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Abstract

Background: Different parts of the skeletal system have been studied in different studies to determine gender. The pelvis is one of
the most important skeletal components for the determination of gender and identification of humans.
Objectives: The current study aimed to determine gender using the ischiopubic index and upper pelvic index in the adult popula-
tion of Iran.
Methods: In this study, 140 individuals (70 male and 70 female subjects) referring to Athari Imaging Center in Tehran, Iran, for vari-
ous medical reasons entered the study by giving written and oral consent using the convenience sampling method. Measurements
were performed on digital anteroposterior pelvic radiographs (with standard conditions and radiographic stencil distance from
the light source as 100 cm). The obtained data were analyzed using SPSS software (version 22).
Results: The mean ischemic index of the whole population was 108.88 ± 13.75. The difference in the ischiopubic index between
male and female subjects was significant (P < 0.05). The mean upper pelvic index of the whole study population was 81.70 ± 10.09;
however, the difference in the upper pelvic index between the two groups of male and female subjects was not significant (P < 0.05).
Conclusions: The pelvic ischemic index in Iranian women is higher than that reported for men. If the ischiopubic index is higher
than 103, with 93% sensitivity and 73% specificity, it would be female. According to the study of graphs, if there is a special identity
for diagnosis, there will be the possibility to match the graph before the death of the individual with the graph taken from skeletal
remains.
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1. Background

One of the main factors in forensic identification is
gender determination (1). The exclusive morphology of the
human bone and their gender differences are of interest
to forensic physicians, anthropologists, and anatomists ex-
amining them for a variety of reasons (2-5). Different parts
of the skeletal system have been studied in different stud-
ies to determine gender. The pelvis is one of the most im-
portant skeletal components for the determination of gen-
der and identification of humans (6). Other bones can also
be used to determine genders, such as the skull, long bones
with one epiphysis and one metaphysis, paranasal sinuses,
foramen magnum, maxillary sinus, and teeth (7-10). Stud-
ies showed that gender can be determined with 80% con-

fidence using the skull, 90% confidence using head and
mandible, and 80% confidence using pelvis bone (11). The
hip bone is an appropriate bone for gender determination
because it shows the general differences between male and
female genders and has a great adaptation of female hip
bone for giving birth (12).

According to a study conducted by Washburn (2), the
use of pelvic features is the most successful method for the
determination of gender in different communities. Radio-
graphy can help determine gender by providing accurate
dimensions (13). The anthropometric dimensions of the
different bones of the body in each race and geographical
area are unique; therefore, regional measurements should
be made for each region of the world (14). A limited num-
ber of studies have been performed on pelvic bone in Iran.
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Furthermore, a codified table of anthropometric dimen-
sions of all bones of the body, including the pelvis in men
and women, is necessary to use in gender determination in
Iran.

2. Objectives

The current study aimed to determine the gender us-
ing the ischiopubic index and upper pelvic index in Iranian
adult radiographic stereotypes.

3. Methods

This descriptive cross-sectional analytical study was
conducted at AJA University of Medical Sciences, Tehran,
Iran, during 2016 and 2017. In this study, 140 individuals (70
male and 70 female subjects) referring to Athari Imaging
Center in Tehran for various medical reasons entered the
study by giving written and oral consent using the conve-
nience sampling method. The inclusion criteria were refer-
ral for pelvic imaging, age of over 18 years, and Iranian na-
tionality. The exclusion criteria were dissatisfaction, bone
abnormalities, pelvic fractures, and underlying diseases.
Measurements were performed on digital anteroposterior
pelvic radiographs (with standard conditions and radio-
graphic stencil distance from the light source as 100 cm).
The ischiopubic index was calculated by dividing the mea-
sured length of the pubic bone by the length of the ischial
bone in millimeters multiplied by 100 (15) using the PACS
software (version 2020).

The distance from the central point of the acetabular
cavity to the innermost point of the anterior edge of the
symphysis pubis is called the length of the pubis, and the
distance from the central point of the acetabular cavity to
the most distal point in the trunk of the ischium bone is
called the ischium length (15). The measurements were in-
dependently performed by two individuals to avoid mea-
surement errors. The obtained data were analyzed using
SPSS software (version 22). In addition, a receiver operating
characteristic (ROC) curve was used to evaluate the differ-
ential power of the ischiopubic index and upper pelvic in-
dex in gender differentiation in the whole population and
age groups. In this study, the confidentiality of patients’ in-
formation was ensured, and it was published without men-
tioning the names. The patients could withdraw from the
study at any time. Moreover, the participation in this study
bore no costs, and all costs were paid by the researchers.
The present study did not interfere with the treatment of
patients.

4. Results

The study population were within the age range of 18
to a maximum of 70 years divided into three age groups,
namely 18 - 34 (n = 29; 20.7%), 35 - 49 (n = 36; 25.7%), and over
50 (n = 75; 53.6%) years. The mean ischemic index of the
whole population was 108.88 ± 13.75, with a minimum of
84.80 and a maximum of 153.33. The mean ischiopubic in-
dex of the male group was 99.59± 7.89, with a minimum of
84.80 and a maximum of 120.06. The mean ischiopubic in-
dex of the female group was 118.16± 11.95, with a minimum
of 93.42 and a maximum of 153.33. In all the age groups,
the difference in the ischiopubic index between male and
female subjects was significant (P < 0.05; Table 1).

The mean upper pelvic opening index of the whole
study population was 81.70 ± 10.09. The mean values of
the upper pelvic opening index were calculated at 80.24±
9.49 in men and 83.16 ± 10.53 in women. The results of the
Mann-Whitney U test showed that this difference was not
significant (P < 0.05). The difference in the upper pelvic
index in different age groups among male and female sub-
jects was not significant (P < 0.05; Table 2).

The ROC curve was used to evaluate the differentiating
power of the ischiopubic index in gender differentiation in
the whole population and age groups. The area under the
curve in the whole population for gender differentiation
was 90% (Figure 1). The areas under the ROC curve for gen-
der differentiation were 94, 93, and 89% in the age groups
of 18 - 34, 35 - 50, and over 50 years, respectively (Table 3).

The ROC curve was used to evaluate the differentiating
power of the upper pelvic index (brim) in gender differen-
tiation in the whole population and age groups. The area
under the curve in the whole population for gender differ-
entiation was 414% (Figure 2). The areas under the curve
for gender differentiation were 377, 413, and 457% in the age
groups of 18 - 34, 35 - 49, and over 50 years, respectively (Ta-
ble 4).

To obtain the sensitivity and specificity of the ischemic
index for differentiation between the two genders, the de-
marking point was determined using the ROC curve (Table
5).

5. Discussion

Other studies in Iran regarding gender determination
have been performed using the ischiopubic index; how-
ever, for the achievement of comprehensive and general
results, it is required to carry out further studies, such as
the present study, to generalize the results to the whole Ira-
nian society. Although the non-metric measurements of
the skeleton were initially used to determine gender in the
literature, scientific metric measurements were later used.
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Figure 1. Receiver operating characteristic curve for the ischiopubic index in the whole study population
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Figure 2. Receiver operating characteristic curve of brim index in the whole study population
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Table 1. Comparison of the Average Ischiopubic Index in Each Age Group in Study Population Based on Gender

Age (y)/Gender Mean Standard Deviation Maximum Minimum P-Value a

18 - 34 0.00

Male 100.73 6.18 115.77 91.86

Female 119.27 11.00 142.41 102.32

Total 108.40 12.48 142.41 91.86

35 - 49 0.00

Male 102.52 7.74 114.66 90.11

Female 120.64 10.82 153.33 104.61

Total 113.097 13.15 153.33 90.11

Above 50 0.00

Male 97.93 8.37 120.06 84.80

Female 116.40 12.88 149.02 93.42

Total 107.04 14.22 149.02 84.80

a P < 0.05 considered statistically significant.

Table 2. Comparison of the Average Upper Pelvic Index in Each Age Group in Study Population Based on Gender

Age (y)/Gender Mean Standard Deviation Maximum Minimum P-Value

18 - 34 0.26

Male 84.71 9.00 102.83 68.44

Female 90.41 11.86 115.65 73.42

Total 87.07 10.47 115.65 68.44

35 - 49 0.37

Male 82.65 12.70 104.73 65.91

Female 85.70 6.56 96.22 70.26

Total 84.43 9.56 104.73 65.91

Above 50 0.51

Male 77.28 7.17 92.11 64.78

Female 79.37 10.48 113.47 62.79

Total 78.31 8.95 113.47 62.79

Table 3. Ischiopubic Index Differentiation Power in Gender Differentiation in Each Age Group and the Whole Population Using the Area Under the Receiver Operating Charac-
teristic Curve

Age Group (y) Area Standard Error P-Value a

18 - 34 0.941 0.041 0.000

35 - 50 0.933 0.037 0.000

> 50 0.892 0.037 0.000

Total 0.908 0.024 0.000

a P < 0.05 considered statistically significant.

Metric measurements are preferred due to their easy repro-
ducibility, high accuracy, and lack of special skills (16). The
mean ischemic index in the present study is almost similar
to the mean in a 2014 study by Ekanem et al. (15) on the La-

gos population of Nigeria and a study by Baskerville (17) on
the New Zealand population; however, it is different from
the mean in another study (18) and a study by Haidar et al.
(19) in Pakistan. Due to the similarity of the study meth-
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Table 4. Brim Index Differentiation Power in Gender Differentiation in Each Age Group and the Whole Study Population Using the Area Under the Receiver Operating Charac-
teristic Curve

Age Group (y) Area Standard Error P-Value a

18 - 34 0.37 0.10 0.26

35 - 50 0.41 0.11 0.37

> 50 0.45 0.06 0.51

Total 0.41 0.04 0.08

a P < 0.05 considered statistically significant.

Table 5. Demarking Point of the Ischiopubic Index Between Male and Female Subjects

Age Group (y) Demarking Point (Degree) Sensitivity (%) Specificity (%)

18 - 34 103.02 92 71

35 - 50 106.83 95 73

Above 50 101.5 92 74

Total 103.07 93 73

ods and measurement techniques, this differences could
be due to racial and differences, regional and environmen-
tal effects, and nutrition.

The comparison of the results of the present study with
the results of other studies conducted among the residents
of different regions of Nigeria showed that there is a statis-
tically significant difference in the values of the ischemic
index between different ethnicities, even in a country like
Nigeria. This index is higher in women than men in var-
ious studies in other countries, such as New Zealand and
India, and in this respect is similar to all similar studies in
Nigeria. There was a statistically significant difference in
the measured values of this index among men and women
of all races. In the present study, similar to previous stud-
ies, this difference is statistically significant. Furthermore,
the values of the ischiopubic index are partly similar to
those of the Indians and residents of Lagos State and Nige-
ria, which may be due to the common ancestry of these
races, migration, and environmental effects.

Regarding the ischiopubic index, the highest sub-
curve levels in the ROC curve were in the age groups of 18
- 34 and 35 - 50 years. Moreover, the lowest sub-curve level
in the ROC curve was in the age group above 50 years; how-
ever, the sub-curve level in all age groups was considered
desirable to differentiate gender. The sub-curve level exists
but decreases slightly with age. Regarding the upper pelvic
index, as previously reported, the difference in the mean of
this index between both males and females was not statis-
tically significant. In this regard, the results of the current
study are in line with the results of a study performed by
Osunwoke et al. (20) in Nigeria in 2013. In addition, this
index helps to differentiate genders in accidents and disas-

ters but does not help to identify corpses.
Considering that this study was performed on adults,

to compare the results in gender differentiation, it is sug-
gested to perform a study on a younger age than puberty.
This study was conducted on different Iranians living in
Tehran. The results can be generalized to other parts of the
country; however, it is recommended to perform similar
studies in other parts of the country. Due to the possibility
of vulnerability and loss of pelvic bone, its unavailability
in skeletal remains, and observation of racial differences in
bone anthropometric criteria, it is recommended to study
other anthropometric pelvic indicators to determine gen-
der.

Similar to other studies on the ischemic pelvic index,
this value is higher in Iranian women than men. If the
ischiopubic index is higher than 103, with 93% sensitivity
and 73% specificity, it would be female. According to the
study of the graphs, if there is a special identity for di-
agnosis, there will be the possibility to match the graph
before the death of the individual with the graph taken
from skeletal remains. It is easy and affordable, and the
results are very reliable. This study was performed on Ira-
nians over 18 years of age; therefore, caution should be ex-
ercised in generalizing the results of the present study to
other populations younger than puberty and direct mea-
surements of bone.
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