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ABSTRACT 

BACKGROUND: Identification and determination of gender of unknown human skeletal remains has been one of the most challenging 
tasks for forensic dentistry.  
AIM OF THE STUDY: The purpose of this study is to assess the role of cone beam computed tomography (CBCT) in gender determination 
through the measurements of the location of the mental foramen in in a sample of the Egyptian population.  
MATERIALS AND METHODS: Two measurements were performed in 200 CBCT images 2 measurements were performed; distance 
from the upper border of mental foramen to the lower border of the mandible and distance from the lower border of mental foramen to the 
lower border of the mandible in the right side of each CBCT image. Obtained data were statistically analyzed using t-test to compare between 
the two genders.  
RESULTS: The two measurements were significantly higher in males. 
KEYWORDS: CBCT, gender determination, linear measurements ,mental foramen.  
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INTRODUCTION 
Forensic anthropology is the application of the science of 
physical or biological anthropology to the legal process. 
The identification of human skeletal remains is considered 
an initial step in forensic investigations and is crucial for 
further analysis.(1, 2)
         In the adult skeleton, sex determination is usually the 
first step of the identification process. Subsequent methods 
for age and stature estimation are sex dependent. The 
reliability of sex determination depends on the 
completeness of the remains and a degree of sexual 
dimorphism inherent in a population(2, 3).  
         The use of data from a specific population is 
important because sexual dimorphism varies among 
different  populations. Sexual dimorphism is a method that 
has been used for many years within forensic dentistry for 
human identification. This method is better in adults 
because of the morphological influences that affect bone 
structure  such as the hormones that control growth, bone 
change and developments during puberty(4). 

When the entire adult skeleton is available for 
analysis, sex can be determined up to 100% accuracy, but 
in cases of mass disasters where usually fragmented bones 
are found, sex determination with 100% accuracy is not 
possible and it depends largely on the available parts of 
skeleton(1-3).  

As evident from earlier studies, The skull is the 
most dimorphic and easily sexed portion of skeleton after 
pelvis, providing accuracy up to 92%(1). But in cases 
where intact skull is not found, the mandible may play a 
vital role in sex determination as it is the most dimorphic, 
largest, and strongest bone of the skull(1, 5). The mandible 
is the strongest bone in the human body and persists in a 
well-preserved state longer than any other bone. Therefore, 
the use of morphological features of the mandible is a 
common approach used by anthropologists and forensic 
dentists in the determination of gender(6). 
Previous studies have indicated that the relative position of 
the mental foramen in adults can be used to estimate 
sexual dimorphism and age(4, 7).
            Arguably, these differences can be used as 
proposed values for forensic identification of human 
remains . Some studies have attempted to determine the 
influence of age and sex on the relative position of the 
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mental foramen on cone beam computed tomography 
(CBCT) images. In general, the results have demonstrated 
that the relative location of the foramen in adults remains 
fairly constant with increasing age or sex, although some 
studies have shown different results(4, 7). New research 
results using different populations and with larger samples 
are needed to evaluate the relative position of the mental 
foramen to provide  sex determination in a specific 
population(4).                                                                                       

Radiographs are indispensable tools that are used 
in forensic anthropology. The radiographic method is the 
simplest and cheapest method for age estimation and 
gender determination when compared to the histological 
and biochemical methods. The accuracy of measurements 
on radiographs is based on the quality of the 
radiographs(8).                     

In forensic medicine, numerous studies have used 
computed tomography (CT) as an auxiliary method in the 
discovery of unidentified bodies post-mortem. A study 
used CT to estimate the age of human bodies using the 
third molar tooth, the medial epiphysis of the clavicle and 
sphenooccipital synchondrosis in a sample of Australian 
individuals(9). CT imaging technique generates multiple 
high quality images enabling three dimensional (3D) 
visualization and complete osseous anatomical 
information(10, 11).   

Cone beam computed tomography (CBCT) is a 
relatively new CT system designed to focus on the head 
and neck region; an X-ray beam and detector system move 
around the part of the body being examined. CBCT is the 
preferred method for diagnosis in almost all fields of 
dentistry including endodontics, orthodontics, 
periodontics, maxillofacial surgery and forensic 
dentistry.(12) CBCT is a more compact and cost-effective 
method when compared with systems based on multi-
detector computed tomography (MDCT) and loses none of 
the reliability and accuracy of the MDCT images (13-15).                                                  
         Interest in anatomical features and anatomical 
variations in the human mandible has increased in recent 
years due to the widespread use of CBCT(13, 16). CBCT 
provides 3D evaluation of mandible, and its measurement 
accuracy is superior to panoramic radiography(17). CBCT 
is highly accurate and reproducible in linear measurements 
in the axial and coronal image planes and in different areas 
of the maxillofacial region (18). 
    Therefore, the aim of this study was to evaluate the role 
of CBCT in gender determination through measuring the 
location of the mental foramen in a sample of Egyptian 
population. 
 
MATERIALS AND METHODS 
Study design 
A retrospective study was conducted on two hundred 
CBCT radiographs. The study was accepted by the 
Research Ethics Committee of the faculty of Dentistry, 
Alexandria University (IRB NO: 00010556-
IORG0008839). No informed consent was needed as every 
CBCT was taken as anonymous. 
Criteria for patient selection 

Inclusion Criteria 
1. CBCT images already taken for implant, endodontic or 

root fracture  treatment . 
2. Subjects above 18 years of age and below 60 years.  
3. Subjects with no oral-maxillofacial surgical intervention 

manifested in the radiographs 
4. Radiographic images  free of artifacts in the site of 

measurements. 
Exclusion Criteria 
1. Less than 18 years of age because of invisibility of 

mental foramen due to mixed dentition. 
2. Distortion of images. 
3. Presence of artifacts 
4. Presence of fractures or pathological lesions in the 

mandible at the site of measurements. 
A) Data collection 
Two hundreds CBCT images (100 males and 100 females ) 
of patients aged between 18 and 60 years have been 
collected randomly from the  Oral Radiology Centre of 
Faculty of Dentistry, Alexandria university.  
B) Images analysis 
 CBCT scans were performed using the high-resolution 
imaging system; CAT Next Generation (Imaging Sciences 
International, Hatfield, Pa) CBCT unit in Faculty of 
Dentistry, Alexandria university. A standardized protocol 
of the i-CAT was used for all patients using the same 
machine with the following exposure parameters: 120 
Kvp, 5 mA, with 16 x 8 cm for the mandible FOV and 
26.9 seconds at 0.25 resolution.  

Data from CBCT scans was exported in Digital 
Imaging and Communications in Medicine (DICOM) 
format into the OnDemand 3D™ software by Cybermed 
Inc. to reconstruct 3D volumes.  

All the measurements were performed using the same 
screen. Measurements were made to the nearest 0.1 mm 
using the software tools including: linear measurement tool 
and a digital magnification lens.          
C) Tomographic measurements                 
Two measurements were taken for the mental foramen of 
the right side from a coronal slice; (fig 1) 
• For standardization the view should show the mental 

foramen at its maximum opening 
• In the axial view the sagittal plane should be 

perpendicular on the long axis of the mandibular  
• The coronal view window was maximized  
• The lens was used to zoom in till the side ruler reached 1 

cm 
• The ruler was used to measure 
1. Superior Mental Foramen (SMeF): The distance from 

the superior end of mental foramen to the midpoint of 
the lower border of the mandible at the point of 
maximum curvature. 

2. Inferior Mental Foramen (IMeF): The distance from the 
inferior end of mental foramen to the midpoint of the 
lower border of the mandible at the point of maximum 
curvature:  

Statistical analysis 
The two measurements obtained were compared between 
the genders and student t-test was used to assess the 
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difference between them.  The data was analyzed using 
IBM SPSS statistical software (version 25). 
 

 
Figure 1: SMeF & IMeF measurements on the coronal cut 
of a CBCT radiograph 
 
RESULTS 
Table (1): 
Table (1) presents the data (in millimeters) obtained from 
the comparison of SMeF measurement between males and 
females in the right  side . 

The results of the right side of the males showed a 
minimum value of 11.5 and a maximum value  of  21.5. 
The mean and the standard deviation  were 16.69 and 1.98  
respectively with a median 17.  

The right side of the females had a minimum and 
a maximum values equal to 12.9 and 20 respectively. The 
mean, standard deviation and the median were 15.8 , 1.5 
and 15.7 respectively.    

This table shows that the SMef mean the right of 
the males was significantly higher than that of females 
(P=0.001). 
 

Table 1: Comparison of SMeF (in mm) between males and 
females 

SMeF Males Females t P 

Right (n = 93) (n = 80)   

Min. – 
Max. 

11.50 – 
21.50 

12.90 – 
20.0 

3.306* 0.001* Mean ± 
SD. 

16.69 ± 
1.98 

15.82 ± 
1.50 

Median 17.0 15.70 
 
 
Table (2): 
Table (2) presents the data (in millimeters) obtained from 
the comparison of IMeF measurement of the right side 
between males and females 
             The results of the right side of the males show that 
minimum value was 9.3 and the maximum one was 16.8. 
The mean and the standard deviation of the values were 
13.32 and 1.77 respectively. The median was 13.3.  

             The right side of the females had a minimum and a 
maximum values equal to 10.1, 15.9 respectively. The 
mean, standard deviation and the median were 12.48, 1.5 
and 12.1 respectively 
           This table shows that the IMef mean of   the right   
side of the males was significantly higher than that of 
females (P=0.001). 
 

Table 2: Comparison of IMeF (in mm) between males and 
females 

 
 
 
DISCUSSION 
Forensic dentistry has been using various techniques, like 
those used by dental practitioner, in the human 
identification process. The estimation of race, sex, age and 
stature in the living or dead is a main step of any legal 
investigation. Sex determination is considered a 
cornerstone in forensic medicine as it primarily halves the 
possibilities of the remains (19, 20). 

Sex determination is to classify an individual as 
either male or female. To reach an allocation of sex, 
specialist use biological traits that differ between the two 
sexes. Despite there are only two biological sexes present 
in humans, sex determination of a human skeleton is still a 
challenge(21). 

Various studies have been done to differentiate 
between the genders of unknown individuals (22-24). The 
specific characteristics for each population have to be 
studied, as there is a diversity in the morphometric 
characteristics among various populations all over the 
world.         

The mandible is used for sexual dimorphism as it 
is significantly available and can resist many disintegration 
processes. However, levels of sexual dimorphism are 
population specific due to a combination of genetic and 
environmental factors(25). 

Among many anatomical landmarks in human 
skull, the mental foramen is a stable landmark on the 
mandible. Because of the stability of the basal bone and 
mental foramen, these landmarks were selected as a point 
of reference for the present study(26). 

CBCT has made a great revolution in dentistry, in 
diagnosis and planning(27), with minimal radiation dose 
and artifacts(28-30). CBCT tri-dimensional images offer 
accurate measurements for clinical application(31). 

IMeF Males Females t p 

Right (n =93 ) (n = 79)   

Min. – 
Max. 9.30 – 

16.80 
10.10 – 
15.90 

3.313* 0.001* Mean ± 
SD. 

13.32 ± 
1.77 12.48 ± 1.51 

Median 13.30 12.10 
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When comparing CBCT with MDCT we can find 
that CBCT is related to much less metal artifacts and as a 
result it is reliable in localization of metallic foreign 
objects. Therefore, we can claim that beside accuracy and 
reliability, CBCT offers higher image quality when 
metallic objects are present(25).  

In our study we used CBCT as a tool for sexual 
determination through the position of mental foramen of 
the right side .We measured the distance from the superior 
and inferior borders of the foramen to the lower border of 
the mandible (SMeF) and (IMeF).  
         Our study results revealed that the mean of SMeF 
and IMeF of the right side is significantly higher in males. 
This may be attributed to the difference in the speed of 
growth of the bone between genders. The speed of growth 
is higher in males by 5 to 9 % in comparison with women. 
Moreover, the muscular tension is the inductive 
component of bone growth. Generally , men possess 
stronger masticatory muscles when compared with females 
(32). 

Our results were similar to that of an Indian study 
that proved that the two measurements were higher in 
males. In an American study of cadaveric heads, Cutright 
et al,(33). reported that the position of the mental foramen 
showed a small but significant difference between men and 
women. 

Our study results were in contrast with Uppal 
Study that was conducted on an Indian population aimed at 
evaluating the role of mental foramen and mandibular 
canal in gender determination using CBCT. In the later 
study, no significant difference was noted with regard to 
the IMeF(32). 
         This is in contrast to many studies conducted in  
Taiwan (34) and Thailand (35) that found that both SMeF 
and IMeF were significantly higher in males.  

This variation among the populations could be 
due to difference in foods, habits and genetic factors 
resulting in distinct anatomic features. Furthermore, 
differences in the imaging modalities utilized in studies 
may also contribute to this variation as most of the 
previous studies have been conducted on cadavers and 
panoramic images(36). 

 
CONCLUSIONS 
Based on the results of this study, it is possible to conclude 
that the distances from the superior and inferior borders of 
mental foramen of the right side to the lower border of the 
mandible exhibited sexual dimorphism in the studied 
sample of the Egyptian population.  
CBCT radiography is efficient for making the proposed 
measurements and can be considered as a method to 
determine gender from the skeletal remains. The technique 
is particularly important in mass disaster events, in which 
the jaws are available in fragments.          

Larger study groups and comprehensive 
assessment of other parameters related to the mental 
foramen are required to confirm the results. 
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