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Aim To determine the sexual dimorphism of acetabular 
measurements in contemporary Croatian population and 
to provide a discriminant function equation for sex estima-
tion.

Methods The sample consisted of 200 adult pelvic bones 
(100 male and 100 female) from positively identified vic-
tims of Croatian War of Independence. In total, 96 left (48 
male and 48 female) and 104 right (52 male and 52 female) 
acetabula were measured. One author measured two ac-
etabular parameters using a sliding caliper: acetabular di-
ameter (AD) and transverse acetabular diameter (TAD). An-
other author re-measured the acetabula of 40 randomly 
selected individuals to determine the inter-observer error.

Results Both measured variables showed significant sex-
ual dimorphism. Men had significantly higher values for 
AD and TAD than women. Receiver operating character-
istic curve analysis showed that the cut-off point for pre-
diction of male sex when using acetabular diameter was 
higher than 54 mm. For transverse acetabular diameter 
it was higher than 52 mm. The discriminant function was 
generated by using both acetabular variables, with 88% 
of accuracy in sex estimation. Inter-observer error was not 
significant.

Conclusion The acetabular measurements can be used 
for sex estimation in contemporary Croatian population 
with high accuracy.
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Sex estimation of human skeletal remains is of crucial im-
portance in medicolegal context, as it is usually the first 
step in the identification of remains (1-3). Two methods of 
sex estimation are commonly used – morphological and 
osteometric (4,5). As the morphological method is based 
on the visual evaluation of sexually dimorphic morpholog-
ical bone features, it is prone to subjective judgment and 
depends on the examiner’s experience. The need to find 
more reliable and objective methods led to the develop-
ment of osteometric methods. These are based on statisti-
cal analyses of measurements of different skeleton parts, 
meaning that formulae are generated from discriminant 
function analysis (6-10). One of the main problems of os-
teometric method is inter-observer difference. Namely, it 
is hard to precisely define the starting and finishing point 
of each measurement, which leads to different readings of 
the same measurement by two observers (11). In addition, 
bone fragmentation and damage resulting from body de-
cay decreases the number of measurements that can be 
obtained. Another problem is that formulae generated 
from discriminant function analysis are population-specif-
ic, as various populations differ with regard to general body 
size and degree of sexual dimorphism, and are not as reli-
able outside the population they were based on (6,7,12,13). 
However, some recent studies indicate that some formulae 
are possibly less population-specific (14,15).

The aim of this study was to develop standards for sex esti-
mation of Croatian population by using two acetabular pa-
rameters. The acetabulum was chosen as one of the most 
diagnostic pelvic variables for sex assessment and one of 
the body parts that are less vulnerable to post mortem de-
cay and damage. To our knowledge this is the first study in 
Croatia and the surrounding region to use pelvic bone pa-
rameters in developing population-specific standards for 
sex assessment.

MaTerials anD MeThoDs

The study sample were the skeletal remains of the con-
temporary Croatian population, precisely, the victims of 
Croatian War of Independence (1991-1995). The sample 
consisted of pelvic bones from 100 male and 100 female 
victims who had already been positively identified.

Victims had been identified at our Institute using various 
methods, including anthropological examination, dental 
records, antemortem x-ray, and DNA analysis. The sample 

includes individuals from all socioeconomic categories 
and Croatian regions, with the mean age of 51 years 

(mean age for men 45.3 years, range 20-76; mean age for 
women 57.1 years, range 34-80). Only complete, undam-
aged acetabula were measured. If both acetabula were 
complete, only the better preserved one was measured. 
Consequently, the measurements were performed on 96 
left (48 male and 48 female) and 104 right acetabula (52 
male and 52 female). All of the measurements were made 
in period from 2014 to 2017.

By using a sliding caliper, the first author measured two ac-
etabular parameters (Figure 1):

1) acetabular diameter (AD): maximum diameter of the ac-
etabulum measured in a superior to inferior direction – di-
ameter of the acetabulum along the axis of the body of 
the ischium (16).

2) transverse acetabular diameter (TAD): maximum ac-
etabular diameter from the pubic eminence on the ac-
etabular rim (17).

Both dimensions were measured to the nearest millimeter.

Normality of distribution was tested using Kolmogorov-
Smirnov test. Both AD and TAD variables showed normal 
distribution on the left and right side in both sexes. The 

Figure 1. Measured parameters of the acetabulum: acetabular 
diameter – 1 and transverse acetabular diameter – 2.
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independent t test was used to compare measurements 
between men and women, and between the right and left 
acetabula of different individuals. After the original data 
set was collected, we determined the repeatability of mea-
surement by the inter-observer test. The second author se-
lected 40 acetabula from the original data set using True 
Random Number Generator (Random.org) and re-mea-
sured them. The two sets of values for these 40 individuals 
were compared with Pearson correlation coefficient r and 
dependent t test. Sexual dimorphism data are presented 
using standard descriptive statistics. Receiver operating 
characteristic (ROC) curve analysis was performed to de-
termine the cut-off value for male sex prediction. Discrimi-
nant function analysis was performed by using both mea-
sured variables. The data were analyzed with SPSS, version 
25.0 (IBM Corp, Armonk, NY, USA).

resulTs

There were no significant differences between the left and 
right acetabula in both sexes (independent t test, P = 0.157). 
Both measured variables showed significant sexual dimor-
phism. AD and TAD values were significantly higher in men 

than in women (P < 0.001). Men exhibited greater variation 
than women for TAD, but not for AD. These results suggest 
that the measured variables are useful in evaluating mor-
phological differences between the sexes (Table 1).

The cut-off value for prediction of male sex for AD was 
higher than 54 mm, and for TAD was higher than 52 mm. 
Therefore, the highest accuracy for AD was observed at 
specificity of 90% and sensitivity of 84%, and for TAD at 
specificity and sensitivity of 88%. Since the sample con-
sisted of an equal number of men and women, the over-
all accuracy of this method was 87% for AD and 88% for 
TAD (Table 2).

The area under the curve was large for both parameters 
and almost equal. This means that both parameters pre-
dicted male sex with similar accuracy (Figure 2).

The standardized coefficients indicate the relative con-
tribution of each variable to the function. We used non-
standardized coefficients to calculate discriminant func-
tion score from the raw data (Table 3). A discriminant 
score was obtained by multiplying each variable with its 

TaBle 1. Descriptive statistical analysis of acetabular diameter and transverse acetabular diameter for both sexes

arithmetic 
mean

standard 
deviation Minimum Maximum

25th 
centile Median

75th 
centile t

Degree of 
freedom P

Acetabular 
diameter

female 51.95 2.59 47.00 59.00 50.00 52.00 54.00
-14.2 198 <0.001

male 57.12 2.56 52.00 63.00 55.00 57.50 59.00
Transverse 
acetabular 
diameter

female 50.72 2.05 46.00 56.00 50.00 51.00 52.00
-14.8 198 <0.001

male 55.76 2.73 50.00 62.00 54.00 56.00 58.00

TaBle 2. Cut-off point values of acetabular diameter and transverse acetabular diameter in the prediction of male sex obtained by 
receiver-operating characteristic curve analysis

Criterion sensitivity (%) specificity (%) area under the curve P

Acetabular diameter >54 mm 84.00 90.00 0.92 <0.001
Transverse acetabular diameter >52 mm 88.00 88.00 0.93 <0.001

TaBle 3. standardized and non-standardized discriminant function coefficients, structure matrix, and classification for acetabular 
diameter and transverse acetabular diameter

Model
structure 

matrix

standardized canonical 
discriminant function 

coefficients

non-standardized canonical 
discriminant function 

coefficients
Wilks’  

lambda P
average 
accuracy

Acetabular diameter 0.967 0.431 0.168 0.495 <0.001

88% correctly 
classified (88% 
cross-validated)

Transverse acetabular diameter 0.932 0.618 0.256 0.476 <0.001
Constant -22.778
Group centroids for females -1.079
Group centroids for males 1.079
Sectioning point 0.000
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non-standardized coefficient, and adding them together 
along with the constant. The constant has no inherent 
value, and only serves to calibrate the sectioning point to 
zero when the number of men and women is equal. The 
discriminant function formula employing AD and TAD was 
the following:

Df = -22.8 + 0.17 × AD + 0.26 × TAD

All values higher than 0.00 indicate male sex, while all val-
ues lower than 0.00 indicate female sex. The accuracy of 
sex estimation using this discriminant function was 88%.

Inter-observer error for measurements performed by two 
different authors was not significant (P = 0.858 for AD, 
P = 0.126 for TAD). There was a strong correlation between 
measurements obtained by two observers for both AD 
(r = 0.963) and TAD (r = 0.937). This indicates that both mea-
surements were repeatable and could be measured with a 
high degree of accuracy.

DisCussion

The 87% accuracy of sex prediction with AD and 88% with 
TAD obtained in our study show that the acetabulum is 

a very good indicator for sex estimation in contempo-
rary Croatian population. The cut-off points for AD 

correctly classified 90% of women (“specificity”) and 84% 
of men (“sensitivity”), while the cut-off points for TAD cor-
rectly classified 88% of women (“specificity”) and 88% of 
men (“sensitivity”). Employing both variables in sex dis-
crimination function formulae leads to the accuracy of sex 
estimation in 88% of cases. Hence, with these two simple-
to-use variables, we achieved a high level of accuracy nec-
essary for working with skeletal remains in forensic con-
text (6) and court procedures (18,19). Interestingly, the 
discriminant function formula using both AD and TAD can 
achieve hardly better accuracy than AD and TAD separate-
ly. This implies that sexual dimorphism in our specimen is 
almost entirely size-based, with only a minor influence of 
the shape of the acetabula.

While conducting the forensic analysis of a high number 
of skeletal remains from the Croatian War of Independence 
(over 4000 examined skeletal remains), we have often 
found the acetabulum to be well preserved, even after a 
long postmortem period. We measured either the left or 
right acetabulum of one individual and obtained an al-
most equal number of measurements for both sides. This is 
why we believe that the results can be used on both sides, 
especially because no significant difference was found be-
tween the groups of the left and right acetabula.

Our results are in accordance with the previous research 
in contemporary Croatian population, which showed that 
the maximum femoral head diameter (complementary 
part of the hip) can be used to discriminate the sex with 
94% accuracy (20).

Acetabulum sex dimorphism has been studied in vari-
ous populations. Our results can be compared to those 
obtained by Goméz-Valdéz et al (21), who have shown 
that TAD was one of the important sex indicators in the 
contemporary Mexican population, with the accuracy of 
almost 87%. A slightly higher accuracy obtained when 
using AD in Croatian population can suggest some sort 
of population specificity. Murphy (22) analyzed a sample 
of Polynesian innominate bones, using a single variable 
– maximum diameter of the acetabulum, which yielded 
86% accuracy of sex determination. Stayn and Iscan (23) 
have established that the use of maximum acetabulum 
diameter, in a superior-inferior direction, in modern Greek 
population achieves the accuracy of 84%. Benazzi et al 
(11) achieved the accuracy of 96.4% based on the planar 
image of the acetabulum and related metric data mea-
suring area, perimeter, longitudinal, and transverse maxi-
mum width.

Figure 2. receiver-operating characteristic curve for acetabu-
lar diameter and transverse acetabular diameter.
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The mentioned research indicates inter-population vari-
ability. We believe that the standards elaborated in this 
study are not suitable for use in forensic analysis of skel-
etal remains of populations other than Croatian. If our 
measurements are compared to the those obtained by 
Goméz-Valdéz et al (21) (mean AD and TAD for Croatian vs 
Mexican population for women are 51.9 vs 50.7 and 48.8 vs 
46.3 respectively; and for men 57.1 vs 54.5 and 55.7 vs 52.2 
mm respectively), the need for population specific results 
becomes obvious – Croatians of both sexes have on aver-
age larger AD and TAD than Mexicans. We believe, howev-
er, that our results could be applied to similar populations; 
primarily to other contemporary populations in Southeast-
ern Europe. We also believe that these results can be used 
in other populations with a similar or the same sample 
mean and demarking points.

In conclusion, our results clearly show that acetabular mea-
surements can be used for sex estimation in contemporary 
Croatian population. They are particularly important in cas-
es of fragmented and incomplete skeletal remains when 
the acetabular region is preserved. The need for this is ob-
vious since in Croatia there are still over 1500 missing and 
unidentified war victims (24). These findings will also be of 
special interest in routine medicolegal investigations. The 
results from this study encourage the development of new 
osteometric standards for sex determination based on oth-
er parts of the skeleton in contemporary Croats.
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