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ABSTRACT

Objective: Determination of sex is one of the most important parameters for conducting biological profile of unknown skeletal remains in anatomical
anthropology and forensic medicine. Mastoid bone is useful for the identification of sex, as it is the most protected bone and is resistant to damage, due
to its anatomical position at the base of the skull. The aim of this study was to develop new equation for the estimation of sex from mastoid triangle
in the Malaysian population.

Methods: About 10 parameters were studied on 388 computed tomography scans of crania in 231 males and 157 females. The parameters comprised
three sides of mastoid triangle, its perimeter and area on both sides. T-test was used to compare between the right and left sides and between males
and females. Stepwise discriminant function was used to reveal the best discriminatory parameter and its classification accuracy.

Results: Comparison of means by T-test revealed no difference between the right and left sides in both sexes. T-test showed a significant difference
between males and females for all parameters. Perimeter of mastoid triangle was found to be the best parameter by stepwise discriminant analysis.
The equation based on perimeter of mastoid triangle was developed with 84.4% classification accuracy.

Conclusion: The developed equation could be used to assess sexual dimorphism of fragmented Malaysian crania with intact mastoid region. The

achieved cross-validated classification was relatively high compared to that in other previous studies.
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INTRODUCTION

Identification of skeletal remains and dismembered remains is a vital
part in any medicolegal investigation. The need for the identification
of remains arises, particularly in cases of mass disasters [1,2].
Identification is vital when the dead body is mutilated to conceal
the identity of the victim. In such cases, the main role of the forensic
scientists is to establish the biological profile by estimating age, sex,
stature, and ancestry [3,4].

Bioanthropological analyses of an individual from its burn remains
are a very challenging task. This is due to fragmentation and other
heat-induced changes that make the analyses more difficult, thereby
restricting the use of conventional methods that are usually used for
identification purposes [5,6]. Primary identifiers such as fingerprints
and DNA are frequently damaged in soft tissue damage. In such cases,
decomposition may negate facial recognition, and high temperature
may denature DNA [7,8]. As a result, positive identification based on
comparison of features using antemortem records may be of limited
use [9,10].

The mastoid region is highly resistant to physical damage due to its
anatomical position and the compact structure of the mastoid bone. This
explains the usefulness of mastoid bone in cases, where there is inability
to use other metric and morphological methods for the determination
of sex in skull [11]. The World Health Organization Fracture Risk
Assessment Tool (FRAX) indicated that the most probable fractures
are hip fracture and other major osteoporotic fractures such as (spine,
forearm, hip, and shoulder), and this was due to chronic inflammation,

inactivity, and increased risk of falling [12]. Metric analyses are often
found to be more superior in determining sex than nonmetric traits.
This is attributed to a greater statistical weight and objectivity in metric
analysis than in nonmetric trait analysis [13]. Sexual dimorphism can
be achieved by discriminant function analysis, which is an objective
statistical method for sex determination [14]. Discriminant function
analysis selects the minimum number of parameters yielding maximum
discriminating effectiveness [15].

A study by Paiva and Segre (2003) in a population of Sao Paulo, Brazil,
showed that the mastoid triangle can fairly determine the sex of an
unidentified skull [16]. Saini et al. (2012) studied sexual dimorphism in
mastoid triangle among 138 North Indians and offered good indicators
to identify sex using mastoid process [17]. Kemkes and Gobel (2006)
assessed the metric measurements of mastoid triangle in 97 German
skulls and 100 Portuguese skulls to evaluate validity of the method by
Paiva and Segre (2003); however, replication of the results by Paiva and
Segre was not possible [18].

Nagoka et al. (2005) developed new standards for determining sex in
human skeletal remains. The length, height, and width of the mastoid
process were measured in the medieval to early modern Japanese
skeleton. Although high classification accuracy was achieved, there was
also high level of error in intra- and interobserver error measurements
of the mastoid process [19]. Galdames et al. (2008) studied the
existence of sexual dimorphism in the dimensions and the area of
mastoid triangle (AMT) using statistical and discriminant function
analysis among 81 skulls of Brazilian individuals [20].
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Another study was done on 100 Thai skulls to estimate sex from
measurements of mastoid triangle, which provided an accurate method
for the determination of sex in Thai skulls [21]. Gupta et al (2012)
developed a new standard for the determination of sex in fragmentary
human skeletal remains using mastoid process of 70 South Indians
skulls [22]. Determination of sex from mastoid process was achieved
in 80 Egyptian skulls by anthropometric measurements using
multidetector computed tomography [23].

The present study aimed to determine the most sexually dysmorphic
dimensions of the mastoid process to develop population-specific, sex-
discriminating anthropometric standards for the mastoid triangle in a
documented Malaysian population using computed tomographic (CT)
scans of lateral aspect of skull. Besides, using the various dimensions
of the mastoid triangle, the perimeter and area of the mastoid triangle
were computed to study the sex difference in these parameters. In
this study, discriminant function was derived, which will help in
determining the sexual dimorphism of skull or even fragmentary pieces
of Malaysian skulls.

METHODS

CT scans

The retrospective study was conducted on 388 CT scans of the Malaysian
crania (231 males and 157 females). The sample was retrieved from
the archived image server at the Forensic Department in Hospital
Kuala Lumpur and the Department of Radiology in Hospital Universiti
Kebangsaan Malaysia (HUKM). The CT images of the skulls were done
at 0.5 mm slices with small field of view from vertex to interthoracic
level. The images were autoprogrammed for reconstruction at 1.0 mm
for better resolution using volume rendering technique (VRT). The
reconstructed VRT images of each skull were selected and enlarged
by Toshiba bone CT software. The specific relevant measurements
were taken for each individual case. The CT images were obtained in
this manner for all patients during the research period. All cases were
above or equal to 18 years, i.e., between 18 and 68 years of age. Cases
with a poorly pneumatized mastoid due to previous inflammation were
excluded from the study [24]. Moreover, cases with fracture, deformation,
or surgery in the mastoid region were excluded from the study. The sex
and age of the subjects were taken from the hospital records. Ethics of
the study was approved by the Medical Ethics Committee, Faculty of
Medicine, UKM, with code number UKM PPI/111/8/JEP-2016-344.

Bony landmarks

Atotal of six landmarks, namely left mastoidale, left porion, left asterion,
right mastoidale, right porion, and right asterion were collected by the
Checkpoint Stratovan software and exported in Morphologika format
as three dimensions (x, y, and z). Mastoidale, porion, and asterion are
three craniometric points that form the mastoid triangle on the lateral
aspect of the skull (Fig. 1). The mastoidale (M) represents the lowest
craniometric point at the mastoid process. The porion (P) represents
the superior surface of the external auditory meatus. The asterion
(A) represents the craniometric point at the junction of the lambdoid,
occipitomastoid, and parietomastoid sutures. The collected landmarks
were exported from Stratovan software in Morphologika format and
gathered by Notepad Plus software. Next, the data were run on the
Morpho] software. The raw coordinate dataset was exported from
Morpho] to be used in Excel sheet. Distances between landmarks (D)
were collected in cm according to the following formula D=VY[(x2-
x1)?]+[(y2-y1)?]+[(z2-z1)?]. The following measurements were taken
on the identification of the aforementioned craniometric points:

1. Asterion-porion (AP): Itis the linear distance from asterion to porion.
2. Asterion-mastoidale (AM): It is the linear distance from asterion to

mastoidale.
3. Porion-mastoidale (PM): It is the linear distance from porion to
mastoidale [11].

The AMT was calculated in c¢cm? using the Heron’s formula [18],
AMT=V[S*(S-AM)*(S-AP)*(S-PM)], where S  represents the
semi-perimeter of the triangle, S=(AM+AP+PM)/2. Perimeter of
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mastoid triangle was calculated in cm as the sum of three sides of
mastoid triangle (AP+AM+PM). The data were analyzed using SPSS
(version 21). An independent sample t-test was performed to test
the significance of all parameters between the right and left sides of
mastoid triangle and between both sexes. A discriminant function
was performed to determine the best parameter between sexes using
Wilks’ lambda with F=3.84 to enter and F=2.71 to remove. As there was
no difference between the right and left sides, the mean of both sides
was taken, and a total of five parameters were analyzed in a stepwise
discriminant and Cross-validated function analysis [11].

RESULTS

The present study used CT images of skull in 231 males and 157 females
within the age range of 18-70 years old. In both sexes, the left and right
measurements of mastoid triangle and AMT showed no difference
(Table 1). All three dimensions of mastoid triangle were found to be
larger in males than females, irrespective of the sides (Table 2). The male
to female differences were significant in their linear distances between
asterion and mastoidale (p<0.01), between porion and mastoidale
(p<0.01), and also between asterion and porion (p<0.01). The perimeter
of the mastoid triangle was larger in males than in females. The AMT was
significantly different between different sexes (p<0.01).

Stepwise discriminant analysis produced perimeter of mastoid triangle
as the best parameter to differentiate between males and females
(Table 3). Determination of sex was done by comparing the discriminant
scores (DSs) with sectioning point.

DS was as follows (Table 3):

DS=[(0.854*Perimeter)-12.11], whereby perimeter is the sum of the
three sides of mastoid triangle (A-P+A-M+P-M).

[P=(alxx1)+(a2xx2)+..+(anxxn)+b], whereby al to an are
unstandardized raw factors (the discriminant coefficient), x1 to xn are
discriminating parameters, and b is the constant.

The sectioning point is the mean of male and female centroids of the
same function. To assign the case to either male or female, the product
DS was compared to the sectioning point derived by the discriminant
function. A value higher than the sectioning point was deemed to be
male, and a value below it was deemed to be female [25]. The average
mean of perimeter of mastoid for males and females (15.17 and 12.72)
was used to test the equation.

Fig. 1: Boundaries of the mastoid triangle
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Sectioning point=(male centroid+female centroid) /2=(0.848-1.247) /2=
-0.199.

A DS for males was as follows:
DS=[(0.854*15.17)-12.11]=0.851

A DS for females was as follows:
DS=[(0.854*12.72)-12.11]=-1.244.

The DS for males was found to be greater than the sectioning point,
while the DS for females was less than the sectioning point.

In the original sample, the sensitivity was 83.3% and specificity was
88.5%. By cross-validation, sensitivity was 82.3% and specificity was
88.5%. About 84.4% of cross-validated grouped cases were correctly
classified (Table 4). Cross-validation was done for all cases in the
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analysis. In cross-validation, each case was classified by the functions
derived from all cases. The perimeter of the mastoid was included when
the measurements were analyzed by stepwise discriminant analysis
(Table 3).

DISCUSSION

To the best of our knowledge, this is the first study to be conducted in
the Malaysian population for the determination of sex using mastoid
process. In this study, a new set of sex discriminant functions was
generated by CT images of skull based on recent anthropometric
standards for the mastoid triangle of adults. It provided a baseline
data for the determination of sex in crania or any fragmented piece of
skull bone, namely mastoid process in particular. Identification of the
human remains is essential especially with the frequent occurrence of
mass disaster in flood, aircraft crash, and other related accidents in
Malaysia.

Table 1: Summary statistics for individual measurements and area of mastoid triangle

*Parameter Lt Rt T p
MeanzSD Range MeanxSD Range
Male A-P (cm) 5.6+0.61 (4.2-7.7) 5.620.64 (4.4-7.9) 1.18 0.27
(N=231) A-M (cm) 5.9£0.61 (3.9-7.3) 5.9£0.65 (3.8-7.7) -1.1 0.23
P-M (cm) 3.5£0.45 (2.3-4.7) 3.5£0.42 (2.4-4.7) 0.2 0.84
(Lt=Rt) Perimeter (cm) 15.1+1.37 (11.3-18.7) 15.1+#1.4 (11.2-19.7) 0.1 0.92
AMT (cm?) 9.8£1.79 (5.73-14.39) 9.76+1.82 (5.52-15.47) 0.24 0.8
Female A-P (cm) 4.7£0.53 (3.2-6.9) 4.7+0.49 (3.2-6.9) -0.35 0.72
(N=157) A-M (cm) 4.8+0.56 (3.2-6.7) 4.9+0.51 (3.2-6.7) -1.5 0.11
P-M (cm) 3+0.36 (2.1-3.8) 2.9+0.36 (2.1-3.8) 1 0.31
(Lt=Rt) Perimeter (cm) 12.6+1.19 (8.7-16.9) 12.7+1.1 (8.7-16.9) -0.58 0.56
AMT (cm?) 6.88+1.26 (3.43-10.92) 6.88+1.21 (3.43-10.92) 0.004 1

*A-M: Linear distance measured from the asterion to the mastoidale, A-P: Linear distance measured from the asterion to the porion, P-M: Linear distance measured from
the porion to the mastoidale, Perimeter: Sum of sizes of the mastoid triangle, AMT: Area of the mastoid triangle, SD: Standard deviation

Table 2: Descriptive statistics: Dimensions of the mastoid triangle, perimeter, and area of the mastoid triangle between males and

females
*Parameter Males (n=231) Females (n=157) T assumed p value
Mean+SD Range Mean+SD Range Notassumed

A-M (cm) 5.9%0.55 (4.3-7.7) 4.9+0.46 (3.3-6.06) 18.8 p<0.01
19.5

A-P (cm) 5.6+0.54 (3.9-7.5) 4.740.43 (3.6-6.04) 16.6 p<0.01
17.4

P-M (cm) 3.5+0.41 (2.5-4.6) 3+0.34 (2-3.9) 13.8 p<0.01
14.3

Perimeter (cm) 15.1+1.2 (11.2-19.1) 12.7+1 (9.6-14.9) 20.2 p<0.01
211

AMT (cm?) 9.78+1.68 (5.63-14.4) 6.88+1.12 (3.96-10.03) 18.8 p<0.01
20.3

*A-M: Linear distance measured from the asterion to the mastoidale, A-P: Linear distance measured from the asterion to the porion, P-M: Linear distance measured from
the porion to the mastoidale, Perimeter: Sum of sizes of the mastoid triangle, AMT: Area of the mastoid triangle, SD: Standard deviation

Table 3: Stepwise discriminant function analysis and unstandardized coefficient for the variables

Function Variable entered Wilk’s lambda Unstandardized Constant Males and females Sectioning point
coefficient centroids
Function 1 Mastoid perimeter 0.485 0.854 -12.112 0.848-1.247 -0.199
Table 4: Correct group membership and cross-validation
Function Predicted group membership% % Correctly classified
Classification Males Females
Function 1 Original 83.3 88.5 84.4
Cross-validated 82.3 88.5 84.4
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Table 5: Comparison of studies in the dimensions of the right mastoid triangle (mm) and area (mm?)

Study Study region = Number P-M A-M A-P Area Correctly
of tested classified (%)
crania
M F M F M F M F M F

Paiva and Serge [16] Brazil 30 30 - - - - - - 752.1 608.7 63.33

Kemkes and German 72 25 30.9 28.9 50.5 49.4 48.6 46.3 717.6 655.9 58.8

Globel[18] Portuguese 50 50 31.5 28.4 49.5 45.4 47.7 45.1 718.9 609.5 66

Galdames et al. [20] Brazil 50 31 30.7 27.6 50.2 48.3 47.5 46.7 703.3 624.1 64.2

Manoonpol and Thailand 60 40 35.1 31.2 57.2 52.2 53.5 49.6 912.7 752.5 76.9

Plakornkul [21]

Singh et al. [28] North India 100 100 231 21.7 45.2 41.1 41.9 39.0 478.0 412.1 61

Kanchan et al. [27] South Indians 69 49 27.4 25.7 48.7 47.2 43.9 42.3 592.2 542.1 67

Madadin et al. [11] Saudi 103 103 334 29.9 50.2 47.3 44.5 40 700.6 578.5 68.9

population

Present study Malaysia 231 157 356 29.8 59.8 49.7 56.2 479 976.1 688.6 84.4

In this research study, dimensions of the mastoid process and AMT were
found to be significantly greater in males than females. The literature
also showed that the mastoid process was steadily greater in male than
in female in many racial groups [18,22,23,26,27]. Besides, other studies
had also analyzed the classification accuracy of sexual dimorphism of
the mastoid process [19,22,26].

Paiva and Serge (2003) evaluated the measurements of the mastoid
triangle in determining sex in 60 skulls (30 males and 30 females). The
mastoid triangle was measured in both the right and left sides so that
the total area of these measurements was analyzed. The study showed
that 60% of the values obtained from the right side overlapped between
sexes, while 51.67% of the values obtained from the left side overlapped
too. Overlapping of values between sexes was found to be 36.67%. It was
also found that the mean for male (15.05 cm?) was greater than that in
female (12.21 cm?). The study by Paiva and Segre (2003) demonstrated
significant results in the right and left mastoid and in the AMT for the
determination of sex. The value that was 214.47 cm? belonged to males,
while the value that <12.6 cm? belonged to females [16].

In this study, the best parameter selected by stepwise discriminant
analysis was the perimeter of mastoid triangle. The cross-validated
classification accuracies for males, females, and combined were 82.3%,
88.5%, and 84.4%, respectively. This was higher than the study by
Manoonpol and Plakornku (2012), who studied sexual dimorphism
using mastoid process in Thais with 74.7% validated classification
accuracy rate [21]. Madadin et al. (2015) evaluated mastoid triangle for
estimation of sex in Saudi population and showed that the best method
was to include all parameters except for perimeter of mastoid triangle.
Madadin et al. (2015) achieved 71.4% classification accuracy, which
was lower than that achieved by the present study (84.4%) [11].

The present study showed no difference between the right and
left sides in the AMT in both sexes, which was in agreement with
Madadin et al. (2015). Nevertheless, Kemkes and Gobel (2006) found
asymmetry between the right and left sides in the Portuguese sample
population [18]. For further analysis, the right and left sides of areas
of mastoid triangle were not considered together based on the recent
research study by Madadin et al. (2012).

In general, the AMT was statistically different between sexes [11], which
were consistent with Saini et al. (2012). A study on the North Indians
showed that the three sides of mastoid triangle were greater in males
than females. Saini et al. (2012) utilized eight different measurements on
the mastoid process. The prediction accuracy in stepwise discriminant
function was based on the asterion-mastoidale and mastoid breadth, which
were considered as the best parameters with 87% accuracy rate [17].

In the present study, the overall classification accuracy was 84.4%. This was
consistent with the classification accuracy achieved in the Egyptian adults

(85%) for sex determination based on the anthropometric measurements on
CT images of mastoid process. However; the study on the Egyptian population
used different method, i.e. by measuring the mastoid size, in which the
conventional mastoid height, oblique sagittal diameter, and mastoid volume
were more sexually dimorphic in the Egyptians [24]. Kanchan et al. (2013)
determined sex from mastoid triangle in the South Indians and concluded
that mastoid triangle was a poor indicator of sex [27].

The average dimensions of the mastoid triangle in the present study were
comparable with that in Thailand’s (Table 5). Both Malaysian and Thailand
studies showed greater dimensions of mastoid triangle than the other
populations. This may be attributed to the same Asian origin of populations
as in Thailand and Malaysia [21]. The Saudi population came next after
the present study based on the dimensions of mastoid triangle [11]. The
dimensions of mastoid triangle and areas were comparable between Brazil,
German, and Portuguese populations, which were smaller than those
in our study [16,18,20]. Minimum dimensions of mastoid triangle and
areas were found in the North Indians [28]. Classification accuracy of the
present study was the highest (84.4%) when compared with all the other
populations (Table 5). Besides, the sample size in the present study was
the largest (388 CT scans of the skulls) compared to that in the literature.

CONCLUSION

The results of this study indicated that the perimeter of mastoid triangle is
the best parameter to be used for the determination of sex. The results also
indicated that all three sides of mastoid triangle, perimeter, and AMT were
sexually dimorphic in the Malaysian population. The formula for sexual
dimorphism was developed, which can be used for the identification of
fragmentary skeletal remains with intact mastoid region. However, this
formula is population specific because many environmental, genetic,
nutritional conditions and effects of migration are likely to influence the
shape and size of bone. The accuracy of measurements depend heavily
on the specific method used in measuring the distances in the sides of
the mastoid triangle, particularly along the curved surface between the
landmarks. Thus, CT measurements of skull are highly recommended as it
is more accurate and objective than direct morphometric measurements.
The cross-validated classification accuracy achieved in this study was
relatively high compared to that in previous studies. It is recommended
in future to study ancestry, age groups, and stature in mastoid triangle for
identification purposes in the Malaysian population.
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