Journal of Taibah University Medical Sciences (2023) 18(6), 1435—1445

Taibah University Josarllof

Taibah University
Medical Soi?nces
LV
7 A

Journal of Taibah University Medical Sciences

www.sciencedirect.com

Original Article

Age estimation from mandibles in Malay: A 2D geometric
morphometric analysis

Check for
Updates

Nur Ariessa Farhana Zulkifli, BDS“, Nur Aliya Syuhada Mohd Saaid, BDS®,
Aspalilah Alias, PhD *"“*, Nurjehan Mohamed Ibrahim, DClindent ¢,

Choy Ker Woon, PhD €, Arofi Kurniawan, PhD > and

Beshlina Fitri Widayanti Roosyanto Prakoeswa, PhD "

& Department of Basic Sciences and Oral Biology, Faculty of Dentistry, Universiti Sains Islam Malaysia, Malaysia

® Department of Forensic Odontology, Faculty of Dental Medicine, Universitas Airlangga, Indonesia

¢ Forensic Odontology Unit, Department of Imaging & Pathology, KU Leuven, Belgium

dDepurtment of Orthodontic and Paediatric Dentistry, Faculty of Dentistry, Universiti Sains Islam Malaysia, Malaysia
¢ Department of Anatomy, Faculty of Medicine, Universiti Teknologi MARA, Sungai Buloh Campus, Selangor, Malaysia

Received 28 January 2023; revised 2 May 2023; accepted 27 May 2023; Available online 7 June 2023

oaliall O g pmall A ) LEAY 5 94725 %90 O adaliiall GEiaill <l jlaay
%495 %81
i) il <G ana A5 ey el ) Aul ) oda Cangd sduand) Calaa

Omobal) Sl e Adlide 4 jee Cle gana A

400 planinly i) il dpuigh L jiash)sall Jilai s oal sl 3ok
c1aY o she el padinl ) e Midd) ekl gl (pe e
Al Sl Jilaty o S5 50 G Jidady calall s S5 5 Jilas
27 40 pana Lo G o5 el o puiiall iy ey jysal) Al Qg
i Aatily il oM ekl sl Hpea Lo 534 Ao
L) o ¢ i) Glil) S5 ana Al pusl) il "D g 0 il o
34-25) 2 de genall s (lale 24-15) 1 de sanall Ay jee e gane oo

(e 54-45) 4 de sandls (Lo 44-35) 3 de sandlly ¢(Lile

o %81 Ay e i) Glil) il 8 el el @ ekl gl
08 G Sy it didad R3S YY) Al A ) Sl Gl
Clile Coelil Ay el Gl gendll gy JSA 8 5uS clidEA)
Glas s gy jeall Sle gonall jian G 3uS GER) L siVlala
Aaall s Cngl i 20114 = dad ol 4 de geadly ] Ae sl

L i gh ) sall Jilatl Aol Lad) Aot iy colidl) 8 claliBiad)
Gl aladinly jeall ol 3 puedi e 93 e e g Aary 38 5l Annigl)
s ppseal (Sap Y 18 Apigh) G i ghpsall Jilad ey Sliul)
saie A yhal) o2 it ASHA) 4y jenll e sanall G i) Sl (K

LYl il 3 e ) dglal) gl (3 peed) aail

oD bl gl ¢ paall i ¢ il i) cdalidal) cilalS)
el g Ly e ) sall ¢ Al

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 Morphol program
was used to perform generalized Procrustes analysis
(GPA), Procrustes ANOVA, principal component anal-
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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 (15—24 years),
group 2 (25—34 years), group 3 (35—44 years), and group
4 (45—54 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 90—72% and 81—49%, 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
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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.’ 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.’

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.” Forensic study also encompasses the realm of
competitive sports and legal and refugee issues.” 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.’

Forensic dentists use the maxilla, mandible, and teeth to
assess odontological characteristics, because they remain
intact in intensely damaged bodies.” 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.” 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 mandible—particularly the
mandibular angle, mandibular ramus height, and bigonial
breadth—have been suggested to strongly correlate with
human age.x 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.’

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.m For identifying remains, the radiography approach is
easy, rapid, affordable, and non-invasive.'! To identify
each person, a radiographic scan is used to ascertain the
age, sex, race, stature, and cause of death.'> 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.'? 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. '

To differentiate the biological profiles of skeletal remains,
forensic anthropologists have used both qualitative and
quantitative methods.'” The two types of morphometric
analysis used in forensic anthropology are traditional and
geometric.” 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.“’
Traditional morphometrics provides only scatter plots or
numerical representations of statistical connections, but not
assessments of the forms themselves.'” Thus, researchers
have modified their strategies to adopt more complex GM
studies.” GM involves the statistical analysis of form
according to Cartesian landmark coordinates.!” 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.”

GM comprises a collection of analytical techniques and
procedures.'® The use of digital techniques is becoming
increasingly common in dental radiology, owing to
advances in diagnostic performance, decreased patient
doses, and financial benefits.'” 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).
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Four hundred images from the USIM dental clinic’s 2013—
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 (15—24 years), group 2 (25—34 years), group
3 (35—44 years), and group 4 (45—54 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 Morphol (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 program MorpholJ. For removal of non-shape

Table 1: Definitions and numbers of landmarks of mandibles in DPT.

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 Morpho] 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

No. Landmarks Definition

1 Coronion (Co) The most superior point on the coronoid process (right)

2 Mandibular notch (Mn) The most inferior point on the mandibular notch (right)

3 Condylion medial inferialis (Cdmi) Medial point on the mandibular condyle located at the most
curved area, horizontally aligned with landmark no. 7 (right)

4 Condylion mediale (Cdm) The most medial point on the mandibular condyle (right)

5 Condylion superior (Cs) The most superior point on the mandibular condyle (right)

6 Condylion laterale (Cdl) The most lateral point on the mandibular condyle (right)

7 Condylion lateral inferialis (Cdli) Lateral point on the mandibular condyle located at the most
curved area, horizontally straight with landmark no. 3 (right)

8 Inferior alveolar foramen (Iaf) The most inferior point on the margin of the inferior alveolar
foramen (right)

9 Posterior ramus (Pr) Single point located at the posterior border of the ramus,
horizontally straight with landmarks no. 8 and 27 (right)

10 Gonion (Go) The most lateral external junction point of the horizontal and
ascending rami of the lower jaw (right)

11 Body mandibular notch (BMN) The deepest groove in the ramus of the mandible (right)

12 Mentale (M) The most inferior point on the margin of the mandibular
mental foramen (right)

13 Mentale (M1) The most inferior point on the margin of the mandibular
mental foramen (left)

14 Body mandibular notch (BMN) The deepest part of the mandible body (left)

15 Gonion (Go) The most lateral external junction point of the horizontal and
ascending rami of the lower jaw (left)

16 Inferior alveolar foramen (Iaf) The most inferior point on the margin of the inferior alveolar
foramen (left)

17 Posterior ramus (Pr) Single point located at the posterior border of the ramus,
horizontally straight with landmarks no. 16 and 25 (left)

18 Condylion lateral inferialis (Cdli) Lateral point on the mandibular condyle located at the most
curved area, horizontally straight with landmark no. 22 (left)

19 Condylion laterale (Cdl) The most lateral point on the mandibular condyle (left)

(continued on next page)
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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.
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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 PCl = 35%, PC2 = 20%,
PC3 = 6.7%, PC4 = 5.2%, PC6 = 4.2%, PC7 = 3.3%,

% Variance

and PC8 = 2%, showed 81% variance in mandible form.
Tables 2—5 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

25 30 35 40 45 50

Figure 3: Screen plot showing the amount of variance for all samples.

Table 2: Wireframes from the first three principal components of group 1 (15—24 years old), exhibiting 64% variation in mandible

shape.

PCA

Wireframe (group 1, 15—24 years old)

PC1 (33%)

PC2 (22%)

PC3 (9%.)
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Table 3: Wireframes from the first three principal components of group 2 (25—34 years old), exhibiting 60.7% variation in mandible
shape.

PCA Wireframe (group 2, 25—34 years old)

PC1 (31.4%)

PC2 (21.3%)

PC3 (8%)

Table 4: Wireframes from the first three principal components of group 3 (35—44 years old), exhibiting 67% variation in mandible
shape.

PCA Wireframe (group 3, 35—44 years old)

PC1 (41%)

PC2 (19%)

PC3 (7%)
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Table 5: Wireframes from the first three principal components of group 4 (45—54 years old), exhibiting 62% variation in mandible

shape.

PCA

Wireframe (group 4, 45—54 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.
307
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Figure 4: Canonical variates of shape, with four distinguishable groups showing some overlap.
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Table 7: Discriminant function analysis and cross validation
among groups.

Groups Discriminant function Cross
analysis 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%

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 (15—24), group 2 (25—34), group 3 (35—44),
and group 4 (45—54) 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.”’ 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.Z] Forensic age
assessment typically uses morphological techniques based on
radiological analysis of the teeth and skeletal development.'

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 acculracy.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 (15—24 years old) and group 4 (45—54 years old),
with 88% after DFA and 79% after cross-validation.
Meanwhile, the least apparent difference was observed be-
tween group 3 (35—44) and group 4 (45—54), 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.”* 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 35—44 and 45—54 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, the mandible 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.%

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.”’ 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.”® 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 condylion—gnathion distance.”’
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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.‘m
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.’

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%.°! 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.’> 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.> 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 the mandibular 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.** 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
Morphol software. These variabilities revealed the pattern
shape of each group. Morphol 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. This method 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.”°

In the forensic, legal, anthropologic, and civil fields, age
estimation is crucial.”’ 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.’w*” Morphological
methods, based on radiological examination of dental and
skeletal development, have typically been used for forensic
age estimation.’

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.zo
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.

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
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odontometric method can be used, because teeth are the most
resilient and durable structures in the body, and can withstand
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.

Source of funding

The research was funded by the Faculty of Dentistry,
Universiti Sains Islam Malaysia (USIM) under an under-
graduate research final year project. Encik Malvin and Encik
Hafiz helped in collecting data. Grant Research Code: PPP/
URG-001.

Conflict of interest

The authors have no conflict of interest to declare.

Ethical approval

Ethical approval was obtained from the Ethics Commit-
tee, USIM (number USIM/JKEP/2020-90).

Consent

Not applicable.

Authors’ contributions

NAFZ, NASMS, and AA conceived and designed the
study, conducted research, provided research materials, and
collected and organized data. NAFZ, NASMS, AA, NMI,
CKW, AK and BFWRP analyzed and interpreted data.
NAFZ and NASMS wrote the initial and final drafts of the
article and provided logistic support. All authors have criti-
cally reviewed and approved the final draft and are respon-
sible for the content and similarity index of the manuscript.

Acknowledgment

We acknowledge Encik Malvin and Encik Hafiz (radi-
ographer) for helping with data collection.

Funding: research involving human participants and/or
animals

Retrospective DPT data were obtained from the Dental
Clinic Faculty of Dentistry, USIM.

Data availability statement

This was a retrospective study conducted at the Faculty of
Dentistry, Universiti Sains Islam Malaysia (USIM), which
does not require any written informed consent. The patient
ID was replaced with a unique ID. No personal details were
exposed during the execution of this research. This research
was approved by the Research and Ethics committee of
USIM. The ethical approval code for this study was USIM/
JKEP/2020-90 from USIM.

References

1. Franklin D. Forensic age estimation in human skeletal remains:
current concepts and future directions. Leg Med 2010; 12(1): 1—
7. https://doi.org/10.1016/j.legalmed.2009.09.001.

2. De Angelis D, Gaudio D, Guercini N, Cipriani F, Gibelli D,
Caputi S, et al. Age estimation from canine volumes. Radiol
Med 2015; 120(8): 731-—736. https://doi.org/10.1007/s11547-
015-0521-5.

3. Krishan K, Kanchan T, Garg AK. Dental evidence in forensic
identification-an overview, methodology and present status.
Open Dent J 2015; 9: 250—256. https://doi.org/10.2174/
1874210601509010250.

4. Ubelaker DH, DeGaglia CM. Population variation in skeletal
sexual dimorphism. Forensic Sci Int 2017; 278. https://doi.org/
10.1016/j.forsciint.2017.06.012. 407.e1—e407.¢7.

5. Adams DC, Rohlf FJ, Slice DE. A field comes of age: geometric
morphometrics in the 21st century. Hystrix 2013; 24(1). https://
doi.org/10.4404/hystrix-24.1-6283.

6. Shahin KA, Chatra L, Shenai P. Journal of forensic radiology
and imaging dental and craniofacial imaging in forensics.
J Forensic Radiol Imaging 2013; 1(2): 56—62. https://doi.org/
10.1016/j.jofri.2012.12.001.

7. Ramlal G. Extrication of DNA from burnt teeth exposed to
environment. J Clin Diagn Res 2017; 11(8): 250—256. https://
doi.org/10.7860/jcdr/2017/26911.10525.

8. Leversha J, McKeough G, Myrteza A, Skjellrup-Wakefiled H,
Welsh J, Sholapurkar A. Age and gender correlation of gonial
angle, ramus height and bigonial width in dentate subjects in a
dental school in Far North Queensland. J Clin Exp Dent 2016;
8(1): e49—e54. https://doi.org/10.4317/jced.52683.

9. Scudine KG de O, Pedroni-Pereira A, Araujo DS, Prado DG de
A, Rossi AC, Castelo PM. Assessment of the differences in
masticatory behavior between male and female adolescents.
Physiol Behav 2016; 163: 115—122. https://doi.org/10.1016/
J.physbeh.2016.04.053.

10. Smeets D, Claes P, Vandermeulen D, Clement JG. Objective 3D
face recognition: evolution, approaches and challenges. Forensic
Sci Int 2010; 201(1-3): 125—132. https://doi.org/10.1016/
j.forsciint.2010.03.023.

11. Filograna L, Tartaglione T, Filograna E, Cittadini F, Oliva A,
Pascali VL. Computed tomography (CT) virtual autopsy and
classical autopsy discrepancies: radiologist’s error or a demon-
stration of post-mortem multi-detector computed tomography
(MDCT) limitation? Forensic Sci Int 2010; 195(1—3). https://
doi.org/10.1016/j.forsciint.2009.11.001.

12. Remy F, Hossu G, Cendre R, Micard E, Mainard-Simard L,
Felblinger J, et al. Development of a biometric method to esti-
mate age on hand radiographs. Forensic Sci Int 2016; 271: 113—
119. https://doi.org/10.1016/j.forsciint.2016.12.013.

13. Monnazzi MS, Passeri LA, Gabrielli MFR, Bolini PDA, De
Carvalho WRS, Da Costa Machado H. Anatomic study of the
mandibular foramen, lingula and antilingula in dry mandibles,
and its statistical relationship between the true lingula and the



https://doi.org/10.1016/j.legalmed.2009.09.001
https://doi.org/10.1007/s11547-015-0521-5
https://doi.org/10.1007/s11547-015-0521-5
https://doi.org/10.2174/1874210601509010250
https://doi.org/10.2174/1874210601509010250
https://doi.org/10.1016/j.forsciint.2017.06.012
https://doi.org/10.1016/j.forsciint.2017.06.012
https://doi.org/10.4404/hystrix-24.1-6283
https://doi.org/10.4404/hystrix-24.1-6283
https://doi.org/10.1016/j.jofri.2012.12.001
https://doi.org/10.1016/j.jofri.2012.12.001
https://doi.org/10.7860/jcdr/2017/26911.10525
https://doi.org/10.7860/jcdr/2017/26911.10525
https://doi.org/10.4317/jced.52683
https://doi.org/10.1016/j.physbeh.2016.04.053
https://doi.org/10.1016/j.physbeh.2016.04.053
https://doi.org/10.1016/j.forsciint.2010.03.023
https://doi.org/10.1016/j.forsciint.2010.03.023
https://doi.org/10.1016/j.forsciint.2009.11.001
https://doi.org/10.1016/j.forsciint.2009.11.001
https://doi.org/10.1016/j.forsciint.2016.12.013

Age estimation of mandibles through geometric morphometric analysis

1445

14.

15.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

antilingula. Int J Oral Maxillofac Surg 2012; 41(1): 74—78.
https://doi.org/10.1016/j.ijom.2011.08.009.

Nuzzolese E, Randolph-Quinney P, Randolph-Quinney J, Di
Vella G. Geometric morphometric analysis of sexual dimor-
phism in the mandible from panoramic X-ray images.
J Forensic Odonto-Stomatol 2019; 37(2): 35—44.

Austin D, King RE. The biological profile of unidentified hu-
man remains in a forensic context. Acad Forensic Pathol 2016;
6(3): 370—390. https://doi.org/10.23907/2016.039.

. Alias A, Mohd Nor F. Mandible in forensic anthropology. Dent

Res Manag 2019; 3: 1—2. https://doi.org/10.33805/2572-6978.115.

. Franklin D, Cardini A, Flavel A, Kuliukas A. The application

of traditional and geometric morphometric analyses for
forensic quantification of sexual dimorphism: preliminary in-
vestigations in a Western Australian population. Int J Legal
Med 2012; 126(4): 549—558. https://doi.org/10.1007/s00414-
012-0684-8.

Mitteroecker P, Gunz P. Advances in geometric morphomet-
rics. Evol Biol 2009; 36(2): 235—247. https://doi.org/10.1007/
511692-009-9055-x.

Shah N. Recent advances in imaging technologies in dentistry.
World J Radiol 2014; 6(10): 794—807. https://doi.org/10.4329/
wijr.v6.i10.794.

Rosing FW, Graw M, Marré B, Ritz-Timme S, Rothschild MA,
Rotzscher K, et al. Recommendations for the forensic diagnosis
of sex and age from skeletons. HOMO — J Comp Hum Biol
2007; 58(1): 75—89. https://doi.org/10.1016/j.jchb.2005.07.002.

Re GL, Zerbo S, Terranova MC, Pardo S, Midiri F, Argo A,
et al. Role of imaging in the assessment of age estimation. Semin
https://doi.org/

Ultrasound CT MRI 2019; 40(1): 51-55.
10.1053/.sult.2018.10.010.

Kuremoto K, Okawa R, Matayoshi S, Kokomoto K,
Nakano K. Estimation of dental age based on the develop-
mental stages of permanent teeth in Japanese children and ad-
olescents. Sci Rep 2022; 12(1). https://doi.org/10.1038/s41598-
022-07304-2.

Toledo Avelar LE. Mandible: evaluation of its morphology,
aging process and sexual dimorphism for aesthetic treatment
purpose. J Cosmet Dermatol 2021; 5(3): 42—46. https://doi.org/
10.15406/jdc.2021.05.00182.

Subramaniam P, Naidu P. Mandibular dimensional changes
and skeletal maturity. Contemp Clin Dent 2010; 1(4): 218—222.
https://doi.org/10.4103/0976-237x.76387.

Mendelson B, Wong CH. Changes in the facial skeleton with
aging: implications and clinical applications in facial rejuvena-
tion. Aesthet Plast Surg 2012; 36: 753—760. https://doi.org/
10.1007/s00266-012-9904-3.

Gershenson A, Nathan H, Luchansky E. Mental foramen and
mental nerve: changes with age. Acta Anat 1986; 126(1): 21—28.
https://doi.org/10.1159/000146181.

Singh S, Bavle R, Konda P, Venugopal R, Bopaiah S, Kumar S.
Assessment of the most reliable sites in mandibular bone for the
best deoxyribonucleic acid yield for expeditive human identifi-
cation in forensics. J Oral Maxillofac Pathol 2017; 21(3): 447—
453. https://doi.org/10.4103/jomfp. JOMFP 47 17.

Chole RH, Patil RN, Balsaraf Chole S, Gondivkar S,
Gadbail AR, Yuwanati MB. Association of mandible anatomy

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

with age, gender, and dental status: a radiographic study. ISRN
Radiol 2013; 2013: 1—4. https://doi.org/10.5402/2013/453763.
Pelin C, Oktem H, Kirkciioglu A. Age estimation using
mandibular dimensions: a preliminary study. Euras J Anthropol
2018; 9(2): 41-48.

Kawashima W, Uemura M, Toda I, Orihara H, Okusa N. Age
estimation from mandibular angle and oral findings on three-
dimensional computed tomography. J Osaka Dent Univ 2016;
2016(1): 7—11. https://doi.org/10.18905/JODU.50.1 7.
Jambunath U, Govindraju P. Sex determination by using
mandibular ramus and gonial angle-a preliminary comparative
study. Int J Contemp Med Res 2016; 3(11): 2454—7379. www.
ijcmr.com.

Ata-Ali J, Ata-Ali F. Forensic dentistry in human identifica-
tion: a review of the literature. J Clin Exp Dent 2014; 6(2).
https://doi.org/10.4317/jced.51387.

Larrazabal-Moron C, Sanchis-Gimeno JA. Gonial angle
growth patterns according to age and gender. Anat Anz 2018;
215: 93—96. https://doi.org/10.1016/j.aanat.2017.09.004.
Franklin D, Higgins PO, Oxnard CE, Dadour I, Franklin D.
Sexual dimorphism and population variation in the adult
mandible: forensic applications of geometric morphometrics.
Forensic Sci Med Pathol 2007; 3(1): 15—22. https://doi.org/
10.1385/Forensic.

Adams DC, Rohlf FJ, Slice DE. Geometric morphometrics: ten
years of progress following the ‘revolution. Ital J Zool 2004;
71(1): 5—16. https://doi.org/10.1080/11250000409356545.
Parés-Casanova PM. Geometric morphometrics to the study of
skull sexual dimorphism in a local domestic goat breed. J Fish
Livest prod 2015; 3(3): 3—6. https://doi.org/10.4172/2332-
2608.1000141.

Kano T, Oritani S, Michiue T, Ishikawa T. Postmortem CT
morphometry with a proposal of novel parameters for sex
discrimination of the mandible using Japanese adult data.
Leg Med 2015; 17(3): 167—171. https://doi.org/10.1016/
j.legalmed.2014.12.009.

Beaini TL, Duailibi-Neto EF, Chilvarquer I, Melani RFH.
Human identification through frontal sinus 3D superimposi-
tion: pilot study with cone beam computer tomography.
J Forensic Leg Med 2015; 36: 63—69. https://doi.org/10.1016/
j.iflm.2015.09.003.

Laher AE, Motara F, Moolla M. The ultrasonographic deter-
mination of the position of the mental foramen and its relation
to the mandibular premolar teeth. J Clin Diagn Res 2016; 10(6):
0C23—-0C27. https://doi.org/10.7860/JCDR/2016/18808.7992.
Nakajima S, Osato S. Association of gonial angle with morphology
and bone mineral content of the body of the adult human
mandible with complete permanent dentition. Ann Anat 2013;
195(6): 533—538. https://doi.org/10.1016/j.aanat.2013.06.006.

How to cite this article: Zulkifli NAF, Mohd Saaid NAS,
Alias A, Mohamed Ibrahim N, Woon CK, Kurniawan A,
Prakoeswa BFWidayantiR. Age estimation from mandi-
bles in Malay: A 2D geometric morphometric analysis. J
Taibah Univ Med Sc 2023;18(6):1435—1445.



https://doi.org/10.1016/j.ijom.2011.08.009
http://refhub.elsevier.com/S1658-3612(23)00094-X/sref14
http://refhub.elsevier.com/S1658-3612(23)00094-X/sref14
http://refhub.elsevier.com/S1658-3612(23)00094-X/sref14
http://refhub.elsevier.com/S1658-3612(23)00094-X/sref14
http://refhub.elsevier.com/S1658-3612(23)00094-X/sref14
https://doi.org/10.23907/2016.039
https://doi.org/10.33805/2572-6978.115
https://doi.org/10.1007/s00414-012-0684-8
https://doi.org/10.1007/s00414-012-0684-8
https://doi.org/10.1007/s11692-009-9055-x
https://doi.org/10.1007/s11692-009-9055-x
https://doi.org/10.4329/wjr.v6.i10.794
https://doi.org/10.4329/wjr.v6.i10.794
https://doi.org/10.1016/j.jchb.2005.07.002
https://doi.org/10.1053/j.sult.2018.10.010
https://doi.org/10.1053/j.sult.2018.10.010
https://doi.org/10.1038/s41598-022-07304-2
https://doi.org/10.1038/s41598-022-07304-2
https://doi.org/10.15406/jdc.2021.05.00182
https://doi.org/10.15406/jdc.2021.05.00182
https://doi.org/10.4103/0976-237x.76387
https://doi.org/10.1007/s00266-012-9904-3
https://doi.org/10.1007/s00266-012-9904-3
https://doi.org/10.1159/000146181
https://doi.org/10.4103/jomfp.JOMFP_47_17
https://doi.org/10.5402/2013/453763
http://refhub.elsevier.com/S1658-3612(23)00094-X/sref29
http://refhub.elsevier.com/S1658-3612(23)00094-X/sref29
http://refhub.elsevier.com/S1658-3612(23)00094-X/sref29
http://refhub.elsevier.com/S1658-3612(23)00094-X/sref29
http://refhub.elsevier.com/S1658-3612(23)00094-X/sref29
https://doi.org/10.18905/JODU.50.1_7
http://www.ijcmr.com
http://www.ijcmr.com
https://doi.org/10.4317/jced.51387
https://doi.org/10.1016/j.aanat.2017.09.004
https://doi.org/10.1385/Forensic
https://doi.org/10.1385/Forensic
https://doi.org/10.1080/11250000409356545
https://doi.org/10.4172/2332-2608.1000141
https://doi.org/10.4172/2332-2608.1000141
https://doi.org/10.1016/j.legalmed.2014.12.009
https://doi.org/10.1016/j.legalmed.2014.12.009
https://doi.org/10.1016/j.jflm.2015.09.003
https://doi.org/10.1016/j.jflm.2015.09.003
https://doi.org/10.7860/JCDR/2016/18808.7992
https://doi.org/10.1016/j.aanat.2013.06.006

	Age estimation from mandibles in Malay: A 2D geometric morphometric analysis
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	Source of funding
	Conflict of interest
	Ethical approval
	Consent
	Authors' contributions
	Acknowledgment
	Funding: research involving human participants and/or animals
	Data availability statement
	References


