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Abstract

Original Research Article

Introduction: Determination of sex is one of the most important steps in reconstruction of identity of skeletal remains.
Various studies have reported metric analysis of different measurements for sexing of hip bone. Very few studies have
been carried out on its anterior border. Objective: The present study has been carried out to evaluate the metric analysis
of different variables at anterior border of hip bone for determination of sex from hip bone. Methods: A cross sectional
study on 140 undamaged hip bones (108 males and 32 females) was carried out in the department of Anatomy at our
medical institue, which is an Apex medical center for medicolegal examination of bones. Nine different variables
(distance between two points) from anterior border of hip bones obtained from this Apex centre were measured using
vernier calipers. The three ratio of notch length were also calculated. These variables were compared using student t-
test to analyse the significance. Results: It was found that the mean value for these variables was more in males except
the distance between ASIS-AIIS, AIlIS-SS, IE-PT and IE-SS, but statistically significant differences in relation to sex
were found in only 2 variables (distance between AlIS-1E and IE-SS), which also shows greater sexual dimorphism as
compared to other variables. All the ratio of distance was found to be statistically significant except ratio C.
Conclusions: These variables at anterior border could be used for determination of sex even from fragmented hip bones

in association with other conventional measurements.
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INTRODUCTION

Determination of sex is one of the most
important steps encountered in reconstruction of identity
of an unknown individual particularly in skeletonised/
charred body and in disaster victims as it halves the
number of probability. It is also of paramount interest in
anthropological and anatomical examination. Sex can
easily be differentiated from the skeletal remains by
visual method from their characteristic morphological
features of the individual bones. The sex can be predicted
with 100% accuracy if whole skeleton is available; but
from hip bone alone, it can be predicted with 95%
accuracy [1]. The introduction of simpler metric method
not only removes the observer bias [2] and also provides
more accurate method over the morphological method
[3,4]. Many studies have evaluated various metrical
analysis for estimation of sex in the hip bone pertaining
to its posterior border and inferior border [5-14] but very

few focused on anterior border [15-18]. So the present
study has been carried out to evaluate metric
measurement of different parameters at anterior border
of hip bone for determination of sex.

MATERIALS AND METHODS

A cross-sectional study on 140 undamaged hip
bones was conducted during the period July 2018 - June
2019 in the department of Anatomy at our medical
institute. It is an Apex medical centre for medicolegal
examination of bones. All the bones included in the study
were fully ossified (adult) and free from any pathological
condition. These bones were first subjected for
morphological confirmation and then metrical
measurement of the different variables at anterior border
of hip bone was taken by vernier calipers with a
resolution of 0.02 mm. Thus the study consists of 108
male and 32 female dry and complete hip bones. All the
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measurements were taken by single examiner to

eliminate inter-observer error. The intra-class correlation

coefficient was found to be 99.99%. For each hip bone,

the following nine variables were measured in millimeter

(mm).

1. Distance between Anterior Superior Iliac Spine to
Superior end of symphysial surface: ASIS- SS

2. Distance between Anterior Superior lliac Spine to
Pubic Tubercle: ASIS- PT (Figure 1 — B)

3. Distance between Anterior Superior lliac Spine to
Ilio-pubic Eminence: ASIS- |IE

4. Distance between Anterior Superior lliac Spine to
Anterior Inferior Iliac Spine: ASIS- AlIS

5. Distance between Anterior Inferior Iliac Spine to
Ilio-pubic Eminence: AlIS- IE (Figure 1 — A)

6. Distance between Anterior Inferior Iliac Spine to
Pubic Tubercle: AllS- PT

7. Distance between Anterior Inferior Iliac Spine to
Superior end of symphysial surface: AllS- SS

8. Distance between Ilio-pubic Eminence to Pubic
Tubercle: IE-PT (Figure 1 — C)

9. Distance between llio-pubic Eminence to Superior
end of symphysial surface: IE- SS

From the above parameters, three ratios were also

calculated as follows:

1) Ratio A: distance between ASIS-AlIS/ distance
between AlIS-IE x 100

2) Ratio B: distance between AIIS
between IE-PT x 100

3) Ratio C: distance between ASIS-AIIS/ distance
between IE-PT x 100

-IE/ distance

The data thus obtained for all the above
variables and ratios were analysed statistically to find
their range, mean, SD, SEM in both the sexes. Three
different ratio of distance is also calculated. The student
t-test (unpaired) was applied to know whether these
differences were statistically significant or not (P value
<0.05). Limiting point for each variable was calculated
from their range value and % of sex identified from it
was also analysed.

Figure no 1. (A)--- AlIS- IE, (B)---- ASIS- PT, (C) ---- IE-PT

Sexual dimorphism of each variable was calculated as
follows: 19

Sexual dimorphism= [(Xm/Xf) — 1] x100

Where, Xm= mean of each variable in male; Xf= mean
of each variable in female

RESULTS

Table 1 shows the mean, SD, SEM for each
variable at anterior border of hip bone of both sexes with
their significance level (p value). The mean value of each
variable was greater in males except the distance
between ASIS-AIIS, AlIS-SS, IE-PT and IE-SS in which
the mean value was more in females. The mean value for
distance between AIIS-IE and IE-SS was statistically
significance when sexes were compared.

Table 1: Statistical comparison of different variables at anterior border
Variables | Sex | Mean | SD | SEM | t-value | P-value
ASIS-SS M 118.34 | 9.52 | 0.92 | -0.37 0.70912
F 117.66 | 7.56 | 1.34

ASIS-PT M 105.81 | 8.71 | 0.84 | -1.67 0.09808
F 102.94 | 8.06 | 1.43

ASIS-IE M 65.25 | 6.90 | 0.66 | -1.47 0.1441
F 63.36 | 4.29 | 0.76

ASIS-AIIS | M 28.23 | 6.68 | 0.64 | 1.13 0.2615
F 29.62 | 3.49 | 0.62

AllIS-IE M 36.95 |4.36 | 042 | -2.56 0.0117
F 3481 |3.43|0.61

AlIS-PT M 80.88 | 6.54 | 0.63 | -1.58 0.1158
F 78.78 | 6.64 | 1.17

AlIS-SS M 93.66 | 7.10 | 0.68 | 0.50 0.6152
F 94.37 |6.81 | 1.20

IE-PT M |46.03 |575]|055 | 0.99 0.3224
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Variables | Sex | Mean | SD | SEM | t-value | P-value
F 4726 | 7.24 | 1.28

IE-SS M |5898 |6.20|0.60 |271 0.0075
F 62.36 | 6.19 | 1.09

Table 2 shows the sexual dimorphism in
different variables. It is interpreted that the distance
between AlIS-IE has been found to exhibit greater sexual
dimorphism (6.15%) as compared to other variable. This

is followed by distance between IE-SS (5.42%) and
ASIS-AIIS (4.68%). The distance between ASIS-SS and
AIlIS-SS shows least sexual dimorphism.

Table 2: Sexual dimorphism in different variables

Variables | Sex | MeantSD P-value | Sexual Dimorphism

ASIS-SS M | 118.34+9.52 | 0.70912 | 0.58
F 117.66+7.56

ASIS-PT M | 105.81+8.71 | 0.09808 | 2.79
F 102.94+8.06

ASIS-IE M | 65.25+6.90 | 0.1441 | 2.99
F 63.36+4.29

ASIS-AIIS | M | 28.2346.68 | 0.2615 | 4.68
F 29.62+3.49

AlIS-IE M | 36.95+4.36 | 0.0117 | 6.15
F 34.81+3.43

AlIS-PT M | 80.87+6.54 | 0.1158 | 2.65
F 78.78+6.64

AlIS-SS M | 93.66+£7.10 | 0.6152 | 0.76
F 94.3746.81

IE-PT M | 46.03t+5.75 | 0.3224 | 2.59
F 47.26+7.24

IE-SS M | 58.98+6.20 | 0.0075 | 5.42
F 62.36+6.19

Table 3 shows the statistical values of different
ratio of distance at anterior border of hip bone. All the
ratios were statistically significant (P<0.05) when sexes

were compared except ratio C. the mean value of all the
three ratios were more in females except ratio B, where
the mean value was more in males.

Table 3: Statistical measurement of different ratio of distance

RATIO OF DISTANCE | Sex | Mean | SD SEM | t-value | P- Value
RATIO A M 76.86 | 18.22 | 1.75 | 2.64 0.0093
F 86.23 | 15.62 | 2.76
RATIO B M | 8122 | 1234|119 |-2.31 0.0225
F 75.36 | 13.57 | 2.40
RATIO C M |6149 | 1392|134 | 0.70 0.4334
F 63.55 | 9.12 | 1.61

Di1scuUsSION

Determination of sex from skeleton remains is
of great medicolegal and anthropological importance.
Hip bone is considered a more suitable bone in the body
for identification of sex because of its marked sexual
dimorphism.20, 21 In the present study, different
variables on anterior border of hip bone were measured
by vernier caliper. The mean value of each variable was
greater in males as compared to females except the
distance between ASIS-AIIS, AlIS-SS, IE-PT and IE-
SS; but statistically significant difference (P value <
0.05) in relation to sex were found in only 2 variables
(distance between AIIS-IE and IE-SS). Pellico and
Camachol5 (1992) also noted greater mean value in

males in all the variables except the distance between
ASIS-AIIS and IE-SS; but the statistical significant
difference in relation to sex were found in distance
between ASIS-PT, AIIS-IE and AIIS-PT. Thus, the
greater mean value of AIIS-SS and IE-PT in male is
inconsistence with the present study. However, the mean
value of all variables was more in both the sexes as
compared to the present study.

Kanaburl7 (2012) studied 3 variables (distance
between ASIS-SS, ASIS-PT and ASIS-IE) and found
greater mean value in males almost similar to the present
study. Rajasekhar et al18 (2017) also found that the mean
distance between IE-PT was 50.8 mm in males and 52.7
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mm in females. Thus, the greater mean value in females
is highly consistent with the present study. Sharma and
Vijayvergiyall (2013) studied only 2 variables, noticed
that the mean distance between ASIS-IE was 68.0 mm
and 64.9 mm in males and females respectively; whereas,
that of ASIS-PT was 105.6 mm and 102.5 mm in males
and females respectively. These values are very
consistent with that of present study. However, Sachdeva
et al16 (2011) noticed that the measurement of all the 9
variables were more in males with statistical significant
difference in relation to sex were seen in distance
between ASIS-SS, ASIS-PT, AIlIS-SS and AIIS-PT.
thus, the significant greater mean value of AIIS-SS in
male is in sharp contrast to the present study.

Even though the hip bone shows greater sexual
dimorphism as compared to other bones, the different
variables of hip bones were not studied for sexual
dimorphism. In the present study, the distance between
AIIS-IE has shown greater sexual dimorphism (6.15%)
as compared to other variables at anterior border of hip
bone. This is followed by distance between IE-SS and
ASIS-AIIS.

In the present study, three ratio of distance was
calculated and it was found to be statistically significant
when sexes were compared except ratio C. Such ratio of
distance was not studied previously, hence could not be
compared.

Summary and conclusions:

Among the nine metric measurements and three
ratios pertaining to the anterior border of hip bone, 5
were found to be more in males. These were distance
between ASIS-SS, ASIS-PT, ASIS-IE, AIlIS-IE and
AIlIS-PT. But the distance between AIIS-IE and IE-SS
was significantly longer in males (P=0.0117) and
females (P=0.0075) respectively. These 2 variables also
show greater sexual dimorphism as compared to other
measurements. Thus, it is concluded that the anterior
border of hip bone could be used for determination of sex
from hip bone in combination with other conventional
variables. It can also be helpful in fragmented hip bone.
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