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ABSTRACT

Purpose: Sex determination can be done by morphological analysis of different parts of the body. The mastoid
region, with its anatomical location at the skull base, is ideal for sex identification. Statistical shape analysis provides a
simultaneous comparison of geometric information on different shapes in terms of size and shape features. This study
aimed to investigate the geometric morphometry of the inter-mastoid triangle as a tool for sex determination in the
Iranian population.

Materials and Methods: The coordinates of 5 landmarks on the mastoid process on the 80 cone-beam computed
tomographic images (from individuals aged 17-70 years, 52.5% female) were registered and digitalized. The Cartesian
x-y coordinates were acquired for all landmarks, and the shape information was extracted from the principal component
scores of generalized Procrustes fit. The t-test was used to compare centroid size. Cross-validated discriminant analysis
was used for sex determination. The significance level for all tests was set at 0.05.

Results: There was a significant difference in the mastoid size and shape between males and females (P <0.05). The
first 2 components of the Procrustes shape coordinates explained 91.3% of the shape variation between the sexes. The
accuracy of the discriminant model for sex determination was 88.8%.

Conclusion: The application of morphometric geometric techniques will significantly impact forensic studies by
providing a comprehensive analysis of differences in biological forms. The results demonstrated that statistical shape
analysis can be used as a powerful tool for sex determination based on a morphometric analysis of the inter-mastoid

triangle. (Imaging Sci Dent 2021; 51: 167-74)
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Introduction

Identification using human remains is legally and socially
important. Sex determination of victims is one of the most
vital steps in forensic identification. In critical situations
and conditions, for reasons such as body decomposition and
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severe burns, sex determination based on skeletal remains
is necessary.l’2

Sex determination can be done by morphological analysis
of various body parts, such as the pelvis, skull, and teeth.
Sex is mainly determined by the shape of the pelvic bone,
but the pelvic bone may be unavailable under certain cir-
cumstances.”* The mastoid process, which is part of the
temporal bone, is an area of the skull that can be used for
sex determination due to its resistance to physical injury
and its ability to differentiate between men and women.'*#
The mastoid process is a prominent and posterior conical
bone protrusion located posterior to the outer auditory part
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of the temporal bone.” The mastoid area is suitable for the
study of sexual dimorphism as a portion of the skull that is
immune to injury due to its anatomical location at the base of
the skull. Numerous past examinations have indicated that
the mastoid is a valuable cranial area for determining sex.
The tip of the mastoid is vertical in males and internal in fe-
males. For the macroscopic determination of sex based on
bones, the mastoid area is of particular importance.” ?

Analyses of the mastoid area morphology for sex deter-
mination, like many other shape-based biological investiga-
tions in the field of forensics, usually involve using a com-
bination of linear measurements, angular measurements, or
indicators derived from these measurements, and then app-
lying standard univariate and multivariate statistical tech-
niques to make a prediction from these measurements.' >~
However, those measurements may not provide a detailed
description of the morphology of the area in question.

According to studies analyzing the mastoid process for sex
determination, women have a smaller mastoid region than
men. However, focusing on the size of the area can be con-
fusing, as there are situations where the 2 sexes have mas-
toid processes of the same size, but with different shapes.9
A configuration-based analysis of landmarks allows one to
work with the full geometry of objects, a problem ignored in
other analyses.9

Geometric morphometry allows the separation of size in-
formation, while still retaining the full shape information of
the study area. This feature enables a much broader spec-
trum of comparisons of groups or even sexes than tradi-
tional metric measurements. Geometrical morphometry has
various applications in several scientific fields, including
forensic anthropology, zoology, biology, and archeology.
Geometrical morphometry also plays an important role in
forensics.”*

Statistical shape analysis, as a new branch of multivariate
statistics, involves the analysis of the geometric properties of
a set of shapes using statistical methods. Today, with rapid
developments of technology, accessing geometric informa-
tion on objects is straightforward and their shape analysis
has become of vital importance.12

Sex determination using the morphological evaluation of
skeletal areas is one of the most important issues in the field
of forensic medicine. Moreover, statistical shape analysis
provides a simultaneous comparison of geometric informa-
tion for different shapes in terms of size and shape features.
The purpose of this study was to investigate the geometric
morphometry of the inter-mastoid triangle as a tool for sex
determination using statistical shape analysis.

Materials and Methods

In this retrospective study, 80 cone-beam computed tomo-
graphic (CBCT) images from 42 females and 38 males
drawn from patients referred to Department of Oral and
Maxillofacial Radiology, Hamadan Dental School (in west-
ern Iran) aged 18 to 70 years were studied. The inclusion
criteria were all CBCT scans designed for implant replace-
ment and other therapeutic purposes. The exclusion criteria
were images with severe artifacts, images that did not show
anatomical details of the inter-mastoid region, and images
of patients with a maxillofacial anomaly.

To ensure that this study followed appropriate ethical
guidelines, all information provided was treated as personal
by the researcher, and the names of individuals were not inc-
luded in the analysis and reporting stage. Ethical approval for
the study was granted by the Ethics Committee of Hamadan
University of Medical Sciences (IR.UMSHA.REC.1399.
323).

All reviewed CBCT scans were provided by NewTom
3G (QR srl, Verona, Italy) with a peak kilovoltage of 110
kVp, a tube current of 3.87 mA, an exposure time of 3.6s,
a voxel size of 180 um voxel size, and a 12-inch field of
view and stored in NNT viewer software version 10 (QR srl,
Verona, Italy). First, the CBCT images were saved to Digital
Imaging and Communications in Medicine format and trans-
ferred to On-Demand 3D dental software (version: 1.0.5385,
Cybermed Inc, Seoul, Korea), and then a 3-dimensional
(3D) image was created.

The patient’s head position during the CBCT examination
was fixed with the lateral head supports and nasal support
of the CBCT device, and after adjusting the midsagittal line
and Frankfurt line parallel to the ground, the correct position
was ensured by the scout image. Furthermore, during the
reconstruction, if necessary, the patient’s head was rotated
so that the Frankfurt plane was parallel to the ground. There-
fore, the head was adjusted with a consistent orientation
in the 3D image.

Indirect volume rendering or segmentation requires sel-
ection of the intensity or density of the gray-scale level of
the voxels to be displayed within an entire data set, and it
provides a volumetric surface reconstruction with depth; the
gray-scale level of the voxels that is optimal for bone sur-
face visualization was selected, and anatomical points were
determined on this surface.

Using TpsDig?2 (version 1.11, https://tpsdig2.software.
informer.com/download), 2 anatomical landmarks on the
right and left mastoids, respectively, and one landmark on
the mandibular bone on the posterior view of the 3D image
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Registering coordinates of 5 landmarks on
the CBCT image of the inter-mastoid
process (TpsDig2)

!

Obtaining Cartesian x-y coordinates for all
landmarks

l

Generalized Procrustes Analysis (removing
non shape variation)

l

Multivariate statistical analyses based on
Procrustes shape coordinates (e.g.
Principal Component Analysis,

Discriminant analysis)

l

Graphical depiction of results (Statistical
and morphometric)

Fig. 1. Methodological steps of the study.

were identified. The identified landmarks were as follows;
the most prominent point on the convex lateral surface of
the mastoid process, the lowest point of the mastoid pro-
cess (mastoidale), and the lowest point on the mandibular
symphysis (menton). Then, the following lines were drawn:
inter-mastoidal distance (defined as the distance between
the right and left mastoidales), the inter-mastoidal lateral
surface distance (defined as the distance between the most
prominent point of the convex surface of the right and left
mastoids), and the distance between the menton and the
most prominent point of the convex surface of the right and
left mastoids. Subsequent analyses are performed on the
triangle resulting from the intersection of these lines.

The steps of the statistical shape analysis are briefly pre-
sented in Figure 1. Shape analysis was performed based
on a 2-dimensional geometric morphometric evaluation of
outlines from photographs of the CBCT image of the inter-
mastoid process. The coordinates of 5 landmarks on the
mastoid process image were registered (Fig. 2) using the
TpsDig2 software. Once the Cartesian x-y coordinates had
been obtained for all landmarks, the shape information was
extracted with a generalized Procrustes fit. Procrustes super-
imposition is a method that removes information regarding
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Fig. 2. Landmark positions on a woman’s skull.

size, position, and orientation to standardize each specimen
according to centroid size.'""

The digitalization of landmarks was carried out by the
same researcher in 2 replicates to compensate for possible
errors. The Euclidean distance between repeated measure-
ments of identical landmarks was calculated, and if the dif-
ference was larger than 1 mm, the whole set of landmarks
was re-digitized.

Procrustes shape coordinates were used as variables in the
following multivariate statistical analyses. The main axes
of shape variation were described using principal component
analysis from the Procrustes shape coordinates.'> Principal
component analysis was performed to determine the percent-
age of the total variation explained by each principal com-
ponent. The principal component scores were used as new
variables to represent the shape.'”” Mean shape differences
were examined using permutation tests (1,000 iterations)
based on the Procrustes distance and the T-square statistic
for the Mahalanobis distances. The centroid size, which was
calculated from the square root of the sum of the square dis-
tances of the anatomical landmarks to the centroid, was used
to describe the mastoid size.'® The centroid size was saved
as a separate variable for testing size differences. The t-test
was used for comparing centroid size between 2 sexes.

Discriminant analysis with a cross-validation method was
used for sex prediction based on the shape information of the
mastoid region.]7 Data were analyzed using R3.5.1 (R Core

— 169 —



Morphometric analysis of the inter-mastoid triangle for sex determination: Application of statistical shape analysis

Grid Deformation Female

-100
1

-200
il

-300
1

T T T T T T T
-300 -200 -100 0 100 200 300

Grid Deformation Female & Male

[ \

-100
1

-200
I

-300
1

T
-300 -200 -100 0 100 200 300

Fig. 3. Thin-plate spline transformation grids representing variation in the shape of the inter-mastoid process.

Female

Fig. 4. Variation in each landmark sex after applying generalized Procrustes analysis (the most prominent point on the convex lateral surface
of the mastoid process, the lowest point of the mastoid process [mastoidale], and the lowest point on the edge of the mandible in the symphysis

[menton]).

Team, 2020, https://www.R-project.org/) statistical software
(with the shape package). The significance level for all tests
was set at 0.05.

Results

No significant difference was found in mean age between
males (32.31 £ 11.25 years) and females (28.75+10.72
years) (P>0.05).

Shape variance was visualized in the form of wire-frame
graphs (Fig. 3). The variation of all anatomical landmarks is
shown in Figure 4. In both sexes, the anatomical landmarks
that showed the greatest variation were, respectively: the
menton (the lowest point on the edge of the mandible in the
symphysis), which was shorter in females; and the most
prominent point on the lateral surface of the convex mastoid
triangle and the mastoidale (the lowest point of the mastoid
triangle), and males showed a wider and larger mastoidale
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Fig. 5. Representation of landmarks in men and women and their comparison with the mean. A. Mean shape of male. B. Mean shape of

female.
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Fig. 6. Schematic comparison between the mean shapes of the
mastoid process in males (dashed) and females (solid) registered
using the Procrustes shape coordinate system.

distance.

The PROTEST, a permutation test based on a Procrustes
statistic that was developed to compare multivariate data
sets, was used to evaluate the differences between the 2 rep-
licates of identical landmarks. The results confirmed that the
series was highly correlated (Procrustes pseudo-correlation =
0.96, P<0.05), indicating a high degree of consistency in
landmark digitalization.

Sexual size dimorphism was observed, with males having
larger mastoid sizes (Figs. 5 and 6). The difference in the
mean mastoid size (centroid size) between males and females
was statistically significant (mean+ SD, males: 502.18 +

Table 1. Confusion matrix for sex determination based on dis-
criminant analysis

Predicted class
Total  Accuracy AUC
Female Male

Female 35 3 38
True  \rate 6 36 42 8875% 0939
class

Total 41 39 80

63.23 mm; females: 408.03 £49.16 mm; P <0.05).

Additionally, the permutation test (1,000 iterations) using
the Procrustes distance and the T-square statistic was used
to test mean shape differences. A significant difference in
mastoid shape was found between the sexes (Procrustes dis-
tance =0.1251395, P<0.05).

In the principal component analysis, the first 2 compo-
nents of Procrustes shape coordinates explained 91.3% of
shape variance between the sexes. Specimens of different
sexes occupied different areas of the principal component
space if they differed in shape (Figs. 7 and 8).

To analyze the classification of the 2 sexes based on shape
variance (after the Procrustes fitting procedure), discrimi-
nant analysis was conducted. The reliability of the discrimi-
nation was assessed through leave-one-out cross-validation.
The results showed that the percentage of correct classifi-
cation from the discriminant analysis was 88.8%. The dis-
criminant function misclassified only 9 out of 80 subjects (6
for females and 3 for males) (Table 1).
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Fig. 8. Sex determination based on the first and second principal components.

Discussion

The present study aimed to test sex identification based
on the morphology of the inter-mastoid process using a
2-dimensional geometric morphometry method. Since this
method can be used to independently assess variation in
terms of size and shape, it is an ideal approach for exploring
sex differences. By isolating size from the data, this method
can detect shape differences more accurately than previous

metric methods.

This study identified sex differences in the morphology
of the inter-mastoid process in terms of both size and shape.
Thus, sex identification can be conducted based on differ-
ences in the morphology of this area, even in people with
similar mastoid sizes. However, since the present study was
conducted among an Iranian population, more investigations
should be conducted to generalize the results of the study to
other communities.
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A significant difference was found in mastoid size be-
tween males and females (as shown by mean centroid size).
Females had a smaller mastoid process than males. Further-
more, based on the Procrustes distance, the mastoid shape
was significantly different between the sexes. The results
showed that the percentage of correct classification from
the discriminant analysis based on shape variance after the
Procrustes fitting procedure was 88.8%.

Our findings are novel in that no previous study has used a
geometrical morphometric method to determine sex by mea-
surements of the mastoid region. Many studies have used
classical methods involving linear measurements of mastoid
parameters for sex determination, including Mishra et al. in
2019, who analyzed sex determination using the mastoid
process by studying 100 dry skulls. They showed that there
were significant differences between men and women in
linear measurements of the mastoid region.18

Amin et al. conducted a study in 2015 on sex determina-
tion using linear measurements of mastoid length and area
from 192 3D skull images (96 females and 96 males). A dis-
criminant analysis model using these linear measurements
concluded that the classification model accurately distin-
guished 90.6% of males and females.

In 2015, Passey et al % aimed to use linear measurements
of the mastoid process as a tool for sex determination. The
study examined 70 healthy skulls, including 44 men and 26
women whose sex was known. Mastoid lengths on the right
and left sides of each skull were measured. The results of
their study showed that mastoid length was significant for
sex determination. Manoonpol et al.,' in 2012, examined
100 skulls (60 males and 40 females) for sex determination.
The mastoid triangle was measured between 3 points (the
mastoidale, porion, and asterion). The distances between
these 3 points were calculated using the Aaron formula.
The t-test and linear discriminant analysis showed that the
area of the triangular mastoid in men was significantly larg-
er than in women. In 2018, Ibrahim et al.’> examined 388
computed tomographic scans of 231 men and 157 women
skulls. A comparison of means using the t-test showed that
there was no significant difference between the 2 sides (right
and left) in both sexes, but the mastoid triangle perimeter
showed a significant difference between men and women.
Saini et al.® conducted a study on sex determination using
the mastoid skull process in the North Indian adult popu-
lation. In this study, 8 parameters were measured from the
mastoid area, and the results showed that the asterion-mas-
toidale and mastoid area identified the sex of individuals
with 87% accuracy.

The application of morphometric geometric techniques

Farshad Sobhani et al

will have a major impact on forensic studies by enabling a
comprehensive analysis of differences in biological forms.
In this study, statistical shape analysis for sex determination
based on the mastoid process was evaluated. The results
demonstrated that this powerful tool can be used in the field
of forensic science.
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