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Background: Different bones of the human skeleton present age-, sex- and race-related dissimilarities, so that
using visual criteria & metric techniques, age, sex, and race of an individual can be estimated from these bones.
One such bone is the hip bone whose characteristic morphology makes it interesting from anatomical,
anthropological, and forensic point of view. Its features are important not only for the anatomist but also for the
anthropologist, for population studies & for forensic experts for specimen recognition and gender determination
of skeletal remains. The three constituent parts of hip bone i.e ilium, ischium and pubis depict different gender
specific features. The pubis showing pubertal changes first of all are being considered in this article. Its different
parameters will be definitely helpful to anatomists, anthropologists & forensic experts in their respective fields.

Materials and Methods: The present study was conducted on 100 adult undamaged human hip bones, (M:F=80:20,
R:L= 50:50) obtained from the Department of Anatomy, Government Medical College, Amritsar. The various
dimensions of the pubis measured were (1) Mid Pubic Width, (2) Length of Pubic Crest, (3) Length of Pubic Bone,
(4) Length of Pubic bone upto acetabulum. The observations were statistically evaluated to find out sex & side
related differences.

Results: All the pubic parameters measured were significantly larger in female bones as compared to male
bones, except the mid pubic width. However no significant side specific pattern could be determined in either sex.

Conclusions: There is a relative paucity of region specific data for the various parameters of pubis in the accessible
literature. Thus the present study advocates the significance of pubis in sexual dimorphism, for sex determination
& provides reference values for the North India region.
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remains becomes a major problem [2]. Never-
theless, the bones are influenced by various
factors, like age, sex, race, genetics, and
environmental conditions. Anatomists and
forensic experts can give expert opinion in the
medicolegal cases regarding sex and age of the
individual from the available skeletal remains

Identification of fresh dead bodies is relatively
easier than that of decomposed and skeleton-
ized human remains [1]. Also, it is easier to iden-
tify gender of bones if the skeletal remains found
are complete. However, in cases of fragmented
and incomplete skeletal framework, sexing of



Int J Anat Res 2020, 8(2.1):7430-34.    ISSN 2321-4287 7431

found under suspicious conditions. [3-5].
Several metric and non-metric sex differences
in skeletal component are evident amongst
different populations which can be helpful in
determination of sex. [6] The introduction of
metric methods has definitely provided the
simplicity and accuracy to determine the sex of
skeletal remains [7].
For sexing of human skeleton majority of the
experts regard the hip bone as providing the
highest accuracy levels [8]. In 1891, Matthew
and Billings first attempted to use measure-
ments and indices to determine or confirm the
sex of pelves, as mentioned by Hoyme [9].
The human hip bone is considered as one of the
most reliable bones for sex determination when
compared to any other bones in the body [10].
The sexual dimorphism of hip bone has been
attributed to be a special adaptation in the
females for childbearing. Consequently, aware-
ness of the normal proportions of the hip bone
in both the sexes will also help in early recogni-
tion of uncertain sex by forensic experts [11].
Different components of hip bone viz ilium,
ischium & pubis have different levels of
accuracy in sex determination [12, 13]. Out of
these the pubic part of hip bone has been
advocated as the most significant predictors of
the sex [13, 14]. Accuracy of sex determination
from different parameters of pubic bone varies
from 81% to 95%[15-17]. So this study was
designed to throw some light on different
parameters of pubic component of hip bone and
their importance in sex determination.
MATERIALS AND METHODS

caliper as the shortest distance from the middle
of the symphyseal surface of the body of pubis
to the obturator foramen [18] (CD in Fig. 1).
Length of pubic crest: It was measured with
vernier calipers as the length of the superior
border of the body of pubis, from symphyseal
surface upto pubic tubercle (AB in Fig. 1).
Length of pubic bone: It was measured with
vernier calipers as the distance of the central
point of the acetabulum from the upper end of
symphyseal surface of the body of pubis [19]
(PO in Fig. 2). For locating the central point of
acetabulum, Schultz [20] described that
frequently there is an irregularity both in the
acetabulum and inside the pelvis. He also
described a change in thickness of bone which
may be seen by holding the bone upto the light.
He further mentioned that often there is a notch
in the border of the articular surface in the
acetabulum. However in the present study, the
first method; i.e similar irregularity both on
inner and outer surface of acetabulum was taken
as the central point to determine the length of
pubic bone.

The present study was performed on a set of
100 undamaged hip bones (Male: Female= 80:20
and Right: Left = 50:50) obtained from the
Department of Anatomy, Government Medical
College, Amritsar. The bones were intact and
showed no pathological changes. For each of
these hip bones, four parameters of the Pubis
were measured: Mid Pubic Width, Length of the
pubic crest, Length of pubic bone and length of
the pubic bone upto acetabulum. The measure-
ments were taken with the help of a vernier
calipers. The steps of taking these measure-
ments are given below:
Mid pubic width: It was measured with vernier

Fig. 1: Part of Left Sided Hip Bone Showing Points to
measure. Mid Pubic Width (CD) & Length of Pubic Crest
(AB).

Length of pubic bone upto acetabulum: It was
taken with vernier calipers as the distance from
upper medial end of pubic bone to the nearest
edge of the acetabulum (PL in Fig. 2).
All the observations were compiled and
tabulated and statistically analysed. Values thus
obtained were tabulated and statistically
analysed using SPSS Version 17. Mean, standard
deviation and SE of mean in both the sexes were
calculated for all the pubic dimensions.
Independent Student’s t-test for equality of
means was applied to find out the significance
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of the differences between the means for males
and females.
Fig. 2: Part of Left Sided Hip Bone Showing Points to
measure. Length of Pubis (PO) & Length of Pubis upto
acetabulum (PL)

RESULTS

In the present study an attempt has been made
to find out if there exists any significant differ-
ence with respect to sex or side in the various
parameters of the pubis of Hip Bone. From the
observations which have been compiled in Table
1, it can be seen that in the North Indian pubic
bones, except the midpubic width, all other three
parameters i.e. Length of pubic crest, Length of
pubic bone and length of pubic bone upto
acetabulum; are significantly longer in females
as compared to males. However no significant
definitive pattern has been seen with respect
to side, as results are variable in all parameters,
both in males and females.

Table 1: Calculated Mean values, Standard deviation and Range for various parameters studied in both sexes on
both sides.

Right Left Right Left For Sex For Side
3.06 + 0.43 3.09 + 0.42 2.90 + 0.35 2.94 + 0.38 0.619 (M)

( 2.10 – 3.94) (2.02 – 3.92) (2.32 – 3.43) (2.43- 3.60) 0.680 (FM)
2.02 + 0.50 2.07 + 0.45 2.81 + 0.27 2.79 + 0.36 0.173 (M)

(1.24 – 3.55) (1.28 – 3.56) (2.34 – 3.21) (2.17 – 3.22) 0.000 (FM)
8.09 + 0.53 7.89 + 0.76 8.65 + 0.48 8.46 + 0.47 0.363(M)

(7.04 – 9.10) (5.63 – 9.22 (6.90 – 8.53) (7.75 – 9.13) 0.204 (FM)

6.56 + 0.67 6.56 + 0.62 7.30 + 0.33 7.11 + 0.48 0.968 (M)

(6.40 – 9.34)  (5.61 – 7.70) (7.91 – 8.98) (6.35 – 7.76) 0.062 (FM)

P-value

1 Mid pubic Width 0.148

2 Length of Pubic Crest 0

Sr. No. Pubic Parameter
Males (N=80)
Mean + S.D.  

Females (N=20)
Mean + S.D.  

3 Length of Pubic bone 0.02

4
Length of Pubic Bone upto 

acetabulum
0

DISCUSSION
they were in consonance with the findings of
the present study.
Another study by Shukla et al [24] observed the
Mid Pubic Width as 2.69 (2.0 – 3.18) & 2.59 (2.11
– 3.21) in Males and 3.02 (2.21 – 3.84) & 2.97
(2.18 – 3.94) in Females on Right and Left sides
respectively in Indian Population. Although this
study was also done on Indian population, but
in this the pubis was found to be wider in fe-
males. Similar observation was also made in a
radiological study of Iranian population of Trehan
region, by Memarian et al, [25] who found the
mid pubic width values to be significantly more
in females (3.15 + 3.59) as compared to males
(2.74 + 3.53). Thus contradictory observations
are made regarding this parameter in different
studies, making it less reliable for sex determi-
nation. Similar opinion is given by Memarian et
al, [25] that it is less accurate for determining
gender.
Length of Pubic Crest: Table I shows that pubic

Skeletal characteristics are highly variable
amongst different populations. Specific morpho-
metric and morphological standards are required
for each population to optimize the accuracy of
forensic identification [17,21]. The present study
aimed to compare the significance of metric
parameters of the pubis of hip bone in sexing
among the North Indian population.
Mid Pubic Width: As seen in Tables I, the
midpubic width in the present study was more
in males as compared to females, although the
difference was statistically insignificant. On
comparison between the two sides, the values
were higher towards left side in both the sexes,
difference being again statistically insignificant.
Studies by Steyn  and Iscan [22]  on modern
Greek population,  Milne [23] on Calcutta popu-
lation & Dixit et al [21]on Delhi population also
recorded the midpubic width to be significantly
more in males as compared to females, thus
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crest was significantly longer in females as
compared to males in the present study. When
compared between the two sides, it was more
on left side in males but on right side in females.
However the difference was statistically insig-
nificant in both the sexes. In a study by Shukla
et al [24] on Indore population the pubic crest
length was 1.98 & 1.7 cm in males & 2.28 &
2.40 cm in females on right & left sides respec-
tively, thus being longer in females on both the
sides.
Length of Pubic Bone: The authors of the
present study have already discussed regard-
ing the dimorphism in pubic length in their pre-
vious study [26]. Further comparative data has
been added in Table II. It can be observed that
in almost all the assessable literature, the pu-
bis is longer in females as compared to males
except in the study by Mostafa et al [32] on Egyp-
tian population.
Length of Pubic bone up to acetabulum: As
can be seen in Table I , the mean values were
significantly more in females as compared to
males. However no significant difference could
be found with respect to side, in either sex. Steyn
and Iscan [22] had measured this distance in
Modern Greek population and named it as the
Pubic Length for which they recorded the
values to be 7.035 + 4.48 in males and
7.32 + 4.37 in females, thus again being more
in females.
Earlier Mobb & Wood [33] studied this length
not only in humans but also in lower primates,
and inferred that the pubic length is not univer-
sally more in females of lower primates. While
in Cercocebus, Papio and Gorilla it is distinctly

Table 2: Comparison Of Pubic Length.

more in larger and robust male skeleton; in Pan
it is almost equal. However in other primates
including man, it is more in females.
Mobb & Wood [33] further held the passage of
a relatively large newborn fetal head respon-
sible for pubic elongation in females. This, they
attributed to either increased encephalisation
so that newborn head is larger as compared to
newborn body weight or to an increase in over-
all size of newborn so that newborn body weight
represents a higher than expected proportion of
adult female body weight. Another reason given
by Mobb & Wood [33] for increased pubic growth
in females was a response to enlarge the other-
wise narrowed pelvic inlet.
For all the studied parameters for the pubis of
hip bone, it can be seen that there is a differ-
ence between the values of the present study
and that of other workers which could be
explained on the basis of ethnic and racial
variations. A detailed knowledge of various
parameters of the pubic bone is thus important
for the anatomists, forensic experts, anthropolo-
gists, and orthopedicians as these values are
geographically variable and sexually dimorphic
too [34].

CONCLUSION

The overall goal of this study was to generate
data of the parameters of pubis, which would
help the forensic experts in specimen identifi-
cation and sex determination from skeleton
remains. It would also be valuable for the
anthropologists in their racial and population
studies [34].
Conflicts of Interests: None
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Males(n) Females(n)
Kimura (1982) [26] Japanese 6.55 + 3.68 (52) 6.93 + 3.71 (51)
Kimura (1982) [26] American Whites 7.06 + 4.30 (50) 7.36 + 4.80 (52)
Kimura (1982) [26] American Blacks 6.66 + 4.50 (49) 7.02 + 3.68 (48)
Okoseimiema & Udoaka  (2013) [27] South Nigerian 7.49 + 5.51 8.44 + 6.73
Oladipo et al (2014) [28] Nigerian 9.19 + 17.76 10.31 + 13.11
Theresa et al (2014) [29] Lagos 6.87 + 9.62 7.66 + 8.48
Kumari & Singh (2016) [30] Jharkhand 6.6 + 8.6 (24) 6.68 + 7.6 (17)
Memarian et al (2017) [26] Iran (Trehan) 8.21 (100) 8.73 (100)

Mostafa et al (2017) [31] Egyptian 
93.3±4.8(R), 
93.4±4.4 (L)

84.2±3.8(R), 
84.5±3.6(L)

Present Study North Indians 7.92(80) 8.56(20)

Authors Race
Pubic Length (cm)
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