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ABSTRACT 
Seventy four sacra in the Punjab region of Pakistan were studied; these were collected from the 
Departments of Anatomy, Fatima Jinnah Medical College (FJMC), Services Institute of Medical 
Sciences (SIMS) and Combined Military Hospital Medical Colleges (CMHMC), Lahore. Various 
Points on the sacra were demarked and seven different parameters were measured and the 
percentage of bones identified by the demarking points (DP). The data of the Punjab region, thus 
was collected was compared with data available from the Agra region, India. Among the mea-
surements recorded, it was noticed that the demarking points of length of sacrum and its sur-
face were reliable for sex differentiation. Furthermore, the sacral and the auricular indices were 
most dependable for determining the sex of the sacra, accuracy is 100%, any single parameter 
may not identify sex of the bones in 100% cases. 
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INTRODUCTION 
In the past, for many years the anatomists, anthro-
pologists and forensic experts have been challen-
ged to determine the sex of the skeletal remains. 
The usual practice among them had been to deter-
mine the sex of the skeletal material by non-metric 
observations. Lately, sex determination is based 
upon actual measurement of different bones. It is 
true that the sacrum is considered to be an impor-
tant bone for dealing with the sex differences in 
skeleton, but there is a real shortage of metrical 
data available for it although many researchers 
have endeavoured to undertake the metrical study 
of sacrum.1-5 
 Jit and Singh3, promoted the demarking point 
(D.P.), that identified sex with 100% accuracy. Th-
ey advocated the use of five measurements of sac-
rum using the Monte Carlo bootstrap method. He 
was able to determine the sex quite accurately. Si-
ngh and Gnagrade6 have reported that even within 
the same general population the mean value may 
be significantly different in bones from different 
regions. In 1972 Singh and Singh7; reported that 
demarking points should be calculated separately 
for population of different regions because the me-
an of parameters differs in values from region to 
region. 
 In Pakistan the available literature shows that 
Pakistani sacra have not been studied. In India so-
me studies have been undertaken, such as by Sin-
gh and Raju8 and Jana et al.9 These authors stu-
died the sacra from Varanasi and Burdwan regions 
respectively, while Mishra et al10 undertook a study 
to determine the sex difference in the sacra of Agra 
region of Uttar Pradesh, India. We have ventured 

to determine the sex using a study of sacra of the 
Punjab region of Pakistan and to compare our fin-
dings with those from Agra region in India. 
 
MATERIAL AND METHOD 
The study was observational and cross sectional to 
carry out the present study the sacra of known sex 
were selected from the Anatomy Departments of F. 
J. Medical College, SIMS and C.M.H Medical Col-
lege, Lahore. These sacra were selected after care-
ful examination of bones and those having any fra-
ctures, pathology or wear and tear, were excluded. 
A total of 74 sacra from both sexes were collected, 
42 were from males and 32 females were selected. 
By using steel radial caliper and flexible steel tape 
seven different parameters were measured. The 
demarking points (DP) of all the parameters were 
identified, and measurements were made accord-
ing to the method of Jit and Singh3 and, percen-
tage of bones identified by each parameter were 
worked out. The details of the parameters taken 
are as follows: 
1. Maximum length:  Along the mid-line of sac-

rum from middle of anterior margin of pro-
montory to middle of anterior margin of the 
last sacral vertebra is the maximum length of 
sacrum (Wilder’s mid-ventral straight length) 
and was measured using a radial caliper (Fig. 
1). 

2. Maximum Width:  This was measured by tak-
ing two points at the upper part of auricular 
surface anteriorly or lateral most part of alae 
of sacrum. Again radial caliper was used and 
the maximum width on anterior aspect of sac-
rum was measured (Fig. 2). 
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Fig. 3: Maximum length of the auricular surface.

Fig. 4: Transverse and Astereo-Posterior Diameter
                of the study of S .1

Fig. 1,2:  Maximum length and width.

Fig. 1: Fig. 2:

 
 
3. Curved length of sacrum (mid-ventral curve 

length):  This was measured with the help of a 
flexible steel tape along the mid line of the ant-
erior surface of sacrum from middle of ante-
rior margin of promontory to the middle of the 
interior margin of the last sacral vertebra be-
low (Fig. 3). 

4. Antero-posterior diameter of the body of fir-

st sacral vertebra:  By demarking one point 
on antero-superior border and another on the 

postero-superior border of the first sacral ver-
tebral body, the maximum possible diameter 
of first sacral vertebra was measured by using 
the radial caliper (Fig. 4). 

5. Transverse diameter of the body of first sac-

ral vertebra:  this is the maximum transverse 
of first sacral vertebra. This was measured 
with the help of radial calipers by taking a poi-
nt on each side using the lateral most point on 
the superior surface of body of first sacral ver-
tebra (Fig. 4). 

6. Length of alae:  This is measured on both si-
des with the radial calipers by marking one 
point on lateral most part of superior surface 
of the body of first sacral vertebra and another 
on lateral part of alae. For recording this mea-
surement radial calipers were used and the 
mean of the length of the two sides was taken 
as length of alae. 

7. Maximum length of auricular surface:  This 
is the straight auricular length measured on 
lateral aspect of sacrum. For the purpose of 
recording this measurement, two points are 
pattern, one on the upper most part of auricu-
lar surface and another on its lower most part; 
these were demarked and the measurement 
was taken using a radial caliper (Fig. 3). 

 These measurements were used for calculating 
the following indices: 

1. Sacral index:  (Width times 100 and divided 
by Mid-ventral curved length) 

2. Curvature Index (Straight length times 100 
and divided by Mid-ventral curved length. 

3. Index of body of first sacral vertebra: Ante-
ro-posterior diameter (AP) of the body of first 
sacral (S1) times 100 and divided by transverse 
diameter of body of first sacral vertebra S1.  

4. Corporo-basal index:  Transverse diameter of 
body of S1 times 100 and divided by width of 
sacrum. 

5. Alar index:  Length of ala times 100 and divi-
ded by Transverse diameter of body of S1. 

6. Auricular index:  Length of auricular surface 
times 100 and divided by width of sacrum. 

 Mean ± S.D. is given for quantitative variables 
frequencies and percentage is given for qualitative 
variables. Two independent sample ‘t’ test was ap-
plied to check group mean differences. A p-value 
of <0.05 was considered as statistically significant. 
 
RESULTS 
The descriptive data is shown in Table 1 i.e the 
range, mean, calculated range (mean + 3 S. D.) 
and the demarking points (D P) of various para-
meters of the sacra and the percentage of bones in 
which sex could be identified. It is true that deal-
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ing with normal distributions which is the case in 
most biological variables, the upper and lower lim-
its can be calculated on the basis of standard devi-
ation.11 The mean value + 3 S.D. will give the range 
that covers 99.75% of the area of zone. 
 While studying the mean values of all parame-
ters of sacra, it was observed that all were higher 
in males than in females. Among the indices, nam-
ely sacral and curvature indices were higher in the 
females. The mean value of Alar index and that of 
body of S1 falls in the same range for both male 
and female. 
 Analysis of the differences in the mean values 
of males and females were also undertaken and 
studied statistically, their significance is also sho-
wn in Table 1 and 2. Among the males, the mean of 
the auricular index is more than in the females and 
the difference is statistically highly significant (‘p’ 
value < 0.05). Statistically the differences in the 
mean values of males and females were analysed 
and their significance is recorded in Table 1. The 
mean length of male sacra of Agra region is the 
same as that observed in the data of Pakistani pop-
ulation. The length of female sacra also gives the 
same value. 
 The mean width of the male sacra of Agra 
region is less as compared to the Pakistani data, 
whereas the female sacra show the same value as 
that of the Agra population. The mean mid-ventral 
curved length is higher in males as compared to 
the females and these values are close to that reco-
rded in the Agra region. The mean values of trans-
verse diameter of S1 of males are higher than in 
females, this supports the general rule i.e. larger in 
males. The Pakistani population shows higher val-
ues in females as compared to the Agra region po-
pulation data. Anteroposterior Diameter of males 
and females sacra of Pakistani population falls 
within the same range. This is also close to the val-
ues of Agra region population. Amongst the Pakis-
tani population the length of auricular surface is 
more in the males as compared to the females, but 
the values of Agra region are different. 
 Table 2 gives the readings of the indices. The 
mean sacral index of males falls in dolichoheric 
group, narrow pelvis (101.59), similar observations 
were also recorded.9 The mean sacral index in 
females in these studies on Pakistani population 
does not fall in the plathyhieric group as observed 
in the Agra population data, but it lies in the mesa-
tipellic group, (intermediate state). 
 The mean curvature index of male sacra in the 
present study is higher in the male population th-
an in females. The corporo-basal index of the sacra 
is higher in the male sacra than those in the female. 
These values differ with the values recorded in the 
Agra population. The Alar index hardly showed 

any difference in the male and female sacral data, 
whereas in the data from Agra, the female indices 
showed a higher value than in males. 
 The indices of 1st sacral vertebra recorded a 
higher value in the male sacra, whereas in the Agra 
region the female sacra showed higher indices as 
compared to the male sacra. The Auricular index is 
lower in the male sacra, which is noteworthy and 
shows a significant relation to the length of the 
sacrum, this observation is useful for identification 
of sex of sacra. 
 The values of sacral indices are highly signifi-
cant in the determination of sex of the bone. The 
other values which are useful for the sex determi-
nation is Auricular Index. The mean value of auri-
cular index is lower in males as compared to that 
in the female’s bones. 

 
DISCUSSION 
A lot of emphasis is stressed on the importance of 
sacrum, while teaching sex differences. The gro-
und reality is that very little data is available to test 
the validity of the number of parameters described 
to identify the sex of the sacra.12 It is an important 
bone in the teaching of sex differences. There is a 
certain co-relation between the length of the sac-
rum and its auricular surface. Therefore, the sex 
determination can be statically confirmed after ev-
aluation of these two. In fact, only one parameter 
cannot determine the sex. 
 It is concluded that as far as the sex deter-
mination of sacrum is concerned it is evident from 
the table 1 that the length of sacrum and the sacral 
index are significant and important parameters. 
This is true because 44.47% male bones and 12.5% 
female bones could be identified by using the D. P. 
for the above parameters. It was also noted that no 
single parameter could identify 100% of the bones. 
It can be therefore, concluded that for determi-
nation of sex of sacrum, maximum number of 
parameters should be taken into consideration for 
100% accuracy. 
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