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ABSTRACT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

INTRODUCTION 
 

The determination of sex from the skeletal remains, 

especially from isolated long bones or its fragments 

is of paramount importance to the forensic 

experts.[1] But if the entire skeleton is available then 

the task of determination of sex for identification of 

an individual becomes easier, otherwise it is a great 

challenge for the Anthropologists as well as the 

forensic investigators.[2] Apart from the skull and 

pelvis having the highest reliability, the femur 

which is a long and stout bone is a better parameter 

as it takes more time to decay.  

According to Noble P C, in total Hip Arthroplasty, 

it is mandatory that the design, align and 

dimensions of femoral component should match the 

anatomy of the proximal femur.[3] If the implant   is  

 

 

 

 

 

 

               

not in proper alignment then dislocation and 

implant fractures are encountered.[4] According to 

Krogman (1962),[5] when a whole skeleton was 

taken into account the accuracy of determination of 

sex was found to be 100%, and it was upto 98% 

when both skull and pelvis were taken, 95% with 

pelvis alone, 90% with only skull and finally was 

upto 80% with the long bones. However even when 

the skull and pelvis are found to have the highest 

reliability, the femur which is a long and stout bone 

is a better parameter as it takes more time to 

decay.[6] 

Sexual dimorphism of the femur has been studied  

in different population groups and with diversifying 

results.[7] Due to its strength and robustness it 

resists the normal wear and tear of environmental 

conditions and also damage due to animals.[8] Now 

it is seen that even though sexual dimorphism can 

be determined by morphological methods such as 

the visual inspection of the bones but metrical 

methods are much better as the non symetrical 

methods   depend largely on the experience of the 

expert observer. So metrical methods which are 
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simple are used as they do not allow any individual 

variation and are entirely objective in nature.[9]  

The present work was an attempt to establish 

certain very relevant parameters suitable for the 

population in eastern Odisha, in order to determine 

and differentiate   the sex of an individual, which 

will be of utmost help to the medicolegal and 

anthropological experts. Various dimensions of the 

femoral head in both sexes will not only help the 

anatomists and forensic experts in determination of 

the sex of  the femora but will also be of immense 

importance in prosthesis of femoral head which 

may be used by the orthopaedic surgeons in 

femoral head replacement surgery. 

 

Aims & objectives: 

1. To study the sexual differences between male 

and female femora. 

2. To study the accuracy of various parameters and 

measurements in identifying the sex of the 

femur. 
 

MATERIALS AND METHODS 
 

A cross sectional study was conducted in 

Department of Anatomy, S.C.B. Medical College, 

Cuttack,  during the year 2019-20. The material 

used for the study contained 100 human femora of 

unknown sex obtained from Anatomy Department 

of S.C.B. Medical College, Cuttack, Odisha. The 

instruments used are metal sliding caliper and 

osteometric board which was used to measure the 

maximum length of femur and anterioposterior 

diameter of upper, middle and lower shaft of femur 

were measured. 

Vertical diameter of head (VDH);  

Straight length between the highest and deepest 

points of the head, for this sliding caliper is used.  

Maximum Length (ML): Highest distance 

between the highest point of the head and the 

deepest point on the lateral medial condyle. 

Proximal Length (PB): Distance from most 

medially placed point on the head to the most 

laterally placed point on great trochanter. 

Transverse diameter of head (TDH) 

Straight distance between the most laterally 

projected points on the equatorial plane taken at 

right angle to the vertical diameter, sliding calliper 

is used for this measurement.  

 

Epicondylar breadth (EB) 

Distance between the most projected points on the 

epicondyles (lateral and medial), for this 

Osteometric board is used.  

Anteroposterior diameter of lateral condyle 

(APDLC): Projected distance between the most 

posterior point on the lateral condyle and the lateral 

lip of the patellar surface taken perpendicular to the 

axis of the shaft. 

Antero-posterior diameter of medial condyle 

(APDMC): Projected distance between the 

posterior point on the medial condyle and the 

medial lip of the patellar surface taken 

perpendicular to the axis of the shaft. 

Neck shaft angle:  

Angle made by axis of shaft with the axis of the 

upper anterior column. Axis of column is 

determined by means of a thread which divides the 

anterior surface of the column in two equal halves. 

Axis of the shaft is determined by a thread which 

extends in the mid sagittal plane over the anterior 

surface of the bone from the upper end of the 

oblique line of the condyle. 

ML, PB, APDLC, APDMC were measured using 

osteometric board and also by using digital sliding 

calipers the parameters are used. 

Statistical analysis:  
The data was entered in SPSS 21 and analysed with 

appropriate statistical tests. 

 

RESULTS 
 

Table 1:  Sexwise Different Parameters of Femora. 

Different 

Variables of 

Femur (in mm) 

Male 

(N=65) 

Female 

(N=35) 

P 

value 

Maximum Length 413.23±14.18 399.15±11.14 P< 

0.001 Proximal breadth 76.19±2.18 72.14±3.41 

Vertical Diameter 
of neck 

28.15±4.15 24.14±3.11 

Epicondylar 

Breadth 

72.16±6.17 70.12±3.14 

Vertical diameter of 
Head 

29.31±2.17 27.15±1.24 

Transverse 

Diameter of head 

35.18±2.45 32.26±2.23 

Anteroposterior 
diameter of Lateral 

Condyle (APDLC) 

57.41±4.45 53.91±4.01 

Anteroposterior 
diameter of Medial 

Condyle (APDMC) 

55.31±3.61 51.14±2.18 

Table 2: Multivariate discriminant function and sectioning points analysis for Different parameters of femur 

Variable Unstandardised 

coefficients 

Discriminant 

function Coefficient 

Centroids in 

Male Gp 

Centroids in 

Female Gp  

% identified 

Maximum length 0.086 12.231 0.432 0.478 90 

APDMC 0.213 10.956 79 

APDLC 0.204 11.432 89 

EB 0.289 12.432 85 

VDN 0.101 10.713 82 

TDH 0.206 13.243 83 

VDH 0.06 11.145 8485 

PB 0.013 14.541  
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DISCUSSION 
 

[Table 1] Shows that the variables in femora was 

less in females than in males. Sex determination 

was done using various indices and different 

measurements. Maximum length (ML),Proximal 

Breadth (PB), Transverse Diameter of Head 

(TDH), Vertical Diameter of Head (VDH), 

APDMC, APDLC  were reported to be more in 

males in comparison to females and this was found 

to be statistically significant. 

Mean Value of maximum length in males was 

higher than that of females, it is also noted that 

from the t-Value and p-Values the difference in 

mean length in males and females was found to be 

statistically significant with p < 0.001 on both sides 

(right and left). Generally it is found that male 

bones are longer and massive for which there 

occurs greater value of mean of maximum femoral 

length in male on both sides. Bhosale et al in a 

study conducted found the calculated range for 

femora length was 385.83-476.80 mm and for left 

female femora it was between 356.49-484.39 mm. 

The mean for maximum femoral length in present 

study was 450.82 mm (right) and 452.37 mm 

(Left). The mean maximum length in present study 

was higher than Thai 13 and Chinese 14 femora 

and lower than Americans. According to Alan M 

W Proter discriminative analysis confirmed that 

male femur usually larger than the female femur.[15] 

In the study of Yasar Iscan M distal epicondylar 

breadth, maximum length and anteriopostero 

diameter of midshaft gives 92.3% classification 

accuracy, distal epicondylar breadth alone proved 

94.9% of accuracy.[16] 

[Table 2] Shows that ML and EB has the highest 

matrix of 0.656 and 0.659 respectively which is 

followed by APDLC, VDH, VDN and PB. Logistic 

regression for all parameters when done to confirm 

the results it was found that EB was significant 

with Odds ratio of 1.416 which states that EB is 

1.416 times higher in males than in males. The 

Axial skeleton in males is heavier than in females. 

Moreover the articular and muscular impressions 

are more. EB is the best parameter for sex 

determination which can be correlated with other 

data.[17] 

 

CONCLUSION 

 
Breadth and length of femur contribute to sexual 

dimorphism. The results of our study predict that in 

eastern Indian population,it is a good sex predictor 

with accuracy reaching 94%. 

 

REFERENCES 
 

1. Gaikward R Kalpana,  Nikam R.V: Sexual Dimorphism in 

Femur: IOSR: Journal of dental and medical Sciences : Vol 

(13):issue 7(2014)4-9 

2. Nigudala H, Bhaskar B, Suresh S :Metric Assessment of 

femur using discriminate functional Analysis in South 

Indian population :2013: Vol(1):29-32 

3. Noble PC, Jerry W, Alexander JW et al; the anatomical basis 

of femoral component design : Clinical Orhp 1998;235;148-

165 

4. Gnudi S,  Ripamonti C, Lisi L, Fini M, Giardino R, 

Giaveresi G; proximal femur geometry to detect and 

distinguish femoral neck fracture from trochanteric fractures 

in post-menopausal women. Osteoporosis Int, 13;69-

73:2002 

5. Krogman WM, Iscan MY : Editors : The human skeleton in 

Forensic medicine , Springfield: Charles C Thomas ; 1996 

6. King CA , Iscan MY, Loth Sr, Metric and comparative 

analysis of Sexual Dimorphism in the Thai Femur: Journal 

of Foreinsic science ; 1998:43(5):954-8 

7. Sakaue K : sexual Dimorphism of long bones in recent 

Japanese Anthropol Sci 2004:2004:112(1):75-81 

8. Kranioti EF,Vorniotakis N,Galiatsou C, iscan MY, 

Michaelodimitrakis M; Sex  Identification and software 

development using digital femur head radiographs. Foreinsic 

Sci Int 2009; 189(1-3):113 -117 

9. Pandya AM, Singel Tc, Akbari VJ, Danger KP, Tank KC : 

Sexual Dimorphism Of Maximum Femoral Length: 2011: 

Vol(1): National journal Of Medical Research 

10. Bhosale Rajeshwari S, Zambare  B. R.  et al: IOSR Journal 

of Dental and Medical Sciences (JDMS):ISSN: 2279-0853, 

ISBN: 2279-0861. Volume 3, Issue 4 (Jan. - Feb. 2013), PP 

01-03 

11. Leelavathy N, Rajangam S, Janakiram S., Thomas IM, 

Sexing Of The Femora. Indian Journal of Anatomical. 

Society of India, 2000,49(1) 17-20. 

12. Steyn M. and Iscan M. Y., Sex determination from the femur 

and tibia in South African     whites, Forensic Science 

International 1997,     90: 111-119 

13. Dittrick J. and Suchey J. M., Sex determination of 

prehistoric central California skeleton remains using 

discriminant analysis of the femur and humerus, American 

Journal of Physical Anthropology 1986, 70: 3-9. 

14. Iscan M.Y. and Shihai D., Sexual Dimorphism in the 

Chinese Femur. Forensic Science International June 1995, 

74(1-2), 79-87. 

15. Yasar Iscan M, Ding Shihai. Sexual dimorphism in the 

chinese femur. Forensic science international.   1995;74;79-

87.  

16. Ruma Purkait, Chandra H. Sexual Dimorphism in Femora: 

An Indian Study. Forensic Science Communications. 

2002;4(3):1-6.  

17. purkait R, Chandra H, sexual Dimorphism in femora – An 

Indian Study : Foreinsic Science communication 

2002:4(3);1-6 

 

 

 

 

 

 

Copyright: © the author(s), 2020. It is an open-

access article distributed under the terms of the 

Creative Commons Attribution License (CC BY 4.0), 

which permits authors to retain ownership of the 

copyright for their content, and allow anyone to 

download, reuse, reprint, modify, distribute and/or 

copy the content as long as the original authors and 

source are cited. 

How to cite this article: Panda M, Acharya PR. 

Evaluation of Sexual Dimorphism in Eastern India: A 

Comparative Analysis. Ann. Int. Med. Den. Res. 2021; 

7(1):AT01-AT03. 

Source of Support: Nil, Conflict of Interest: None declared 

 


