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SUMMARY

The aim of this study was to determine,
compare and differentiate the morphologically
related changes of the mandible in dentate
males and females among different age groups
on digital panoramic images, and to assess
their authenticity in age estimations to provide
evidence in forensics. The panoramic images
were made for 420 subjects of four age groups:
12-18 years, 19-40 years, 41-60 years, and older
than 60 years. The gonial angle, condylar length,
ramus length, cortical bone thickness, and ramal
notch width were measured and evaluated. The
data obtained were then subjected to descriptive
statistical analysis followed by Paired t-test and
Two-way ANOVA test. On measuring angular and
four-linear measurements, statistically significant
differences were found among all the age groups
with p < 0.05, and also increased on aging except
for the gonial angle. Among all the parameters,
the gonial angle, ramus length, and ramal
notch width depicted a statistically significant
difference between the right and left sides with p
< 0.05. It is found that all parameters except the
gonial angle were reliable for age determination.
Hence, this study positively recommends the use

of all parameters except the gonial angle for the
purpose of age estimation in the field of forensics.
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INTRODUCTION

According to evolutionary biology studies,
humans are descended from ancient apes
(National Academy of Sciences, 1999). There are
exciting developments in all fields that contribute
to our understanding of human evolution
(Gluckman et al., 2011). Many studies have
characterised the evolution of genetically based
variations in personality between age and sex
groups as well as their genetic components (Ngun
etal., 2011).

In legal medicine and forensic anthropology,
establishing the identity of the unknown deceased
person in a crime, accident, suicide, or mass
tragedy, as well as for criminals who are hiding
their identities, is very critical (Weisberg et al.,
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2011), and skeletal traits are among the most
commonly used traits to determine a person’s
gender and age (Maloth et al., 2016).

The mandible exhibits many anatomical and
morphological changes with the progression of
age. Changes in the size and shape of the mandible
are noticed along with the gradual growth and
the function of jaws, which vary according to age,
gender, and dental condition (Oksayanetal.,2014).
The gonial area, the antegonial region, the condyle,
and the ramus are some of the remodelling areas
in the mandible that alter (Ghosh et al., 2010).
All these areas are best viewed, measured, and
evaluated by Orthopantomography (OPG), which
is a commonly employed method in scientific
research and criminal investigations for age and
sex determination (Maat et al., 2006).

The current study aims to evaluate the
morphological alterations in the mandible with
ageing and dental condition by considering one
angular and four linear measurements across the
body and ramus of the mandible.

MATERIALS AND METHODS

In the Department of Oral Medicine and
Radiology, a prospective study was conducted with
the sample size of 420. After critical reviewing,
the research was approved by the Institutional
Ethics Committee.

The clinical examination was carried out after
obtaining written consent and assent from
the selected subjects, and the clinical findings
were recorded in individual proforma specially
designed for the study. The panoramic digital
radiographs were taken using the Planmeca
Promax Digital Panoramic system, under
standard exposure conditions as recommended
by the manufacturer.

This study included groups of young and old
dentulous individuals who had complete sets of
medical records and whose teeth were all intact
except for third molars (present or absent), over 60
years old with at least five teeth in each quadrant,
except third molars. Old denture wearers and any
patients with the presence of supernumerary
teeth (erupted or impacted), any systemic disease
affecting the jawbone, and subjects with history

or evidence of orthodontic or orthognathic
treatment were excluded from the study.

In our study, all 420 subjects were categorised
into 4 different age groups. Group 1 of 12-18
years, group 2 of 19-40 years and group 3 of 41-60
years were comprised of 120 (28.6%) individuals
each, except for group 4 of greater than 60 years,
which comprised 60 (14.3%) individuals.

The first age group in our study consists of
subjects up to the age of 18 rather than 20, because
development in female subjects gradually ceases
by the age of 18. As a result, this may make a
greater difference when comparing various age
groups.

All mandibular measurements were made
bilaterally using ROMEXIS DICOM viewer software
(Planmeca, Helsinki, Finland). The present study
was performed for about 18 months.

The parameters that were measured in our
study were as follows:

e Gonial angle: It is formed by drawing a line
between two imaginary lines that extend from
the inferior border of the mandible to the ramus
of the mandible.

« Condylar length: It is the distance between two
lines drawn tangentially, one at the superiormost
point of the condylar head and the other at the
deepest point of the sigmoid notch’s concavity.

- Ramus length: It is calculated by drawing two
lines, one perpendicular to the ramus tangent
line at the level of the most lateral image of
the condyle and the other perpendicular to the
ramus tangent line at the level of the most lateral
image of the ramus. The distance between these
two lines is the ramus length.

« Cortical bone thickness: The thickness of
the radiopaque band is measured at the lower
border of the mandible’s body, where the
antegonial notch begins mesially.

« Ramal notch width: It is the distance between
the ramus tangent line and the ramus notch
concavity’s deepest point.

Figure 1 is a panoramic image showing the
gonial angle (green line), condylar length (pink
line), ramus length (blue line), ramal notch width



Fig. 1.- Panoramic image using Planmeca Romexis Software.

(vellow line) and cortical bone thickness (red line),
which are measured using Planmeca Romexis
Software.

For each variable, descriptive statistics followed
by Two-way ANOVA test were determined. The
difference in measures between the left and
right sides of the mandible were analysed using
a paired t test.

RESULTS

Gonial angle

The mean value of the Gonial Angle among
groups 1 (12-18 years) was 180.8372, group 2
(19-40 years) was 180.0166, group 3 (41-60 years)
was 180.6042, and group 4 (greater than 60 years)
was 180.4131.

The mean value of the gonial angle was
comparatively higher among the younger age
group and lower among the older age group.
Therefore, the gonial angle decreases as age
increases.

The mean value of the gonial angle showed no
significant differences between all age groups.
Thus, thiswas found to be statistically insignificant
with a p value (p = 0.568) (Table 1).

The right and left sides of the gonial angle
showed a significant difference and were found to
be statistically significant with p < 0.05. The gonial

angle on the right side showed a significantly
higher value than the left side (Table 2).

Condylar length

The mean value of the condylar length in group
1 (12-18 years) was 20.9397; in group 2 (19-40
years), it was 22.1681; in group 3 (41-60 years), it
was 22.2246, and group 4 (older than 60 years) it
was 22.1692.

The mean value of the condylar length was
comparatively lower among the younger age group
and higher among the older age group. Therefore,
the condylar length increases as age increases.

The mean value of the condylar length showed
a significant difference between all age groups.
Thus, this was found to be statistically significant
with a p value. (p = 0.035).

The right and left sides of condylar length
showed no significant difference and were found
to be statistically insignificant with p > 0.05.

Ramus length

The mean value of the ramus length among
group 1 (12-18 years) was 65.9610, group 2 (19-
40 years) was 69.8940, group 3 (41-60 years) was
70.1633 and group 4 (older than 60 years) was
70.8367.

The mean value of the ramus length was
comparatively lower among the younger age group
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and higher among the older age group. Therefore, The right and left sides of the ramus length
the ramus length increases as age increases. showed a significant difference and were found
to be statistically significant with p < 0.05. The
ramus length on the right showed a significantly
higher value than on the left.

The mean value of the ramus length showed
a significant difference between all age groups.
Thus, this was found to be statistically significant
with a p value (p = 0.000).

Table 1. Comparison of four Age groups (Group 1, Group 2, Group 3, Group 4) with mean values and standard deviation of gonial
angle (°), 1) ramus length (mm), condylar length (mm), cortical bone thickness (mm) and ramus notch width (mm). Two-way
ANOVA test for all parameters.

Descriptive Statistics Two-way ANOVA test
Variables Ages (in years) Mean Std. Deviation = Mean Square F Sig.
12-18 180.8372 6.35736
. 19-40 180.0166 5.20161
Gonial angle 41-60 180.6042 2.44684 14.399 0.674 0.568
60+ 180.4131 1.92699
12-18 20.9397 3.88782
19-40 22.1681 4.44695
Condylar length 41-60 22.2246 3.70023 58.004 3.584 0.014*
60+ 22.1692 4.06674
12-18 65.9610 9.78409
Ramus length 19-40 098940 8.07540 522.762 7.731 0.000*
41-60 70.1633 7.99625
60+ 70.8367 7.07502
12-18 3.3413 0.62294
Cortical bone thickness 19-40 36350 0.59964 5.794 11.531 0.000%
41-60 3.8704 0.73088
60+ 3.7517 0.91614
12-18 2.5629 0.94160
Ramal notch width 19740 20821 101761 8.275 8.419 0.000*
41-60 2.9317 0.86233
60+ 3.3858 1.08460

*P<0.05 significance at 5% level of significance.

Table 2. Comparison of right and left sides of gonial angle (°), ramus length (mm), condylar length (mm), cortical bone thickness
(mm) and ramus notch width (mm) with mean values and standard deviation. Paired T-test for all parameters.

Paired differences
Variables Sides Mean Std. Deviation P
Mean Std. dev

i Right 236.0962 8.19937

Gonial angle 111.24123 15.46445 0.000*
Left 124.8550 9.76338
Right 21.8139 4.19556

Condylar length -0.03900 2.69601 0.767
Left 21.8529 4.35044
Right 69.2093 8.78312

Ramus length 0.45469 3.06425 0.003*
Left 68.7546 8.76774
. . Right 3.6179 0.75727

Cortical bone thickness -0.03429 0.46712 0.133
Left 3.6521 0.76497
. Right 2.7962 1.03384

Ramal notch width -0.16167 0.69174 0.000*
Left 2.9579 1.07159

*P<0.05 significance at 5% level of significance.
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Cortical bone thickness

The mean value of cortical bone thickness of
group 1 (12-18 years) was 3.3413; for group 2
(19-40 years), 3.6350; for group 3 (41-60 years),
3.8704, and for group 4 (older than 60 years),
3.7517.

The mean value of the cortical bone thickness
was comparatively lower among the younger age
group and higher among the older age group, and
again, after 60 years, the cortical bone thickness
starts decreasing. Therefore, the cortical bone
thickness increases as age increases, and after 60
years it starts to decrease.

The mean value of cortical bone thickness
showed a significant difference between all age
groups. Thus, this was found to be statistically
significant with a p value (p = 0.000).

Theright and left sides of cortical bone thickness
showed no significant difference and were found
to be statistically insignificant with p > 0.05.

Ramal notch width

The mean value of the ramal notch width for
group 1 (12-18 years) was 2.5629; for group 2
(19-40 years), 2.8821; for group 3 (41-60 years),
2.9317, and for group 4 (older than 60 years),
3.3858.

The mean value of the ramal notch width was
comparatively lower among the younger age group
and higher among the older age group. Therefore,
the ramal notch width increases as age increases.

The mean value of the ramal notch width showed
a significant difference between all age groups.
Thus, this was found to be statistically significant
with a p value (p = 0.000).

The right and left sides of the ramal notch width
showed a significant difference and were found to
be statistically significant with p < 0.05. The ramal
notch width on the left showed a significantly
higher value than on the right side.

DISCUSSION

This study’s discussion centres on a number of
methodological challenges that frequently occur
when attempting to estimate age at death or when

providing osteological evidence that may aid in
confirming identifications (Konigsberg et al., 2008).
Theidentification of the person and the assessment
of the cause of death are the two basic issues that
arise when human skeletal and dental remains are
discovered (Mann et al., 1990). In forensic science,
determining age and gender from skeletal remains
is the first step (Sairam et al., 2016).

To aid forensic identification, recent research
has focused on using multiple skeleton features
to assess variation linked to age and ethnicity
(Franklin et al., 2008). Bones change constantly
during a person’s life, and those changes in the
skeleton follow a chronological pattern. Knowing
what changes occur in the bones can aid in
determining the age of the skeleton. The skull
and mandible, in addition to the pelvis, are the
few additional skeletal remains that display the
highest sexual dimorphism, and should be used
for this purpose when accessible (Dudar et al.,
1993). The mandible is considered a significant
tool in age determination, because it is a strong
bone that is difficult to break and disintegrate,
and also because of the changes in the size and
shape of the jaw bones that occur during adult life.

Radiology is critical in determining a person’s
age. Radiological images were utilised in the
process of estimating age, which is among
the most important tools in forensic science
(Franklin et al., 2008). Panoramic imaging is a
widely implemented technology in routine dental
exams. It is a practical method for surveying
dental problems, as it provides all of the necessary
information on a single panoramic film. As a
result, the parameters in this investigation were
measured using panoramic radiography (Sairam
etal., 2018).

This study assessed, correlated, and evaluated
oneangular(gonialangle) andfourlinear(condylar
length, ramus length, cortical bone thickness, and
ramal notch width) mandibular measurements as
seen on digital panoramic radiographs in order to
determine their utility in determining the age.

Gonial angle

In our present study, there was no significant
difference in gonial angle between any of the
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age groups, which was found to be statistically
not significant with p > 0.05. This statement
is in agreement with the studies conducted
by Oksayan et al. (2014), Ceylan et al. (1998),
Raustia and Salonen (1997), Fish (1979), Xie
and Ainamo (2004), who also found non-
significant difference in the gonial angle
between the different age groups. In contrast,
the study performed by Ohm and Silness (1999)
found that the gonial angle increases with age
and advancing edentulism. As our study did not
include edentulous subjects, this could be one
of the reasons for the difference observed in
the increased gonial angle found by Ohm and
Silness. However, on considering the dentate
subjects, this study was found to be correlated
with our study. Overall, this parameter (gonial
angle) did not show a promising parameter for
age determination.

In our study, we discovered a significant
difference in the gonial angle between both sides
of the jaw, which might be due to developmental
variations. The above statement is in correlation
with the findings by Chol et al. (2013), who also
discovered a significant difference in the gonial
angle between the right and left sides of the jaw,
with the left side showing a greater value and p
< 0.05. However, in our study, the gonial angle
was significantly greater on the right side of the
mandible and was found to be statically significant
when pairing right and left gonial angles with a p
value < 0.05. Another study performed by Larheim
and Svanaes (1986) observed no significant
difference between the right and left gonial
angles. All these disagreements might be due to a
disparity in sample size and the age group (14-28
years) of their study population.

Condylar length

When comparing different age groups, a study
performed by Huumonen et al. (2010) revealed a
significant difference in condylar length, in which
the condylar length was found to be smaller in the
older age group than in the younger age group.
In our study, the condylar length was found to be
comparatively greater in the older age group than
in the younger age group. In contrast, Oksayan et
al. (2014), Joo et al. (2013), Raustia and Salonen

(1997), Sairam et al. (2018) and Merrot et al.
(2005) revealed no significant differences in
condylar length when comparing different age
groups. This disagreement in the studies might
be due to disparities in ethnicity, sample size, and
age group. The studies that are in disagreement
included edentulous subjects. Our study did not
include edentulous subjects, as loss of tooth or
edentulism will be associated with changes in
mandibular morphology. Overall, this parameter
(condylar length) appears to be a promising factor
for age determination.

In addition, our study did not show a statistically
significant difference in condylar length when
comparing both sides of the mandible and found
to be statistically insignificant with p > 0.05.

Ramus length

In our study, a significant difference in ramus
length was observed between all age groups,
which might be due to developmental variations.
This statement is in agreement with the other
study by Oksayan et al. (2014), who also noted
significant differences in ramus length values
between all age groups. However, this is not in
agreement with the findings of Joo et al. (2013),
Raustia and Salonen (1997) and Merrot et al.
(2005), who reported no significant difference in
the ramus length with ageing. This disagreement
in the studies might be due to differences in
ethnicity, sample size, and age group. The
findings that were found in our study, as well as
those of Sairam et al. (2018), show that ramus
length increases with age. In contrast, studies by
Oksayan et al. (2014) and Huumonen et al. (2010)
observe that ramus length decreases as age
increases. This disagreement might be due to
the fact that our study did not include edentulous
subjects, as loss of tooth or edentulism will
be associated with changes in mandibular
morphology. Overall, this parameter (ramus
length) can be used for age determination.

In our study, a difference in ramus length
was found between the right and left sides of
the mandible and was found to be statistically
significant, with the right side showing a higher
value (p = <0.05).



Cortical bone thickness

In our present study, a statistically significant
difference in the thickness of cortical bone was
observed between all age groups of dentate
subjects and was shown to be in accordance
with a few other studies carried out by Joo et al.
(2013) and Schwartz-Dabney and Dechow (2002).
The cortical bone thickness found in our study
was statistically lower in younger age groups and
increased in older age groups. Our study did not
include completelyedentulousindividuals. Hence,
this factor cannot be compared with the findings
involving edentulous subjects in previous studies.
Overall, this parameter (cortical bone thickness)
can be strongly used for age determination.

In our study, though a difference in the cortical
bone thickness was found between right and left
sides of the mandible, the right side showed a
greater value than the left side and was found to
be statistically insignificant with p > 0.05.

Ramal Notch width

The study by Oksayan et al. (2014), observed
that ramal notch width increases with age but
showed no statistically significant differences
when compared with different age groups. In
our study, ramal notch width was found to be
statistically significant, being lower in younger
age groups and increasing in older age groups.
This factor is not correlated with the study
conducted by Oksayan et al. (2014), who did
not find any significant differences in ramus
notch width when comparing different age
groups. This disagreement in the study might
be due to the fact that it involved only the older
age group subjects (60-69 years) as well as
edentulous subjects, and also due to variations
in ethnicity and sample size. Our study included
four different age groups, of 12 to 60 years-and-
above subjects, and no edentulous subjects were
included. Overall, this parameter (Ramal notch
width) was found to be a promising factor for age
determination.

In our study, when comparing the right and left
sides, the ramal notch width was greater on left
side than on right. However, this was statistically
not significant with p > 0.05.

As this was a time-bound study, a statistically
qualified minimum sample size was assessed. In
the future, further studies are recommended to
validate our hypothesiswith the larger sample size,
including various ethnicity and socioeconomic
groups for age determination.

From overall results obtained in our present
study, it was revealed that all parameters can be
used as a tool for age estimation, as the condyle
length, ramus length, cortical bone thickness and
ramal notch width (all except the gonial angle)
show anatomical variations between different
age groups and are found to be statistically
significant. Therefore, it is concluded that
all linear measurements, except the angular
measurement on digital panoramic images,
with significant differences among different age
groups, can be used in forensic anthropology
as valuable tools for the estimation of age.
Because linear measurements vary depending
on population ethnicity, age, and dental state,
there is a need to define harmonised standards
for diverse populations in terms of age group
and dental status. Hence, these measurements
are advocated varyingly for providing evidence
in forensics, especially when other bones of the
skeleton are unavailable.
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