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ABSTRACT:

Introduction: Human skeleton shows variable degree of sexual dimorphism, but definitive inference can be 
obtained from only a few bones, sacrum being one of them.  The morphometric differences of the bone will 
be helpful to obstetricians, as it shows special adaptations in females for child bearing. It is also important 
for physical anthropologists and forensic scientists for sex determination. The aim of this study was to find 
out whether sex could be determined by using sacral parameters from X-ray images of pelvis.  Methods: 
The study included antero-posterior X-ray images of pelvis with clearly visible 680 sacra (311 of males 
and 369 of females) obtained by computer generated random numbers from records in the Department of 
Radiodiagnosis of a medical college in Nepal. X-ray images with the sacrum suspected for fractures and 
pathological diseases were excluded. Inbuilt software “CR Konica Minolta Aero DR/CR CS7” was used for 
measurements. Results: The mean sacral length and mean transverse diameter of S1 vertebra were higher 
in males; whereas, mean sacral breadth, mean left ala length, mean right ala length, mean ala length, mean 
sacral index and mean alar index were higher in females. These differences in sacral parameters between the 
two sexes were statistically significant (p<0.05). The percentage of bones identified by demarking points of 
sacral index was 15.17% and 0.32% respectively in the males and the females. Conclusion: The result of 
the present study supported determination of sex of an individual from radiological assessment of sacrum. 
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INTRODUCTION:

	 Determination of sex, age, height and 
ethnic background of an individual contributes to 
identification of the individual. All elements of human 
skeleton show variable degree of sexual dimorphism, 
but definitive inference can be obtained from only a 
few bones, sacrum being one of them.[1] Sacrum is a 
large single triangular irregular bone made up of five 
rudimentary vertebrae. It is the wedge between two 

hip bones and forms the posterior superior wall of 
pelvic cavity. Sacrum also shows special adaptations 
in females for child bearing, thus its morphometric 
features form important obstetric landmarks.[2] 

	 To the best of our knowledge, determination 
of sex from sacrum using radiographs in Nepalese 
population has not been carried out till date. The aim 
of the present study was to study the morphometric 
differences of sacral parameters as determinant of 
sexual dimorphism using antero-posterior X-ray 
images of pelvis. This study will be helpful to 
obstetricians, physical anthropologists and forensic 
scientists.
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METHODS:

	 This was a cross-sectional study conducted 
in June and July 2020 in the Department of 
Radiodiagnosis, Lumbini Medical College and 
Teaching Hospital (LMCTH), Nepal. The ethical 
clearance was obtained from Institutional Review 
Committee (IRC-LMC12-CD/020). 

Sample size was calculated by using the formula,

Sample size 
2
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d
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n
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=

Where,

n= desired sample size

Z= 1.96 (Standard value at 95% confidence interval)

d= 0.05 (Margin of error), α=level of significance

σ = 0.66[3]

Thus, the required sample size was 680.

	 This study included the records of antero-
posterior (AP) X-ray images of pelvis with clearly 
visible 680 (311 of males and 369 of females) sacra 
of Nepalese people. First, all the available X-ray 
images that fulfilled inclusion criteria were identified 
and serial numbers were given; then the sample was 
chosen by computer generated random numbers. 
X-ray images with the sacrum suspected for fractures 
and pathological diseases were excluded. 

	 The radiographs had been taken by 
“Allengers X Ray machine” and further developed 
by CR system- Konica minolta. Inbuilt software 
“CR Konica Minolta Aero DR/CR CS7” was used 
for the measurements. Following measurements (in 
millimeters) were taken as shown in Figure 1.

•	 Length of the sacrum (I to J): This measurement 
was taken from midpoint of sacral promontory 
to anterior inferior margin of the 5th sacral 
vertebra.

•	 Breadth of sacrum (E to H): It was measured by 
taking two points, each at the lateralmost part 
of each ala on anterior aspect of the sacrum. 

•	 Transverse diameter of the body of the 
first sacral vertebra (S1) (F to G): This was 
measured by taking the lateralmost point on 
each side of the superior surface of the body of 
S1 vertebrae.

•	 Length of the right ala (E to F):  This was 

measured from the most right lateral point on 
the superior surface of the body of S1 vertebra 
to the most lateral point of right ala of sacrum.

•	 Length of the left ala (G to H):  This was 
measured from the most left lateral point on 
the superior surface of the body of S1 vertebra 
to the most lateral point of left ala of sacrum.

•	 Mean alar length = (Length of the left ala + 
Length of the right ala)/2 

Figure 1.  Measurement of sacral parameters (I to 
J: Sacral length, E to H: Sacral breadth, F to G: 
Transverse diameter of S1, E to F: Right alar length 
and G to H: Left alar length)

For sex determination, following indices were 
calculated;

•	 Sacral index = (Sacral breadth/Sacral length) 
X 100

•	 Alar index = (Length of ala/Transverse 
diameter of body of S1 vertebra) X 100  

•	 Mean and standard deviations were calculated 
for sacral and alar indices of males and 
females. Using these values ‘calculated range’ 
was derived by the formula ‘Mean ± 3SD’.[4] 
For males, if the calculated range was ‘a to b’ 
and for females, if the calculated range was 
‘x to y’ (the ranges expectedly overlap each 
other partly with averages higher in females), 
then the upper limit of the range for males (b) 
was chosen as the ‘demarking point’ (DP) for 
females. Meaning by, values above ‘b’ would 
be accurately identified as belonging to females 
in cases of uncertainty. Following the same 
logic, the lower limit of the range for females 
(x) would be chosen as the DP for identifying 
males. Hence, the values less than ‘x’ would be 
identified as males.  
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	 Statistical analysis was done by using 
Statistical Package for Social Sciences (SPSSTM) 
version 20. Basic descriptive statistics namely 
standard deviation, mean and range were obtained. 
Independent sample two tail t-test was used for testing 
the significance of the differences in the means of 
the various parameters in males and females. p value 
<0.05 was considered to be statistically significant.

RESULTS:

	 A total of 680 AP pelvic X-ray images were 
measured. Among them 311 X-ray images were of 
males and 369 were of females. Observed values of 
studied parameters are shown in Table 1. 

	 The mean sacral length and mean transverse 
diameter of S1 vertebra were greater in males (108.04 
± 12.19 mm and 37.94 ± 4.4 mm respectively), when 

compared with females (94.66 ± 11.87 mm and 
36.79 ± 6.623 mm respectively).  Whereas, mean 
sacral breadth, mean left alar length, mean right alar 
length and mean alar length were higher in females 
when compared with males. The differences were 
statistically significant (p<0.05).

	 The mean sacral index, mean left ala index, 
mean right ala index and mean ala index were found 
to be greater in females as shown in Table 2.  DP of 
sacral index for males was 70.26 and for females it 
was 131.13. The present study found that the number 
of bones identified by DP in males and females 
were 1 (0.32%) and 56 (15.17%) respectively. 
Similarly, DP of alar index for males was 49.51 and 
for females it was 134.45. The present study found 
that the number of bones identified by using DP of 
alar index in males and females were 0 and 9 (2.4%) 
respectively. 

Table 1: Comparison of male and female sacral parameters.

Parameters Sex Range 
(mm)

Mean 
(mm)

SD Statistics

Sacral length Male 75-143 108.04 12.19 t (678) = 14.460, p<0.001
Female 62-135 94.66 11.87

Sacral breadth Male 76-131 102.71 12.38 t (678) = -7.788, p<0.001
Female 75-139 110.29 12.86

Transverse diameter of S1 Male 27-59 37.94 4.41 t (678) = 2.710, p =0.007
Female 22-67 36.79 6.623

Left alar length Male 26-50 36.34 4.90 t (678) = -2.667, p=0.008
Female 22-57 37.31 4.52

Right alar length Male 20-50 32.66 6.49 t (678) = -2.268, p=0.024
Female 20-54 33.78 6.30

Mean alar length Male 26.0-48.5 34.50 4.53 t (678) = -3.155, p=0.002
Female 23.5-46.0 35.53 4.06

Table 2: Calculation of demarking points of sacral and alar indices. 

Parameters Sex Range Mean 3SD Mean ±3 SD Demarking 
point

Number of bones 
identified by DP 
value (%)

Sacral 
index

Male 66.40-147.50 95.67 35.46 60.20-131.13 <70.26 1 (0.32)
Female 75.70-189.55 117.63 47.37 70.26-165 >131.13 56 (15.17)

Right alar 
index

Male 42.86-142.86 87.05 57.45 29.6-144.5 <34.39 0
Female 35.71-154.55 93.22 58.83 34.39-152.05 >144.5 7 (1.89)

Left alar 
index

Male 56.52-141.94 96.59 43.11 53.48-139.7 <46.99 0
Female 33.67-166.67 103.48 56.49 46.99-159.97 >139.7 15 (4.07)

Mean alar 
index

Male 57.14-137.10 91.82 42.63 49.19-134.45 <49.51 0
Female 34.69-151.92 98.35 48.84 49.51-147.19 >134.45 9 (2.4)
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DISCUSSION:

	 The morphometric differences of sacrum are 
found to be an important parameter for determination 
of sex, thus useful in forensic and archaeological 
settings.[4]

	 In the present study, mean sacral lengths of 
males and females were respectively (108.04 ± 12.19 
mm) and (94.66 ± 11.87 mm) and sacral breadth in 
male and female were respectively (102.71 ± 12.38 
mm) and (110.29 ± 12.86 mm) which were higher 
than those found in the study conducted by Yadav 
N et al.[5] Their observations of male and female 
sacral lengths were 104.73 ± 5.94 mm and 92.64 
± 6.10 mm respectively. Similarly, sacral breadth 
in males and females were 102.93 ± 4.83 mm and 
104.77 ± 6.48 mm respectively. Their finding of 
demarking point of sacral index for males was<96.4 
and for females >112.51 whereas the present study 
established <70.26 and >131.13 in males and females 
respectively. This shows that mean sacral breadth 
and mean sacral length in Nepalese population were 
comparatively higher than those in Maharastrian 
population, whereas sacral index was lower in 
Nepalese population.[5]

	 The present study showed the mean sacral 
indices to be 96.67 ± 11.82 and 117.63 ± 15.79 
respectively in males and females. The calculated 
mean male sacral index was almost similar to the 
study done by Ravichandran et al., whereas mean 
sacral index of females was greater in the present 
study.[6]

	 The present study observed that the mean 
sacral breadth was higher in females than that in the 
males but the mean sacral length was higher in males. 
This result was similar to the studies conducted by 
Arora et al., and Dubey et al.,[4, 7] but the study 
done by Janipati et al.,[1]  reported that both mean 
sacral length and mean sacral breadth were higher in 
females than in males. Similarly, the study conducted 
by Masih et al., found that of both mean sacral length 
and breadth were higher in males.[8]

	 In the present study, the percentage of bones 
identified by demarking point of sacral index was 
15.17% and 0.32% respectively in males and females 
whereas the study conducted by Joshi et al. found it 
to be 12.5% in males and 18.84% in females.[9]

	 The present study calculated mean right 
alar index and mean left alar index in the males as 

87.05 ± 19.15 and 96.59 ± 14.37 respectively and in 
females those values were 93.22 ± 19.16 and 103.48 
± 18.83 respectively. All these results were higher 
than the study conducted by Patel et al.[10]

	 Our results showed that mean ala length was 
greater in females (35.54 ± 4.06 mm) than males 
(34.50 ± 4.53 mm) which was similar to the study 
performed by Kamal et al.[11]

	 The differences in result of present study 
compared with other studies may be due to the racial 
and environmental factors. Further, the present study 
was conducted in X-ray images while other studies 
were performed in dry bones.

	 There are certain limitations of this study. 
It was conducted in one of the medical colleges of 
Nepal in a small population. The result obtained from 
this study might not represent whole population of 
Nepal. Further studies have to be carried out to find 
number of bones identified by demarking point for 
the Nepalese population with larger sample size.

CONCLUSION:

	 The sacral and alar indices were found to be 
greater in females. Demarking points of sacral index 
for the males and the females have been obtained 
in the Nepalese context and can be helpful in sex 
determination.  
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