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Abstract: Sacrum is a part of axial skeleton and has long been held as a bone which is highly sexually dimorphic. In the present study 

43 dry human sacra were subjected to anthropometric analysis to study the gender difference. The measurements taken were tabulated 

and analyzed statistically. Sacral index, Curvature index, Corpobasal index and Index of first sacral vertebra were calculated. The 

results of present study were compared with previous studies. The sacral index was found to most useful parameter to establish the 

sexual identity of the bone. The values obtained in the present study can be a useful guideline for sex identification in cases of forensic 

investigations. 
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1. Introduction 
 

The sacrum meaning “sacred/ holy bone” is a part of the 

pelvic girdle, reflecting its sexual dimorphism
1,2

. The sacrum 

is a large, triangular fusion of five vertebrae and forms the 

posterosuperior wall of the pelvic cavity, wedged between 

the two innominate bones
3
. Neuroradiologists study the 

sacrum as a continuation of the spinal axis whereas pediatric 

radiologists evaluate the sacrum as part of the skeletal 

system and cross-sectional abdominal radiologists often 

assess the sacrum as a posterior border of the pelvis
4
. 

Morphometric estimation of sex from the pelvic bones 

becomes particularly important when dealing with 

incomplete or fragmented remains or cases where the 

morphology is ambiguous
5
. In forensic or archaeological 

context estimation of sex is a very important step in the 

identification of any human skeletal remains discovered. 

Taylor stated in his book of medical jurisprudence that the 

accuracy of estimating the sex from skeletal remains 

depends upon number of bones available. He reported 

accuracy of estimating the sex from Skull and Femur is 

97.35%, Coccyx and Sacrum is 97.18 % whereas with the 

Pelvis 95 %, Skull alone 91.38 %, Femur 39.84 %, Atlas 

vertebra 31.18% 
6
.  

 

Davivongs (1963) pointed out that as a general rule male 

bones are more massive and heavier than female bones
7
. The 

female sacra are shorter and wider, providing a wider pelvic 

cavity
3 

.The sacrum has always attracted the attention of the 

medico-legal experts for establishing its sex, because of its 

contribution to pelvic girdle and associated functional sex 

differences. Numerous indices have been reported to 

determine sex of sacra but of it none have proved to 

effectively & singularly differentiate sex. Hence is advised 

to not rely on a single index but use maximum possible 

indices to determine sex of sacrum
8
. Several authors have 

studied sexual dimorphism wherein sacra of known sex were 

selected and the validity of the parameters was verified
8,9

. 

Morphometry in dry human sacrum is better than the 

radiograph because it eliminates measurement limitations of 

conventional radiographs, such as variability in the film–

focus distance, rotation of the spine and parallax effect
10

. 

 

Though sacrum is often considered to be an important bone 

while dealing with sex differences in skeletal material, yet 

there is a dearth of information of metrical data available for 

this bone. The present study was undertaken to find out 

similarities and differences in the metrical values of different 

sacral parameters in males and females and also to highlight 

the best parameter that could be used to study sexual 

dimorphism of sacrum. 

 

2. Material and Methods 
 

In the present study, dry human sacra of known sex, were 

procured from the collection of human bones in the 

Department of Human Structure and Neurobiology, Oman 

Medical College. A total of 43 sacra were studied out of 

which 21 were of male and 22 of female. All the sacra were 

normal, fully mature, devoid of any fractures or damages. 

These sacra were subjected to a series of measurements 

following the procedures laid down in Wilder‟s Manual of 

Anthropometry
11

. A stainless steel sliding Vernier caliper 

with a sensitivity of 0.01 mm, was used for linear 

measurements and flexible steel tape was used for measuring 

curved ventral surface. The measurements were done twice 

at different times by both the authors separately to nullify 

the intra-observer error. 

 

Following measurements were done as shown in Figure 1: 

1) Mid-ventral straight length (AB): Maximum straight 

length was measured along the ventral mid-line, from the 

middle of sacral promontory to the middle of anterior 

margin of the last sacral vertebra (Figure 1a). 

2) Ventral straight breadth (CD): It is the maximum linear 

distance across the ventral surface of first sacral vertebra 

between the margins of lateral wings (Figure 1a). 

3) Mid-ventral curved length (EF): It was measured by 

using the flexible stainless steel tape along the ventral 

surface of sacrum from the midpoint of sacral 

promontory to the midpoint of the anterior margin of the 

last sacral vertebra (Figure 1b). 

4) Transverse diameter of the body of the First sacral 

vertebra [S1] (GH): The maximum width of the body of 

the first sacral vertebra was measured by taking the 
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lateral most point on each side of the superior surface of 

the body of the 1st sacral vertebra (Figure 1C). 

5) Antero-posterior diameter of the body of the First sacral 

vertebra [S1] (IJ): It is the distance between the sacral 

promontory and posterior border of body of first sacral 

vertebra in the midline (Figure 1c). 

6) Transverse diameter of Base (KL): It is the maximum 

transverse width of the superior surface of sacrum, 

comprising the two alae (Figure 1d). 

 

Using the above measurements, three indices were 

calculated using the following formulae: 

1) Sacral Index = Ventral straight breadth X 100/ Mid-

ventral straight length 

2) Curvature Index= Mid-ventral straight length X 100/ 

Mid-ventral curved length 

3) Corporobasal Index = Transverse diameter of body of S1 

X 100/ Transverse diameter of base 

4) Index of body of first sacral (S1) vertebra= Antero-

posterior diameter of body of S1X 100/ Transverse 

diameter of body of S1 

 

All the data was collected, tabulated and subjected to 

statistical analysis. Data was analyzed using SPSS 17.0 

program. The mean, standard deviation, standard error and 

95% confidence intervals of means were calculated for all 

the parameters. Unpaired„t‟ test was used as the test of 

significance to test the difference in means between males 

and females at an alpha of 0.01. The t-value and p-value 

were calculated to know the significance of difference of 

means. 

 

3. Result 
 

For all the studied measurements, the range, mean, standard 

deviation, t-value and p-value are shown in the Table 1. It 

was found that mean values of all measurements were higher 

in males except ventral straight breadth and transverse 

diameter of base. The difference of means for mid-ventral 

straight length, ventral straight breadth, transverse diameter 

of base were found to be extremely significant, while for 

mid-ventral curved length was very significant (P- value = 

0.0019). The differences of means for transverse and antero-

posterior diameters of body of S1 were not statistically 

significant (Table 1). 

 

The indices of sacrum were calculated on the basis of 

measurements and standard deviation, t-value and p-value 

were calculated (Table 2). It was found that for all the 

indices the difference of means is extremely significant 

except index of first sacral vertebra (S 1) which is 

statistically non-significant as shown in the Table 2. 

 

4. Discussion 
 

The various parameters of the sacrum have been studied and 

attempt has been made to become useful to anesthesiologist 

in caudal epidural anesthesia, orthopedic surgeries to do the 

screw fixation surgeries in different cases by knowing the 

anatomical variation in the parameters taken in this study. 

The present study showed that most of the values for 

parameters like sacral index, index of first sacral vertebra, 

ventral straight breadth and transverse diameter of base of 

sacrum were higher in female whereas other parameters like 

mid-ventral straight length, mid-ventral curved length of 

sacrum and diameters of first sacral vertebra were higher in 

male. It was found in this study that both Curvature index 

and Corpobasal index of the sacrum were more in males in 

all the population groups. Hence comparison of parameters 

and indices of sacrum for present study with the studies of 

other authors has been shown in Table 4 and 5 which clearly 

depict the existence of regional and racial difference in the 

parameters and indices of sacrum. 

 

Devivongs (1963) in his study of Australian aboriginal sacra 

has reported comparatively less mean mid-ventral length of 

sacrum than the present study, which indicates there is a 

regional and racial difference in the length of sacrum
7
. 

Comas & Charles (1960) reported a wide sexual dimorphic 

variation of sacra in the Chinese, Negroes and Bushmen
27

. 

Snell reported that sacrum of females is usually wider in 

proportion to its length than that of males
28

. According to 

Frazer (1933), female bone is broader than the male and 

shows a different curve anteriorly; in females, it is marked 

sharply at the lower part but in males, the curve is more or 

less uniform from above downward
29

. Reduced sacral 

curvature, along with posterior angulation of the sacrum, 

serves to enlarge the female pelvic outlet for childbirth. 

Therefore, the posterior angulation of the sacrum might be a 

reliable indicator of sex
30

. The range of the mid-ventral 

curved length of female sacra falls within the male range in 

the present study. Similar findings were seen in the sacra 

studied by Davivongs (1963), Raju et al (1980), Singh et al 

(1988), Mishra et al (2003), Sachdeva et al (2011). The 

sacrum is more curved in men than in women
31

.  

 

In modern Greeks, dimensions of the sacrum, including its 

anterior length, anterior straight breadth and maximum mid 

ventral breadth of first sacral vertebra (S1) were not very 

dimorphic
32

. Hegazy (2013) observed in his study that the 

body of the first sacral vertebra (S1) is a good bone for sex 

assessment
33

. In the present study, the mean transverse 

diameter of body of S1 of male was higher than that of 

females. Also the first sacral vertebra (S1) was shown to be 

sexually dimorphic in all of the investigated dimensions and 

indices but the mean difference between the sexes was 

statistically non-significant. Similar findings reported by 

Flander (1978), Mishra et al (2003) and Poornima et al 

(2012) who demonstrated that the body of S1 is significantly 

wider in males than in females. Başaloğlu et al, in their 

study on dry bones, reported a slight difference (P > 0.05) in 

anteroposterior diameter measurements between males 

(mean: 32mm) and females (mean: 30mm). This small 

difference is consistent with that recorded in the present 

study, males (mean: 30.6mm) and females (mean: 30.5mm) 
34

. Present study showed that index of first sacral vertebra 

was higher in females compared with males whereas Snell 

reported it was lower in females compared with males
28

. 

 

In this study the curvature index was more in males as 

compared to females; similar findings are reported in all the 

population groups shown in table 5. The mean difference in 

the present study was statistically significant. Davivongs 

(1963) stated that the higher values of this index in males are 

indicative of a more pronounced anterior surface of female 

sacrum
7
.  
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Corpobasal index was more in males as compared to the 

females in the present study, which is supported by the 

previous studies compared in table 5. Corpobasal index is 

directly proportional to transverse diameter of body of S1, 

and inversely proportional to the transverse diameter of base 

of sacrum, thus mounting to higher values for the index in 

males of the present study. 

 

Baptist et al (2008) stated that the well-known method for 

determination of male or female type of sacrum has always 

ideally been the Sacral Index method
35

. The present study 

showed that the difference between male and female average 

Sacral Index was extremely statistically significant 

(p<0.001). It has been observed that sacral index in females 

is more than in males among different races (Table 5). 

Sacral index can be used with 95% accuracy in identification 

of sex [40]. Hence sacral index stands as reliable and 

important criteria for sex determination of sacrum. 

 

5. Conclusion 
 

The present study indicates significant sexual dimorphism 

exist in these parameters. These parameters should be taken 

into consideration during surgical procedures. Morphometric 

analysis of Sacrum can be used as supportive findings in 

estimation of sex of fragmented, incomplete or damaged dry 

human skulls. The knowledge of morphometry of sacrum is 

important for Neurosurgeons, Anesthetist, Radiologist, 

Forensic scientist, Paleoanthropologist as well as 

Paleodemographers. Data were available to test the validity 

of the parameters studied to identify the sex of sacra. The 

authors recommend future studies with larger sample size. 
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Figure legend 

 

Figure 1: Showing measurements of various parameters of 

sacrum 

 

1a: Mid-ventral straight length (AB), ventral straight breadth 

(CD). 1b: Mid-ventral curved length (EF), 

1c: Transverse diameter of the body of the First sacral 

vertebra [S1] (GH), Antero-posterior diameter of the body of 

the First sacral vertebra [S1], 1d: Transverse diameter of 

Base (KL) 

 

Table 1: Showing metric data of sacrum for the various parameters of present study 

Parameter Sex Range Mean± S.D S.E. t-value p-value 
95% C.I. of 

difference 

Mid-ventral 

straight 

length (AB) 

M 09.75-10.97 10.27±0.49 0.11 

5.29 
<0.0001 

ES* 
0.57-1.27 

F 07.67-10.23 9.35±0.64 0.14 

Mid-ventral 

curved 

length (EF) 

M 11.10-12.20 11.64±0.40 0.09 

3.32 
0.0019 

VS* 
0.22-0.91 

F 09.70-12.20 11.07±0.67 0.14 

Ventral 

straight 

breadth (CD) 

M 09.04-11.00 9.99±0.73 0.16 

5.42 
<0.0001 

ES* 
1.30-0.59 

F 10.03-11.33 10.95±0.37 0.08 

Transverse 

diameter of 

Base / width 

(KL) 

M 09.95-11.28 10.68±0.55 0.12 

5.48 
<0.0001 

ES* 
1.40-0.65 

F 09.96-12.35 11.71±0.67 0.14 

Transverse 

diameter of 

body of S1 

(GH) 

M 04.85-5.76 5.30±0.33 0.07 

1.91 
0.0632 

NS* 
0.01-0.34 

F 04.71-5.29 5.14±0.22 0.05 

Antero-

posterior 

diameter of 

body of S1 

(IJ) 

M 02.88-3.36 3.06±0.14 0.03 

0.07 
0.9476 

NS* 
0.068-0.073 

F 02.79-3.13 3.05±0.09 0.02 

 *ES= Extremely significant, *VS= Very significant, *NS=Normal significant, M=Male, F= Female 

 

Table 2: Showing gender comparison of various indices of sacrum 

Index Sex Range Mean S.D. t-value p-value 

Sacral Index 
M 83.74-109.73 97.51 8.15 

9.28 
<0.001 

ES* F 110.70-130.77 117.35 5.72 
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Curvature 

Index 

M 82.17-93.19 88.31 3.63 
3.96 

0.0003 

ES* F 79.07-88.82 84.44 2.72 

Corporobasal 

Index 

M 47.50-51.06 49.60 1.44 
9.75 

<0.0001 

ES* F 38.11-47.82 43.93 2.26 

Index of body 

of 1st Sacral 

vertebra 

M 52.08-63.36 57.94 4.38 

1.46 
0.1518 

NS* F 
57.11-66.2 59.63 3.11 

*ES= Extremely significant, *NS=Normal significant, M=Male, F= Female 

 

Table 4: showing comparison of various parameters of sacrum (in centimeters) of present study with other studies 

Authors and 

Years 
Gender 

Mid-ventral 

straight length 

Mid-ventral 

curved length 

Ventral straight 

breadth 

Transverse 

diameter of Base 

Transverse 

diameter of body 

of S1 

Antero-posterior 

diameter of body of 

S1 

Davivongs et al7 

(1963) 

Male 09.65 - - 09.99 04.74 02.98 

Female 08.81 - - 10.12 04.41 02.76 

Raju et al8 

(1980) 

Male 10.50 - - 10.50 04.73 03.3 

Female 09.27 - - 10.30 04.21 02.76 

Mishra et al12 

(2003) 

Male 10.70 08.61 - 10.53 04.91 03.00 

Female 09.05 06.62 - 10.51 04.28 02.92 

shailaja et al6 

(2010) 

Male 11.00 - - 10.42 - - 

Female 09.45 - - 10.60 - - 

Arora et al13 

(2010) 

Male 10.97 - - 10.14 - - 

Female 09.12 - - 11.41 - - 

Sachdeva et al14 

(2011) 

Male 10.41 11.35 10.31 11.18 04.76 03.15 

Female 09.18 10.45 10.17 10.44 04.55 02.85 

Mazumdar et al15 

(2012) 

Male 10.08 10.82 - 09.63 04.16 02.94 

Female 08.73 09.93 - 09.56 03.97 02.79 

Yadav et al16 

(2015) 

Male 10.47 - - 10.20 04.84 02.91 

Female 09.26 - - 10.47 04.07 02.69 

present study 

(2015) 

Male 10.27 11.64 09.99 10.68 05.30 03.06 

Female 09.35 11.07 10.95 11.71 05.14 03.05 

 

Table 5: Showing comparison of genders in the indices of dry human sacrum 

Authors and Years Gender 
Sacral 

index 

Curvature 

index 

Corpobasal 

index 

Body of 1st sacral 

vertebrae index 

Davinvongs7 (1963) 
Male 104.16 92.46 47.72 63.03 

Female 115.49 90.80 43.62 62.84 

Flander17 (1978) 
Male 106.49 - - - 

Female 112.85 - - - 

Raju et al8 (1981) 
Male 100.85 92.77 44.94 64.42 

Female 111.39 88.51 40.96 65.52 

 Jana et al18 (1987) 
Male 91.27 - - - 

Female 103.89 - - - 

Singh et al19 (1988) 
Male 100.85 92.77 44.94 64.42 

Female 113.39 88.51 40.96 65.52 

Mishra et al12 (2003) 
Male 98.21 95.72 46.54 61.73 

Female 117.84 90.72 40.47 68.6 

 Patel et al20 (2005) 
Male 96.25 - - - 

Female 113.25 - - - 

Grays anatomy3 (2008) 
Male 105.00 - - - 

Female 115.00 - - - 

 Shailaja et al6 (2010) 
Male 94.24 - - - 

Female 113.19 - - - 

 Arora et al13 (2010) 
Male 93.69 - - - 

Female 125.35 - - - 

 Sachdeva et al7 (2011) 
Male 100.24 - - - 

Female 111.14 - - - 

 Kothapalli et al21 (2012) 
Male - 

 
 

66.79 

Female - 

 
 

66.75 

Mamatha et al22 (2012) 
Male 115.92 - - - 

Female 125.20 - - - 

Poornima et al23 (2012) 
Male 104.08 - - - 

Female 115.72 - - - 

Mazumdar et al15 (2012) 
Male 94.90 94.00 43.80 71.60 

Female 109.8 87.90 41.70 70.70 

shreekrishna et al24 (2013) Male 99.21 94.72 47.76 64.33 

Paper ID: SUB153228 1309

file:///D:\IJSR%20Website\www.ijsr.net
http://creativecommons.org/licenses/by/4.0/


International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438 

Volume 4 Issue 4, April 2015 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Female 119.94 91.20 40.90 69.40 

 Vasantha and Ravinder25 (2014) 
Male 91.80 - - - 

Female 116.30 - - - 

 Kataria et al26 (2014) 
Male 120.01 - - - 

Female 117.56 - - - 

 Present study (2015) 
Male 97.51 88.31 49.60 57.94 

Female 117.35 84.44 43.93 59.63 
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