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Abstract
Objective: To find out sexual dimorphism in hip bones with respect to pubic and Ischial lengths and their index.
Methodology: A descriptive cross-sectional study was done at the National Institute of Rehabilitation Medicine Islamabad from
January to April 2019. Total 120 patients who underwent Pelvic radiographs were included. The Pubic length, Ischial length and the
Ischiopubic index were measured. Pubic length is a straight line drawn on the radiograph from center of the Triradiate cartilage to the
medial end of pubic symphysis. Ischial length is a straight line drawn from Triradiate cartilage perpendicular to the line joining the
bilateral lower Ischial tuberosities. Ischiopubic index is determined from the pubic length divided by ischial length and then multiplied
by 100.Independent simple t.test was applied. Data was analyzed by SPSS version 17.
Results: The mean values of pubic length for males in pelvic radiograph were found to be 53.01±6.02mm and that of female were
found to be 57.33±7.68mm. The pubic length in females was observed to be higher than in males. These differences were observed
to be statistically significant (p<0.007). The mean values of ischial length for males in pelvic radiograph were found to be
60.68±5.63mm and that of female were found to be 50.31±7.04mm. The ischial length in males measured more than that of females.
Differences observed were statistically significant (p<0.012). The mean values of ischiopubic index for males in pelvic radiograph were
found to be 85.21±5.18 and that of female were found to be 111.15±5.66. The ischiopubic index of the females was higher than that
of males. These differences were observed to be statistically significant (p<0.027).
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Introduction
The accurate identification of sex & race of individuals
from human skeleton is an integral part of forensic
sciences and anthropology. Significant morphological
differences exist amongst Caucasoid, Mongoloid and
Negroid races; strongly supported by literature.1,2 Age,
sex, race and stature are four main characteristics for
identification of individuals from skeletal remains. Sex
of human skeleton can be identified by visual as well as
metric analysis. 3 Ischiopubic index is important in

forensic and physical anthropology in the identification
of unknown sex as it can provide new, cheap and more
accurate means of determining sex and race when the
need arises.3 No significant differences have been seen
to exist between studies from skeletal remains and
radiological pelvimetry. 3
Studies show utilization of different methods for
identification of sex with varying degree of accuracy. A
lot of research articles are available on identification of
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sex from the human skeleton utilizing different
elements. After analysis of studies performed on the
assessment of identification of sex from human bones it
was found that some parameters are more accurate
than others.4
Pelvic girdle, skull and long bones are mostly utilized
for identification of sex besides other bones. Out of
different bone, the pelvic girdle is considered to be
more reliable for giving up to 95% accurate results.5
Ischiopubic index is the ratio of pubic length to ischial
length multiplied by 100. The pubis and ischium are
parts of the pelvic bone. The pelvic bone (innominate
bone) consists of three parts which are the ilium,
ischium and pubis. These bones are joined together to
form the acetabulum which is directly lateral with the
ilium lying superiorly. The pelvic bones develop
endochondrally, where initially a cartilaginous anlage or
template of the bone develops and is later infiltrated by
bone tissue, creating centers of ossification.6 Each of
the three bones is formed from its own primary center
of ossification; five secondary ossification centers
develop later on. 7 The anthropometric study of the hip
bone and its sexual dimorphism is of interest in the field
of anthropology, forensic science, anatomy and clinical
sciences (gynecologist and obstetrics). 8 The hip bone
is an ideal bone for sex determination because; it not
only reflects the general differences between the two
sexes (male and female) but also has the special
adaptation of female hip bone for child bearing. 9
These measurements of hip bone are important for
accurate identification of sex and race in the human
skeleton and are highly recommended for obstetricians,
forensic and physical anthropologists. 10 Reports have
suggested that data on pelvic bone can be considered
for forensic science.11 However, the probable
limitations could arise from using radiographs of young
individuals. This is because, the secondary ossification
of the ilium, ischium, and pubis do not ossify until about
20-25 year.12 Sexual dimorphism in human pelvis is
mainly due to more growth in width than height of the
female pelvis during skeletal growth to prepare it for
pregnancy & delivery.
The main differentiating characters of the female pelvis
are that pelvic inlet, sub pubic arch and greater sciatic
notch are wider than males. 13
More accurate identification of the sex of human pelvis
can be done by the objective method of measuring
different anatomical landmarks than the subjective
method of visual identification. 14
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In a study, it was stated that hip bone is the most
reliable of all bone for sex determination.15
Results of a study on skeletal remains & anterioposterior radiographs of pelvis simultaneously to
assess sex; showed that there is no significant
difference between results obtained from study of bone
itself or its radiographs; hence ischiopubic index can be
reliably estimated from radiographic pelvimetry. 16
Our study performed on hip bone X rays for sexual
dimorphism can be of great value in physical
anthropology, anatomy, gynecology to estimate the
progress of labor, archeological analysis and solving
medico legal cases.

Methodology
A descriptive cross-sectional study was conducted in
the National Institute of Rehabilitation Medicine hospital
(NIRM) Islamabad from January to April 2019. Normal
AP radiographs of Pelvis of 120 patients of both sexes
(60 each) aged between 20 to 65 years were included.
Patients with a history of trauma of pelvis and
underlying bone diseases which could affect pelvic
bone were excluded. These radiographs were
performed in anterior-posterior view by using Siemens
x-ray machine. All radiographs were taken at a distance
of 100cm. Only radiographs with the best alignment at
the inferior margins of the pubic bones at the pubic
symphysis were measured. Measurement was carried
out by choosing 3 points on the radiographs; Points A,
B and C. Point A was the acetabular point where the
three pelvic bones meet. Points B and C were the pubic
tubercle and ischial tuberosity respectively. A marker
was used to mark these points for clear visualization.
The distance between these points were then
measured with the aid of vernier caliper. Distance AB
gave the pubic length while AC gave the ischial length.
Each distance was measured twice and the average
recorded as the actual distance to ensure accuracy.
The distance AB was divided by the distance AC and
multiplied by 100. This gave the ischiopubic index. (IP =
AB/AC X 100). Results were compared with previous
studies on other populations. Statistical analysis was
carried out with the help of SPSS version 17 and
Microsoft Excel. The mean, standard deviation of pubic
length, ischial length and ischiopubic index and
correlation between pubic length, ischial length and
ischiopubic index with the gender were expressed in
tables and figures. Data was presented as mean and
standard deviation for all variables. Data obtained were
analyzed using the descriptive statistics to summarize
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the information, and inferential statistics (independent
samples t-test) to verify if there were significant sex
differences. P<0.05 was considered to be statistically
significant. Detailed results are shown in the tables and
figures below:

Results
The mean values of pubic length for males in pelvic
radiograph were found to be 53.01±6.02mm and that of
female were found to be 57.33±7.68mm (Table I). The
pubic length in females was observed to be higher than
in males. These differences were observed to be
statistically significant (p<0.007). The mean values of
ischial length for males in pelvic radiograph were found
to be 60.68±5.63mm and that of female were found to
be 50.31±7.04mm (Table I). The ischial length in males
measured more than that of females. These differences
were observed to be statistically significant (p<0.012).
The mean values of ischiopubic index for males in
pelvic radiograph were found to be 85.21±5.18 and that
of female were found to be 111.15±5.66 (Table I). The
ischiopubic index of the females was higher than that of
males. These differences were observed to be
statistically significant (p<0.027).
Table I: Demographics of Males and Females of Bone
Length (Pubic & ischial)
Gender

N

Mean

Std.
Deviation

Pubic Bone
length

Male

60

53.0167

6.02956

Female

60

57.3333

7.68593

Ischial Bone
length

Male

60

60.6833

5.63431

Female

60

50.3167

7.04583

Ischio-Pubic
Index

Male

60

85.2167

5.18502

Female

60

111.1500

5.66830

Discussion
In the present study; ischial lengths, pubic lengths and
ischiopubic index were assessed regarding their
dimorphic nature as well as the degree of identification.
The mean values of ischial length for males in pelvic
radiograph were found to be higher than females. The

mean values of pubic length for males in pelvic
radiograph were smaller than that of females. The
mean values of ischiopubic index for males in pelvic
radiograph were found to be 85.21±5.18 and that of
females were found to be 111.15±5.66. The mean
ischial length was significantly higher in males than in
females while the mean pubic length and ischiopubic
index in females were significantly higher than in males
(P < 0.05). Sexual dimorphism of ischiopubic index has
been reported and several studies in America, Europe,
Australia and Africa &Asia show female pubis to be
longer than males and female ischium to be shorter
than males leading to a mean higher ischiopubic index
in females. Results of our study are close to Nirmale et
all17 whose study was done on the population of
Maharashtra India; are also in agreement with some
previous studies done at Nigeria. 17, 18.19-26 Our results
were at a variance with a study conducted in Portugal
[30] that reported that the mean ischiopubic index in
males was greater than in females. This dispersion
might be related to genetic and environmental factors;
which are known denominators for intra- and interpopulation variability. The mean ischial and pubic
lengths in this study are lower than some studies
conducted previously.17,20,21 The mean value of
ischiopubic index in the present study was similar to
some previous reports 20,21 and Oladipo et al. 18 These
differences in skeletal forms and morphology might be
adduced to genetics and environmental factors such as
nutrition. In a study done on Egyptian populations,
results were similar to our observations.27
Washburn 194828 claimed 84%male and 100% female
sorting of hip bone with ischiopubic index only. The
importance of ischiopubic index in obstetrics cannot be
over emphasized. It has been observed that the size of
ischiopubic index determines the size of birth canal;
which is an important criteria in vaginal delivery.

Conclusion
To conclude pelvic bone can be used for identifying a
person through identification of sex by determining

Table II: Independent t-test
Sig.
Pubic Bone
length

.007

Ischial Bone
length

.012

Ischio-Pubic
Index

.027

t

df

P

Mean Difference

Lower

Upper

-3.42

118

.001

-4.31

-6.81

-1.81

-3.42

111.67

.001

-4.31

-6.81

-1.81

8.90

118

.000

10.36

8.06

12.67

8.90

112.55

.000

10.36

8.05

12.67

-26.14

118

.000

-25.93

-27.89

-23.96

-26.14

117.07

.000

-25.93

-27.89

-23.96
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ischiopubic index. The mean values of ischiopubic
index are less for males than for females and the
differences were statistically significant. The present
study has provided a detailed study of the ischiopubic
index statistically significant; sexually dimorphic
parameter which might serve in sex determination even
when fragmentary remains of hip bone are available to
comment upon the sex of the dead & decomposed
skeletons. Study of ischiopubic index bears significant
observation in obstetrics, radiology, forensic and
anthropological sciences.
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