
Indian Journal of Public Health Research & Development, January 2020, Vol. 11, No. 01  1689

Gonial Angle as a Determinant of Gender, a Panoramic Study 
in a Sample of Saudi Population

Ahmed Ali Alfawzan

Department of Preventive Dentistry, Alrass Dental College, Qassim University, 
Saudi Arabia, Qassim, Saudi Arabia

Abstract
Introduction: Sex determination is a valuable factor in forensic dentistry. The present study aims to assess 
the possibility of using gonial angle as a determinant of gender through a retrospective panoramic study, in 
a sample of Saudi population.

Materials and Method: A 342 digital panoramic radiographs (179 males and 163 females) of adult dentulous 
Saudi patient attending university dental hospital, Qassim university, KSA were assessed in this studywere 
assessed in this study. Gonial angle measurements were calculated bilaterally.

Results: The mean values were calculated and compared between male and female subjects using SPSS (V. 
22). Level of significance was set at 0.005. The mean values of the external gonial angle measured using the 
panoramic radiographs were 125.50±5.95° and 127.45±6.77°, respectively.

Conclusion: In the present study, statistically significant difference was observed between the gonial angles 
measured in between males and females using panoramic radiographs. Gonial angle can be considered 
reliable for gender determination.
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Introduction
In dental practices diagnosis and treatment 

planning can be formulated by utilizing the gathered 
data from the case history and diagnostic aids such as 
clinical examinations, study models, and the relevant 
radiographs. Dentofacial radiography has become a 
critical procedure in the dental, medical, and hospital 
clinics. Similarly,lateral cephalogram and panoramic 
radiograph are essential for diagnosis and treatment 
planning in orthodontics.1

The gonial angle in cephalometric x-rays is an 
important parameter for determining the growth pattern 
of an individual, assessing the rotation of the mandible1 
and the extraction pattern in class II patients,2 making 
decisions regarding whether to perform surgery in class 
III skeletal base patients,3 and estimating age in forensic 
medicine.4,5

Panoramic radiography, which is considered the 

gold standard of care for dental screening, diagnosis 
and treatment planning, is used by dentists from 
other specialties and orthodontists alike. It provides a 
significant amount of information about the dentation 
and the supporting bone, and also is used for screening of 
pathological and developmental problems such as cysts, 
tumors, cancer,supernumerary teeth, the congenital 
absence or premature loss of teeth, fused teeth to the bone, 
abnormally retained teeth, tooth eruption path especially 
of third molars, bone pathology, and mandibular 
asymmetry.6,7 Panoramic radiography are useful for 
measuring the gonial angle with accurate performance 
than lateral cephalography, as the superimposed gonial 
angles in cephalography can affect their tracing.8,9

A panoramic radiograph provides adequate 
information about both left and right sides; hence, 
it would be reasonable to assess them equally.10,11 
Determination of gender is an important part of forensic 
science and anthropology and in medico-legal issues. 
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Among various other measures, gonial angle can be 
used to differentiate between male and female strongly 
to express univariate sexual dimorphism. When 
skeletal sex determination is considered, angular and 
metric analyses on the radiographs are often found to 
be of greater importance because of their, reliability, 
reproducibility, accuracy and objectivity.12,13

Determination of sex becomes more appropriate 
after attainment of puberty as the differences are well 
marked well in skull and bony pelvis.14 After both these 
bony areas, mandible remains the next best in the human 
beings which will help us in the identification of age, 
sex, and race.14 Therefore, mandibular condyle and 
ramus, in particular, are generally the most sexually 
dimorphic.12,13 There by among various radiographic 
technique the orthopantomography (OPG) is still best 
used as a measure in determination of sex wherein, 
the morphology of mandibular ramus is researched. 
Changes in gonial angle (mandibular angle) are of 
important value in age and sex determination. Very few 
studies have been carried out to study the changes in the 
mandibular angle with age, sex and dental status. One of 
the choices for gonial angle measurement is panoramic 
radiograph. Hence, this study was taken to understand 
gonial angle as adeterminant of gender in a panoramic 
study in a sample of Saudi population.	

Materials and Method
Ethics approval (#DRC/002FA/19) for the study 

was obtained from the Dental Ethics Committee, 
Alrass Dental College, Qassim university, KSA.
Digital panoramic radiographs (OPG) of 324 patients 
(163 females and 179 males; mean age of 29.05±7.93 
years) were obtained from the department of radiology, 
university dental hospital, Qassim university, KSA. The 
inclusion criteria for the OPG were:patient in permanent 
dentation stage, the OPG had to be of high image quality 
and sharpness and all OPGs had to be taken using the 
same machine. The exclusion criteria were a recorded 
history of facial trauma, previous facial/mandibular 
surgery, and congenital syndromes affecting the face or 
jaw, and asymmetry of face. The gonial angle was drawn 
with a tangent to the lower border of the mandible and 
another line tangent to the distal border of the ascending 
ramus and the condyle on both the sides then the gonial 
angle was measured at the point of intersection of the 
plane tangential to the lower border of mandible and to 
the distal border of the ascending ramus and condyle 
(Figure 1).

Figure 1: Gonial angle measurementon the digital 
panoramic radiograph

The gonial angle was measured using Digora 
software. Paired t-test was used for evaluating the 
difference between the gonial angle in the panoramic 
OPG, and Student t-test was used for assessing the 
difference in the gonial angle with respect to sex. The 
analyses were performed using SPSS version 22.0; a 
P-value of < .05 was considered to indicate statistical 
significance.

Results
Statistical Method used was descriptive and 

inferential statistical analysis has been carried out in 
the present study. Results on continuous measurements 
are presented on Mean ± SD (Min-Max) and results on 
categorical measurements are presented in Number (%). 
Significance is assessed at 5 % level of significance. The 
following assumptions on data are made, Assumptions: 
1. Dependent variables should be normally distributed, 
2. Samples drawn from the population should be random, 
and cases of the samples should be independent. Student 
t test (two tailed, independent) has been used to find the 
significance of study parameters on continuous scale 
between two groups (Inter group analysis) on metric 
parameters. Leven`s test for homogeneity of variance 
has been performed to assess the homogeneity of 
variance. Chi-square/Fisher Exact test has been used to 
find the significance of study parameters on categorical 
scale between two groups, Non-parametric setting for 
Qualitative data analysis. Fisher exact test used when 
cell samples are very small.

The study sample consisted of retrospective 
panoramic radiographs of 324 patients (163 females 
and 179 males; mean age of 29.05±7.93 years as seen in 
Figure 2). The mean value of the gonial angle measured 
using the panoramic radiographs was 126.43±6.42 with 
a standard deviation of 0.90°, The mean value of the right 
gonial angle measured using the OPG in females was 
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127.68±6.69°, and 125.64±5.91 in males; the P-value 
was .003. Further, the mean value of the left gonial 
angle was 127.23±6.86° in females, and in 125.35±6.02° 

inmales; the P-value was .007. The mean gonial angle 
was 126.43±6.42° and the P-value was .005, which was 
also statistically significant (Table 1 and Figure 3).

Figure 2: Age distribution of patients studied

Table 1: Comparison of Gonial Angle according to Gender

Variables
Gender

Total P value
Male Female

Right Gonial Angle 125.64±5.91 127.68±6.69 126.61±6.37 0.003**
Left Gonial Angle 125.35±6.02 127.23±6.86 126.24±6.49 0.007**
Mean Gonial angle 125.50±5.95 127.45±6.77 126.43±6.42 0.005**

Discussion
The gonial angle reflects the morphology of the 

mandible and has a very important role in growth pattern 
prediction and estimating age in forensic medicine and 
forensic dentistry.15 It is also an important parameter 
for evaluating the symmetry of the facial skeleton.1,2 

According to Mattila et al.10 and Dahan et al,11 the size of 
the gonial angle depends on the method of measurement 
used. These measurements can beformed through a line 
tangent to the lower border of the mandible or be based 
on a line passing through the gnathion. On a panoramic 
radiograph, the determination of the gnathion can 
sometimes be difficult and might result in an inaccurate 
measurement of the gonial angle.15 Therefore, in this 
study, to avoid any inaccuracies in measurement, 
the horizontal plane of the gonial angle in both the 
panoramic radiograph and the lateral cephalogram was 
formed by a line drawn tangentially to the lower border 
of the mandible.

The mean values of male and female external gonial 
angle measured using the panoramic radiographs were 

125.50±5.95° and 127.45±6.77°, respectively. Further, 
statistically significant difference was observed in the 
gonial angle measured using this diagnostic tool. Mattila 
et al.10 measured the gonial angle using panoramic 
radiographs and lateral cephalograms, compared the 
values with those found using dry skulls, and concluded 
that the measurements made using the panoramic 
radiographs were more accurate. Shahabi et al.16 compared 
the external gonial angle determined using panoramic 
radiographs of patients and concluded that panoramic 
radiography could be used for determining the gonial 
angle as accurately as a lateral cephalogram. Arakiet al,17 
in 2015, compared the gonial angles measured using 49 
panoramic radiographs with the gonial angle estimated 
using lateral cephalometric radiographs taken from 2 dry 
mandibles and found that the gonial angle measurements 
were slightly smaller on the panoramic radiographs than 
on the lateral cephalometric radiographs. Alhaija et 
al.18 evaluated the potential of panoramic radiographs 
to measure mandibular inclination and steepness; they 
observed a high correlation between the measurements 
taken using both types of radiographs. Thus, according 
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to their study, panoramic radiographs are a useful tool 
for the measurement of the gonial angle, which is an 
indicator of mandibular steepness and, subsequently, 
the mandibular growth direction. In a previous study, 
the reliability of cephalometric measurements made 
using panoramic radiographs was compared with that 
of the actual measurements collected from dry skulls.17 
The results recorded the highest correlation between 
orthopantomography and cephalometric radiograph 
with respect to the measurement of the gonial angle, 
whereas the least correlation was observed for the length 
of the mandibular body. Further, in the case of different 
growth patterns, the gonial angle and the ramus height 
showed the closest correlation between the 2 types of 
radiographs.10 Thus, the ability to determine the growth 
direction from a panoramic radiograph is useful because 
most dentists request a panoramic radiograph for patients 
during routine dental examinations.

In lateral cephalometric radiograph, gonial angle 
measured between atangent line with the inferior border 
of the mandible and along the posterior border of the 
mandibular ramus of superimposed mandibular halves. 
According to Nohadani and Ruf,19 angular values from 
panoramic radiographs are more reliable, as the angular 
values in the posterior and the lateral aspects of the 
mandible for determining the gonial angle.

Sex estimation is very important from a forensic 
point of view. Mandibular condyle and ramus in 
particular are most sexually dimorphic as they are the 
sites associated with the greatest morphological changes 
in size and remodeling during growth.20 Therefore, in 
the present study, mandibular ramus was selected for sex 
estimation as it is a part of gonial angle.

As regards the gonial angle, males showed 
statistically significant lower mean gonial angle values 
than females (125.50 o and 127.45 o respectively). 
This was in agreement with many researchers.21,22.23 
Conversely, other researchers found that males showed 
statistically significant higher mean gonial angle 
values than females,24 whereas others did not find 
any statistically significant differences between both 
sexes.16,25 It was found that females had a downward 
and backward rotation pattern in mandible while males 
had a forward rotation in mandible therefore the gonial 
angle values found in females are higher than in males.26

To sum up, our results support previous research on 
other populations that the gonial angle showed a sexual 

dimorphism and proved to be beneficial in sex estimation 
and Hence, the use of gonialangle is recommended as 
an aid for sex estimation in forensic analysis. However, 
further studies using larger sample size from diverse 
Saudi Arabian regions and different imaging modalities 
are recommended to set our population standards for sex 
estimation.

Conclusion
In the present study, statistically significant 

difference was observed between the gonial angles 
measured in between males and females using 
panoramic radiographs. Panoramic radiography can be 
considered reliable for measuring the gonial angle. In 
the selected Saudi Arabia population sample, the gonial 
angle showed a high sexual dimorphism and proved to 
be beneficial in sex estimation.
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