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ABSTRACT

Purpose: The aim of the study was to analyze and assess the different dimensions 
of the major mandibular land marks using CBCT and also to analyze whether these 
parameters can be used in sexual dimorphism for forensic identification.  Material and 
methods: retrospective study: included 102 patients (51 males and 51 females), with 
age group ranging between 20 and 50 years obtained from the outpatient, department 
of oral medicine, periodontology, oral diagnosis and radiology, Faculty of Dental 
Medicine for girls, Al-Azhar University. Patients were divided into groups and sub 
groups according to gender and age. CBCT scan was performed on all the patients, and 
the data obtained were reconstructed for 3D viewing. After obtaining 3D-CT scan, a 
total of twelve mandibular measurements, i.e., (Rt, Lt) gonial angle (G-angle), bimental 
breadth, bigonial width, bicondylar breadth (BIC-Br), and bicoroniod breadth, Rt, Lt 
mental index, (Rt, Lt) height of mandible from mental foramen, maximum mandibular 
length were measured and mandibular index calculated; collected data were analyzed 
using SPSS statistical analysis program by Student’s t-test. Results: The result of 
the study showed that out of nine parameters, Rt gonial angle, Rt mental index, Rt 
and Lt height of mandible from mental foramen, bigonial width, bicondylar breadth, 
bicoroniod breadth, maximum mandibular length and mandibular index showed a 
significant statistical difference (P < 0.05), with overall accuracy of 83.7% for males 
and 81.3% for females. Conclusion: Mandibular parameters obtained through CBCT 
can aid in sex identification with much higher accuracy.

INTRODUCTION

Identification of an individual is important and the reasons for 
attempting identification are manifold. It plays a significant role in 
homicides, loss of lives owing to natural calamities, wars, terrorist 
attacks, major road traffic accidents etc.
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 Age and Gender determination is an important 
component of personal identification. Although 
osseous structures of the skull like foramen magnum 
(1), frontal and maxillary sinuses, have been used 
in gender determination, the preservation of these 
structures after the death of an individual is less 
likely (2).

The mandible is one of the most indestructible 
parts of the body and upon exposure to physical 
injury and putrefaction, it outlasts other tissues. The 
preservation of mandible in ancient human relics 
for centuries attests to this fact. The foramina of 
the mandible and mandibular canal have a relatively 
constant location in the mandible throughout the life 
of an individual.

Computed tomography (C.T) is a three-dimen-
sional imaging modality It has been demonstrated 
to be effective in assessing the size and location of 
the structures like mental foramen and mandibular 
canal in forensic and anthropologic studies.

CBCT is a more recently introduced 3D imaging 
modality that offers undistorted information of 
the maxillofacial   anatomy   with   significantly   
lower effective radiation dose and higher spatial 
resolution than computed tomography (CT) (3).

The applications extend from implantology, oral 
and maxillofacial surgeries, temporomandibular 
joint assessment, endodontics, orthodontics, peri-
odontics, sinus imaging, temporal bone/lateral skull 
and skull base studies(4,5). This give Certain studies 
on 3D reconstruction (6), bite-mark analysis(7), age 
estimation (8), person Identification (9) and anthropo-
logical assessment (10)

MATERIAL AND METHODS

This retrospective study included 102 CBCT 
scans collected from the database of patients 
affiliated to Oral radiology center, from July 2017 
to December 2018. The study was approved by the 
research ethical committee of Faculty of Dentistry, 
Al-Azhar University for Girls.

The scans were obtained from a Planmeca 
ProMax Mid 3D machine (Imaging Sciences, 
Finland) under fixed parameters (90 KVP, 12 mA, 
and 400 μm in 18.288 seconds) Field of View (FOV) 
was adjusted separately for each human mandible.

The inclusion criteria included both sexes of 
adult patients (51 males and 51 female), dentate 
patients, and aged between 20 and 50 years. 
Patients divided into groups according to sex 
and each group subdivided into three subgroups 
according to age. Patients with any evidence of any 
mandibular pathology such as fractures, impacted 
teeth, cysts, tumors, osteomyelitis in the mandible 
excluded from the study. And also, images with 
developmental abnormalities of the mandible like 
aplasia, bone and joints disorders. Patients with 
history of head trauma, congenital craniofacial 
abnormalities, orthognathic surgery and facial 
asymmetry excluded also from study. 

i. Tomographic measurements:

Tomographic measurements were made using 
The Digital Image Communication in Medicine 
(DICOM) Romexis viewer (4.4.2.R) 2016 software 
was used to analyze the reconstructed image 
sections. With the use of ruler tool from software 
(4.4.2.R) linear measurements were recorded. The 
observers primarily detected the 3D locations of 
gonion, gnathion, condylion, mental foramen and 
coronoid process. 

Then, twelve different measurements were 
taken to detect the human sex (11,12). The first six 
measurements were obtained from 3D sagittal view 
and they were gonial angle (GA) on both sides, 
mental index on both sides and height of mandible 
from mental foramen on both sides. Another four 
measurements were obtained from 3D coronal 
view and they were bicondylar breadth, bicoroniod 
breadth, bigonial width and bimental breadth. The 
last measurement obtained from 3D axial view 
was maximum mandibular length (MML). Then 
mandibular index was calculated according to 
Thomson criteria which equal (Length of lower jaw 
/ Bicondylar breadth ´ 100).
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The junction of the posterior and lower borders 
of the mandible forms (GA). The thickness of 
the mandibular lower cortex forms mental index. 
Bicondylar breadth (BicBr) is between most outer 
points of head of condyles. Bicoroniod breadth is 
Distance between two coronoids laterally. bigonial 
width is determined by the most lateral points of 
both gonia. Bimental breadth is Distance between 
the inner margins of the two mental foraminas. 
Maximum mandibular length (MML) which is the 
Straight distance from posterior margins of the chin 
to tangent drawn at two gonias.

The scans were selected and assessed by two 
Oro maxillofacial radiologists with four years’ ex-
perience and both were calibrated prior conducting 
the experiment. After 14 days, Values were mea-
sured again.

ii. Statistical analysis:

Values were presented as mean and stander devi-
ation (SD) values. Data were explored for normality 
using Kolmogorov- Smirnov test of normality. The 
results of Kolmogorov- Smirnov test indicated that 
most of the data were normally distributed (para-
metric data), therefore, independent T test was used 
for two group comparison. On way analysis of vari-
ance (ANOVA) test was used to compare more than 
two group. This was followed by Tukey’s post hoc 
test when the difference was found to be significant.

The significance level was to set at p < 0.05. 
Statistical analysis was performed with SPSS 18.0 
(Statistical package for Scientific studies, SPSS, 
Inc., Chicago, IL, USA) for windows.   

RESULTS

І- Retrospective study: 1- A. Demographic data 
of the patients:

The highest mean value was found in (Group 
B/ Males) group, while the least mean value was 
found in (Group A/ Females) group. There was no 
statistically significant difference between (Group 

A/ Females) and (Group B/ Males) groups where 
(p=0.617). 

B. comparison between group A (females) 
and group B (males) in all mandibular 
measurements 

      The highest mean value was found in (Group 
B/ Males) group except for left gonial angle was 
higher in (Group A/ Females). This was a highly 
statistically significant (p<0.0001) in Bicondylar 
breadth, Bicoroniod breadth, bigonial width, Rt 
mental index, MML, Mandibular index, Rt height 
of mandible from mental foramen and statistically 
significant (p<0.005) in both Rt gonial angle and 
Left height of mandible from mental foramen as 
shown in table (1).

Table (1): The significance of each parameter in 
relation to sex variable.

Variables

Total

Group A/ Female Group B/ Male
p-value

Mean SD Mean SD

Age 33.75 8.18 34.55 8.03 0.617ns

Bi-mental breadth 41.75 1.81 42.57 2.44 0.057ns

Mandibular index 58.70 2.81 61.55 3.54 <0.001*

RT mental index 3.70 0.34 4.187 52.06 <0.001*

Lt mental index 4.02 0.55 4.153 64.81 0.154ns

MML 61.59 1.93 68.54 4.15 <0.001*

RT Gonial angle 138.38 5.02 140.91 2.94 0.002*

LT Gonial angle 138.82 5.45 138.78 3.45 0.968ns

Bigonial width 86.94 4.65 96.75 5.07 <0.001*

Bicondylar breadth 105.20 3.91 111.49 4.39 <0.001*

Bicoroniod breadth 88.74 2.91 96.61 3.09 <0.001*

 RT height of
 mandible from
mental foramen

28.36 2.18 31.21 2.81 <0.001*

 LT height of
 mandible from
mental foramen

29.03 3.56 30.63 2.43 0.009*

*; highly significant (p<0.01) s; significant (p<0.05) 
ns; non-significant (p>0.05)
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C. Comparison between group A (females) 
and group B (males) in all mandibular 
measurements from age 20 to 30 year:

      The highest mean value was found in (Group 
B/ Males) while the least mean value was found 
in (Group A/ Females) group. This was a highly 
statistically significant (p<0.0001) in Bicondylar 
breadth, Bicoroniod breadth, bigonial width, Rt 
height of mandible from mental foramen and 
statistically significant (p<0.005) in Rt mental index, 
MML, Rt gonial angle and Left height of mandible 
from mental foramen as shown in table (2).

Table (2): comparison between group A (females) 
and group B (males) in all mandibular measurements 
from age 20 to 30 year.

 Variables

Age 
(20 – 29)

Group 
B1/ 

Male

 
p-value SD  

 Group 
A1/ 

Female

Age 24.65 25.47 0.434ns 3.14 2.92

Bi-mental 
breadth 41.67 42.75 0.176ns 1.5 2.86

Mandibular 
index 60.22 60.27 0.972ns 2.97 4.89

RT mental index 3.75 4.14 0.014* 0.4 0.47

Lt Mental index 4.2 4.24 0.847ns 0.79 0.35

MML 62.43 67.27 0.003* 2.07 5.95

RT Gonial angle 137.09 141.05 0.015* 5.56 3.07

LT Gonial angle 137.36 138.8 0.447ns 6.44 4.26

Bigonial Width 85.4 97.26 <0.001* 4.64 4.76

Bicondylar 
breadth 103.81 111.66 <0.001* 4.03 5.42

Bicoroniod 
breadth 87.85 95.04 <0.001* 3.03 3.44

RT Height of 
mandible from 
mental foramen

26.86 30.51 <0.001* 1.8 3.31

LT Height of 
mandible from 
mental foramen

26.96 30.38 0.002* 3.32 2.69

*; highly significant (p<0.01) s; significant (p<0.05) 
ns; non-significant (p>0.05)

D. Comparison between group A (females) 
and group B (males) in all mandibular 
measurements from 30 < age to 40 year:

The highest mean value was found in (Group 
B/ Males) except for gonial angle and left height 
of mandible from mental foramen was found higher 
in (Group A/ Females) group. This was a highly 
statistically significant (p<0.0001) in Bicondylar 
breadth, Bicoroniod breadth, Bigonial width, 
Mandibular index, MML, Rt mental index and 
statistically significant (p<0.005) in Lt mental index 
and Lt gonial angle as shown in table (3).

Table (3): Comparison between group A (females) 
and group B (males) in all mandibular measurements 
from 30 < age to 40 year.

          Variables
 

 Age (30
– 39))  

 Group
 B2/
Male

 
p-value

SD
 

 
  Group

 A2/
Female

Age 33.06 34.24 0.137ns 2.16 2.33

 Bi-mental
breadth 41.94 42.25 0.667ns 1.87 2.22

 Mandibular
index 58.15 62.7 <0.001* 1.67 3.16

RT mental index 3.57 4.26 <0.001* 0.21 0.4

Lt mental index 3.84 4.13 0.024* 0.3 0.4

MML 60.86 68.77 <0.001* 1.13 3.64

RT Gonial angle 140.77 140.23 0.675ns 4.28 3.08

LT Gonial angle 141.55 138.02 0.006* 4.09 2.68

Bigonial width 85.37 97.29 <0.001* 4.4 5.92

 Bicondylar
breadth 105.15 109.94 0.001* 3.11 4.18

 Bicoroniod
breadth 88.45 96.16 <0.001* 2.99 2.37

 RT height of
 mandible from
mental foramen

29.74 31.46 0.050ns 2.33 2.53

 LT height of
 mandible from
mental foramen

31.74 30.5 0.121ns 2.6 1.88

*; highly significant (p<0.01) s; significant (p<0.05) 
ns; non-significant (p>0.05)
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E. comparison between group A (females) 
and group B (males) in all mandibular 
measurements from 40 < age to 50 year:

The highest mean value was found in (Group 
B/ Males) while the least mean value was found 
in (Group A/ Females) group. This was a highly 
statistically significant (p<0.0001) in Bicondylar 
breadth, Bicoroniod breadth, Bigonial width, 
Mandibular index, MML, Rt height of mandible 
from mental foramen and statistically significant 
(p<0.005) in Rt mental index, Rt gonial angle and 
Lt height of mandible from mental foramen as 
shown in table (4).

Table (4): Comparison between group A (females) 
and group B (males) in all mandibular measurements 
from 40 < age to 50 year.

Variables

Age 
(40 – 
50) Group 

B3/ 
Male

p-value SD
Group 

A3/ 
Female

Age 43.53 43.94 0.599ns 2.07 2.44

Bi-mental breadth 41.64 42.71 0.167ns 2.11 2.3

Mandibular index 57.73 61.67 <0.001* 3.05 1.44

RT mental index 3.78 4.16 0.316ns 0.36 0.39

Lt mental index 4.02 4.09 0.593ns 0.4 0.36

MML 61.47 69.58 <0.001* 2.17 1.5

RT Gonial angle 137.26 141.46 0.003* 4.52 2.71

LT Gonial angle 137.54 139.52 0.168ns 4.76 3.28

Bigonial width 90.04 95.7 <0.001* 3.37 4.56

Bicondylar 
breadth 106.64 112.87 <0.001* 4.21 2.97

Bicoroniod 
breadth 89.91 98.62 <0.001* 2.43 2.29

RT height of 
mandible from 
mental foramen

28.47 31.66 <0.001* 1.33 2.55

LT height of 
mandible from 
mental foramen

28.39 31.01 0.012* 3.01 2.73

*; highly significant (p<0.01) s; significant (p<0.05) 
ns; non-significant (p>0.05)

DISCUSSION

Gender Identification from remains of human 
skeletons is an important forensic procedure. It has 
been reported that gender can be determined with 
accuracy of 100% if entire skeleton is available. A 
total of 98% accuracy can be achieved from both 
pelvis and the skull (13).

In the current study we tried to investigate 
whether the parameters of mandible can be used 
to sexual dimorphism of an individual for forensic 
identification in Egyptians using twelve mandibular 
CBCT measurements.

The present study of sexual dimorphism was used 
102 scans ranged from 20 to 50 years old. Another 
study also used the full mandibular projections of 
330 African individuals ranging from 6 to 60 years 
(11). While another study was used the mandibular 
scans of 159 collected from a Brazilian population 
ranging from 18 to 60 years old (12). Such age range 
was selected because all skull bones had reached 
almost complete puberty with minimal growth 
changes.

Mandible selection in our study as the skull 
bone of choice due to its high density according 
to previous study (12). Other skull bones were used 
for the purpose of sexual prediction as described in 
previous study (14) which used a 3D reconstructed 
CT images of the curvature of the best fit-circle of 
the greater sciatic notch and while there a study was 
used maxillary frontal sinuses (16). Another study 
was (18) used victims’ cranial base for dimorphism.

Measurements was included in our study 
following other study protocol for eight different 
mandibular measurements (12). Those were gonial 
angle (GA), bi- gonial breadth (BigBr), bi-condylar 
breadth (BicBr), bimental breadth, bicoroniod 
breadth, right mental index, left mental index, 
right height of mandible from mental foramen, left 
height of mandible from mental foramen, maximum 
mandibular length were measured and mandibular 
index calculated.
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The last nine measurements of the current study 
(bimental breadth, bicoroniod breadth, right mental 
index, left mental index, right height of mandible 
from mental foramen, left height of mandible from 
mental foramen, maximum mandibular length was 
measured and mandibular index) were added to this 
research as a new entity in response to the fact that 
there is a musculature difference between males and 
females. That would reflect on the degree of skeletal 
growth and development in a way that allowed us to 
markedly differentiate between sexes.

Previous study was used six mandibular mea-
surements that were (RL), (GA), minimum ramus 
breadth (MRBr), (GGL), (BigBr), and (BicBr) on 
Africans for sexual identification (11). Similarly, an-
other study was used a specific mandibular ramus 
measurements namely coronoid height, projective 
height, condylar height, and maximum breadth and 
minimum breadth of ramus on Brazilians (15). Also, 
(MRBr) was excluded from current study because 
it proved dimorphism in one out of the two analysis 
tests used in their studies which meant weak signifi-
cance (11,12).

The CBCT imaging technique was used 
according to previous study (17). in the current study 
due to its unique capabilities of reconstructing a 
3D volume with no magnification and minimum 
distortion as described by another study (19). Scans 
of CBCT were produced through harmonious steps 
unlike spiral CT was used in other study which 
exposed the patients to higher radiation doses over 
longer times in a relatively inconvenient acquisition 
procedure and high cost compared to CBCT (11).

In the present study also, comparison between 
male and female groups showed that the highest 
mean value was found in (Group B/ Males) group 
except for left gonial angle was higher in (Group A/ 
Females). This was a highly statistically significant 
(p<0.0001) in Bicondylar breadth, Bicoroniod 
breadth, bigonial width, Rt mental index, MML, 
Mandibular index, Rt height of mandible from 
mental foramen and statistically significant 

(p<0.005) in both Rt gonial angle and Left height of 
mandible from mental foramen. 

Another study for analyzing the sexual 
dimorphism in mandible by 3D-CT (11) by taking 
the similar mandibular parameters in this study and 
was concluded that BIC-Br, G-angle, and minimal 
Ramus-L have significant sexual dimorphism with 
overall accuracy of 83.9%; however, their study 
showed significant statistical difference with the 
G-angle, Ramus-L, G–G-L, BIC-Br, and CO-L (P < 
0.05) with overall accuracy of 84%.

Also, in another study (20) The aim was to achieve 
sexual determination using eight anthropometric 
measurements on mandibular CBCT images. 
Sample consisted of 120 CBCT scans, equally 
divided between sexes, collected from modern 
Egyptian population. For statistical analysis: intra-
class correlation was used to evaluate intra- and 
inter-reviewers’ reliability, analysis of variance to 
compare measurements with sex, logistic regression 
formulas were made to predict sex, and Pearson co-
relation coefficient was done to detect the relation 
between measurements and age variable. Four 
measurements showed significant difference (ramus 
length, body height at canine, bigonial breadth and 
distance from condyle to coronoid). The resultant 
percentage of accuracy was 85.8%. The correct 
predictive accuracy for males was 86.7% and 85% 
for females.

In a previous study that was conducted on sex 
determination of human dry mandible using metrical 
parameters such as BG-Br, BIC-Br, and mandibular 
length and concluded that all these three parameters 
showed a significant gender difference (21).

Also, in our study comparison between group 
A (females) and group B (males) in all mandibular 
measurements from age (20 to 30) year showed 
that the highest mean value was found in (Group 
B/ Males) while the least mean value was found 
in (Group A/ Females) group. This was a highly 
statistically significant (p<0.0001) in Bicondylar 
breadth, Bicoroniod breadth, bigonial width, Rt 
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height of mandible from mental foramen and 
statistically significant (p<0.005) in Rt mental 
index, MML, Rt gonial angle and Left height of 
mandible from mental foramen.

In the present study, comparison between group 
A (females) and group B (males) in all mandibular 
measurements but in different age group (30 < age to 
40 year) was showed that the highest mean value was 
found in (Group B/ Males) except for gonial angle 
and left height of mandible from mental foramen 
was found higher in (Group A/ Females) group. This 
was a highly statistically significant (p<0.0001) in 
Bicondylar breadth, Bicoroniod breadth, Bigonial 
width, Mandibular index, MML, Rt mental index 
and statistically significant (p<0.005) in Lt mental 
index and Lt gonial angle.

And last we compared between group A 
(females) and group B (males) in all mandibular 
measurements in age from 40 < age to 50 year and 
showed highest mean value was found in (Group 
B/ Males) while the least mean value was found 
in (Group A/ Females) group. This was a highly 
statistically significant (p<0.0001) in Bicondylar 
breadth, Bicoroniod breadth, Bigonial width, 
Mandibular index, MML, Rt height of mandible 
from mental foramen and statistically significant 
(p<0.005) in Rt mental index, Rt gonial angle and 
Lt height of mandible from mental foramen.

The accuracy rate in our study on Egyptian pop-
ulation was found to be (83.7%) with a false rate 
of (16.3%) in males and (18.7%) in females. In an-
other study (11) founded an accuracy of 83.9% for 
sexual dimorphism (applied on six mandibular mea-
surements). False identification of males was 16.4% 
versus 15.8% in females. Similarly, study (12) was 
performed on same anthropometric measurements 
and found an accuracy of (89%). Such fluctuations 
in results between our study and the other studies 
were due to difference in populations, observers, 
imaging techniques and software programs.

Obtaining results using maxillary sinus analysis 
by another study (16) had achieved an accuracy rate 

of 73.9% in sexual dimorphism. In 2012, study (17) 
was detected the reproducibility of the foramen 
magnum and other skeletal measurements in sexual 
dimorphism and found an accuracy rate of 90.7% 
for males and 73.3% for females.

CONCLUSION

It was concluded that mandible can be consid-
ered a valuable tool in gender determination since 
it possesses resistance to damage and disintegration 
processes. We found that the mandibular measure-
ment using 3D-CT is reliable for the sex determi-
nation. With the availability of advanced imaging 
methods, forensic dentistry practitioner can suc-
cessfully and accurately identify the sex of an un-
known individual.
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