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ABSTRACT

Background: Estimating the age of death is a crucial step since it narrows the field of probable identities that must be
compared to remains after mass tragedies. Morphological changes in the mandible are mostly driven by an
individual’s age and occlusal status. The aim of this study was to determine the association of the dimensions of these
parameters with the age and gender of an individual with a larger sample size using orthopantograms in the north
Indian population.

Methods: A retrospective radio morphometric analysis was performed for panoramic radiographs of 300 (150 males
and 150 females). The digital panoramic images were saved in Dicom format and exported to MicroDicom software
for linear measurements. The co-relation of study parameters with age was analyzed by one-way ANOVA and
assessment of co-relation with sex by applying student’s t-test.

Results: The mean values of the right and left gonial angles were higher in females, while the ramus height and
bigonial width dimensions were greater in males. However, only the left gonial angle and ramus height showed
statistically significant differences with gender (p<0.05).

Conclusions: The present study found substantial changes in gonial angle, ramus height, and bigonial breadth based
on gender and age in a larger sample size. As a result, these dimensions can be an accurate predictor of an individual’s
age and sex. Thus, morphometric examination of the mandible can be a useful tool in both identifying individuals and

studying growth patterns.
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INTRODUCTION

In the interest of justice, forensic odontology is a
subspecialty of dentistry that deals with the right
handling, inspection, and evaluation of dental evidence as
well as the proper appraisal and presentation of dental
results. In mass catastrophes, abuse, and organized crime,
it has long been used to identify victims and suspects.® At
least 60% of the victims of the Bali bombings in 2002
and as many as 79% of the Boxing Day Tsunami victims
in Thailand in 2004 were identified only via the
examination of dental remains by skilled forensic
odontologist.>® The literature has shown a large number

of studies using the metric characteristics of the mandible
for age and sex determination of an individual in cases
where an intact skull is not found.*® It is the strongest and
most durable bone in the face and is important for sex
determination, especially without a complete pelvis
and/or skull. Additionally, the mandible undergoes
morphological alterations throughout life and shows a
diversification in features in relation to gender. Age-
related variations most frequently impact the gonial
region, ramus, and condyle of the mandible.® Although
there are studies regarding the influence of age and
gender on the gonial region, the findings of various
studies are inconsistent. Some studies show the variation
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in gonial angle, bigonial width, and ramus height with
age and sex but some studies do not confirm the same.
There is a need for the evaluation of these parameters in
different populations in order to create an age and sex
determination formula for a particular population.”®
When skeletal sex and age determination is considered,
metric analyses on the radiographs are often found to be
of superior value owing to their objectivity, accuracy, and
reproducibility. Therefore, the present study aims to
determine the association of the dimensions of these
parameters with the age and gender of an individual using
orthopantograms in the North Indian population in a
larger sample size and to derive a formula accordingly.

METHODS

The present retrospective radiomorphometric analysis
was performed in the department of oral pathology and
microbiology, KGMU, Lucknow. A total of 300 (150
males and 150 females) panoramic radiographs obtained
from the archives of the radiology department of the
institution between the month of March 2023 to October
2023. The selected radiographs were divided into seven
study groups depending upon the age range, i.e., 0-10,
11-20, 21-30, 31-40, 41-50, 51-60 and above 60 years
(Table 1).

The radiographs with good quality and without any
associated pathologies, fractures, trauma, ongoing
orthodontic treatment in the mandible were included for
the analysis. The radiographs with any pathologies or any
suspected syndromes were excluded. The digital
panoramic images were saved in Dicom format and
exported to MicroDicom software where linear
measurements in mandibular ramus and gonial angle
were taken and entered into the excel. The intersection of
the tangent line traced to the lower border of the
mandible and the line traced to the posterior border of the
ramus was measured as gonial angle. The length of a line
connecting the two lateral points on the ramus tangent,
from the most superior to the most inferior, was used to
calculate the ramus height and as a linear distance

between the right and left gonia, the bigonial width was
calculated as depicted in Figure 1.

The collected data was analysed using a statistical
software package International Business Machines
Corporation, Statistical Package for the Social Sciences
(IBM SPSS version 26.0). The co-relation between the
mean values of gonial angle, ramus height and bigonial
width with the different age groups included were
evaluated with the help of one-way ANOVA test between
the research parameters and sex were also examined (p
value less than 0.05 was considered significant). While,
the association of mean values of gonial angle, ramus
height and bigonial width with gender were assessed with
student’s t test (significance threshold of p<0.05). In
order to formulate a regression analysis between the
tested parameters and age of the individual univariate
analysis was performed (R?=0.50-0.99 considered
statistically significant).

Figure 1: Right and left gonial angle and bigonial
width measurements.

RESULTS

The mean values of the right and left gonial angles were
maximum in 0-10 years study group 126.92 and 126.82
with a standard deviation of 5.5 and 5.8 respectively. The
minimum was seen in the 41-50 years study group with a
mean of 121.29 and 121.52 with a standard deviation of
4.44 and 4.49 respectively.

Table 1: Mean values of gonial angle, ramus height and bigonial width with different age groups.

Age in Age 11-20 Age 21-30 Age 31-40 Age 41-50 Age 51-60  Age Above

category (n=64) (n=114) (n=62) (n=29) (n=15) 60 (n=10) value
Variables MeanzSD MeanzSD MeanzSD MeanzSD MeanSD MeanSD MeanzSD

Right 126.92455  125.67+7.88 123.3846.25 123.51+5.84 121.20+4.44 123.11#558 122.424533 0.05
gonial angle

Left gonial " " " + . " "

angle 126.82458  125.79+8.24 123.6+6.31 1236458  12152+4.49 123.35+5.42 12253542 0.078
E;?ghhttramus 47.73£269 52154572 5504+587 54514665  54.8459 60.6146.23 56.54t5.89  p<0.001
h:g;t""m“s 47714251  5223+5.78 55114596  54.69+6.42  54.77+5.93  60.47+63  56.88+6.16  p<0.001
\';D’v'ig‘zﬂ'a' 147.4242.48 165.62+12.35 167.79+11.82 166.61+11.85 170.15+12.62 173.5:9.68 168.78+12.78 p<0.001

One way ANOVA is used (Data is symmetric). P value less than 0.05 is significant
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Table 2: Mean values of gonial angle, ramus height and bigonial width with gender.

Gender Confidence interval

Variables Mean+SD Mean+SD PEE Lowe Limit Upper Limit
Right gonial angle 121.9+6.5 125.6+5.8 0.134 -5.075447305 -2.276552695
Left gonial angle 122+6.6 125.8+5.8 0.045* -5.205527376 -2.36473929
Right ramus height 57.416.2 51.5+4.8 0.019* 4.638757146 7.160042854
Left ramus height 57.416.2 51.7+4.9 0.021* 4.512438903 7.047961097
Bigonial width 171.3+11.9 163.1+11.2 0.282 5.541098032 10.7854353

MeanzSD format is used. Independent Sample test is used. P value <0.05 is considered significant

Statistically significant differences according to age were
found in the right gonial angle dimensions only and not
for the left gonial angle (p=0.05). Ramus height and
bigonial width were found to be increased with age with a
peak value at 51-60 year of age group. However, in the
age group of above 60 vyears, the parameters were
decreasing. The differences came out to be statistically
highly significant (p<0.001) (Table 1) (Figure 2).

Figure 2: (A) Scatter plot of right gonial angle with
age; (B) scatter plot of left gonial angle with age; (C)
scatter plot of right ramus height with age; (D) scatter
plot of left ramus height with age; (E) scatter plot of
bigonial width with age.

The mean values of the right and left gonial angles were
higher in females, while the ramus height and bigonial
width dimensions were greater in males. However, only
left gonial angle and ramus height showed statistically
significant differences with gender (p<0.05) (Table 2).

Univariate analysis was performed considering age as a
dependent variable. All the variables were coming
significant so model can be fitted using each variable
separately but the strength of the model (R?) was weak in
every case. Age =-0.279 * right gonial angle + 64.211
(R?=0.019). Age =-0.263* left gonial angle + 62.279
(R?=0.017). Age =0.468* right ramus height + 4.206
(R?=0.051). Age =0.472* left ramus height + 3.999
(R?=0.051). Age =0.173* bigonial width + 0.833
(R?=0.026).

DISCUSSION

Age estimation is one of the most important
characteristics used to establish the identity of any
individual in different legal, forensic, or anthropological
research context.® One of the important aspects of
forensics is to estimate age and gender from the
fragmented jaws and dentition especially in the cases of
mass disasters. In contrast, procedures based on
measurements and morphometry are accurate and more
dependable than those based on morphological markings,
which are subjective and likely to be incorrect. Mandibles
are commonly used for the analysis as it is often
recovered largely intact.’® Orthopantomograph has been
advocated routinely by clinicians as the panoramic
images do not contain interference with superimposed
images and the contrast, brightness enhancement, and
enlargement of images provide an accurate and
reproducible method of measuring the chosen points. A
panoramic radiograph is the most obvious choice for the
determination of the mandibular structures with minimum
radiation dose with good accuracy and reproducibility for
linear and angular measurements.!!

The mandibular condyle, ramus, and gonial angle, in
particular, are often the most sexually dimorphic
structures because they are locations linked to the most
significant dimorphic morphological variations in size
and remodelling during growth. At birth, the gonial angle
is regarded as being obtuse, however as children grow
and acquire additional teeth, the angle sharpens.
According to Jensen and Palling, with old age the angle
increases to between 120° and 150°, becoming more
similar to the ‘infantile angle’ of 135° to 150°.22 The
gonial angle is a predictor of the steepness of the
mandibular plane and may be used to forecast the pattern
of facial development. Ramus remodelling with ageing
alters the general contour of the face and is notably
noticeable in the gonial angle. These changes rely on how
the ramus is remodelling in respect to its condyle. The
horizontal dimension is represented by the bigonial
width, which corresponds to the distance between the
right and left gonial angles. Ramus height can be
demonstrated by drawing a perpendicular line draw from
the highest point of the condylar head to the lowest point
of ramus.*3
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In the present study, assessment was done to measure the
gonial angle, ramus height and bigonial width on digital
panoramic radiographs and to compare between gender
and different age groups in dentate patients. This study
has taken consideration into a larger sample size as
compared to the previous studies and aimed to provide a
formula for age estimation using mandibular parameters.
While comparing the gonial angle with the included age
groups, no statistically significant differences was noted
with the left gonial angle, while a significant difference
was seen with the right gonial angle (p=0.05). The
dimensions of gonial angles were obtuse in the younger
0-10 and 11-20 years of age group. In the adult age
groups 21-30 and 31-40, they were noted to become acute
and in the older age groups, the dimensions were obtuse.
Our result did not correlate with studies done by Izard et
al, Ohm and Silness which showed gonial angle increases
with age, whereas it shows a bimodal distribution of
gonial angle i.e., it decreases from childhood to
adulthood and then again increases in old age.'**® From
infancy to adulthood, the mandible undergoes various
growth and developmental changes and the obtuse gonial
angle in infancy and childhood gradually becomes acute
during adulthood. Age-related decline in muscle forces
and the resorption of the alveolar process due to tooth
loss causes the gonial angle to become more acute as
individuals grow older.*® This finding in our study was
similar to the studies of Bathla et al, Rajkumari et al and
Pillay et al who found the difference was not statistically
significant, whereas, in the study of Shamout et al,
Ghaffari et al, Bhuyan et al and Moron and Gimeno,
statistically significant differences were found.®8172% In
our study, gonial angle dimensions were noted to be more
in females as compared to that in males, however the data
was statistically significant only for the left gonial angle
(p<0.05). These findings were similar to Ghaffari et al,
Huumonen et al, Moron and Gimeno, and Rajkumari et al
but not similar to Shamout et al and Pillay et al Pecora
et al.78171820-22 |t has been observed that females have
downward and backward rotation of the mandible while
males have forward rotation of the mandible leading to
wider gonial angles in females.

The ramus height and bigonial width were noted to be
increased with age in the present study with a peak value
in 51-60 years of age group and differences were
statistically significant (p<0.001). Our findings were
similar to the study of Shamout et al who noticed
significant differences, but in contrast with the findings
of Bhuyan et al.”*® The ramus height and bigonial width
were found to be more in males as compared to females.
The overall masticatory forces are more in males leading
to overall increased dimensions of the mandible.
However, in this study, statistically significant
differences were seen only in the ramus height (p<0.05)
and not in the bigonial width. This finding was similar to
the findings in the studies of Shamout et al Ghaffari et al
Huumonen et al and Bhuyan et al.”81%2!

Although this study shows an important association of the
mandibular parameters with the age and gender of an
individual in the north Indian population. This requires
further validation in individuals belonging to a different
region and ethnic origin to create this as a standard. Also,
it would be interesting to study more of the mandibular
features for identification purposes.

CONCLUSION

The present study found substantial changes in gonial
angle, ramus height, and bigonial breadth based on
gender and age in the included sample. As a result, these
dimensions are accurate predictors of an individual’s age
and gender. Also, the ease of getting a radiograph makes
the procedure handy. Therefore, it is safe to say that the
morphometric examination of the mandible can be a
potentially useful tool in future to both identify
individuals and studying growth patterns.
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