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Abstract

Establishing the biological profile of an unknown skeleton is one of forensic anthropologist main tasks;
sex is one of them. In sexing the skulls, specific standard assessment designed for each population can improve
the accuracy rate due to its population-specific traits. This study aims to describe the sexual dimorphism in
contemporary Javanese crania while employing metric methods. The measurements of 50 male and 37 female
crania were traditionally collected from nine craniometric points (i.e., g-op, eu-eu, ft-ft, zy-zy, n-pr, n-ns, apt-apt,
g0-go, n-gn) using calipers. This study found that out of nine measuring points, two (ft-ft, apt-apt) variables does
not differ significantly between the male and female samples. This indicates that, in accordance with previous
studies, ft-ft and apt-apt are not good predictors for sex. Future studies observing the non-metric sexual

dimorphism on Javanese crania would serve as a meaningful aid in improving the accuracy and reliability when

sexing Javanese crania.
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INTRODUCTION

In forensic anthropology,
determining the sex of the found skeletons
is essential. Methods used to estimate the
sex generally rely on the expression of
human sexual dimorphism. Pelvic bones
possess the highest sexual dimorphism due
to its role in human reproductive system. A
study suggests that pelvic bones are the
most reliable bones when it comes to sexing
adult skeletons (Gonzalez et al., 2009).
However, in dismemberment cases where
lower limbs are absent, skull should be

considered as the alternative. Using the

non-metric approach to assess the sex from

skulls will provide the accuracy of 70%-
80%, and up to 90% if the assessment is
performed by experts (Berg, 2013; White &
Folkens, 2005). This proven high accuracy
rate makes skull the second most reliable
bones for sex estimation (Berg, 2013).
Despite its relatively high accuracy
rate, studies argue that sexual dimorphism
is population-specific, especially for skulls
(Oikonomopoulou et al., 2017). Walker
(2008) in his study found that the degree
and expression of several traits in skull vary
across  populations and geography.
Therefore, it is always best to estimate the

ancestry prior to sex (Garvin et al., 2014;
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Green & Curnoe, 2009; Macaluso &
Lucena, 2014). White & Folkens (2005)
recommended using comparative
populations that are genetically and
temporally related with the samples being
identified. Accuracy of sexing skulls from
known population could go up to 94%
(Garvin et al., 2014).

Due to its population-specific
characteristics, standard sex assessment
should be specifically developed for each
population. Applying other’s population
standards to estimate the sex of other
population’s skeletons would potentially
lower the accuracy, leading to a
misclassification (Kotérova et al., 2017). A
number of studies have been conducted to
describe the sexual dimorphism of the skull
for each separate population (Kriiger et al.,
2015; Steyn & Iscan, 1998; Franklin et al.,
2005, 2006; Ibrahim et al., 2017; Iscan et
al., 1995; Kriiger et al., 2015; Marinescu et
al., 2014; Steyn & Iscan, 1998). While
prehistoric Javanese crania have been
repeatedly studied (Baab, 2011; Baba et al.,
2003; Y Kaifu et al., 2008; Yousuke Kaifu
et al., 2015; Pearson et al., 2021), we have
not found any work attempting to describe
the sexual dimorphism in modern Javanese
population. Hence, the purpose of this study
is to describe the sexual dimorphism in
Javanese skulls using the metric approach.

Despite there is one study observing the

sexual dimorphism in East and Southeast
Asian samples claimed to be compatible to
be applied to other Southeast Asian
populations (Tallman, 2019), individual
standard  assessment  for  Javanese
population is still necessary in order to
provide the highest accuracy while sexing
the Javanese skulls. Such standard
assessment methods should be of practical
use for forensic anthropologists working in
Indonesia.

METHODS

This study measured 87 Javanese
adult skulls, 50 were identified as male and
the rest 37 were female. The skull samples
in this study belong to the Faculty of
Medicine, Universitas Airlangga,
Surabaya. Each skull has the information
regarding its sex and age of death, which
aids in excluding subadult crania from this
study. Some of the samples are in
incomplete conditions, and some are mildly
broken in specific areas.

The measurements were taken from
nine craniometric points i.e., g-op, eu-eu, ft-
ft, zy-zy, n-pr, n-ns, apt-apt, go-go, n-gn
(Table 1). To improve the reliability,
measurements were done twice in the same
week, as recommended by Hrdlicka (1920)
and DeCarlo et al. (1998). The collected
measurements were then tested for the

normality before being analyzed using

SPSS and the 2-Sample Kolmogorov-
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Smirnov test was applied to test if there are
any significant differences between the sex.
This study wused the 95% confidence
interval, meaning any p value that falls
below 0.05 1is considered statistically
significant. The non-parametric test was
chosen as the data were not normally
distributed.

Measurements were also calculated
using these formulas to define the indices as

below (Bass, 1971):

(eu—eu)x 100
(g—op)

b

1. Cephalic index:

results of the calculation were
classified into seven categories:

(<64,9),
(65,0-69,9),
dolichokran (70,0-74,9), mesokran
(75,0-79,9), brachykran (80,0-
84,9), hyperbrachykran (85,0-89,9),
dan ultrabrachykran (>90,0).

ultradolichokran

hyperdolichokran

2. Transverse frontoparietal index:

e-rx 100 , results of the
(eu—eu)

calculation were classified into
three  categories:

(<65,9), metrimetop (66,0-68,9),

stenometop

dan eurymetop (>69,0).

. (apt—apt) x 100

3. Nasal index: , results

(n—ns)
of the calculation were classified
into four categories: leptorrhin

(<46,9), mesorrhin (47,0-50,9),

chamaerrhin (51,0-57.9),

hyperchamaerrhin (>58,0).

RESULTS

The data were not normally
distributed. Therefore, the non-parametric
test was employed.

The descriptive statistics along with
the results of 2-Sample Kolmogorov-
Smirnov test is provided in Table 2 as
below. The male skulls have generally
larger average measurements in all
variables compared to the female
counterparts. Highest variability was
shown by the male samples in n-gn
measurements, with the standard deviation
of 7.62 mm.

Table 2

Results of 2-Sample Kolmogorov-Smirnov

analysis
2-sample KS
Asym
. M .
Variab Sex. n SD ea ks P Sig.
le n 7 Q-
tailed
)
Male 449 65.33
2 9 1.77 0.004
"P' TFema 3 39 s 1
le 3 0 ’
4 31
Male 6 0 49.04 237
n-ns 0.000
Fema 3 29 46.26 3
le 5 8 ’
Male 440 91.49
7 8 1.05
ft-ft 0.212
Fema 3 43 2933 9
le 6 5 ’
apt- 4 24 1.13
1 26.80 1
apt Male 6 7 2 0.150
100
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Fema 3 2.0
oL e
2 76 1143
Male 6 240 o
" TFema 1 45 1015 7 :
e 2 6 0
Male 2 60 97.07
7 6 1.70
go-go 0.006
Fema 1 4.9 29 53 2
le 5 4 ’
4 47 1396
Male oy 4138
Wl Tpema 3 63 1351 2 :
e 1 4 0
vale 4 54 1285
5 0 1205 oo
B “Fema 3 61 124 4 :
e 3 1 8
4 64 1702
Male 5y 9245 0
8P "kema 3 64 1635 3 :
e 2 1 6

Out of the nine variables, two
variables are not statistically significant (p
value > alpha = 0.05), meaning the
measurements on ft-ft and apt-apt of both
groups do not exhibit any significant
differences between the male and female
groups. The difference between male and
female based on variables such as n-pr, n-
ns, n-gn, go-go, eu-eu, zy-zy, and g-op
appeared to be statistically significant.
Variable with the highest differences,
determined by the KS Z score, is the
maximum skull length, or the distance
between glabella and opistocranion (Table
2).

Table 3 shows that brachycranic
category (47.6%) is the most frequently
observed category in male cranium

samples. None of the male samples belong

to ultrabrachycranic category. Among the
female samples, brachycranic is the most
frequent category, making up to 50% of all
female crania used in this study.
Ultradolichocranic and hyperdolichocranic
categories were not observed in both
sample groups.

Table 3

Sample distribution in cephalic index

categories

Male Female
n % n %

Ultradolichocra 0 0% 0 0%

Category

nic

Hyperdolichoecr 0 0% 0 0%

anic

Dolichocranic 1 24% 2 6.7%

Mesocranic 1 286 5 167
2 % %

Brachycranic 2 476 1 50%
0 % 5

Hyperbrachyer 9 214 6 20%

anic %

Ultrabrachycra 0 0% 2 6.7%

nic

Total 4 100 3 100
2 % 0 %

The sample distribution in
transverse frontoparietal index categories is
presented in the following table (Table 4).

Stenometope is the dominant category in
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both male (52.2%) and female (45.2%)
sample group. On the other hand,
eurymetope is the least frequently observed
category among the samples used in this
study, making up only 15.2% of the male

samples and 16.2% of the female samples.

Table 4
Sample  distribution in  transverse
frontoparietal index categories
Male Female
Category
n % n %

Stenometope 24 52.2% 14 45.2%
Metrimetope 15 32.6% 12 38.7%
Eurymetope 7 152% 5 16.1%
Total 46 100% 31 100%

Table 5 below presents the
distribution of the sample in nasal index
categories. According to the calculation,
chamaerrhin is the most frequent nasal
index category possessed by both male
(41.3%) and female (52.9%) Javanese
crania, followed by hyperchamaerrhine
category which is indicated in 28.3% and
29.4% of the male and female sample,
respectively.

Table 5
Sample distribution in nasal index

categories

Male Female
Category
N % n %
11.8
Leptorrhine 4 87% 4
%
1 217
Mesorrhine 2 5.9%
0 %
1 413 1 529
Chamaerrhine
9 % 8 %
Hyperchamaerr 1 283 1 294
hine 3 % 0 %
4 100 3 100
Total
6 % 4 %
DISCUSSION

As mentioned earlier, males
typically have larger crania compared to
females. This statement has been discussed
in several published works on different
populations (Bibby, 1979; Garvin et al.,
2014; Iscan et al., 1995; Steyn & Iscan,
1998). One work furtherly suggests that the
same pattern was observed in all age groups
being studied (18-92 years old)
(Veleminska et al.,, 2021). Yet, the
dimorphism is significantly less noticed in
senile crania (Musilova et al., 2016).

Current study employing
comparative test is intended to analyze
which craniometric points are the most
sexually dimorphic in Javanese crania.
According to previous studies, width

measurements as in go-go and zy-zy
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contributed the most to the sexual
dimorphism in Japanese crania (Iscan et al.,
1995). However, another study suggests
that bizygomatic breadth alone yielded
lower correct classification rate (80.2 %)
compared to when the classification is
based on combined craniometric points
(cranial length, bizygomatic breadth,
basion-nasion,  basion-bregma,  nasal
height, and nasal breadth) which provides
the accuracy of 85.7% (Steyn & Iscan,
1998). A study on Western Australian
population supports the earlier findings,
reporting that the bizygomatic breadth (zy-
zy) and the maximum length of the cranium
(g-op) contributed significantly to sex
discrimination (Daniel Franklin et al.,
2013). Other study using non-metric
approach also found that more prominent
zygomatic arches, along with elongated
skulls were associated with masculine
skulls (Musilova et al., 2016). Similar
findings were demonstrated in the current
study, with the cranial length showing the
most difference, followed by nasal height,
bizygomatic breadth, and bigonial breadth.

As the distance between the two
frontotemporale (ft-ft) does not show
significant sexual dimorphism in this study,
similar results were also reported by
Franklin et al. (2013) and Perlaza (2014).
Perlaza found no significant differences

between male and female’s frontal bone

measurements. However, the same study
reported that the significant differences
were observed in the glabellar region
instead. In addition to  glabellar
prominence, other study found that frontal
inclination angle was one of the most
sexually dimorphic traits in human frontal
bone (Petaros et al., 2017).

The absence of statistically
significant difference between the male and
female’s nasal aperture (apt-apt) in this
study was also supported by other
published works (de Oliveira Coelho Dutra
Leal et al., 2019; Mahakkanukrauh et al.,
2015; McDowell et al., 2015). McDowell et
al. (2015) found no influence of sex on
nasal aperture. The study, instead, found
that nasal aperture is strongly influenced by
ancestry.

Since the three indices were not
statistically tested, this study cannot
determine whether the Javanese male and
female skulls shape significantly differ
from each other. However, similar trend
was indicated in Thai skulls, where most
crania (42.7%) fall into brachycranic
category (Woo et al., 2018).
CONCLUSION

It is commonly recognized that
skull possesses many sexually dimorphic
traits. However, assessment standards
specifically designed for each population is

important due to its population-specific
103
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characteristics. This study found that the
measurements on n-pr, n-ns, n-gn, go-go,
eu-eu, zy-zy, g-op shows a statistically
significant difference between the two
groups, indicating that those variables will
more likely yield higher accuracy rates than
the other two (ft-ft, apt-apt) when used to
aid in sexing skulls. The findings also
confirm previous studies that maximum
nasal aperture width is poorly correlated
with sex; therefore, we suggest that it is
unnecessary to involve nasal aperture
measurements to estimate the sex of
Javanese skulls.

Future observations on different
measurement points would be a great
contribution to the study of contemporary
Javanese crania. Developing non-metric
methods shall be considerable as well in

adding more information regarding this

population.
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