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ABSTRACT

Objective: This study aimed at evaluating the mandibular parameters as predictors for the gender and age using CBCT and 
panoramic radiograph.

Materials and methods: Imaging exam records of 98 patients aged between 20 and 50 years, including Panoramic images 
and CBCT were selected. Selection was based on the exclusion of images with any kind of pathologic condition and fractures in 
the mandible.

Results: Ramus height and gonial angel were used to differentiate females from males and estimate their ages. CBCT showed 
a statistically significant difference compared to panoramic radiography in Ramus height and gonial angel. In CBCT, when the 
ramus height was >61.5 mm it indicated the gender as females. When the Bigonial width was >155˚mm it indicated the gender 
as females. When the Gonial angel was ≥132˚ it indicated females. Concerning estimation of individuals ages in CBCT, when the 
ramous height was >61.5 mm it indicated ≤30 years old. When the Bigonial width was >155˚mm it indicated ≤30 years old. On the 
other hand, when the Gonial angel was ≥132˚ it indicated ≤30 years old. 

Conclusion: Bigonial width and the Gonial angel on CBCT might differentiate females from males and predict different ages 
in a more superior and reliable way compared to panoramic view.

INTRODUCTION 

The mandible is the second most durable bone 
of the body and is the most resilient in unfavourable 
conditions. The angle of mandible is formed by the 
tangent lines of the posterior border of the ramus and 
the base of the mandible. It is an important landmark 
of the mandible and is commonly used in forensic 
science for age, race and sex identification(1, 2).

The morphological changes undergone by 
the mandible are thought to be influenced by 
dental status, gender and the age of the patient(3). 
The identification and actual location of various 
anatomical structures in the mandible are of a great 
importance (4). Various remodeling fields in the 
mandible specially the gonial region, antegonial 

region, condyle and ramus undergo morphological 
changes throughout the individual’s life(5). These 
changes can be easily evaluated and studied in 
dried mandible as well as on radiographs (6). The 
mandibular morphological measurements such as 
gonial angle, ramus height and Bigonial width have 
been evaluated by Several longitudinal studies(7,8). 

The gonial angle is formed by the line tangent 
to the lower border of the mandible and the line 
tangent to the distal border of the ascending ramus 
and condyle (9, 10). The shape of the mandibular base, 
especially the gonial angle, correlates with the 
function and shape of the muscles of mastication (11). 
With age, the masticatory muscles change in function 
and structure, expressed by decreased contractile 
activity and lower muscle density (12). Some studies 
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have shown a gender difference related to the 
mandibular angle’s size and morphology (9, 13). The 
effect of the individual age and gender on the size 
of the gonial angle is controversial. Although, some 
studies have shown a widening of the gonial angle 
with the increasing age (9, 14), many other panoramic 
radiographic studies have reported different results 

(13, 15, 16). In spite of, most of the studies in edentulous 
subjects have indicated a wider angle in female 
subjects (13, 15, 17), this finding has not been confirmed 
in some other studies (9, 16).

There was no significant change with regard to 
Bigonial width or ramus breadth across age groups 
for either gender (18). Ramus, mandibular body hight 
and mandibular body length decreased significantly 
for both genders, whereas the mandibular angle 
increased significantly for both genders with 
increasing age (19). 

Forensic medicine has used some radiographic 
techniques as an auxiliary method in discovery of 
unidentified bodies’ postmortem (23). Panoramic 
X-ray technology, image processing and analyz-
ing techniques allow quantification of mandibular 
bone. In addition, these radiographies allow a bi-
lateral view and are adequate to inform on vertical 
measurements of the mandible (20,21). This is the main 
reason for using them for asymmetry evaluation of 
the condylar and the ramus process and for measur-
ing vertical differences between both sides (22). Cone 
beam computed tomography (CBCT) is a relatively 
new CT system that focuses on the head and neck. 
Although, it has been reported on the important ben-
efits of CT assisting coroners, CBCT uses an X-ray 
beam and a detector system that move around the 
part of the body under examination. It is the test of 
choice in dentistry and has the advantage of much 
lower cost and smaller size of the equipment with-
out losing reliability and accuracy of the image(24-28).

With the above-mentioned background and the 
knowledge that panoramic x-ray and CBCT are 
commonly used in dental practice, thus the present 

study was conducted to compare some   mandibular 
parameters on both types of radiographs as predictors 
for age and gender in Egyptian population.  

SUBJECTS AND METHODS

Imaging exam records of 98 patients aged 
between 20 and 50 years, including Panoramic 
images and CBCT were selected from databases at 
the Department of Oral medicine, Periodontology, 
Oral Diagnosis and Radiology, Faculty of Dentistry, 
Al-Azhar University. Selections based on exclusion 
of images with any kind of pathologic condition and 
fractures in the mandible.

Radiographic measurements Fig (1-5):

Gonial angles were measured by using a method 
described by Mattila et al. (29). A line will be digitally 
traced on the images tangential to the most inferior 
points at the gonial angle and the lower border of the 
mandibular body and another line tangential to the 
posterior borders of the ramus and the condyle. The 
insertion of these two lines forms the Gonial angle, 
which was measured on the right and left sides of 
the mandible. Ramus heights were measured using a 
method described by Saini et al. (8). Aline represents 
the ramus which extended from the most superior 
lateral point to the most inferior lateral point on the 
ramus tangent. Ramus hight was measured on both 
sides on each image. Bigonial width is the distance 
between both Gonia. The Gonian is the most inferior, 
posterior and lateral point on the external angle of 
the mandible (18). It is measured horizontally from 
the right to the left Gonia.

RESULTS

Statistical analysis of the data

Power analysis indicated 98 subjects (male and 
female) would be sufficient to demonstrate statistical 
significance at p < 0.05 level with a power of (at 
least) ≥ 80%. According to the following formula: 
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n= r+1/r (Z b+Z α/2)
 2 x(SD) 2/ (d) 2.where SD = 5 and 

d = 2.  Data were fed to the computer and analyzed 
using IBM SPSS software package version 20.0. 
(Armonk, NY: IBM Corp). The Kolmogorov- 
Smirnov, Shapiro and D’Agostino tests were used 
to verify the normality of distribution of variables. 
Student t-test was used to compare two groups for 
normally distributed quantitative variables while 
Paired t-test was used to compare two periods. 
Receiver operating characteristic curve (ROC) 
was used to determine the diagnostic performance 
of the markers. Area more than 50% gives 
acceptable performance and area about 100% is the 

best performance for the test. Significance of the 
obtained results was judged at the 5% level.

1. Comparison between CBCT and Panorama 

In ramous height and Gonial angel; CBCT 
showed a statistically significant difference com-
pared to panoramic radiography while, in Bigonial 
width there is no statistically significant difference 
(table 1).

TABLE (1): Comparison between CBCT and Panorama 

CBCT Panorama P

Ramous height 61.2±4.3 70.8±6.7 <0.001*

Bigonial width 164.1±16.0 173.8±24.3 0.237

Gonial angel 132.1±5.4 232.1±2.5 <0.001*

Normally quantitative data was expressed in mean ± SD 

p: p value for Paired t-test for comparing between CBCT 
and Panorama

*: Statistically significant at p ≤ 0.05

FIG (1) Panoramic view shows Bigonial width FIG (2) Panoramic view shows Gonial angle

FIG (3) CBCT shows Bigonial width

FIG (5) CBCT shows Gonial angle

FIG (4) CBCT shows Ramus height
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2.  Relation between Ramous height, Bigonial 
width and gonial angel with sex

Regarding Ramous height, Bigonial width and Go-
nial angel; CBCT showed a statistically significant dif-
ference compared to panoramic radiography and was 
able to differentiate between males and females. 

TABLE (2): Relation between sex with Ramous 
height, Bigonial width and gonial angel

Males Females P

Ramous height

CBCT 59.5±3.0 63.6±5.0 0.033*

Panorama 70.4±5.2 71.3±8.8 0.776

Bigonial width

CBCT 154.0±6.0 179.3±14.1 0.030*

Panorama 171.2±24.2 177.8±27.6 0.700

Gonial angel

CBCT 127.3±3.4 132.3±4.0 <0.001*

Panorama 225.7±2.6 231.1±2.2 0.188

Normally quantitative data was expressed in mean ± SD 
p: p value for Student t-test for comparing between the 
two groups
*: Statistically significant at p ≤ 0.05

TABLE (3): Agreement (sensitivity, specificity) for ramous height, Bigonial width and gonial angel to 
diagnose females from males

AUC P
95% C. I

Cut off Sensitivity Specificity PPV NPV
LL UL

Ramous height
CBCT 0.771* 0.045* 0.548 0.993 >61.5 75.0 83.33 75.0 83.3
Panorama 0.500 1.000 0.216 0.784 >71.4 50.0 58.33 44.4 63.6

Bigonial width
CBCT 0.979 0.014* 0.900 1.0 >155 100.0 83.33 80.0 100.0
Panorama 0.583 0.670 0.214 0.952 >161 75.0 50.0 50.0 75.0

Gonial angel
CBCT 0.948* 0.001* 0.841 1.0 ≥132 87.50 66.67 63.6 88.9
Panorama 0.682 0.177 0.435 0.930 ≥231 75.0 75.0 66.7 81.8

AUC: Area Under a Curve	 p value: Probability value		  CI: Confidence Intervals
NPV: Negative predictive value 	   PPV: Positive predictive value *: Statistically significant at p ≤ 0.05  

3. Agreement (sensitivity, specificity) for ramous 
height, Bigonial width and gonial angel to diag-
nose females from males

In this regard, Ramous height, Bigonial width 
and Gonial angel showed higher Sensitivity and 
Specificity to differentiate between males and 
females on CBCT.

FIG (6) ROC curve for ramous height, Bigonial width and go-
nial angel to diagnose females from males
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TABLE (5): Agreement (sensitivity, specificity) for ramous height, Bigonial width and gonial angel to 
diagnose age group ≤30 from >30

AUC P
95% C. I

Cut off Sensitivity Specificity PPV NPV
LL UL

Ramous height
CBCT 0.813* 0.021* 0.620 1.00 >61.5 75.0 83.33 75.0 83.3
Panorama 0.620 0.375 0.355 0.884 ≤71.4 62.5 50.0 45.5 66.7

Bigonial width
CBCT 0.844* 0.011* 0.658 1.00 >155 87.5 75.0 70.0 90.0
Panorama 0.552 0.700 0.296 0.808 >161 75.0 50.0 50.0 75.0

Gonial angel
CBCT 0.859* 0.008* 0.682 1.0 ≤132 75.0 91.67 85.7 84.6
Panorama 0.620 0.375 0.366 0.874 ≤231 62.50 66.67 55.6 72.7

AUC: Area Under a Curve	          p value: Probability value                CI: Confidence Intervals
NPV: Negative predictive value          PPV: Positive predictive value           *: Statistically significant at p ≤ 0.05  

4. Relation between age with ramous height, Bi-
gonial width and gonial angel

Ramous height, Bigonial width and Gonial 
angel on CBCT showed a statistically significant 
difference compared to panoramic radiography in 
determination of age. 

TABLE (4): Relation between age with ramous 
height, Bigonial width and gonial angel

Age group
P

<30 >30

Ramous height

CBCT 63.9±4.7 59.3±3.0 0.017*

Panorama 69.5±7.8 71.6±6.0 0.504

Bigonial width

CBCT 174.6±14.7 157.1±12.1 0.009*

Panorama 171.4±19.4 175.4±26.8 0.719

Gonial angel

CBCT 128.8±3.1 134.3±5.6 0.019*

Panorama 225.4±2.4 232.5±2.6 0.342

Normally quantitative data was expressed in mean ± SD 
p: p value for Student t-test for comparing between the 
two groups
*: Statistically significant at p ≤ 0.05

5. Agreement (sensitivity, specificity) for ramous 
height, Bigonial width and gonial angel to diag-
nose age group ≤30 from >30

In Ramous height, Bigonial width and Gonial 
angel; CBCT showed higher Sensitivity and 
Specificity to diagnose age. 

FIG (7) ROC curve for ramous height, Bigonial width and go-
nial angel to diagnose age group ≤30 from >30
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DISCUSSION

The identification of gender from human 
remains is of fundamental importance in forensic 
medicine and anthropology, especially in criminal 
investigations of missing persons and in attempts at 
reconstructing the lives of ancient population.  One 
of the important aspects of forensics is to determine 
gender from fragmented jaws and dentition (30). 
Mandible the most dimorphic, largest, strongest 
and movable part of the skull. Such morphological 
features play a vital role in sex determination in 
cases where intact skulls are not found (33, 34). 

Mandible was used in this study for two simple 
reasons; firstly, there appears to be paucity of 
standards utilizing their morphological elements, 
and secondly, the bone is largely intact. Thus, in 
cases where intact skull is not found, mandible may 
play a vital role in sex determination (35). 

CBCT is useful in forensic contexts, offering 
several advantages for post-mortem forensic imag-
ing including good resolution for skeletal imaging, 
relatively low cost, portability, and simplicity. 3D 
reconstruction, bite-mark analysis, age estimation, 
person identification and anthropological assess-
ment using CBCT have shown promising results. 
(36) Panoramic radiographs have been advocated rou-
tinely as a one of the appropriate screening tools for 
diagnosis of oral diseases. The principal advantages 
of panoramic image are its broad coverage, low pa-
tient radiation dose, short time required for image 
acquisition and has been a very good source for ret-
rospective studies. Several studies have been report-
ed that panoramic radiographs are reproducible and 
accurate for the linear and angular measurements on 
mandibles. (37)

In the present study CBCT showed a statistically 
significant difference with panoramic radiography 
in Ramus height and gonial angel. ROC curve in 
CBCT, when the ramous height was >61.5 mm it 
indicates females. When the Bigonial width was 
>155 mm it indicates females. When the Gonial 

angel was ≥132 it indicates females. In the present 
study ROC curve for ramous height, Bigonial width 
and gonial angel to diagnose age group ≤30 from 
>30.  In CBCT, when the ramous height was >61.5 
mm it indicates ≤30. When the Bigonial width was 
>155 mm it indicates ≤30. When the Gonial angel 
was ≥132 it indicates ≤30.

Our results correlated with Huumonen et al(38) 

who found significantly larger gonial angle in 
females as compared to males. Anupam Datta et 
al(39) conducted a study in 50 adult mandibles to 
analyze sexual dimorphism in the mandible of 
South Indian population. They measured Gonial 
angle, Bigonial width, Height of ramus. The Gonial 
angle, Bigonial width, Height of ramus showed 
statistically significant gender difference.

Sinanoglu et al (40) in their CBCT study found 
that CBCT can be considered a method of choice for 
age estimation. Jodi Leversha et al (41) determined 
a correlation of mandibular parameters with 
individual’s age and gender in dentate subjects. 
They found that males were shown to have a larger 
ramus height and Bigonial width than females and 
females were shown to have larger Gonial angle 
than males. Our results were consistent with Daydas 
et al (42) who reported mandibular ramus height to 
be the best parameter in the study, since our study 
showed significant difference between males and 
females. Study done by Dayal, et al. (43) studied six 
mandibular measurements of South African Blacks 
and found that the average accuracy for gender 
determination varied from 80 to 85%. The Bigonial 
width and mandibular ramus height measurements 
showed the highest accuracy of about 85.0%.

Generally, it can be concluded from the present 
study that, Bigonial width and the Gonial angel on 
CBCT might differentiate females from males and 
predict different ages in a more superior and reliable 
way compared to panoramic view.
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