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ABSTRACT: 

Background: There are plentiful evidences that standards of skeletal identification vary among different populations and these 

standards need to be revised frequently. The present study was an attempt to set standards of sex discrimination i.e. demarcating points 

in the population of Marathwada region of India. 

Material & Methods:  For this purpose, total of 368 femora of known sex were studied. 13 different dimensions like weight, length 

dimensions, mid shaft dimensions, head- neck dimensions and angles were measured. The demarcating points for sex discrimination 

were calculated and percentage of correctly sex femora using these points was calculated for each parameter. Weight and midshaft 

dimensions were the best while head-neck dimensions and angles were the least useful for sex discrimination.  

Observation & Results: Present study has given the standards for the sex discrimination from femora which are obtained from 

Marathwada region and in future these standards can be used as a reference for the sex discrimination from this region. 

 Keywords: sex discrimination, demarcating point, femora, angle of torsion.  

……………………………………………………………………………………………………………………………………………….

INTRODUCTION: 

         Violent crimes are on the rise worldwide and India is no 

exception. Each year hundreds of unidentified bones or its 

remains are retrieved in a condition of decomposition. In 

these situations, the expertise of anatomist is often utilized to 

develop the identification profile like age, ancestry, stature 

and sex of deceased. To predict the sex accurately, skull and 

pelvis are the highly reliable skeletal elements. [1, 2]  Even 

though, femur has received a special attention by researchers 

for the usage of femur in sex determination. The reason not 

only being the ease of defining measurements but also it is the 

most robust bone in human skeleton and therefore it is most 

likely to resist insult and decomposition. 

There are plentiful evidences that standards of skeletal 

identification vary among different populations, race groups 

and even with the geographical regions. [3, 4] The same 

standards cannot be used for other populations. India is a vast 

country with a number of different populations but only a few 

studies pertaining to femur are available from this part of 

world. Therefore, in the present study the femur was studied 

for setting the standards of sex determination in the population of 

Marathwada region of Maharashtra, India. 

MATERIAL AND METHODS: 

          The present study was conducted on 368 adult human 

femora of known sex available in Bone bank of a Government 

medical college, Aurangabad. Out of 368 femora, 189 were male 

and 179 were female. All the femora were dry and only left 

sided. All the femora were free of damage or deformity and fully 

ossified indicating adult bones. Femora with pathological 

changes i.e. cortical bone deterioration, extreme osteophytic 

activity, diffuse osteoarthritis and fracture etc were excluded 

from the study. Age of the bone was above the age of epiphyseal 

fusion. 

             Following 11 measurements were taken from each femur. 

The method for the measurements was as described by Bhasin 

MK and Singh IP in 1968. [5] 

1. Weight of femur 

2. Maximum length of femur 

3. Physiological length of femur 

4. Length of shaft of femur 

5. Vertical diameter of head 
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6. Transverse diameter of head 

7. Circumference of head 

8.  Minimum anteroposterior thickness of neck 

9. Anteroposterior diameter of midshaft 

10. Transverse diameter of midshaft 

11. Circumference of midshaft 

          Also two more angles, neck-shaft angle and angle of torsion 

were also measured. The methods used for measurement of these 

angles were as described by Anderson JY and Erik T in 1998 [6] 

and Jain AK et al in 2005 [7] respectively.  

Statistical analysis: All the measurements were tabulated and 

mean, standard deviation and range were obtained. Demarkating 

points were calculated as described by Jit and Sahni (1983) [8] 

and Igbigbi and Msamati in 2000 [9]. The demarkating points 

(DP) are defined by the mean of Femoral variable of the opposite 

sex plus (male) or minus (female) 3 times its standard deviation. 

That means, demarkating point of a variable for male femur is 

equal to (mean + 3 X SD) of the same variable for female femur. 

And demarcating point of a variable for female femur is equal to 

(mean - 3 x SD) of the same variable for male femur. And 

subsequently Student’s t- test was applied to each of these 12 

parameters. 

RESULTS: 

      Table I shows the range, mean and standard deviation of 

various parameters of male and female femora. It also depicts the 

result of t-test. Table II depicts the Demarkating points of sex 

discrimination for each parameter and percentage of femora sexed 

correctly using the same. 

        All the parameters except neck shaft angle were significantly 

higher in male femora as compared to female femora. Though, 

neck shaft angle was higher in females but the difference was 

statistically non significant. [Table I] 

          Among the 13 parameters analyzed statistically, the best 

sex discriminator parameter was weight. Next best discriminator 

parameters in the order were transverse diameter of midshaft, 

Antero-posterior diameter of midshaft, circumference of midshaft, 

maximum length of femur and physiological length. Other 

diameters like vertical diameter of head, transverse diameter of 

head, circumference of head and minimum antero-posterior 

thickness of neck were showed less percent discrimination of 

femora. [Table II] 

       Angles, neck shaft angle and angle of torsion could not 

discriminate the sex of femur. [Table II]   

DISCUSSION:  

         In the present study, weight of femora was higher in 

males than female femora. The probable explanation is that 

males are having more muscle mass and bulky body. To carry 

heavy body weight femur bone of males are heavier. Also it 

was the best parameter for sex discrimination. Previous studies 

done by Singh SP and Singh S 1974 [10], Leelavathy N et al 

2000 [11], Soni G et al 2010 [12] and Gupta P et al 2010 [13] 

showed the similar finding as the present work. Singh SP 1974 

[10] calculated demarcating point of weight for femora from 

Varanasi region as 456.6 g and 177.9 g, male femora and 

female femora respectively. While in present study conducted 

in Marathwada region of Maharashtra the demarcating points 

obtained were less than Varanasi study (347.93 and 164.44 g 

respectively). This suggests that standards of skeletal 

identification vary among different geographical population. 

The weight of bones might have been affected by diet, climate 

and other geographical factors. 

           In the present study, midshaft dimensions like 

transverse diameter of midshaft, anteroposterior diameter of 

midshaft, circumference of midshaft were significantly higher 

in males and were good discriminator of sex. In the midshaft 

region of femur several muscle are inserted. Males generally 

use their muscles more heavily resulting in greater pull at the 

insertions. Therefore the midshaft dimensions were found to 

be more in males as compared to females. This study finding 

was supported by Dittrick J and Suchey JM 1986 [14] and 

Ozer I and Katayama K 2006 [15] in Central California and 

Japanese populations respectively. 

        Maximum length and physiological length of femora both 

these parameters were next best sex discriminatory parameters 

after midshaft dimensions. While femoral head and neck 

dimensions even though were greater in males but showed less 

discriminatory power. Less muscular attachments and strain in 

this region probably is the reason for this finding.  
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         In the present study, two angles measured, neck shaft 

angle and angle of torsion of femora, both were least useful for 

discrimination of sex. Previously study conducted on Nigerian 

population by Nwoha PU in 19991 [16] used neck shaft angle 

for sex discrimination but none of the studies have used angle of 

torsion as sex discriminatory tool.  

CONCLUSION: 

Thus present study concludes that demarcating point 

method is easy and useful method for sex discrimination of 

femora. Using this method, weight of the femur is the single 

best parameter for sexing purpose. Next in the order are the 

midshaft dimensions, length dimensions and head neck 

dimensions. Neck shaft angle and angle of torsion were least 

useful parameters for sexing femora.  

Findings of the present study may be useful in medico 

legal cases for estimation of sex from available fragmentary 

femora. This study concludes that there exist geographical 

population specific differences in the osteometric measurements 

of femur.  

Present study has given the standards for the sex 

discrimination from femora which are obtained from 

Marathwada region and in future these standards can be used as 

a reference for the sex discrimination from this region. 
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TABLE I: showing range, mean, standard deviations of various femoral measurements of male and female femora 

and results of t-test. 

Measurement MALE FEMALE P value 

Range Mean ± SD Range Mean ± SD 

Weight (kg) 185 – 403 300.6 ± 45.4 135 – 335 203.8 ± 48 < 0.0001** 

ML (cm) 392 – 493 443.6 ± 22.6 366 – 471 398.6 ± 26.6 < 0.0001** 

PL (cm) 390 – 490 440.3 ± 21.1 364 – 467 396.4 ± 26.1 < 0.0001** 

LS (cm) 315 – 400 356.7 ± 17.5 296 – 378 320.5 ± 21.8 < 0.0001** 

VDH (cm) 39 – 48 43.61 ± 1.9 33 – 46 38.7 ± 3.4 < 0.0001** 

TDH (cm) 37 – 48 43.5 ± 2.1 34 – 46  38.3 ± 3.2 < 0.0001** 

CH (cm) 130 – 155 139.9 ± 5.7 110 – 158 123.2 ± 10 < 0.0001** 

MAPTN (cm) 20 – 31 24.18 ± 2.3 17 – 28 21.1 ± 2 < 0.0001** 

APDMS (cm) 21 -32 26.54 ± 2.3 18 -30 23.1 ± 2.1  < 0.0001** 

TDMS (cm) 23 – 31 25.9 ± 1.7 20 – 28 23 ± 1.7 < 0.0001** 

CMS (cm) 74 – 101 84.2 ± 4.6 66 – 90 74.7 ± 4.9 < 0.0001** 

NSA (degree) 114 – 140 125.2 ± 6.2 112 – 138 126.2 ± 2 =  0.5547 NS 

AT (degree) 10 – 19 13.9 ± 2.7 9 – 19 12.1 ± 2.8 < 0.0001** 

TABLE II: showing the demarcating points for male and female femora and percentages of femora sexed correctly 

using the demarcating points. 

Measurement MALE FEMALE 

Demarcating 

point 

% of femora sexed 

correctly by DP 

Demarcating 

point 

% of femora sexed 

correctly by DP 

Weight (kg) 347.93 64.25% (115/179) 164.44 60.32% (114/189) 

ML (cm) 478.45 31.28% (056/179) 375.85 26.63% (056/189) 

PL (cm) 474.76 27.37% (049/179) 376.98 21.64% (040/189) 

LS (cm) 385.92 8.38% (015/179) 304.32 7.41% (014/189) 

VDH (cm) 48.86 0% (0/179) 37.66 10.58% (020/189) 

TDH (cm) 47.91 7.82% (014/179) 37.18 12.17% (023/189) 

CH (cm) 153.30 7.82% (014/179) 122.75 25.93% (049/189) 

MAPTN (cm) 27.22 3.91% (07/179) 17.22 0% (0/189) 

APDMS (cm) 29.28 51.19% (097/179) 19.80 48.15% (091/189) 

TDMS (cm) 28.02 53.63% (096/179) 20.76 47.82% (090/189) 

CMS (cm) 89.59 48.60% (087/179) 70.31 43.37% (082/189) 

NSA (degree) 144.61 0% (0/179) 106.52 0% (0/189) 

AT (degree) 20.40 0% (0/179) 5.84 0% (0/189) 


