All data were 

considered confidential and anonymously 

conducted, and all samples were used in 

research only.  

 

 

The informed consent was waved as the study 

population was the archived radiographs of 

patients came to Oral Radiology Department 

of SCU Dentistry Hospital and performed full 

skull CBCT for any purpose. 

RESULTS 
The level of inter- and intra-observer error 

was acceptable with mostly excellent 

reliability. Table (2) showed that all mean 

values of the measurements were larger in 

males than in females except for GA mean 

was larger among females. The results 

showed that the mean values of the 

measurements of GA in females (123.3±5.27) 

were significantly greater than those in males 

(118.7±4.27), and the Max. RL mean values 

were significantly greater in males 

(62.28±6.39) than in females (55.0±5.38), and 

MBL mean values were greater in males 

(73.33±3.38) than in females (71.59±3.35), 

also the mean values of the measurements of 

BHMF in males (29.72±2.39) were 

significantly greater than in females 

(28.54±2.0), and the MNB mean values in 

males (33.06±4.87) were greater than in 

females (29.01±3.62), and the Max. RB mean 

a b 
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values were significantly greater in males 

(41.12±5.17) than in females (38.83±3.05), 

and the Min. RB mean values in males (31.49 

± 3.32) were greater than in females 

(29.32±2.72), also the mean values of MLP 

were significantly greater in males 

(81.18±6.89) than in females (78.89±7.38), 

and  the BGB mean values in males 

(95.51±7.26) were significantly greater than 

in those of females (85.73±6.26), the BCOB 

mean values of males (113.1±4.52) were 

greater than those in females (107.2±5.78), in 

addition the BCB mean values of males 

(95.66±4.43) were significantly greater than 

those in females (90.29 ± 4.38), and the BML 

mean values in males (48.42±2.47) were 

significantly greater than  in females 

(46.25±2.88).  

Table (3) describes the ROC curve analysis 

of the examined mandibular measures. ROC 

analysis shows the area under curve (AUC), 

best cut- off point values, sensitivity, 

specificity, and accuracy for all twelve 

studied measurements.      AUC assesses how 

well a parameter can accurately distinguish 

between two groups (males and females). 

Max. RL, BGB, and BCB were shown to 

have the highest AUC which was interpreted 

as a good result (0.8≤AUC). The GA, MNB, 

BCOB and BML parameters were interpreted 

as fair result (0.7≤AUC). MBL, BHMF, Max. 

RB, Min. RB and MLP were interpreted as 

poor result (0.6 ≤ AUC).     Cut off point of 

values typically divides the continuous results 

into categories like male or female. Male 

subjects were considered to have values more 

than the cut-off values for each variable 

except for GA. Female subjects were 

considered to have values equal to or less than 

the cut-off values except for GA. The highest 

sensitivity was for BGB (80%), the highest 

specificity for BGB was (72.31%) and the 

highest accuracy value for BGB was 

(76.16%) at a cut-off value of (˃88.8 mm). 

The lowest sensitivity was for Max. RB and 

Min. RB (61.54%) at a cut value of 

(>39.4mm and >29.6mm respectively), the 

lowest specificity was for Min. RB (50%) at a 

cut value of (> 29.6mm) and the lowest 

accuracy was for Min. RB (55.7%) at a cut 

value of (> 29.6mm). 

Table (4) shows simple logistic regression 

analysis of the mandibular measurements 

using the BLR formula. It includes the odds 

ratio (OR) for each variable, the regression 

beta coefficient (β), and the p-value based on 

the Wald statistic to assess the significance of 

each independent variable's individual logistic 

regression coefficient. Each of the analyzed 

mandibular measurements exhibited a 

statistically significant value when applied 

separately in a regression model. After the 

variables were entered into a backward 

stepwise regression.         

Table (5) displays the best-fit model, only 

GA (OR= 0.774), Max. RL (OR= 1.216), 

MNB (OR= 1.229), Max. RB (OR= 0.707), 

BGB (OR= 1.205) and BCB (OR= 1.436) 

were selected in the analysis as GA, Max. RL, 

MNB, Max. RB, BGB and BCB had high 

statistically significance (p<0.001). The six 

variables (GA, Max. RL, MNB, Max. RB, 

BGB and BCB) were incorporated into the 

final equation that presented as follow: 

P(sex)= 

 
 

           )                  )            )                )

           )             )        
 

 

The formula will most likely predict a female 

sex when the estimated result is less than 0.5, 

and a male sex when the anticipated result is 

greater than or equal to 0.5. 

Table (6) shows the accuracy of the model 

which tested those results. The resultant BLR 

model that includes the six independent 

variables (GA, Max. RL, MNB, Max. RB, 

BGB and BCB) was able to correctly classify 

116 female subjects (116/130) as true females 

(89.2% of female cases). The model also was 

able to correctly classify 117 male (117/130) 

subjects as true males (90% of male cases). 

The overall accuracy to correct classification 

of gender was (89.6%).        

Table (7) and figure (4) show the ROC curve 

which is used to evaluate the accuracy of the 

BLR model's resultant formula, AUC was 

interpreted as an excellent result (0.9 ≤ AUC). 

with an accuracy value of 89.23% at a cut-off 

point (0.5).   

Figures (5 and 6) show different images of 

female and male cases with their 

measurements. 
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Table (2): Descriptive statistics and comparison of mandibular measurements between both 

genders. 

n: number of each group    SD: standard deviation   *: statistically significant (p<0.05) 

 **: high statistically significant (p<0.001)                ǂ: student’s t-test 

GA: gonial angle Max. RL: maximum ramus length  BML: bi- mental breadth 

BHMF: body height at mental foramen MNB: mandibular notch breadth BGB: bi- gonial breadth 
Min. RB: minimum ramus breadth MLP: mandibular length projection BCB: bi- coronoid breadth 

MBL: mandibular base length BCOB: bi- condylar breadth Max. RB: maximum ramus breadth 

 

Table (3): Receiver Operating Characteristics analysis results of mandibular measurements 

for sex prediction. 
Measurements 

(mm& degree) 

AUC Standard  

error 

P-value Cut-off 

(mm & degree) 

Sensitivity  

(%) 

Specificity  

(%) 

Accuracy  

(%) 

GA 0.740 0.030 <0.001** ≤121.9 73.08 59.23 66.16 

Max. RL 0.815 0.027 <0.001** >57.8 73.85 70 71.93 

MBL 0.652 0.034 <0.001** >72.2 64.62 60.77 62.70 

BHMF 0.663 0.034 <0.001** >29.2 63.85 60 61.93 

MNB 0.746 0.030 <0.001** >29.3 75.38 60 67.69 

Max. RB 0.641 0.035 <0.001** >39.4 61.54 55.38 58.46 

Min. RB 0.678 0.034 <0.001** >29.6 61.54 50.0 55.77 

MLP 0.672 0.034 <0.001** >80.8 70.77 60 63.9 

BGB 0.845 0.023 <0.001** >88.8 80.0 72. 31 76.16 

BCOB 0.769 0.029 <0.001** >109.7 76.92 58.46 73.46 

BCB 0.803 0.027 <0.001** >91.9 76.92 70 73.46 

BML 0.738 0.031 <0.001** >47.5 71.54 58.46 65.0 

AUC: area under curve        **: high statistically significant (p<0.001) 

 

Table (4): Simple logistic regression analysis of each mandibular measurements for sex 

prediction. 
Measurement  ß p-value Odds ratio 95% CI 

GA -0.212 <0.001** 0.809 0.758– 0.864 

Max. RL 0.244 <0.001** 1.277 1.196 – 1.362 

MBL 0.154 <0.001** 1.167 1.080 – 1.260 

BHMF 0.250 <0.001** 1.284 1.137 – 1.450 

MNB 0.219 <0.001** 1.245 1.163 – 1.333 

Max. RB 0.127 <0.001** 1.136 1.068 – 1.207 

Min. RB 0.230 <0.001** 1.259 1.154 – 1.373 

MLP 0.045 0.011* 1.046 1.010 – 1.083 

BGB 0.195 <0.001** 1.215 1.160 – 1.274 

BCOB 0.215 <0.001** 1.240 1.168 – 1.316 

BCB 0.281 <0.001** 1.325 1.228 – 1.429 

BML 0.313 <0.001** 1.367 1.225 – 1.527 

  ß: Beta coefficient CI: confidence interval    *: Statistically significant (p<0.05) **:  Highly statistically significant (p<0.001) 
GA: gonial angle Max. RL: maximum ramus length  BML: bi- mental breadth 

BHMF: body height at mental foramen MNB: mandibular notch breadth BGB: bi- gonial breadth 

Min. RB: minimum ramus breadth MLP: mandibular length projection BCB: bi- coronoid breadth 
MBL: mandibular base length BCOB: bi- condylar breadth Max. RB: maximum ramus breadth 

Measurements Male (n=130) Female (n=130) p-value 

Mean ± SD Mean ± SD 

GA (degree) 118.7 ± 4.27 123.3 ± 5.27 < 0.001 ǂ** 

Max. RL (mm) 62.28 ± 6.39 55.0 ± 5.38 < 0.001 ǂ** 

MBL (mm) 73.33 ± 3.38 71.59 ± 3.35 < 0.001 ǂ** 

BHMF (mm) 29.72 ± 2.39 28.54 ± 2.0 < 0.001 ǂ** 

MNB (mm) 33.06 ± 4.87 29.01 ± 3.62 < 0.001 ǂ** 

Max. RB (mm) 41.12 ± 5.17 38.83 ± 3.05 < 0.001 ǂ** 

Min. RB (mm) 31.49 ± 3.32 29.32 ± 2.72 < 0.001 ǂ** 

MLP (mm) 81.18 ± 6.89 78.89 ± 7.38 0.01 ǂ* 

BGB (mm) 95.51 ± 7.26 85.73 ± 6.26 < 0.001 ǂ** 

BCOB (mm) 113.1 ± 4.52 107.2 ± 5.78 < 0.001 ǂ** 

BCB (mm) 95.66 ± 4.43 90.29 ± 4.38 < 0.001 ǂ** 

BML (mm) 48.42 ± 2.47 46.25 ± 2.88 < 0.001 ǂ** 

GA: gonial angle Max. RL: maximum ramus length  BML: bi- mental breadth 

BHMF: body height at mental foramen MNB: mandibular notch breadth BGB: bi- gonial breadth 
Min. RB: minimum ramus breadth MLP: mandibular length projection BCB: bi- coronoid breadth 

MBL: mandibular base length BCOB: bi- condylar breadth Max. RB: maximum ramus breadth 
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Table (5): Best- fit multiple logistic regression analysis of the mandibular measurements for 

sex prediction. 
Measurement   ß p-value Odds ratio  95% CI 

GA -0.257 <0.001** 0.774 0.674 - 0.888 

Max. RL 0.195 <0.001** 1.216 1.095 - 1.349 

MNB 0.206 <0.001** 1.229 1.063 - 1.421 

Max. RB -0.205 <0.001** 0.814 0.707 - 0.939 

BGB 0.187 <0.001** 1.205 1.101 - 1.318 

BCB 0.362 <0.001** 1.436 1.249 - 1.651 

Constant -29.030 0.015* 0.0 - 

ß: Beta coefficient      CI: confidence interval         *: Statistically significant (p<0.05) 
**: Highly statistically significant (p<0.001)            
GA: gonial angle BCB: bi- coronoid breadth MNB: mandibular notch breadth 

BGB: bi- gonial breadth Max. RL; maximum ramus length Max. RB: maximum ramus breadth 
 

 

Table (6): Accuracy of multiple logistic regression model using mandibular measurements for 

sex prediction. 
Observed Predicted 

Sex Percentage correct (%) 

Female Male 

Sex    

Female (n= 130) 116 14 89.2 

Male (n= 130) 13 117 90.0 

Overall percentage 89.6 

          n: total number of each group 

 

Table (7): The accuracy of the resultant formula of binary logistic regression model using 

mandibular measurements for sex prediction. 
Statistic AUC Standard 

error 

p-value Cut-off  Sensitivity 

     (%)  

Specificity 

     (%) 

Accuracy 

     (%) 

Mandibular 

measurements 

0.969 0.008 <0.001** 0.5 90 88.46 89.23 

AUC: Area under the curve      **: Highly statistically significant (p<0.001) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (4): Receiver Operating Characteristics curve for Binary logistic regression model formula using 

mandibular measurements for sex prediction. 
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Figure (5): Full skull CBCT images of male case showing the following values, 
GA: 114.3ْ BGB: 100.7 mm MBL: 76.7 mm Max. RL: 64.2 mm 

BHMF: 29.7 mm BCB: 90.5 mm MLP: 81.6 mm Max. RB: 45.7 mm 

BML: 48.7 mm BCOB: 111.7 mm MNB: 35 mm Min. RB: 35.3 mm  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (6): Full skull CBCT images of female case showing the following values, 
   GA: 132.5ْ BGB: 86.9 mm MBL: 71 mm Max. RL: 44.2 mm 

  BHMF: 27.5 mm BCB: 91.5 mm MLP: 64.8 mm Max. RB: 34.6 mm 

  BML:38.9 mm BCOB: 103.1 mm MNB:25.9 mm Min. RB: 26.2 mm 
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DISCUSSION 

One of the most important steps in proving 

the identity of the deceased is determining 

biological sex via anthropological study of 

human skeletal remains (Techataweewan et 

al., 2021). Researchers have utilized both dry 

bone and digital radiography techniques for 

sexual dimorphism (Ostovar Rad et al., 

2020). The mandible is the largest and 

toughest facial bone, which is important for 

sexual dimorphism since it can resist harsh 

environmental circumstances (Senol et al., 

2022).  CBCT is regarded as a trustworthy, 

efficient, and relatively easy approach that has 

been utilized in sex identification (Jurić and 

Matijaš, 2023).  

In the present study, all measurements 

between both genders were high statistically 

differences and can be used in estimation of 

sexual dimorphism. The mean of all 

measurements was higher in males than in 

females while GA mean was larger among 

females. Abd Elsalam et al. (2019) study was 

in agreement with the current study as, the 

mean values of the measurements of BGB, 

BCB, BCOB and BHMF showed significantly 

higher values in males than in females and the 

mean value of GA showed significant higher 

values in females than in males. These results 

were in accordance with Okkesim and 

Erhamza, (2020) study which conducted to 

measure the morphometric characteristics of 

the 3D mandible models in the Turkish 

population and to assess the efficacy of 

measurements in determining gender and 

reported that the mean values of Max. RB and 

Min. RB were larger in males than females 

and showed high statistically significantly 

difference between both groups. The present 

study was in agreement with a Japanese study 

as, the mean values of all parameters (BGB, 

BCB, BCOB, BHMF, Min. RB and Max. RH) 

except for GA were statistically significantly 

larger in males (Ostovar Rad et al., 2020). 

Gillet et al., (2020) results revealed that mean 

values of BGB, BCB and ramus height (equal 

to Max. RL) were highly significant in males, 

these results were in accordance with the 

current study, and it showed that the mean 

values of GA had no significant difference 

between the two groups which opposes the 

present study. A recent study conducted in 

Turkey, males had statistically larger mean 

values of BGB, BCB, Max. RB, Min. RB and 

length of the body (equal to MBL) 

measurements than females, females had 

statically larger mean value of mandibular 

angle (equal to GA) than males, which comes 

in agreement with the results of the present 

study. The mean value of the height of 

mandibular body (equal to BHMF) had no 

statistical significance between two genders 

that oppose the current study (Kavak et al., 

2023).  

The current results are in a difference with an 

Indian study that showed the mean values of 

MBL, Max. RH and BGB were statistically 

significant larger in males than females and it 

agrees with the current study. But it disagrees 

with GA, BCB and Min. RB which had not 

statistically significance difference between 

two groups and higher in males (Rao et al., 

2021). A recent study revealed that Max. RB 

showed highly significantly difference 

between mean values of both groups and 

being largely in males than females that 

comes in agreement with the current study. 

However, it disagrees with the current study 

in that the mean values of Min. RB were 

larger in males but not statistically significant 

(Ingaleshwar et al., 2023).  

In India, a digital orthopantomography study 

was conducted on 40 males and 40 females 

between ages 18 to 50 years old. Five 

parameters were measured. It revealed that 

the mean value of projective height of ramus 

(equal to MLP) had statically significant 

difference between both genders and larger in 

males (p < 0.05). Max. RB and Min. RB 

mean values were not significantly difference 

and larger in male which disagree with the 

current study (Chalkoo et al., 2019). The 

males bone longer and broader than female 

ones, Testosterone is the major gonadal 

androgen in males, it promotes bone growth 

and inhibits bone loss (Callewaert et al., 

2010), and estrogen increase results in 

epiphyseal fusion and the termination of 

longitudinal growth and reduces osteoclast 

activity and enhances osteoclast apoptosis 

(Sabag et al., 2019).  

The effect of masticatory power on the 

morphology of mandibular ramus on the 

mandibular base is greatly make the 
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difference in GA between two genders, the 

female GA (with low masticatory muscles 

power) is more obtuse than male GA (with 

powerful mastication muscles which make 

traction power on the mandibular ramus 

toward the mandibular base) (Albalawi et al., 

2019).                  

(ROC) curves were created for a direct 

comparison of the sex prediction of each 

measurement. The present study showed that 

all measurements had a high degree of 

diagnostic value for discriminating sex 

(0.5<AUC<1.0). The parameter with the 

highest diagnostic accuracy for discriminating 

sex was BGB (76.16%) followed by BCB and 

BCOB (73.46%) and Max. RL (71.93%). 

Dong et al. (2015) study reported that the 

BCOB and maximum ramus height (equal to 

Max. RL) had the highest accuracy rates of 

78.3 % and 76.8%, respectively by using 

univariate Discriminant Functional Analysis, 

which were slightly higher than those of the 

current study (73.64% and 71.93%, 

respectively). However, the accuracy rate of 

BGB and GA in the aforementioned study 

were 71.4% and 61.1% respectively which 

were lower than the accuracy rate of BGB and 

GA in the present study (76.16% and 

66.16%).  

Dabaghi and Bagheri. (2020) results 

revealed that the parameter with the highest 

accuracy using the ROC curve was ramus 

height (equal to Max. RL) with accuracy of 

84.6% which is higher than the current study 

(71.93%) followed by BHMF of accuracy 

83.8% which is higher than the current study 

(61.93%) and BCOB with the same accuracy 

rate of 73.5% to the present study (73.46%). 

Additionally, Alias et al. (2018) in Malysia 

employed univariate Discriminant Function 

Analysis and reported that the BGB provided 

the highest prediction rate of 78.5% which 

can be considered close to the BGB result of 

the present study (76.16%) where the BGB 

provided the highest prediction rate. In the 

current study, a model for sex prediction 

based on mandibular measures was created 

using BLR. The prediction of sex using the 

BLR model, based on GA, Max. RL, MNB, 

Max. RB, BGB and BCB which had high 

statistically significance in backward stepwise 

regression analysis. The prediction model 

could correctly classify 90% of males and 

89.2% of females with an overall accuracy of 

89.6%. Finally, the accuracy of the resultant 

formula from the BLR model was tested 

using ROC curve. The formula demonstrates 

an accuracy rate of 89.23%, with 90% 

sensitivity and 88.46% specificity. A study 

conducted in Egypt on mandible by Stepwise 

Discriminant Function Analysis on BCB, 

MBL and Max. RL the accuracy rate for sex 

discrimination was 82.7% for males, 76% for 

females, and an overall percentage of 79.4% 

(Dakhli and Abu El- Dahab, 2020).  

El- Sherbiny et al. (2019) results reported 

that the accuracy rate with stepwise DFA of 

coronoid height, mandibular notch depth, 

mandibular canal length and BCB was 76.1% 

for males, 76.2% for females with an overall 

accuracy of 76% and had the same result in 

being equally predict sex in both groups. 

Moustafa, (2014) demonstrated that GA, 

BCOB, MBL and Max. RL collectively 

produced a whole accuracy of 84.95% and 
could correctly identify males in 84.7% and 

females in 85.2% cases by using stepwise 

DFA of the mandible among Saudi subjects. 

Verma et al., (2020) reported that the 

Discriminant Function Analysis of 

mandibular parameters achieved 78.4% sex 

estimation accuracy for males, 76.8% for 

females and 77.6% in total from a model 

accompanying Max. RL, Max. RB and GA. 

Kurniawan et al., (2023) study revealed that 

sex prediction accuracy from Max. RL and 

symphysis height (not included in the current 

study) was about 82.5% in total using DFA 

and can correctly identify 94.3% in females 

and 63.6 in males. Sexual classification 

accuracy for the human mandible ranged from 

56.3% to 99% (Alves et al., 2022). The vast 

majority of studies showed accuracy levels 

above 70% (Villanueva et al., 2017).  

Diverse accuracy rates might be attributed to 

various demographics represented in each 

study's sample as well as various statistical 

methods (Krenn et al., 2022). Different 

statistical methods, sample size, anatomical 

and radiographic techniques, research 

variables, and ethnic differences in the 

population under investigation might all be 

factors in the variance shown in different 

studies (Agarwal et al., 2021).  

https://www.sciencedirect.com/science/article/pii/S2212478016300648#bib3
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The current study found that the mandibular 

measurements significantly differ between 

male and female by using Cone Beam 

Computerized Tomography. The mandibular 

parameters' ability to accurately determine 

sex may vary among communities, hence the 

research population must be taken into 

consideration while selecting the optimum 

parameters (Alves et al., 2022). 

Limitations of the study: Egypt's population 

is large and diversified; therefore, the present 

study's sample size and its focus on recruiting 

individuals from a single geographic area are 

viewed as its limitations. Based on 

anthropometric techniques, sex identification 

is ethnicity-specific and population-specific, 

depending on a variety of genetic and 

environmental variables. Therefore, the 

results of the present study cannot be 

generalized to other populations. 

CONCLUSION 
The recent study concluded that mandible 

measurements can be used to correctly detect 

a person's sex, and it is an excellent bone for 

forensic examination. The means of all 

measurements were higher in males than in 

females except for GA mean which was larger 

among females. BGB was the most valuable 

parameter for discriminating between both 

sexes with 76.16% accuracy. An effective 

logistic regression model was constructed, 

with an 89.6% total accuracy rate. The ROC 

curve was used to examine the accuracy of 

the BLR resultant formula, which revealed an 

accuracy rate of 89.23%. The derived formula 

is population specific and cannot be 

generalized to other populations. 

RECOMMENDATIONS 

The present study recommended a larger 

sample size for future studies to determine the 

mandibular accuracy in sex identification. In 

order to improve the precision of sex 

identification based on the mandible, more 

radiometric characteristics from the mandible 

should be evaluated. Testing the metric 

approach and equation produced from the 

current study in various geographic places in 

Egypt to see if it can be applied to Egyptians 

as a whole for sex prediction. Due to the 

significant variance that may exist between 

various population groups, such as differences 

in profession and ethnicity that may alter the 

skeleton and, as a result, bone measurements, 

further research is required to produce a 

group-specific standard for identification. 

Additionally, there is a critical need for 

increased understanding of the identifying 

power of CBCT scans within Egyptian and 

forensic communities because it is a practical 

and non-invasive mean of identifying people. 
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تقٍٍن استخذام قٍاساث هختارة للفك السفلً فً الاستعراف على الجنس باستخذام التصىٌر 

 الوقطعً رو الحزهت الوخروطٍت فً عٍنت هن الوصرٌٍن.

الّاء هحوىد حلوً
١

، نانسً شلبً
١

، أسواء ٌسري عبذ الله
٢

،سحر هحوذ هصطفى
٣

 
 .لغن الطب الششعٖ ّالغوْم الإكلٌ٘٘ك٘ت ، كل٘ت الطب، جاهعت ده٘اط، هصش ١

 .، هصش لغن أشعت الفن، كل٘ت  طب الأعٌاى، جاهعت لٌاة الغْٗظ ٢ 
 ، هصش. لغن الطب الششعٖ ّالغوْم الإكلٌ٘٘ك٘ت، كل٘ت الطب، جاهعت لٌاة الغْٗظ ٣ 

 
 الولخص العربى

 
ٗعخبش اصدّاس الشكل الجٌغٖ أهشا بالغ الأُو٘ت لخحذٗذ ُْٗت الشخص، ّحو٘٘ض الزكْس عي الإًاد. ٗوكي  الوقذهت:

بغههِْلت حصههْٗش الفههل الغههفلٖ، ُّههْ عةوههت الجوجوههت الأكزههش حو٘ههضا بهه٘ي الجٌغهه٘ي، باعههخخذام الخصههْٗش الومطعههٖ 

ت الذلههت ّحمل٘ههل الجشعههت الوحْعههب بالشههعام الوخشّطههٖ ُّههٖ طشٗمههت حصههْٗش رتر٘ههت الأبعههاد حههْ ش  ههْس عال٘هه

٪ هماسًههت بالخصههْٗش الومطعههٖ الخمل٘ههذٕ. حخخلهها الِ٘اكههل العةو٘ههت بهه٘ي الغههكاى، ٦٦الاشههعاع٘ت الوٌبعزههت بٌغههبت 

ّحخطلب هعاٗ٘ش هحذدة للذلت. حشكض ُزٍ الذساعت علٔ الخعشف الجٌغٖ هي عةن الفل الغفلٖ  ٖ عٌ٘ت ههي الغهكاى 

 الوصشٗ٘ي. 

ّحطهْٗش ًوهْرس  ححذٗذ الجٌظ عهي طشٗهك بعهي ل٘اعهاث الفهل الغهفلٖ الوخخهاسة : الٔ حوك٘يالهذف هن الذراست

 لخحذٗذ الجٌظ  ٖ عٌ٘ت هي الغكاى الوصشٗ٘ي. 

 هْسة همطع٘هت رّ  ٢٦٢: حعذ ُزٍ الذساعت ححل٘ل٘ت همطع٘ت الخصو٘ن ح٘ذ أجشٗهج الذساعهت علهٔ طرٌقت الذراست

أًزٔ( أجشّا  ْسة همطع٘ت كاهلهت  ١٣٢ركشًا ّ ١٣٢الحضهت الوخشّط٘ت الوؤسشفت لوشاسك٘ي هصشٗ٘ي بالغ٘ي )

رٕ الحضهت الوخشّط٘ت للجوجوت بمغن أشعت الفهن بوغخشهفٔ كل٘هت طهب الأعهٌاى بوحا ةهت الإعهواع٘ل٘ت ّحشاّحهج 

عهٌت )هها اكخوهاس أعهٌاًِن باعهخزٌا  لهشط العمهل(. حهن دساعهت ارٌخهٖ عشهش ل٘اعها للفهل  ٥٢إلٔ  ١١أعواسُن ب٘ي 

 لخحذٗذ الفشّلاث ب٘ي الجٌغ٘٘ي.الغفلٖ لكل  ْسة هؤسشفت 

: جو٘ا الم٘اعاث ب٘ي الجٌغ٘ي كاًج راث  شّق احصائ٘ت عال٘ت ها عذا الطْس الإعماطٖ لعةوهت الفهل كهاى النتائج

رّ  شق احصائٖ، ّكاى هخْعظ جو٘ا الم٘اعاث أعلٔ عٌذ الزكْس هٌَ عٌذ الإًاد بٌ٘وا كاى هخْعهظ صاّٗهت الفهل 

اى لم٘اط العهش  به٘ي صاّٗخهٖ الفهل أعلهٔ هعهذس دلهت )الهٔ إٔ ههذٓ الم٘هاط ٗغهخط٘ا كبالإلا ت   أكبش عٌذ الإًاد.

٪( هخبْعهها بههالعش  بهه٘ي الٌههاحم٘ي اللمو٘هه٘ي ّالعههش  بهه٘ي الٌههاحم٘ي ٦٦.١٦الخٌبههؤ بههالجٌظ(  ههٖ الخٌبههؤ بههالجٌظ )

لْجغههخٖ ٪(. أٗضهها لههذ أ ِههشث الٌغههبت الكل٘ههت لتًحههذاس ال٦١.٦٣٪( رههن ألصههٔ طههْس للههشأد )٦٢.٦الإكلٌ٘٘ك٘هه٘ي )

٪ للزكْس ّحهن الخٌبهؤ بجٌغهِن بشهكل ٦٢٪ للإًاد ١٦.٢ّ٪ بٌغبت بلغج ١٦.٦الزٌائٖ للخٌبؤ بشكل  ح٘ح للجٌظ 

٪. ١١.٤٦٪ ّهعههذس ًْع٘ههت ٦٢٪ ّهعههذس حغاعهه٘ت ١٦.٢٣ ههح٘ح. ّلههذ أ ِههشث هعادلههت الاًحههذاس هعههذس دلههت 

ِههشث اخخت ههاث راث دلالههت : خلصههج ُههزٍ الذساعههت أى بعههي الم٘اعههاث الوخخههاسة هههي الفههل الغههفلٖ أ الخلاصةةت

 احصائ٘ت ب٘ي الزكْس ّالاًاد ّٗوكي اى حكْى هف٘ذة لخحذٗذ الجٌظ  ٖ حالاث الطب الششعٖ.

 

 

 


