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Abstract

Various parameters and indices are available based on which the sex can be determined using
sacrum. These parameters and indices vary region wise also. Therefore we undertook the study in
Madhya Pradesh region. Total 126 dry human adult sacra of known sex (76 male & 50 female) were
obtained from various Medical Colleges of Madhya Pradesh. Maximum length and maximum width of
sacrum were studied. Sacral index (Sl) arrived from the measured parameters. Demarking Point
(DP) helps in sexing the sacrum with certainty. Maximum length of sacrum is found statistically significant
(p-<0.0001, t=8.67), DP for maximum length for male sacrum is >124.40 mm and for female is <81.92
mm. Maximum width of sacrum is found statistically not significant (p=0.99, t=0.018). The SI is found
statistically significant (p- <0.0001, t=9.63) for sexing the sacrum in the present study. DP of S| for male is
<84.20 and for female is > 123.06 and 6.57% male and 12% female sacra fall beyond DP.
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Introduction: He subsequently made an estimate to

Establishing the Identity of human reduce the above figures by 5-10% depending
remains is one of the most important aspect in upon completeness of the material to be sexed.
which a Forensic Medicine expert has to give his Both the above authors have worked on
opinion for an unknown and mutilated dead the sexing of the bones using the various
body. Especially when an unknown skeleton is statistical analysis. However identification of sex
been supplied for its opinion regarding the using observations on multiple bones using
identification, sacral bone carries much of the different parameter is recommended than using
importance for sex determination. a single bone. [1-3]

The exact establishment of identity of The geometry of sacra (length and
sex in archaeological and medico legal samples breadth) also varies among different populations
of bone depends on the number of bones sent leading to variations in average sacral index (Sl)
for examination. It was observed by Taylor in his among different population. [4, 5]
book of Medical jurisprudence, that: Calculation of Demarcating Point (DP)

a Skull + Femur 97.35% for the parameters used in sex identification
b Coceyx + sacrum 97.18% increases the accuracy by 100% [6] and DP was
c Pelvis alone 95.00% calculated for each and every population to get
d Skull alone 91.38% accurate results in the process of identifying the
e Femur alone 39.84% sex. [7]
f Atlas vertebra 31.18% .

Krogman gave the opinion that the Materials and Methods:
accuracy of sex identification based on the study In present study 126 sacra of known
of complete skeleton was 100% and skull with sexes (76 male and 50 female sacra) were
pelvis 98%, pelvis alone 95%, skull alone 90% collected from Sri Aurobindo Medical College,
and long bones alone 80%. Indore M.P, MGM Medical College, Indore, M.P,
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manner described below:
a. Maximum length of Sacrum (Wilders mid-
ventral Straight length):

It was measured along the mid-line
of sacrum with the Vernier calliper from
middle of antero-superior margin  of
promontory to middle of antero-inferior
margin of the last sacral vertebra. (Fig. 1)

b. Maximum breadth of sacrum:

It was measured with the Vernier
calliper by taking two points at the upper
part of auricular surface anteriorly (or lateral
most part of ala of sacrum), thus maximum
breadth was measured on anterior aspect of
sacrum. (Fig. 2)

By using the above measurements, the
sacral index was calculated:
Sacral index: Widthx100/Straight Length

The Demarking Points [D.P.] suggested
by Jit and Singh [6] were used for identification
of sex of sacrum with 100% accuracy.

For identification of male sacrum, the
D.P. of a particular measurement was more than
3 S.D of the female mean value. Similarly, for
identification of female sacrum, the D.P. of the
same measurement was less than 3 S.D. of the
male mean value.

Demarking Point and Calculated Range:

Mean and standard deviation were
calculated for the ranges of each parameter of
both the sexes. Using these values calculated
range was arrived at by the formula ‘Mean +/-
38D’.

Generally parameters are higher in
males in comparison to females, in such
parameters, for a given male, calculated range
of ‘ato b’ and female calculated x to y'.

Values of ‘@’ (min. in male range) and ‘y
‘(max. in female range) were chosen as
‘demarking points’. But parameters which are

less in males in comparison to females, in such
parameters, for a given male, calculated range
of ‘a to b’ and female calculated x to y’. Values
of ‘a’ (max. in male range) and ‘y ‘(min. in female
range) were chosen as ‘demarking points’.

Fig. 1: Maximum length of Sacrum is being
measured
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Fig. 2: Maximum Width of Sacrum is being
measured

Result:
In this study the Mean value, Calculated

range, ‘P’ value for statistical significance,
Demarking point and % of bones identified with
the help of demarking point for maximum length,
maximum width and Sacral index (SI) for both
the sex was analyzedand tabulated. (Table 1)

Maximum length of sacrum is found
statistically  significant  (p-<0.0001, t=8.67),
demarking point for maximum length for male
sacrum is >124.40 mm and for female is <81.92
mm. Maximum width of sacrum is found
statistically not significant (p=0.99, t=0.018).

The Sacral Index is found statistically
significant (p- <0.0001, t=9.63) for sexing the
sacrum in the present study. Demarking point for
sacral index for male is <84.20 mm and for
female is >123.06 mm. Maximum samples for
maximum length of sacra of male fall in the
range of 100-110 and 110-120 i.e. 31 and 30
respectively and samples of female fall in the
range of 90- 100 i.e. 19 sacrum. (Fig. 3)

Our study showed that the maximum
samples for maximum width of male and female
sacra fall in the range of 100-110 i.e. 48 and 19
respectively. (Fig.4) while the maximum samples
for sacral index of male sacra fall in the range of
90-100 i.e. 31 and samples of female fall in the
range of 100-110 i.e. 19 sacrum. (Fig. 5)
Discussion:

In present study average value for
sacral index in males was 97.61 and that for
females was 113.40. Mean value of female was
significantly higher than male. 6.57% male and
12% female bones fall beyond Demarking Point.
Difference between male and female mean was
statistically highly significant.

The mean value of Sacral index for male
sacra (97.61) in this study was higher than that
of Kolkata region (94.9) studied by Mazumdar et
al [11], Amritsar region (93.69) studied by Arora
et al [9], Gulbarga region (94.24) studied by
Math Sailaja C [8], Dhapate SS (94.58) [13],
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Singh et al (94.32) [7], Jana et al [14] (91.27)
and Bagde (94.75). [15]

It was lesser than that of Amritsar region
(100.24) studied by Sachdeva K et al [10],
Shreekrishna HK et al [12], Tamilnadu (99.21),
Varanasi region (100.85) studied by Raju et al
[19], Flander white (106.49) Black (106.17) [17],
Davivongs (104.16) [4], Charnalia (105.1) [16],
Grays Anatomy (105.1) [20] and it was very
close to that of Patel et al [1] Jamnagar (96.25),
Agra region (98.21) studied by Mishra et al. [2]

The mean value of Sacral index for
female sacra (113.40) in present study was
higher than that of Kolkata region (109.8)
studied by Mazumdar et al [11], Amritsar region
(111.74) studied by Sachdeva K et al, Dhapate
SS (104.27) [13], Singh et al (104.81) [7], Jana
et al (103.89) [14], Varanasi region (111.39)
studied by Raju et al [19] and Flander white
(108.69). [17]

It was lesser than that of Shreekrishna
HK et al [12] in Tamilnadu (119.94), Amritsar
region (125.35) studied by Arora et al [9], Agra
region (117.84) studied by Mishra et al [2] and
Davivongs (115.49) [4] and it was very close to
Gulbarga region (113.19) studied by Math
Sailaja C [8], Patel et al [1] Jamnagar (113.25),
Bagde(112.05) [15], Flander Black (112.35) [17]
and Charnalia (112). [16] All studies including
present study found sacral index for sex
determination statistically significant except
Flander [17] study for Black population.
Conclusion:

Since sacrum is a component of pelvic
girdle with functional differences between the
two sexes, it itself becomes important for
identification of sex in the human skeletal
system. Sacral index (Sl) is the best parameter
for identification of sex. Maximum length of
sacrum is found statistically significant.

Maximum width of sacrum is found
statistically not significant. The Sacral Index is
found statistically significant for sexing the
sacrum in the present study. However, not a
single parameter could identify sex in 100% of
the bones. Hence, it can be concluded that sex
determination of the sacrum with 100% accuracy
is possible only when maximum number of
parameters are taken into consideration.

Continuance of such studies in a
defined geographic area over a period of time
will  definitely help in establishing the
anthropometric standards. Such studies will also
be useful to observe the changing trends if any,
in the metric measurements which is influenced
by environmental, socioeconomic factors,
physical stress and genetic factors.

——
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Fig. 3: Maximum Length of Sacrum (wilders
mid — ventral straight length) in mm
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Fig. 4: Maximum Breadth of Sacrum in mm Fig. 5: Sacral Index
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Table 1
Various Parameters of Sacrum and their Statistical Analysis
S. Parameters Sex Range Mean | S.D. | t'value | p'value | Calculated range | D.P. % of  bone
N. Meant S.D. identified by D.P.
1 Length of sacrum | M(76) | 94.54-145.95 | 109-47 | 9.18 | 8.67 <0.0001 | 81.92-137.02 >124.4 5/76 6.57%
(mm) F(50) | 68.84-118.18 | 9446 | 9.98 64.52 - 124.4 <81.92 4/50 8%
2 | Width of sacrum | M(76) | 88.0-125.02 | 106.42 | 6.64 | 0.018 | 0.99 86.49 - 126.36 <81.64 0/76 0%
(mm) F(50) | 885-12866 | 106.45 | 8.27 81.64 -131.26 >126.36 [ 1/50 2%
3 | Sacralindex M(76) | 72.02-112.71 | 9761 | 8.48 | 9.63 <0.0001 | 72.16 - 123.06 <84.20 5/76 6.57%
F(50) | 93.01-139.34 | 1134 [ 9.73 84.20 - 142.60 >123.06 | 6/50 12%
Table 2

Comparative Number & Percentage of Bones in which Sex could be Identified using Demarking
Points as the Parameter

S.N. | Parameters Sex Present Mishra et | Rajuetal | Arora et | Pateletal | Shreekrishna | Mazumdar | Shailja
study al al etal etal etal
1 Length of Sacrum | M 6.57 71.60 42.40 60 - - 7.90 14.43
F 8 23.08 - 0 - - - 15.39
2 Width of Sacrum M 0 0 9.10 0 - - 0 0.57
F 2 0 - 0 - - - 0
3 Sacral index M 6.57 39.20 0 45 62. 50 56 9.40 0
F 12 80 0 40 68.75 78 44.70 0
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