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Introduction

In children and adolescents, the human body develops and ma-
tures with age. Identifying the individuals and their distinctive fea-
tures has been of  high importance to human civilization. Chrono-
logical age (CA) estimation is an effective part of  medico-legal 
operation. CA alone is not adequate for evaluating the stage of  
development of  a growing child [1-3] Dental age (DA) is of  much 

importance to the pedodontist and orthodontist in the guidance 
of  various types of  malocclusions in reference to maxillofacial 
growth. It can be resolved by the stages of  tooth eruption or the 
stages of  tooth calcification [4]. A slew of  techniques for deter-
mining age has been put forward by various authors such as the 
development of  the third molar, development of  hand and wrist 
bones, spheno-occipital fusion and fusion of  the sternal end of  
the clavicle [5-8]. These can be sorted into four groups including 
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clinical, histological, chemical and radiological investigations. In a 
person who is alive, any or all above mentioned techniques can be 
used to estimate age, in cases where actual age is incognito or is 
to be established. However, in case of  a demised person, autopsy 
changes such as decomposition, mutilation or skeletonization may 
make it hard for finding out the person almost to the point of  
impossibility [9]. OPG is regularly used on dental research or fo-
rensic investigations. Dental methods are studied to be a reliable 
tool when other identification techniques fizzle out [10].

The largest, strongest and the most durable bone in the facial 
skeleton which reveals sexual dimorphism is Mandible [11] Go-
nial angle is one of  the main landmarks in mandible which is de-
termined by age and gender [12-15] In forensic inspections, the 
gonial angle is one of  the variable for gender determination and 
age estimation [16-18] Radiographically, OPG is used to calculate 
the gonial angle as there is no significant difference in the value 
[19, 20] However, using OPG is often chosen over lateral Cepha-
logram as both right and left gonial angles can be calculated with-
out any anatomic superimpositions [21] In spite of  the dispute 
and indefinite results, plentiful researches have been executed us-
ing gonial angle as a variable in age and gender determination. In 
the current study, we analysedthe gonial angle values to assess the 
mandibular growth parameters such as mandibular body length, 
height and gonial angle using OPG’s in the study population for 
estimating the gender and chronologic age of  an individual by 
deriving a regression equation.

Materials and Methods

Ethical Approval:

This study was conducted in the Outpatient Department of  Pae-
diatric and Preventive Dentistry of  a private dental institute in 
Chennai. The protocol for the current study was approved by the 
Institutional Ethical Review Board.

Sample Selection:

In this study, standard OPG’s were taken as they are used in rou-
tine examination for patients with developing dentition visiting 
the Outpatient Department of  Paediatric and Preventive Dentist-
ry. 1125 digital OPG images were analysed during the year of  Sep-
tember 2020 - January 2021 of  which 100 images were selected 

for the study. All OPG’s were obtained from Papaya Cubical Semi 
tomography (Genoray, Gyeonggi-do, Korea) digital panoramic 
system using standard exposure parameters with exposure time 
of  12 sec, speed of  9mA and 68kv tube voltage.

Inclusion Criteria

• Age group of  14-35 years
• Ideal radiographs with no pathologies
• No magnification errors
• No periodontal lesions
• No missing teeth in mandibular arch
• Completely dentulous

Exclusion Criteria

• Dissymmetry in OPG images
• Unclear and low quality images
• Existence of  supernumerary teeth
• Orthodontically managed teeth
• Deep carious teeth
• Root canal treated teeth
• Missing teeth
• Magnification and Distortion
• Fracture of  mandible
• History of  previous orthognathic surgery in mandible

Image J software was used in the present study to measure the 
angles in OPG which is a public domain Java image processing 
and analysis program. In the panoramic radiographs, the gonial 
angle was determined from two tangents draw from the inferior 
border of  the mandible and posterior borders of  condyle and 
ramus of  both sides (Fig. 1) The bigonial width was measured 
horizontally from the right to left gonia (Fig. 2) The height of  
ramus was determined from the highest point on the mandibular 
condyle to the lower border of  mandible (Fig. 3) Each reading 
was taken twice on two different occasions by the same examiner. 
The measured data from OPG was tabulated in the MS Office 
Excel spread sheet. The date of  radiograph and the date of  birth 
of  the patients were entered in the Excel spread sheet and the 
age (years andmonths) were calculated. The calculated age was 
then converted to age in years (independent variable), which was 
correlated with the gonial angle, bigonial width and ramus height 
values from the radiographs (dependent variables).

Figure 1. Image showing the measurement of  right gonial angle in OPG using the ImageJ tool.

Figure 2. Image showing the measurement of  bigonial width in OPG using the ImageJ tool.
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Statistical Analysis:

The data were analysed by SPSS 10 for Windows (SPSS Inc., Chi-
cago, USA) for Descriptive analysis-mean, median, standard de-
viation (SD), first quartile, third quartile (independent variables) 
angle of  mandible, height of  ramus of  right (R) and left (L) sides. 
Pearson correlation was used to correlate age and gender (inde-
pendent variables) measured for R and L side. Linear regression 
coefficient by regression equation was used to determine predic-
tive value and multiple linear regression analysis was done by us-
ing fitted model equation to arrive at age and gender.

Results and Discussion

In this study, radiographic measurement of  digital OPG of  100 
images consisting of  37 males and 63 females were carried out 

with a mean age of  23.38 years. Table 1 depicts the mean val-
ues of  bigonial width (17.01mm ±1.10mm ), right gonial angle 
(125.77°±6.84°), left gonial angle (126.59°±7.00), right ramus 
height (4.72mm ±0.55mm) and left ramus height (4.76mm 
±0.52mm) Table 2 depicts a negligible positive correlation found 
between age and bigonial width, gonial angle and ramus height 
which was found to be statistically not significant (Pearson Cor-
relation p>0.05) Table 3 depicts the mean values of  outcome vari-
ables based on gender which was observed to be statistically not 
significant whereas P value of  0.001 indicates that male subjects 
were found to have increased bigonial width when compared to 
females and the difference was found to be statistically highly 
significant. Table 4 depicts point biserial correlation between 
gender and outcome variables. It was observed that while cor-
relating gonial angle, ramus height and gender, there was no sta-
tistical significant difference noted while correlation coefficient 

Figure 3. Image showing the measurement of  right ramus height in OPG using the ImageJ tool.

Table 1. Distribution of  Mean values of  Bigonial width, Right & Left Gonial angle, Right & Left Ramus height.

Outcome variable Mean Std. Deviation
Bigonial width 17.01mm 1.10mm

Right Gonial angle 125.77° 6.84°
Left Gonial angle 126.59° 7.00°

Right Ramus height 4.72mm 0.55mm
Left Ramus height 4.76mm 0.52mm

Table 2. Correlation between Age and Bigonial width, Gonial angle and Ramus height.

Pearson Correlation Bigonial 
width

Right Gonial 
angle

Left Gonial 
angle

Right Ramus 
height

Left Ramus 
height

AGE
Correlation coefficient (r) value 0.04 0.10 0.12 0.03 0.01

P value 0.65 0.31 0.2 0.7 0.87
Pearson Correlation (p<0.05)

Table3. Comparison of  Mean values of  Bigonial width, Gonial angle and Ramus height based on Gender Independent t test 
(p<0.05).

Outcome variable Gender Mean Std. Deviation P value

Bigonial width (mm)
Male 17.47 1.139

0.001**

Female 16.72 0.98

Right Gonial angle(°)
Male 125.10 5.07

0.45
Female 126.15 7.71

Left Gonial angle(°)
Male 125.73 6.07

0.34
Female 127.09 7.50

Right Ramus height(mm)
Male 4.75 0.65

0.65
Female 4.70 0.48

Left Ramus height(mm)
Male 4.81 0.57

0.48
Female 4.73 0.48
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value of  0.33 indicates a low positive correlation between gender 
and bigonial width which shows that male subjects were found to 
have increased bigonial width than females and was found to be 
statistically highly significant. Table 5 shows a regression equation 
that was derived for 100 samples to predict the unknown gender.

Y(Dependent variable) = Constant + Beta value × Independent 
Variable

(Female-Code 0 and Male coded as 1) So, on average, female sub-
jects had a bigonial width value of  0.75 points lower than male 
subjects. Figure 4 depicts a scatter plot which indicates a low posi-
tive correlation between gender and bigonial width which shows 
that male subjects were found to have increased bigonial width 
than females.

Recurrent change is the essence of  life. Humans grow at different 
rates at different times of  life. Determination of  a child’s growth 
and development are of  major importance. Determination of  a 
child’s growth and development are of  major importance. In the 
case of  mishaps, chemical and nuclear bomb explosions, natural 
disasters crime investigations and ethnic studies [22] finding out 
the person’s gender becomes the top most priorities in the process 
of  identification of  a person. Amidst various maturational indica-
tors, bones form a significant source of  information in concern 
with growth and growth changes. Significant attention has been 
given to mandibular growth as this bone enlarges the most dur-
ing adolescence [23] The most used radiograph for evaluating the 
morphological variations of  the mandible were the lateral cepha-

lograms [24] However, bilateral mandibular assessment and vari-
ation was not possible and also cause superimposition of  the ra-
mus [25] So OPG’s are considered in the present study since they 
are more efficient method for collecting data. OPG’s are prompt 
for linear and angular measurement sonmandibles [24] andit’s a 
part of  usual examination & thus very much helpful for research 
purpose, cost efficient and doesn’t involve another exposure [26] 
Moreover, the contrast and brightness enhancement and image 
enlargement gives an exact and reproducible method of  calculat-
ing the chosenpoints [27-29] Two main reasons, the mandible was 
considered was because there is a lack of  standards making use 
of  this element andalso this bone is often recovered largely intact 
[30] In the current study, evaluation was done to measure the go-
nial angle, ramus height and bigonial width on digital OPG’s and 
to find their age and gender.

To find out the growth pattern of  patients, the gonial angle is a 
main indicator. It was determined from two tangents which were 
drawn from the inferior border of  the mandible and posterior 
borders of  condyle and ramus on both sides. In the current study, 
a positive correlation between age and gonial angle was observed 
(Pearson correlation). An increase in gonial angle was noted with 
an increasing age. This is in agreement with a study done by Ohm 
E and Silness J who found a close positive association between 
gonial angle and age [14] however, the results of  the current study 
were not statistically significant. The mean values of  gonial angle 
was slightly higher in the left side when compared to the right side 
and were higher for females compared to males with no statisti-
cally significant difference between the two genders which was in 

Figure 4. Scatter plot between Gender and Bigonial width (Point Biserial Correlation).

Table 4. Correlation between Gender and Bigonial width, Gonial angle and Ramus height 
Using Point Biserial Correlation (p<0.05).

Point Biserial Correlation Bigonial 
width

Right Gonial 
angle

Left Gonial 
angle

Right Ramus 
height

Left Ramus 
height

GENDER
Correlation coefficient (r) value 0.33** 0.07 0.09 0.045 0.07

P value 0.001** 0.45 0.34 0.658 0.48

Table 5. Simple Linear Regression analysis between Gender and Bigonial width.

Coefficientsa

Model
Unstandardized Coef-

ficients
Standardized 
Coefficients Sig.

B Std. Error Beta

1
(Constant) 16.729 0.132 0.001
GENDER 0.751 0.216 0.331 0.001

a. Dependent Variable: Bigonial width
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accordance to a previous study [31] Regional difference and inju-
rious habits may be the reason why it was more prevalent among 
the males.

The bigonial width is the distance between both Gonia. Gonion 
is the most inferior, posterior and lateral point on the external an-
gle of  the mandible [27] It was determined horizontally from the 
right to left gonia. From this study, a positive correlation between 
age and bigonial width was observed (Pearson correlation). How-
ever, the results were not statistically significant. Males were ob-
served to have greater bigonial width when compared to females 
which was found to be statistically highly significant (p=0.001) 
This study was in accordance with a study conducted by Leversha 
et al [32] But according to a study conducted by Jambunath et al, 
the bigonial width was not significant between genders [33] The 
dispute in the results in various studies may be due to the diverse 
in population selected. Bigonial width increased as age increased 
in the current study, which was not in agreement with a study 
conducted by Leversha et al in whose study the bigonial width 
significantly decreased with an increase in age [32].

Ramus height was determined from the most superior point on 
the mandibular condyle to the most protruding portion of  the 
inferior border of  the mandible on both sides. Increase in the 
height of  the ramus was observed with age in the present study. 
The differences were not statistically significant, though. Our 
findings were similar to the study conducted by Bhuyan et al [34] 
whereas; there was contrast in the findings of  Shmout et al who 
noticed significant differences [35] Statistically not significant dif-
ferences in the ramus height were noted according to the gender 
and the mean values were greater in males compared to females. 
This finding was similar to the findings in the studies of  Ghaf-
fari et al and Huumonen et al. The overall masticatory forces are 
more in males which led to an overall increased dimensions of  the 
mandible [36, 37].

This study was conducted as an attempt to correlate different di-
mensions of  mandible with estimating age and gender. The cur-
rent study provided awareness on OPG’s that could serve as an 
effective tool in forensic dentistry. Though the over all samplesize 
was 100 in the present study, the authors recognized that the dis-
tribution of  male and female samples was not enough toprove the 
result. Further, the evaluation of  the radiographs was graspedby 
the same observer (intra-observer) on two different occasions in-
stead of  two observers (inter-observer) which could have led to 
observational bias. Even cone beam computed tomography gives 
moreexact dimensions and could be used in the future to inves-
tigate changes in mandibular morphology. The above restrictions 
have to be considered in future with a large study sample.

Conclusion

The mean value of  gonial angle and ramus height was slightly 
higher in the left side when compared to the right side but the 
differences were not statistically significant. Males were found to 
have increased bigonial width when compared to females and the 
difference was found to be statistically highly significant. A negli-
gible positive correlation between age and bigonial width, gonial 
angle and ramus height was found to be statistically not signifi-
cant.
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