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ABSTRACT

Introduction: Estimating age and sex through several radiographic methods have a significant role in the
victim identification process. The mandibular ramus is thought to have a high degree of dimorphism and
a close relationship with chronological age, which can be determined by ramus notch depth (RND). This
study aimed to analyze the differences in RND between males and females and the correlation between
age and RND based on panoramic radiographs. Methods: The type of study is an observational analytic
cross-sectional study. The study sample comprised 70 radiographs (35 males and 35 females) aged 19-60
years with complete mandibular permanent dentition, including third molars. The samples were obtained
from the database of the Dentomaxillofacial Radiology Installation of RSGM UGM Prof. Soedomo. Analysis
of the radiograph was carried out by measuring the RND using EzDent-l Vatech Software with a scale
of ratio 1:1. Results: The mean RND value was 2.31 + 7.95 mm and 1.94 = 4.93 mm in the male and
female groups, respectively. Independent T-test results showed a significant difference (p < 0.05) in
RND between the male and female groups. Pearson’s correlation test result did not find any correlation
between age and RND in the male dan female group (p > 0.05). Conclusion: RND in males is higher than
in females, and there is no correlation between age and RND in both sex groups.
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INTRODUCTION

Forensic odontology is the branch of forensic
medicine concerned with the examination,
management, and presentation of dental evidence
in court. The field of forensic odontology includes
the examination of bite marks or orofacial wounds
due to violence or sexual abuse, age estimation of
living and dead individuals, human trafficking, and
malpractice cases."?

Age estimation and sex identification are
essential stages in the process of identifying victims
of a mass disaster. The casualties due to mass
disasters are oftentimes found as an incomplete
entity of the body. Hence, age estimation and
sex identification by dental or skeletal methods
are needed to be done within Disaster Victim
Identification (DVI).3 The DVI process through such
methods can be done by using part of the cranium.
Age estimation can also be done to identify the
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basis who do not have inaccurate birth records
such as refugees, immigrants, adopted children,
and people who are in criminal proceedings.’
Cranium is scientifically recognized as the most
dimorphic bone aside from pelvic bone. Thus,
making cranium has been proven capable to be
used for sex identification.

The non-intact cranium resulting from the
incidence can be substituted with the mandible.*>
Mandible is considered a good diagnostic fragment
due to its strongest characteristic compared to the
other part of the cranium. Ramus of the mandible
is believed to have a high degree of dimorphism
and a close relationship with chronological age,
which can be determined through RND.¢ The
mandibular ramus also has a relationship between
morphological changes and chronological age.

Postnatal growth of the mandible in males
has a more specific shape than in females.
Nonetheless, the difference begins to fade due to
faster growth in females at the age of 4-14 years.
During puberty to adulthood, it is known that
dimorphism is more common in the ramus and
mental regions.>%” The mandible undergoes many
anatomical and morphological changes along
with growth and functional development. The
remodeling process in the mandible is influenced
by factors such as age, gender, and edentulous
condition. Mandibular growth occurs at twice the
rate of maxillary growth and involves anterior-
superior rotation because posterior vertical
growth exceeds anterior vertical growth.?

Ramus notch depth (RND) is the distance
between the perpendicular line from the deepest
point of the ramus notch concavity and the line
drawn from the articulare (Ar) to the most posterior
border of the mandibular angle.® According to
Oksayan et al.” The edentulous condition affects
ramus height, and age change can affect gonial
angle, antegonial notch depth, and ramus notch
depth (RND). RND changes can also be associated
with anterior vertical facial growth and posterior
vertical facial growth. Priyaet al."

Also stated that there was a positive
correlation between RND, ramus length, total
anterior facial height, lower facial height, and
posterior facial height suggest a relationship
between deepening of the ramus notch with
vertical anterior and posterior facial growth.
Panoramic radiograph(orthopantomography) is

one of the extraoral radiographic techniques
which can provide a broad overview of the
maxillary and mandibular dental arches and their
supporting tissues in single imaging.'> The common
usage of panoramic radiograph is to evaluate jaw
trauma, impacted teeth, tumors or cysts, growth
of teeth, temporomandibular joint (TMJ), as
well as measuring the degree of bone resorption.
Panoramic radiographs also have the advantage of
lower radiation doses, faster imaging taking, and
more affordable prices. >

Panoramic radiographs have a lower
probability of being superimposed, making them
suitable for use in linear vertical measurements of
the mandibular ramus and condyle.™ Research on
RND has been carried out previously to determine
the correlation of RND with skeletal Class I, I, and
[Il malocclusions.® Similar studies have also been
carried out to find the correlation of changes in
age and sex with several anatomical morphological
points in the mandible, one of which is RND in
dentate and edentulous subjects.® This study
aimed to analyze the differences of RND between
males and females and the correlation between
age and RND based on panoramic radiographs.

METHODS

This study is an observational analytic cross-
sectional study and was conducted from
February to March 2021 at RSGM UGM Prof.
Soedomo, Yogyakarta, Indonesia. In this study,
70 samples of digital panoramic radiographs
were used which were taken in 2020 and stored
in the Dentomaxillofacial Radiology Installation
database, RSGM UGM Prof. Soedomo Yogyakarta
with the inclusion criteria of 35 males and 35
females aged 19-60 years, the mandibular teeth
were fully erupted (including the third molars)
and were still complete. Exclusion criteria were
no history of orthopaedic treatment, orthognathic
surgery, craniofacial trauma, facial asymmetry
abnormalities, and lesions due to systemic disease
affecting the shape of the mandible

Digital panoramic radiograph samples were
taken using a Vatech Pax-I® machine. panoramic
radiographic analysis using EzDent-l Vatech 2.1
Software. RND tracing was performed by measuring
the distance between the deepest point on the
ramus notch concavity and the line drawn from Ar
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to the posterior border of the mandibular angle
as shown in Figure 1. Statistical analysis using
IBM SPSS version 26. Intra-observer and inter-
observer reliability tests were performed with the
Cronbach’s Alpha test. The Kolmogorov Smirnov
test was conducted to test the normality of the
data and Levene’s Test was performed to test
the homogeneity of the data. Independent t-test
was conducted to determine whether there was a
difference in RND between the male and female
groups. Pearson’s correlation test was conducted
to determine whether there was a correlation
between age and RND in both sex groups. This
research was approved by the ethics committee of
the Faculty of Dentistry, Universitas Gadjah Mada,
Yogyakarta (No. 00591/KKEP/FKG-UGM/EC/2021).

Figure 1. RND measurement on digital panoramic
radiograph

RESULTS

The results of the intra-observer and inter-
observer reliability tests were 0.996 and 0.997,
respectively. The results of the Kolmogorov
Smirnov* and Levene’s Test** in Table 1 showed
that the sample data is homogeneous and normally
distributed (p > 0.05). Both test results indicate
that parametric analysis can be performed in this
study.

Table 1. Kolmogorov Smirnov Test and Levene’s Test

RND
Sex
df Sig.
Male 35 0.200*
Female 35 0.200*
68 0.186**
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Figure 2. RND mean values in both sex groups

The Independent T-test result (Figure 1) showed
a significant difference between the mean of RND
values between sex groups on digital panoramic
radiographs with the male group had greater RND
mean compared to female group.

Table 2. Pearson's Correlation Test

Sex Groups Statistic Value

Pearson Correlation -0.036

Males Sig. (2-tailed) 0.835
N 35

Pearson Correlation -0.161

Females Sig. (2-tailed) 0.357
N 35

Pearson’s correlation test result (Table 2) showed
insignificant negative correlation between age
and RND of two groups involved in this study (p
> 0.05).

DISCUSSION

The reliability test was aimed to determine the
possibility of the instrument used by the first
researcher to be able to be used or adapted by
subsequent researchers and to ensure the data’s
reliability. The reliability tests were carried out on
20% of the total samples which consisted of 7 male
and female radiograph samples respectively. The
intra-observer test was conducted twice within a
week while the inter-observer test was conducted
with other researchers after the perception
equation was carried out.

The results of the Cronbach’s Alpha test
showed that the intra-observer reliability in this
study was 0.996 and the inter-observer reliability
was 0.997 which was categorized as highly reliable.
The results of the Independent T-test showed
that there was a significant difference (p<0.05)
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between the mean of RND values between males
and females. The mean + standard deviation of
RND in the male group is 2.31 + 7.95 and the mean
RND value in the female group is 1.94 + 4.93 as
shown in Figure 2. The result of this study is similar
to the previous studies conducted by Basheer et
al.® Which carried out linear measurements on five
mandibular morphological parameters including
RND in 300 patients at the dental clinic of King
Saud Bin Abdulai University for Health Sciences
using Planmeca Romexis Software 4.5.2.R. The
data of the aforementioned study showed that the
mean value of RND in the male group was 2.88 +
1.18 mm and in the female group 2.21 + 0.75 mm.
The other studies concerning RND also showed a
similar result.’

Another study by Sairam et al.™ on 150
people as subjects by using RadiAnt DICOM VIEWER
software and the resulting data that the mean RND
value in the male group was significantly greater
than the female on the right side. The mean value
of RND in the young age group is 2.16 + 0.7 mm
in males 39 and 1.73 + 0.64 mm in females, while
in the older age group the mean RND values for
males were 2.41 + 0.82 mm and 2.23 + 0.73 mm
for females.™

The morphological features of the mandible
in male are more irregular and larger with a
prominent chin compared to females which are
a more rounded chin and regular form of the
mandible." This results in a higher value on
linear measurements in male and greater angular
measurements in female. The difference in the
size of mandible among those sex groups can be
influenced by various internal factors. Bone and
muscle remodeling activity in male is affected
by the testosterone hormone and Insulin Growth
Factor-1 (IGF-1). The testosterone hormone
causes a parallel growth pattern and supports
the domination of intramembranous ossification.
Otherwise, the growth of bone and muscle growth
in female is influenced by the estrogen hormone
which is able to increase bone mass quickly
without creating any change in bone width.¢

The correlation between age and RND in
the male group based on the Pearson’s correlation
test in Table 1 showed no significant results (p >
0.05) and the probability scores show a negative
and weak correlation (r = -0.036). Similar results
were found in the female group, the results were

not significant (p > 0.05) and the probability
number showed a negative and weak correlation
(r = -0.161). Thus, the mean value of RND could
not be used as an age estimation method in this
study. There are no previous studies that provide
the result of the correlation test between age and
RND. Previous research conducted by Oksayan et
al.,10 the young dentate group (16-21 years old)
showed the lowest value of RND that may suggest
that RND increases with age. Another similar
research by Basheer et al.® On 300 subjects divided
into partially edentulous (older age group) and
fully dentate group (younger age group) showed a
higher value of RND in partially edentulous group.

The absence of the correlation between
age and RND in this study might be happening
due to the small amounts of samples and uneven
age distribution. The absence of the correlation
between age and RND in this study might be
happening due to the small amounts of samples
and uneven age distribution. Therefore, the
authors recommend increasing the number of
samples in further research to produce a more
representative correlation test.

Differences in the mean RND values for
male and female related to age in these studies
can occur due to various factors. Puberty in girls
occurs faster but has a short period compared to
boys who have slow puberty but have a longer
period. This is proven by the earlier termination of
bone growth in female at the age of 18 compared
to male at the age of 21.'' RND is naturally
formed due to bone apposition in the posterior
part of the condyle due to an increase in load on
the condyle area, which also affects the shape
of the mandible including the antegonial notch
and RND." The edentulous condition affects the
height of the ramus with age can also affect the
gonial angle, antegonial notch depth (AND), and
RND.? Differences in RND in males and females in
this study can be used for the comparison process
of antemortem and postmortem data in forensic
cases. The linear measurements of RND can
complete the condyle height (CH), ramus height
(RH), antegonial notch depth (AND), and GA in
exhibiting variation in dental status, sex, and
age. The potential use of RND is supported by its
high degree of dimorphism and its morphological
changes in correlation with age, especially during
the growth period.*®
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CONCLUSION

RND in males is higher compare to females and
there is no correlation between age and RND in
both sex groups.
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