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A Study of Certain Femoral Metrics in South Indian 
Population and its Clinical Importance
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Different authors have suggested that difference in 
parameters of  bone exists among different races and have 
tried to figure out the relationship of  these variations to 
increased development of  hip osteoarthritis, femoral neck 
fracture and slipped capital femoral epiphysis.2-5

The purpose of  this study is to determine the various 
parameters of  femur among south Indian population and 
to compare them with the data available worldwide.

MATERIALS AND METHODS

A total of  158 dry femora were collected randomly 
not knowing the sex and age of  bone and studied at 
Government Mohan Kumaramangalam Medical College, 
Salem and Government Stanley Medical College, Chennai. 
Damaged, incomplete and unossified bones were excluded. 
All the bones intact and fully ossified belonging to the adult 
persons were collected for study. 158 femora were studied 
for following measurements:
1. The femoral length: With the help of  osteometric board
2. The femoral anterior neck length: With the help of  

sliding caliper

INTRODUCTION

The femur is the largest and strongest bone in the body 
and the structure of  its proximal portion allows the leg 
to move in three dimensions relative to the torso, thus 
serving as a linchpin of  human mobility. Moreover, age 
related and pediatric disorders at this skeletal site are 
common and confer strong risk factors for current and 
future disability. In Orthopedic practice, operations on 
femur are the most common. Variations in hip morphology 
are also of  critical interest to surgical planning where the 
ability to take hip morphology into account on a patient 
specific basis is crucial for success in choosing designs of  
implants and other structures used for hip replacements 
and augmentations of  hip stability.1
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Abstract
Background: An osteological study of femur provides useful data to understand various diseases of femur and serves as a 
guide for the treatment of various pathological conditions of it.

Aim: The purpose of this study is to determine the various parameters of femur among south Indian population and to compare 
them with the data available worldwide.

Materials and Methods: A total of 158 adult femora were used to measure femoral total length, femoral anterior neck length 
and femoral neck shaft angle at Government Mohan Kumaramangalam Medical College, Salem and Government Stanley 
Medical College, Chennai.

Results: The length of the femur range from 35.5 cm to 50 cm with mean of 41.66 cm. The anterior neck length range from 
2 cm to 4cm with mean of 3.09 cm. The neck shaft angle range from 120° to 145° with mean of 134.15°.

Conclusion: The present study hence provides valuable parameters which would help the forensic anthropologists, 
orthopedicians, and prosthetics to deliver excellent performance in their respective specialties.
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3. The femoral neck shaft angle: With the help of  
goniometer.

The femoral length is the total length of  the bone measured 
with the osteometric board. Anterior length of  neck is the 
distance between the base of  head and intertrochanteric line 
at the junction of  the front of  neck with the shaft. The neck 
shaft angle is the angle made by the axis of  the neck with 
the axis of  the shaft. The axis of  the neck and axis of  the 
shaft were measured respectively as the line joining the two 
center points on the anterior surface of  neck and the line 
joining the two center points on anterior surface of  shaft.

RESULTS

The results of  the present study were the mean length of  
femur was 41.66 cm, left femur was 41.88 cm and right 
femur was 41.29 cm, the anterior neck length of  the femur 
was 3.09 cm, left femur was 3.16 cm and right femur was 
2.98 cm. The neck shaft angle of  femur was 134.15°, left 
femur was 135.02°, and right femur was 132.66° (Table 1).

DISCUSSION

Femur Length
In our study, the average length of  femur was 41.66 cm, 
right femur was 41.29 cm, and left femur was 41.88 cm. The 
femur length in different populations is tabulated (Table 2).

The difference in mean femoral length in between 
populations may possibly be a result of  factors affecting 
bone morphology such as genetic constitution, diet, 
nutrition status, environment, and physical activity.

Our results are in agreement with Bhosale and Zambare.8 In 
their study the mean length of  left male femur was 45.23 cm 
that of  left female was 42.04, the mean length of  right male 
femur was 45.08 cm that of  right female was 41.64 cm.

Our values are similar to the study of  Zuylan and Murshid6 
(in their study left femur length was 42.84 cm, right femur 
length was 41.68 cm).

Anterior Neck Length
The neck of  the femur in humans is a very important structural 
and functional specialization for man’s erect posture.

The anterior neck length of  femur in different populations 
is tabulated (Table 3).

The mean femur neck length in the present study was 
3.09 cm, right femur neck length was 2.98 cm and left 
femur neck length was 3.16 cm, our values agree with 
Ravichandran et al. study,13 in their study the mean femur 
neck length was 3.18 cm.

Our study is similar to that of  de Sousa et al.,12 in their 
study right femur neck length was 3.01 cm, left femur neck 
length was 3.05 cm.

Table 1: Results of femoral length, anterior neck 
length and neck shaft angle
Parameters Number Mean Range SD
Femur length in cm

Total 158 41.66 35.5-50 3.03
Left 100 41.88 36-48.5 2.82
Right 58 41.29 35.5-50 3.39

Anterior neck length in cms
Total 158 3.09 2-4 0.49
Left 100 3.16 2-4 0.46
Right 58 2.98 2-4 0.53

Neck shaft angle in degree
Total 158 134.15 120-145 5.52
Left 100 135.02 120-145 5.36
Right 58 132.66 123-145 5.56

SD: Standard deviation

Table 2: Femur length in different population
Authors Population Subdivision Femur length 

in cm
Zuylan et al.6 Anatolian Left 42.84

Right 41.68
Pandya et al.7 Indian Left

Male 45.33
Female 42.04

Right
Male 45.18
Female 41.74

Bhosale and Zambare8 Indian Left
Male 45.23
Female 42.04

Right
Male 45.08
Female 41.64

Gujar et al.9 Indian Left 43.65
Right 43.99

Khan and Saheb10 South Indian Left 44.58
Right 44.66

This study (2015) South Indian Left 41.88
Right 41.29

Table 3: Anterior neck length of femur in different 
populations
Authors Population Subdivision Anterior neck 

length in cm
Siwach and Dahiya11 Indian 3.72
de Sousa et al.12 Brazil Left 3.05

Right 3.01
Ravichandran et al.13 Indian 3.18
Gujar et al.9 Indian Left 3.42

Right 3.45
Khan and Saheb10 South Indian Left 3.64

Right 3.61
This study (2015) South Indian Left 3.16

Right 2.98
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Neck Shaft Angle
The neck shaft angle varies with age, stature and width 
of  pelvis. When this angle >135°, condition is known as 
coxavalga. When angle <120°, it is known as coxa vara. 
The angle of  femoral neck is reduced with aging. In early 
infancy the neck shaft angle is about 150°, in childhood 
140°, in adult about 125°, and in elderly about 120°.

The neck shaft angle was studied in different population 
and races such as Norwegian, Mexican, Brazilian, and 
Indian (Table 4).

The average neck shaft angle found in this study was 
134.15° which was similar to the study of  Khan and 
Saheb,10 de Sousa et al.,12 Huaglund and Low14 and Gujar 
et al.9 our values are higher than the study of  Pujari et al.,18 
Isaac et al.17 and Siwach and Dahiya11 in Indian population.

These observations have profound implications. According 
to Siwach and Dahiya11 and Noble et al.,19 in case of  
total hip arthroplasty, it is mandatory that the design 
and dimensions of  femoral components should match 
the anatomy of  femur. Siwach and Dahiya had noted a 
geometrical discrepancy between western implants and 
our Indian femora.11

According to Reddy et al., a strong correlation has been 
established between the occurrence of  thigh pain and 
inadequate fit and fixation of  the implant. It has been 
noted that there is an increase in the clinical outcome score, 
which was directly proportional to the degree of  implant 
bone fit. In using implants which have been designed for 
our western counterparts, the chance of  implant mismatch 
is much greater. This in turn may lead to increase in the 
rate of  aseptic loosening, greater implant subsidence, and 

increased incidence of  anterior thigh pain, more number 
of  intraoperative complications and shorter lifespan of  
the implant.20

The implant device and prosthesis designed for western 
skeleton are large in size, there angles, orientations and 
thread length also mismatch the femora. Implants that 
are designed by taking in to account anthropometric and 
bio mechanic data will help in designing patient specific 
implants thereby minimizing the complications.21

Numerous studies have also shown that there is increase 
in the rate of  intraoperative complication in the event of  
using mismatched implants especially over size implants.22

From this study, it is evident that the regional variations in 
the parameters measured do exist when the data of  two 
different countries are considered but within a country 
there is not much variation. The present study is to generate 
a database for femur to help in designing for future implant.

CONCLUSION

The results of  the present study show that the Indian 
dimensions of  the femur are different from the western 
standards. Therefore, this study will enlighten the 
biomechanical engineers to take a revolutionary step 
towards altering the implant designs to suit our Indian 
needs. The limitation of  this study has been a small sample 
size hence a study with a larger sample size is warranted. 
Gender and age of  the bones have not been taken into 
account in the present study warranting inclusion of  these 
parameters in future.

REFERENCES

1. Lang TF. Proximal femoral anthropometry by computer tomography. In: 
Preedy VR, editor. Handbook of Antrhropometry: Physical Measures of 
Human Form in Health and Disease. Vol. 1. New York: Springer Science, 
Business Media, LLC; 2012. p. 756.

2. Lequesne M, Malghem J, Dion E. The normal hip joint space: Variations in 
width, shape, and architecture on 223 pelvic radiographs. Ann Rheum Dis 
2004;63:1145-51.

3. Reikerås O, Bjerkreim I, Kolbenstvedt A. Anteversion of the acetabulum 
in patients with idiopathic increased anteversion of the femoral neck. Acta 
Orthop Scand 1982;53:847-52.

4. Faulkner KG, Cummings SR, Black D, Palermo L, Glüer CC, Genant HK. 
Simple measurement of femoral geometry predicts hip fracture: The study 
of osteoporotic fractures. J Bone Miner Res 1993;8:1211-7.

5. Loder RT, Mehbod AA, Meyer C, Meisterling M. Acetabular depth and race 
in young adults: A potential explanation of the differences in the prevalence 
of slipped capital femoral epiphysis between different racial groups? J 
Pediatr Orthop 2003;23:699-702.

6. Zuylan T, Murshid KA. An analysis of Anatolian human femur 
anthropometry. Turk J Med Sci 2002;32:231-35.

7. Pandya AM, Singel TC, Akbari VJ, Dangar KP, Tank KC, Patel MP. Sexual 
dimorphism of maximum femoral length. Natl J Med Res 2011;1:2.

8. Bhosale RS, Zambare BR. Sex determination from femur using length of 

Table 4: Neck shaft angle of femur in different 
populations
Authors Population Subdivision Neck shaft 

angle in degree
Hoaglund and Low14 England

China
136
135

Reikerås et al.15 Norwegian 127.7
Garcia and Uribe16 Mexico 130
Isaac et al.17 South Indian 126.7
Siwach and Dahiya11 Indian 123.5
de Sousa et al.12 Brazil Left 131.8

Right 132.1
Ravichandran et al.13 Indian 126.55
Gujar et al.9 Indian Left 136.6

Right 136
Khan and Saheb10 South Indian Left 136.9

Right 137.3
Pujari et al.18 Indian 127.5
This study (2015) South Indian Left 135.02

Right 132.66



Dhivya and Nandhini: A Study of Certain Femoral Metrics

135 International Journal of Scientific Study | October 2015 | Vol 3 | Issue 7

femur in Maharashtra. J Dent Med Sci 2013;3:01-3.
9. Gujar S, Vikani S, Parmar J, Bondre KV. A correlation between femoral neck 

shaft angle to femoral neck length. Int J Biolmed Adv Res 2013:4:296-8.
10. Khan SM, Saheb SH. Study on neck shaft angle and femoral length of south 

Indian femurs. Int J Anat Res 2014;2:633-5.
11. Siwach RC, Dahiya S. Anthropometric study of proximal femur geometry 

and its clinical application. Indian J Orthop 2003;37:247-51.
12. de Sousa EB, Fernandes RM, Mathias MB, Rodrigues MR, Ambram AJ, 

Babinski MA, et al. Morphometric study of the proximal femur extremity 
in Brazilians. Int J Morphol 2010;28:835-40.

13. Ravichandran D, Muthukumaravel N, Jaikumar R, Das H, Rajendran M. 
Proximal femoral geometry in Indians and its clinical applications. J Anat 
Sco India 2011;60:6-12.

14. Hoaglund FT, Low WD. Anatomy of the femoral neck and head, with 
comparative data from Caucasians and Hong Kong Chinese. Clin Orthop 
Relat Res 1980;152:10-6.

15. Reikerås O, Høiseth A, Reigstad A, Fönstelien E. Femoral neck angles: A 
specimen study with special regard to bilateral differences. Acta Orthop 

How to cite this article: Dhivya S, Nandhini V. A Study of Certain Femoral Metrics in South Indian Population and its Clinical Importance. 
Int J Sci Stud 2015;3(7):132-135.

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

Scand 1982;53:775-9.
16. Garcia FG, Uribe AR. Antropomorfometria endostica del femur proximal 

en poblacion Mexicana. Rev Mex Ortop Traumatol 1995;9:59-70.
17. Isaac B, Vettivel S, Prasad R, Jeyaseelan L, Chandi G. Prediction of the 

femoral neck-shaft angle from the length of the femoral neck. Clin Anat 
1997;10:318-23.

18. Pujari R, Ravi Shankar G, Naveen NS, Roopa CR. Evaluation of neck shaft 
angle of femur on dry bones. J Evol Med Dent Sci 2015;4:5518-22.

19. Noble PC, Jerry W, Alexander JW, Lindhal LJ, Yew DT, Granberry WM, 
Tullos HS. The anatomical basis of femoral component design. Clin Orthop 
1988;235:148-65.

20. Reddy VS, Moorthy GV, Reddy SG. Do we need a special design of 
femoral component of total hip prosthesis in our patients? Indian J Orthop 
1999;33:282-4.

21. Mishra AK, Chalise P, Singh RP, Shah RK. The proximal femur a second 
look at rational of implant design. Nepal Med Coll J 2009;11:278-80.

22. Leung K, Procter P, Robioneck B, Behrens K. Geometric mismatch of the 
gamma nail to the Chinese femur. Clin Orthop 1996;323:42-8.


