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يلفسلاكفلالكشومجحةنراقموسايقىلإةساردلاهذهفدهت:ثحبلافادهأ
.نييزيلاملاناكسلانمةفلتخمةيرمعتاعومجميف

400مادختسابيلفسلاكفللةيسدنهلاايرتموفروملاليلحتيرجأ:ثحبلاقرط
ءارجلإيجوفرومجمانربمدختسا.ينسلايعلاقملايعطقملاريوصتلانمةنيع
،ةيسيئرلاتانوكملاليلحتو،تسركوربنيابتليلحتو،ماعلاتسركوربليلحت
27هعومجمامقيبطتمت.ةيسنكلاتاريغتملاليلحتو،ةيزييمتلاةلادلاليلحتو
جمانربمادختسابينسلايعلاقملايعطقملاريوصتلاروصىلعةزرابةملاع
ءاشنإمت،يلفسلاكفلالكشومجحيفتاريغتلافينصتل."2جيآدسابت"
34-25(2ةعومجملاو،)اماع24-15(1ةعومجملا:ةيرمعتاعومجمعبرأ
.)اماع54-45(4ةعومجملاو،)اماع44-35(3ةعومجملاو،)اماع

ىلع%81ةبسنباريغتميلفسلاكفلالاكشأيفتارييغتلاترهظأ:جئاتنلا
نعتسركوربنيابتليلحتفشك.ىلولأاةينامثلاةيسيئرلاتانوكملاساسأ
تافاسمترهظأ.ةيرمعلاتاعومجملانيبلكشلايفةريبكتافلاتخا
تلجسثيح،ةيرمعلاتاعومجملاعيمجنيبةريبكتافلاتخاسيبونلااهام
ةحصلابسنتحوارت.2.114ـبةميقىلعأ4ةعومجملاو1ةعومجملا
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Abstract

Objectives: In this study, the sizes and forms of mandi-

bles in various age groups of the Malay population were

measured and compared.

Methods: Geometric morphometric (GM) analysis of

mandibles from 400 dental panoramic tomography

(DPT) specimens was conducted. The MorphoJ program

was used to perform generalized Procrustes analysis

(GPA), Procrustes ANOVA, principal component anal-

ysis (PCA), discriminant function analysis (DFA), and

canonical variate analysis (CVA). In the tpsDig2 pro-

gram, the 27 landmarks were applied to the DPT radio-

graphs. Variations in mandibular size and form were

categorized into four age groups: group 1 (15e24 years),

group 2 (25e34 years), group 3 (35e44 years), and group

4 (45e54 years).
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Results: The diversity in mandibular shape among the

first eight principal components was 81%. Procrustes

ANOVA revealed significant shape differences

(P < 0.001) among age groups. Mahalanobis distances

indicated substantial differences among all age groups;

group 1 and group 4 scored highest, at 2.114. The ranges

for the cross-validation and discriminant function tests

were 90e72% and 81e49%, respectively.

Conclusion: GM analysis through radiography is a sim-

ple, non-invasive, and non-destructive method of esti-

mating age by using the mandible. GM analysis is unique

because it can visualize the changes in mandible shape

among age groups. This method should aid in age iden-

tification in forensic odontology investigations.

Keywords: Age estimation; Dental panoramic tomography;

Geometric morphometric; Identification; Mandible

� 2023 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
Introduction

The basic approach to identifying individuals involves
estimating individual characteristics such as age, sex, stature,

and ancestry.1 Estimating the age of living individuals is
essential in tracking immigrants’ movements when valid
identity documents are unavailable and assessing their

status in criminal cases.2 Generally, forensic dentists
attempt to determine the general physical descriptions of
remains, including age, sex, race, cause, manner of death,

any individualistic features, and an estimate of the time
since death.3

As adults mature, all their bones stop growing, thus
making age estimation difficult. Forensic studies on age

estimation in living individuals have been a research focus for
many years.4 Forensic study also encompasses the realm of
competitive sports and legal and refugee issues.5 The most

precise method for determining age is dental examination.
Age is strongly associated with dental maturation. The
teeth are among the most robust and explosive-resistant

bones in the body. The chronological development of
dental growth is crucial for determining age.6

Forensic dentists use the maxilla, mandible, and teeth to

assess odontological characteristics, because they remain
intact in intensely damaged bodies.3 The mandible is the
bone most often found in human remains and is sometimes
the only bone available to perform post-mortem investiga-

tion, particularly after fires and explosions.7 The mandible is
an excellent bone for estimation of a person’s age. In both
morphological and dimensional parameters, it shows more

pronounced development than the other facial bones and
teeth. The dimensions of the mandibledparticularly the
mandibular angle, mandibular ramus height, and bigonial

breadthdhave been suggested to strongly correlate with
human age.8 The masseter, the medial and lateral
pterygoid, the temporalis, and the masticator are the
primary muscles used in chewing. Knowing the anatomy of
these muscles, their attachments, and how they work is
essential, because they can alter the mandible’s appearance.

In some populations, individuals of different ancestries,
sexes, and ages have different customs, lifestyles, and
eating habits.9

The radiological procedure has several advantages over
histology and biochemical methods, among the various
procedures used to determine a person’s sex, ancestry, and

age.10 For identifying remains, the radiography approach is
easy, rapid, affordable, and non-invasive.11 To identify
each person, a radiographic scan is used to ascertain the
age, sex, race, stature, and cause of death.12 Conventional

radiographs are used for the comparative identification of
antemortem and post-mortem interventions by allowing for
observation of anatomical characteristics, such as coronal

shape and size, pulp structure, location, and the shape of the
alveolar bone crest.13 Dental panoramic tomography (DPT)
is are among the dental radiological methods used by

dentists. DPT can identify many structures of the mouth
and teeth, and enables objective and reproducible
collection of 2D images to analyze human variation.14

To differentiate the biological profiles of skeletal remains,

forensic anthropologists have used both qualitative and
quantitative methods.15 The two types of morphometric
analysis used in forensic anthropology are traditional and

geometric.5 Modern digital software is used to digitally
map measurements obtained with calipers during
traditional morphometric examination, to calculate linear

metric distances. To evaluate biological identity in this
anatomical location, a novel technique known as geometric
morphometric (GM) analysis was developed.5 In this

approach, statistical methods can be used to investigate the
patterns of individual variation. The measurements may
reveal bone size and form. If the traditional method is used
on big data, the analysis becomes complicated.16

Traditional morphometrics provides only scatter plots or
numerical representations of statistical connections, but not
assessments of the forms themselves.17 Thus, researchers

have modified their strategies to adopt more complex GM
studies.5 GM involves the statistical analysis of form
according to Cartesian landmark coordinates.17 The

landmarks can be recorded as two- or three-dimensional
coordinates, thus resulting in a spatial framework of the
chosen points and allowing for statistical analysis through

various transformative or computational methods.5

GM comprises a collection of analytical techniques and
procedures.18 The use of digital techniques is becoming
increasingly common in dental radiology, owing to

advances in diagnostic performance, decreased patient
doses, and financial benefits.19 Through the use of GM
analysis, this project created a Malay population database

derived from various DPT landmarks to aid in future
forensic identification of Malay individuals. After this
study, this database may be used as input to create a cross-

platform software for forensic odontology applications of
age estimation in human identification.

Materials and Methods

The study was carried out at the Dental Clinic at Universiti

Sains Islam Malaysia (USIM). The USIM Ethics Committee
granted ethical approval (number USIM/JKEP/2020-90).

http://creativecommons.org/licenses/by/4.0/
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Four hundred images from the USIM dental clinic’s 2013e
2020 database of DPT radiographs obtained through Plan-

meca Romexis software composed the study sample. Radio-
graphs of patients meeting the inclusion criteria were selected
and analyzed. The patients included male and female in-

dividuals of Malay ethnicity in different age groups. Patients
with loss of more than eight teeth at the mandible, presence of
bone resorption at the mandibles which more than 1.0 (ac-

cording to periodontal risk assessment), any history of
mandibular surgery, and any other severe developmental
disturbances were excluded from the study. Age, sex, and race
were documented for each specimen.

The following age groups were created according to the
results: group 1 (15e24 years), group 2 (25e34 years), group
3 (35e44 years), and group 4 (45e54 years). A total of 400

DPT radiographs from 100 Malay patients from each of the
four groups were analyzed. For all analyses, data for 286
females and 95 males were pooled. The data for 400 patients

undergoing DPT at the Faculty of Dentistry, USIM, were
extracted with Planmeca Romexis software; tpsDig2 (version
2.31) was used to apply landmarks during the GM analysis,
and MorphoJ (version 1.07a) was used to analyze the data.

The SPSS version 23 program was used to analyze quanti-
tative data. A total of 27 2D hard tissue landmarks were
applied to the mandibles in this investigation (Table 1,

Figure 1).
The landmarks’ 2D coordinates were analyzed in the

shape analysis programMorphoJ. For removal of non-shape
Table 1: Definitions and numbers of landmarks of mandibles in DPT

No. Landmarks

1 Coronion (Co)

2 Mandibular notch (Mn)

3 Condylion medial inferialis (Cdmi)

4 Condylion mediale (Cdm)

5 Condylion superior (Cs)

6 Condylion laterale (Cdl)

7 Condylion lateral inferialis (Cdli)

8 Inferior alveolar foramen (Iaf)

9 Posterior ramus (Pr)

10 Gonion (Go)

11 Body mandibular notch (BMN)

12 Mentale (Ml)

13 Mentale (Ml)

14 Body mandibular notch (BMN)

15 Gonion (Go)

16 Inferior alveolar foramen (Iaf)

17 Posterior ramus (Pr)

18 Condylion lateral inferialis (Cdli)

19 Condylion laterale (Cdl)
variation from the sample, the raw landmark coordinates
from each mandible in the DPT were first examined with

generalized Procrustes analysis (GPA). This procedure
involved scaling, rotating, and translating methods. To use
each mandible in the DPT as a biologically valid measure-

ment of the overall size of the landmark configuration of the
hard tissue, the scaling technique modified the landmark
coordinates to ensure that each mandible had a unit centroid

size. The data were grouped and arranged according to shape
similarity through principal component analysis (PCA).
Wireframe and principal component (PC) plots were used to
analyze and visualize the form differences revealed by PCA.

For grouped data, canonical variate analysis (CVA) was
used. On the basis of sample centroids, CVA calculates
Mahalanobis distances between groups. Discriminant func-

tion analysis (DFA) and cross-validation were used to eval-
uate classification accuracy. The PC scores from the samples’
GPA/PCA were used in both analyses. For quantitative

analysis, data from MorphoJ were exported to SPSS
software.

Results

A new matrix of Procrustes coordinates was generated by
the GPA, which superimposed each group of landmarks
before scaling and rotating to a centroid size. The scatterplot

in Figure 2 displays the placed configurations of 27
landmarks from GPA, indicating the morphological forms
.

Definition

The most superior point on the coronoid process (right)

The most inferior point on the mandibular notch (right)

Medial point on the mandibular condyle located at the most

curved area, horizontally aligned with landmark no. 7 (right)

The most medial point on the mandibular condyle (right)

The most superior point on the mandibular condyle (right)

The most lateral point on the mandibular condyle (right)

Lateral point on the mandibular condyle located at the most

curved area, horizontally straight with landmark no. 3 (right)

The most inferior point on the margin of the inferior alveolar

foramen (right)

Single point located at the posterior border of the ramus,

horizontally straight with landmarks no. 8 and 27 (right)

The most lateral external junction point of the horizontal and

ascending rami of the lower jaw (right)

The deepest groove in the ramus of the mandible (right)

The most inferior point on the margin of the mandibular

mental foramen (right)

The most inferior point on the margin of the mandibular

mental foramen (left)

The deepest part of the mandible body (left)

The most lateral external junction point of the horizontal and

ascending rami of the lower jaw (left)

The most inferior point on the margin of the inferior alveolar

foramen (left)

Single point located at the posterior border of the ramus,

horizontally straight with landmarks no. 16 and 25 (left)

Lateral point on the mandibular condyle located at the most

curved area, horizontally straight with landmark no. 22 (left)

The most lateral point on the mandibular condyle (left)

(continued on next page)



Table 1 (continued )

No. Landmarks Definition

20 Condylion superior (Cs) The most superior point on the mandibular condyle (left)

21 Condylion mediale (Cdm) The most medial point on the mandibular condyle (left)

22 Condylion medial inferialis (Cdmi) Medial point on mandibular condyle located at the most

curved area, horizontally straight with landmark no. 18 (left)

23 Mandibular notch (Mn) The most inferior point on the mandibular notch (left)

24 Coronion (Co) The most superior point on the coronoid process (left)

25 Anterior ramus (Ar) Point at which the minimum breadth transects the anterior

border of the ramus, horizontally straight with landmarks no.

16 and 17 (left)

26 Incisor (Icr) Midpoint located between two mandibular central incisors

27 Anterior ramus (Ar) Point at which the minimum breadth transects the anterior

border of the ramus, horizontally straight with landmarks no.

8 and 9 (right)

Figure 1: Landmarks of mandibles on DPT. For explanation of the numbers, see Table 1.

Figure 2: Generalized Procrustes analysis (GPA) consisting of a scatterplot of the superimposed landmark configurations, with 27

landmarks placed in 400 DPT images.

N.A.F. Zulkifli et al.1438
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of all 400 DPT images. The black dots show the landmark
positions for specific configurations within the samples,

and the blue dots indicate the mean landmark positions.
Multivariate analysis and the main components of shape

variation in the data set were revealed by PCA. The variation

for each age group is depicted in Figure 3. The first eight
principal components, with PC1 ¼ 35%, PC2 ¼ 20%,
PC3 ¼ 6.7%, PC4 ¼ 5.2%, PC6 ¼ 4.2%, PC7 ¼ 3.3%,
Figure 3: Screen plot showing the am

Table 2: Wireframes from the first three principal components of gr

shape.

PCA

PC1 (33%)

PC2 (22%)

PC3 (9%.)
and PC8 ¼ 2%, showed 81% variance in mandible form.
Tables 2e5 demonstrate, by age group, how the wireframe

of PC1 through PC3 varied in shape. Dark blue represents
the distinct changes in different PCs and age groups,
whereas light blue indicates the average form.

Separate ANOVA tables for centroid size and shape
display the results of the Procrustes ANOVA (Table 6). No
significant changes in centroid size were found, although
ount of variance for all samples.

oup 1 (15e24 years old), exhibiting 64% variation in mandible

Wireframe (group 1, 15e24 years old)



Table 3: Wireframes from the first three principal components of group 2 (25e34 years old), exhibiting 60.7% variation in mandible

shape.

PCA Wireframe (group 2, 25e34 years old)

PC1 (31.4%)

PC2 (21.3%)

PC3 (8%)

Table 4: Wireframes from the first three principal components of group 3 (35e44 years old), exhibiting 67% variation in mandible

shape.

PCA Wireframe (group 3, 35e44 years old)

PC1 (41%)

PC2 (19%)

PC3 (7%)

N.A.F. Zulkifli et al.1440



Table 5: Wireframes from the first three principal components of group 4 (45e54 years old), exhibiting 62% variation in mandible

shape.

PCA Wireframe (group 4, 45e54 years old)

PC1 (38%)

PC2 (17%)

PC3 (7%)

Table 6: Centroid size and shape: sum of squares (SS), mean square (MS), degrees of freedom (df).

Effect SS MS df F P

Centroid size 112262.9989 37420.9989 3 0.55 0.6456

Shape 0.0165 0.00011 150 2.13 <0.0001*

*P < 0.05, significant difference.

Figure 4: Canonical variates of shape, with four distinguishable groups showing some overlap.

Age estimation of mandibles through geometric morphometric analysis 1441



Table 7: Discriminant function analysis and cross validation

among groups.

Groups Discriminant function

analysis

Cross

validation

Group 1 and group 2 81% 63%

Group 1 and group 3 83% 68.5%

Group 1 and group 4 88% 79%

Group 2 and group 3 76.5% 61%

Group 2 and group 4 85.5% 71.5%

Group 3 and group 4 72.5% 53%

N.A.F. Zulkifli et al.1442
significant differences in centroid shape (P < 0.0001) were
observed throughout each age group.

Figure 4 illustrates the overlap among age categories with
CVA. Group 1 (15e24), group 2 (25e34), group 3 (35e44),
and group 4 (45e54) are represented by red, green, blue, and

purple, respectively. Two distances were involved in CVA:
Procrustes distances (size) and Mahalanobis distances
(shape). Mahalanobis distances revealed substantial

differences in all group ages, with group 1 vs group 4
scoring 2.114, and group 3 vs group 4 scoring 1.269.
Group 1 vs group 4 had the highest score (0.0148), and

group 3 vs group 4 had the lowest score (0.006). The
Procrustes distances showed significant differences in only
group 1 vs groups 2, 3 and 4 (P < 0.05), whereas no
significant differences were observed in the comparisons

among other groups (group 2 vs group 3; group 2 vs group
4; and group 3 vs group 4).

In the DFA, group 1 vs group 4 showed the highest per-

centages (88% and 79% after cross-validation). In contrast,
group 3 and group 4 had the lowest rate (72.5% and 53%
after cross-validation). Groups 2 and 3 also showed

discriminant function below 80%, which decreased to
approximately 61% after cross-validation. In comparison,
the other groups showed percentages of more than 60% after
cross-validation of the discriminant function test (Table 7).

Discussion

In civil, criminal, forensic, and anthropology disciplines,
age estimation is crucial.20 Age estimation in bones is
performed through a variety of techniques. Accurate age

assessment is critical in forensics for unidentified remains,
bodies recovered from disasters, refugees, and asylum
seekers without identifying documents, as well as for legal
reasons. A radiographic method or a direct bone

examination can be used to estimate age. Numerous
methods have been used, including X-ray, CT scanning,
ultrasound, and magnetic resonance imaging.21 Forensic age

assessment typically uses morphological techniques based on
radiological analysis of the teeth and skeletal development.1

Because most adult teeth have already erupted, estimating

an adult’s age may be challenging. For age estimates in every
group, applying population-specific reference standards is
essential for accuracy.22 The facial skeleton develops

throughout a person’s life, and the growth rates of various
facial regions vary. Clinical evidence suggests that some
people’s mandibles may change in shape as they age. In
cosmetic surgery, any alteration to the mandible’s size and

shape is of utmost importance.23
This research focused on developing a novel approach for
future forensic use in determining age range according to the

morphological structure of the mandibles observed in dental
radiographs, specifically those obtained through DPT. A
total of 400 DPT radiographs of Malay patients were divided

into four groups with different age ranges, according to a
previous study.23 Those radiographs provided anatomical
information about the entire mandible. The coordinates of

the landmarks were analyzed with the GM method to
determine any significant differences in size and shape
among groups. The results of age estimation were relatively
accurate and did not rely on prior knowledge of the sex of

an individual. In this study, significant differences in the
size and shape of the mandibles were observed among the
four age groups. The most apparent difference was between

group 1 (15e24 years old) and group 4 (45e54 years old),
with 88% after DFA and 79% after cross-validation.
Meanwhile, the least apparent difference was observed be-

tween group 3 (35e44) and group 4 (45e54), at 72.5% and
53% after DFA and cross-validation, respectively.

A significant difference in size and shape was observed,
because the mandible continues to change during the life

course. Some parts of the mandible bone may grow faster
than other parts. Moreover, as age increases, the mandible
width and height also increase.24 In addition, bone density

and increased bone resorption occur with age.
Consequently, the mandibular bone height decreases, and
changes in its shape and size can be observed. However,

our results indicated that the differences in size and shape
between ages 35e44 and 45e54 were not remarkable. In
adults and in older people, tooth loss and resorption rates

affect changes in mandible shape.25

During childhood, the shape and size of the mandible also
change. The length of the mandibular body increases, partic-
ularly in the area posterior to the mental foramen, to provide

space for teeth to erupt. The depth also increases, because bone
growth occurs at the alveolar ridge level. As an individual
approaches adulthood, the size of the ramus and body of the

mandible become more prominent than in the childhood
phase. The condylar process becomes higher than the level of
the coronoid process. The mental foramen is situated in the

middle of the mandible’s upper and lower borders. As age
increases, themandible dramatically decreases in size, owing to
tooth loss and alveolar ridge resorption. The condylar process

may be bent backward at extreme ages. Changes also occur
because of increased resorption of the alveolar ridge; the
mental foramen is near the upper border of the mandible. The
mandibular angle is greater in older than younger people.26

Previous studies have used various prominent landmarks
on the mandible that have great potential in age estimation in
forensic analysis. The changes in morphological features on

the mandible aid in estimating the age of an individual.27 The
gonial angle and antegonial region on the mandible are
among the most crucial landmarks associated with age.28

In adulthood, the gonial angle decreases and becomes less
obtuse with increasing age. These changes have been
reported to occur until 55 years of age in both men and
women.28 Another study has found that ramus height and

mandibular body length strongly correlate with an
individual’s chronological age; however, it has also been
reported that the strongest correlation in estimating age is

the condylionegnathion distance.29
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In the present study, a comprehensive analysis of the
mandible was performed through an advanced shape anal-

ysis known as GM analysis. A total of 27 landmarks were
placed on each morphology of the mandible in the DPT ra-
diographs. In contrast, another study has used only one

parameter, the mandibular angle, on 3D-CT images.30

Consequently, age estimation was challenging to confirm
because of a tendency to produce estimation errors, and

several additional parameters were added to decrease the
error in age estimation.30

The mandible was used in this investigation because it is
the most robust and long-lasting facial bone, which main-

tains its shape best and frequently withstands post-mortem
trauma. It has a unique morphology and changes over the
course of life. The mandible has several landmarks that

correlate with an individual’s age. A preliminary compara-
tive study has indicated that the mandible can feasibly be
used to estimate age, sex, and race, with an accuracy as high

as 88%.31 The mandible is among the types of bone that can
be used in identification in the forensic field, in addition to
the pelvis, skull, and teeth.

Identification of age, sex, race, and ancestry is essential in

forensic investigation.32 Many methods have been devised to
assist forensic teams during procedures, including use of
DNA methods, fingerprints, bite marks, and radiographs.

These methods can be used to investigate cases and are
complementary. A radiograph must be taken as part of the
post-mortem examination in forensic practice to identify

foreign bodies and fractures. Dental radiographs such as
bitewings, periapical radiographs, and panoramic tomo-
grams may be used. A dental panoramic tomogram is a type

of radiograph that provides a panoramic view of the maxilla,
mandible, and all teeth, whether erupted or unerupted. It
provides a 2D image view and a source of biological data
applicable to research purposes. The gonial angle, assessed

from DPT, has been found to be almost identical to that
measured on the dried mandible.33 Moreover, all teeth and
developing teeth germs can be distinguished in DPT

radiographs. Hence, dental maturity can be assessed, and
age can be estimated. However, in certain circumstances,
DPT radiographs have several limitations, such as a lack of

reliability for incomplete or fractured mandibles.
This research study used 2D image radiographs and DPT,

which provides an extensive view of the dentition of an indi-

vidual. However, in certain circumstances, DPT has several
limitations that might have affected this study’s outcomes.
Image detail was diminished with respect to that of intra-oral
images, owing to the superimposition of radio-opaque ob-

jects and varied magnification. This problem arose during
identification and placement of landmarks in the DPT radio-
graphs. Certain landmarks, for example, landmark number 26,

which is between themandibular central incisors, were difficult
to identify because of superimposition with supine vertebrae.
Another example is landmarks 12 and 13; we experienced

difficulties in locating these landmarks consistently and pre-
cisely, because the structures of the mental foramen undergo
resorption during the aging period. In addition, some land-
marks of the mandible bone may not correlate in determining

the age of individuals.
Applying the GM analysis method with measured pa-

rameters and morphological features can aid in the deter-

mination of age, sex, and race from human mandibles.34 In
general, GM is a technique for describing a shape
according to landmark coordinates. The landmarks should

be placed precisely in meaningful locations. The variability
of the mandible’s shape and size was analyzed through
MorphoJ software. These variabilities revealed the pattern

shape of each group. MorphoJ also enabled quantitative
analysis and interpretation of the collected data, such as
significant differences in size and shape between groups.

IBM SPSS software 26 was used to determine the
significance of distances between each landmark.

Previous traditional morphometric methods have involved
measuring linear distances, such as length, width and height,

areas, angles, and detailed ratios and counts. Subsequently,
multivariate statistical tools were developed to differentiate
shape variation among groups. Thismethod is straightforward

to use but has some disadvantages. The main disadvantage of
linear distance measurement is that it represents the size, not
the shape.35 Hence, a graphical representation of the shape

cannot be reconstructed. Second, linear measurements of
two different shapes may yield the same results, because the
data do not include the exact landmarks measured. To
overcome these problems, GMs was developed. GM on teeth

has been studied to estimate age. Tooth size, shape, and
morphology have been analyzed, and significant differences
have been observed among various shapes and sizes of teeth.36

In the forensic, legal, anthropologic, and civil fields, age
estimation is crucial.21 Age estimation in bones has been
performed with a variety of methods. Accurate age

assessment is critical in forensics for unidentified remains,
bodies recovered from disasters, refugees, and asylum
seekers without identifying documents, as well as for legal

considerations. Physical bone examination or radiological
techniques can be used to estimate age. Various methods
have been used, including X-rays, CT scans, ultrasounds,
and magnetic resonance imaging.37e39 Morphological

methods, based on radiological examination of dental and
skeletal development, have typically been used for forensic
age estimation.6

Estimation of age in adults may be complicated, because
most teeth have already erupted, and the involvement of
biological and environmental factors complicates the anal-

ysis. The population-specific reference standard used for age
estimation in each population is important for accuracy.20

Facial skeletons continue to grow throughout life, and the

different areas of the face grow at varying rates. Clinical
observations suggest that, in some individuals, the shape of
the mandible may change with age. Any changes in the size
and shape of the mandible (lower jaw) have tremendous

importance in cosmetic surgery.40

We believe that analysis of more samples may improve the
outcomes of this study. The variability of each sampling dis-

tribution decreases as the sample size becomes increasingly
leptokurtic. Furthermore, 3D radiography provides higher-
quality images that may aid in identifying and locating land-

marks on the mandible bone in CBCT radiographs. These
images have good magnification and diminished geometric
distortion, and provide 3D views. Furthermore, analysis of
the mandible alone is reliable in determining age and should

be used together with another indicator. Finally, in this study,
the mandible samples used showed the complete normal
morphology. However, this method would have limitations in

the analysis of incomplete or missing mandibles. Hence, the



N.A.F. Zulkifli et al.1444
odontometric method can be used, because teeth are the most
resilient and durable structures in the body, and canwithstand

high temperatures and bacterial decomposition.

Conclusion

This study assembled a database from the USIM dental
clinic. Numerous landmarks from DPT were evaluated. A
simple, non-destructive, and non-invasive tool is described

that incorporates a state-of-the-art method consistent with
the most current, mature theory of shape analysis. Conse-
quently, it indicates many variations in mandible shape and

size, and enables classification according to similar patterns,
thus making age estimation possible. We hope that the re-
sults of this research study will aid in forensic odontology

investigations when patient identification is lacking.
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