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ABSTRACT

Introduction: For the assessment of sexual dimorphism of human skeleton, pelvis has been used with
great accuracy by anthropologists and forensic experts. Sacrum, being an integral part of pelvis, has
therefore gained importance. Among the various parameters of sacrum, sacral index is the most reliable
one, calculated by the formula: Sacral index=max breadth x100/max length of sacrum. This study aimed

to determine the significance of sacral index in estimation of sex in north Indian population.

Materials and methods: For the present study, 35 dry human sacrum bones were obtained from the
Department of Anatomy, KGMU, Lucknow, out of which 32, free of deformity, were used in study. The
bones were first separated as male and female on the basis of their gross features. Maximum length
and breadth of sacra were measured using digital sliding Vernier calliper and sacral index was
calculated.

Results: Mean sacral index was significantly higher in females (109.52) as compared to males (92.37).
Sex determination done on the basis of gross features were comparable to that done by calculation of
sacral index, except in sacrum no. 5,13,14,15 &16. Sacrum no. 5,13,14 &15 were more curved forwards
(female feature) while their sacral indices were much lesser (male feature). Sacrum no. 16 had a
uniform curvature (male feature) while its sacral index was>105 (female feature). Sacrum no. 16 also

had only 3 dorsal and ventral foramina, which was a variation.

Conclusions: Sacral index is a reliable criterion for sex determination, useful for anatomical,

medicolegal and anthropological purposes.
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Significance of Sacral Index in Estimation of Sex

INTRODUCTION

Sacrum is a flattened triangular bone formed by
the fusion of five sacral vertebrae. It forms the
posterosuperior part of bony pelvis [1]. As
stated by Krogman, accuracy of sex
determination can be 95% with pelvis alone.
Sacrum being an integral part of pelvis has thus
gained importance [2]. However it is still
recommended to use multiple bones for sex
determination [3]. Among the various
parameters of sacrum, sacral index method has
always been the most reliable one [4]. Sacral
index is calculated by multiplying the breadth of
sacrum with 100 and then dividing with length

of the sacrum [3].

MATERIALS AND METHODS

For the present study, 35 dry human sacrum
bones were obtained from the Department of
Anatomy, King George’s Medical University,
Lucknow, Uttar Pradesh, out of which 32 were
used which were free of deformity. The bones
were first separated as male or female sacra on
the basis of gross features. Maximum length
and breadth of sacra were measured using
Vernier callipers and sacral index was
calculated using the formula:

maximum breadth x 100/

Sacral index=

maximum length

Maximum length is the distance between
middle points on anterosuperior margins of
promontory to middle of anteroinferior margin of
last sacral vertebrae (Fig. 1). Maximum breadth
is the distance between the most distant points

on sides of ala of sacrum (Fig. 2).
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Fig. 1. Measurement of maximum length of sacrum
using Vernier calliper.

Fig. 2. Measurement of maximum breadth of sacrum
using Vernier calliper.

RESULTS

In this study, mean maximum sacral length of
males (111.53) was found to be greater than
that of females (93.46). Mean maximum sacral
breadth was more or less equal in males and
females (102.54 in males and 102.05 in
females). However, mean sacral index was
observed to be greater in females (109.52) than
that in males (92.37). From our study, we can
say that sex determination done on the basis of
gross features were comparable to that done by

calculation of sacral index, except in five sacra.
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Sacra no. 5, 13, 14 & 15 were more curved
forwards (which is a female feature) while their
sacral indices were much lesser (which
suggests male feature). Sacrum no. 16 had a
uniform curvature (male feature) while its sacral
index was >105 (female feature). This sacrum
had only 3 dorsal and ventral sacral foramina,

which was a unique variation.
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DISCUSSION

Although various parameters of sacrum can be
used for sex estimation, sacral index has
always been the most reliable one. In our study,
we observed the mean sacral length of males
to be greater than that of females, which is in

accordance with various studies done in many

Fig. 3. Bones no. 33, 34 & 35 fragmented and deformed

Fig. 4. Sacra with sacral indices not comparable to their gross features
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also not very much different (105.21 in males
and 102.66 in females)[6]. Two different studies
were conducted in Madhya Pradesh in the
same year 2016 in which one conducted by
Dubey et al. on 60 sacra found almost similar
mean sacral breadth in males and females [2].
In the second one, conducted by Punase et al.

on 77 sacra, mean sacral breadth of females

was found to be significantly higher than that of

Fig. 5. Sacrum with abnormal sacral foramina

males (113.27 in females and 105.05 in males)

different populations. Increased incidence of [71-

six-piece sacrum in males has been proposed

. Findings of Masih et al. and Parashuram et al.

to be one of the causes behind the same [3]. inding I .
in different studies performed in Rajasthan and

Maddikunta et al. recorded the mean sacral Karnataka, also agree with that of our present

breadth in males to be 104.2 and 103.4 in

females in his study on the population of

study, showing almost similar mean sacral
breadth in both the sexes [4,8]. However,
Andhra Pradesh [5]. Ravichandran et al. carried Sachdeva et al. in 2011, found a significantly
out a study in Tamil Nadu and found this value higher mean breadth of sacra in males than that
to be 93.7 in males and 92.91 in females [3]. A

study done by Yadav et al. in

in females, which is in contrast to our present

similar study [9].

Maharashtrian  population also observed

. All the above-mentioned studies, however, are
comparable values of mean sacral breadth in

males (102.93) and females (104.7) [1]. Values

obtained by Somesh et al. in Mangalore were

in accordance with our study if we compare the

sacral index of both the sexes, implying that

Study Place Total Males Males | Females | Females Slin Slin
bones L (B) L (B) males | females
Sachdeva et al. | Amritsar 50 104.1 111.8 91.8 104.4 100.24 | 111.74
Maddikunta et | Andhra 60 113.9 104.2 90 103.4 91.8 116.3
Ravichandran et | Tamil Nadu 123 97.8 93.7 90.96 92.91 96.32 102.29
Yadav et al. Maharashtra | 140 104.7 102.93 92.6 104.7 98.44 113.23
Somesh et al. | Mangalore 87 113.88 105.21 91.29 102.66 92.71 113.06
Dubey et al. | Madhya 60 1135 105.85 94.6 104.33 93.8 110.63
Punase et al. | Madhya 77 111.86 105.05 99.10 113.27 95.66 115.10
Masih et al. | Rajasthan 75 107.44 104.63 97.88 102.77 97.88 112.69
Parashuram et | Karnataka 100 120.13 124.61 103.78 118.45 101.26 | 116.18
Present study Lucknow 32 111.53 102.54 93.46 102.05 92.37 109.52
Table 1. Comparative analysis of sacral measurements
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sacral index of females is almost always higher
than that of males [10,11].

CONCLUSION

It is evident from the present study that sacral
index is a reliable and significant criterion for
estimation of sex in a given population.
However, it is still recommended to use multiple
bones and parameters for this purpose. Thus,
regional and racial differences in sacrum along
with the sacral index can be useful for
anatomical, medico-legal and anthropological

purposes.
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