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ABSTRACT:  

Introduction: Femoral shafts are most commonly encountered in forensic situations. Femoral bicondylar angle is the angle 

between an axis through the shaft of the femur and a line perpendicular to the intercondylar plane. Angle is believed to vary in 

individuals, gender and races. The aim of this study is to measure the femoral bicondylar angle of male and female for gender 

determination and to compare it with other studies. 

Material and Method: Bicondylar angle was measured in 130 adult femur (68 males and 62 females) obtained from osteology 

section of Anatomy department of Gajra Raja Medical College, Gwalior, Madhya Pradesh. 

Result:  The mean values obtained were 6.371o ± 1.821 and 7.348o ± 2.366 for right and left femur respectively in males and 

8.206o ± 2.119 and 8.729o ± 2.302 for right and left femur respectively in females. The femoral bicondylar angle was 

significantly (p<0.05) more on both right and left sides in females as compared to males.  

Conclusion: We can conclude that femoral bicondylar angle has a role in forensic medicine in identifying gender of bone, also in 

reconstructive orthopedic surgery, Paleoanthopology and Primatology and need to be further investigated for different region and 

race. 
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INTRODUCTION 

On the basis of fossil record from 3-1.8 million years 

ago; Tardieu and Damsin1, 1997 argued that an 

increase in femoral obliquity angle added as the 

initial change involving selection for deepening of 

trochlear groove and prominence of its lateral lip 

under the influence of an increasing tendency for full 

extension of knee joint.  

Femoral bicondylar angle or obliquity angle is the 

angle between an axis through the shaft of the femur 

and a line perpendicular to the intercondylar plane. It 

is also referred to as the carrying angle. It usually 

measures between about 8 and 14 degrees. There is 

no bicondylar angle in the femora of new borns (0° at 

birth ) and does not develop in children who do not 

walk1,2. Angle is generally higher in women due to 

their large interacetebular distance3-6. 

The presence of a femoral bicondylar angl-

e consistently and significantly greater than 0° has 

been a hallmark of hominid bipedality7.Obliquity of 

femoral shaft sub serves purpose of bringing 

the knee-joint near the line of gravity of the body 

which is very important for bipedal posture and 

locomotion. Because of obliquity of the shaft, this 

angle is essential for reconstruction of total length of 

femur and stature reconstruction from the total 

length6-8.   

Femoral shafts are most commonly encountered in fo

rensic situations and therefore gender determination 

has been accomplished using a variety of femoral 

dimensions as the femur head diameter 9-13; femur 
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head angle14 ; the femur maximum lengt-

h, epicondylar breadth, bicondylar length and 

breadth, circumference at the midshaft and bicon-

dylar breadth13; the femur neck diameter15-17. We 

concentrated our study in determination of gender by 

using femoral bicondylar angle. 

Also many workers reported that the sexual 

dimorphism and regional and racial variations 

exhibited by obliquity of the femoral shaft1,2,4,18-22 , 

therefore bicondylar angle need to be further 

investigated for different region and race.

This study was undertaken to measure and compare 

the femoral bicondylar angle in a Gwalior, Madhya 

Pradesh region.  

MATERIAL AND METHODOLOGY:   

Selection crieteria: In this study we used 130 adult 

femur (68 males and 62 females) obtained from 

osteology section of Anatomy department of Gajra 

Raja Medical College, Gwalior, Madhya Pradesh.  

Exclusion crieteria: The bones showing any 

fractures, pathological lesion or from persons outside 

Gwalior, Madhya Pradesh region, were not included 

in this study.  

Methodology: The method used for the measurement 

was that of Lovejoy and Heiple6, 1970. The femur 

was placed with the posterior surface of femoral 

condyles and greater trochanter, touching the smooth 

horizontal surface of an osteometric board, over 

which a sheet of paper was fixed. The condyles of the 

femur placed against a vertical plate on the 

osteometric board. Transverse axis of the knee wa 

taken as the plane of the vertical plate touching the 

lower ends of condyles and was drawn as a horizontal 

line on the paper. With the help of a digital vernier 

caliper, two points were marked on the paper 

showing maximum diameter of the femoral shaft at a 

level 25% of the standard maximum length of femur 

away from its distal end. Two other points were 

similarly marked in the paper showing maximum 

diameter of the shaft just below the lesser trochanter 

(Fig.1). The axis of the shaft of the femur was then 

drawn by joining the middle point of diameters at A 

and B, and prolonged downwards to meet the 

transverse axis of the knee (Fig.2 as shown by 

Mahajan23, 2011). The angle between the axis of the 

shaft of the femur and the vertical axis (CD) meeting 

at the horizontal line of the knee joint denoted the 

bicondylar angle. 
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Figure 1: Marking of Two points on the paper showing maximum diameter of the femoral shaft just below the lesser 

trochanter with the help of a digital vernier caliper. 

 

 

 

   

 

Figure 2: Bicondylar angle at C between the axis of shaft CE (Drawn by joining the mid points of maximum 

diameter of shaft of Femur at A and B) and vertical axis CD at C meeting at C. 
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OBSERVATIONS  

The statistical values of bicondylar angle obtained in the present study are shown in the Table 1.   

 

Table 1: Bicondylar angle of the femur in male and female 

Statistics Right Left 

Male Female Male Female 

N 35 31 33 31 

Mean 6.371 o 8.206 o 7.348 o 8.729 o 

Std. Deviation 1.821 2.119 2.366 2.302 

Std. Error 0.3078 0.3806 0.4118 0.4134 

Range  3.6 o – 11 o 4 o – 12 o 3 o – 11 o 5 o – 12.5 o 

t-value t=3.784  t=2.364  

p value 0.0003 *** 0.0212 * 

R squared 0.1828 0.08267 

 

n= no. of subjects; *** = significant at p<0.001; * = significant at p<0.05 

 

In the Males the mean bicondylar angle was 6.371o ± 

1.821 on right side and 7.348o ± 2.366 on left side 

and in the females, the angle was 8.206o ± 2.119 on 

right side and 8.729o ± 2.302 on left side. The 

bicondylar angle of the left femur was more than the 

right in both the genders but the side difference was 

statistically insignificant (P>0.05). The obliquity of 

the shaft of femur in females was more on both right 

and left sides than that of the males which was 

statistically significant (P<0.05). The mean 

bicondylar angle (right+left) were 6.8595 o & 8.4675 o 

respectively for male & female.  

DISCUSSION:  

The obliquity of shaft of femur exhibit sexual 

dimorphism and comparison with previous studies 

demonstrated regional and racial variations. 

Lovejoy and Heiple6,1970 quoted the equation, cosӨ 

= femur length divided by bicondylar angle. They 

found the mean bicondylar angle 9.43o ± 1.93o in 

males and 10.5o ± 2.40o in females which were higher 

than our values.  

Pearson and Bell4,1919 also reported the mean 

obliquity of English femora was more in left male 

and female (11.59 o and 11.77 o) as in our study but 

with greater degree of angles than our result. The 

mean angle for right side was 8.69 o and 9.39 o for 

male and female respectively.  

McMinn24, 1994 and Standring25, 2004 reported in 

the textbooks of anatomy, that the bicondylar angle is 

mentioned to have higher values in female 

linked with their broader pelvis and short 

stature.Tardieu and Damsin1,1997 have reported 

statistically insignificant sexual dimorphism of angle 

on both the side; while Igbigbi and Sharrif 22, 2005 

reported significant sexual dimorphism bilaterally in 

the adult Malawian population. In the present study, 
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higher obliquity in female was statistically highly 

significant on the left side (P<0.001) and significant 

on the right side (P<0.05).  

While studying the development of bicondylar 

angle during the infancy, Tardieu20,1994 and Tardieu 

and Trinkaus2,1995 have noticed bicondylar angle of 

0° at birth and then a steady average increase in 

the angle through infancy and into the juvenile 

years indicating a high degree of potential for 

plasticity in the development of this angle. They have 

also reported ill development and non development 

of a bicondylar angle in minimally ambulatory and 

non-ambulatory children respectively, showing the 

direct association of a bipedal locomotion with the 

developmental emergence of a human femoral 

bicondylar angle.  

Shefelbine21, 2002 reported that many studies have 

linked the obliquity with bipedality but the 

mechanism for the obliquity is poorly understood. 

During bipedal walking, articular ends of femur are 

subjected to loads of three to four times of body 

weight and the stresses on the distal femur that result 

from bipedal loading conditions promote growth and 

ossification more on the medial side than on 

the lateral side of the femur, forming the bicondylar 

angle. Thus, mechanical factor such as 

differential strain and stress experienced by the femur 

due to diverse physical activity coupled with the 

variation in the biological factor such as genetic 

constitution, hormonal environment, growth factor, 

nutrition…etc could be responsible for racial and 

regional variation of obliquity of shaft. In 1972, Von 

Gerven26 quoted an equation for measuring the 

bicondylar angle by using the maximum length and 

bicondylar length to estimate the angle is cosӨ= 

maximum length divided by bicondylar length. Ruff 

27, 1995 described the measurement for the bone 

length and the line perpendicular from the table in 

which the bone is resting on, that is level with the 

superior surface of the femur neck to create the 

bicondylar angle. So equation quoted by him is 

cosӨ= Line perpendicular to the table divided by 

bone length.  

Pandya et al7, 2008 estimated the mean femoral 

bicondylar angle in Gujarati population to be 8.88o 

and 10.50o in right male and female, while in left 

male female it was 8.76o and 10.83o respectively. The 

higher obliquity in females was statistically highly 

significant on left side (P<0.001) and significant on 

right side (P<0.05) .  

Singh and Singh19, 1974 who estimated the North 

Indians bicondylar angle to be 8.16 o and 7.79 o for 

right and left side for male and 8.82 o and 8.67 o for 

female respectively which are nearly similar to our 

study but in contrast to our study the bicondylar angle 

of right femur was more than the left in both the 

genders. In present study the bicondylar angle of left 

femur was more than the right in both the genders but 

the side differences were statistically insignificant 

(P>0.05).  

Mahajan et al23, 2011 reported the mean value of 

femoral bicondylar angle in Punjabi Population was 

8.17o and 7.89o on right and left side respectively in 

males and it was 8.82o and 8.57o on right and left side 

respectively in females. In contrast to our study the 

bicondylar angle of the right femur was more than the 

left in both the genders; but the side difference was 

statistically insignificant (P>0.05) as in our 

study.Ukoha et al28, 2011 tested a new radiographic 

approach. He collected 250 radiographs of the knee 
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joints of Nigerians in Rivers State and from it 

estimated the mean bicondylar angle of the right 

femur for males to be 8.35± 0.2420 and for females 

was 8.16 ± 0.81870. Also the mean for left femoral 

bicondylar angle in males was 8.66 ± 0.2310 while 

that of females was 8.91 ± 0.1850. The gender 

difference observed was statistically significant. 

CONCLUSION 

In the present study mean value of femoral 

bicondylar angle in Gwalior, Madhya Pradesh 

population was 6.371o ± 1.821 on right side and 

7.348o ± 2.366 on left side in male and in the females, 

the angle was 8.206o ± 2.119 on right side and 8.729o 

± 2.302 on left side respectively which shows that 

bicondylar angle of left femur was greater than right 

in both the genders. The femoral obliquity was higher 

in females, sexual dimorphism was 

statistically highly significant on the right side 

(P<0.001) and significant on the left side (P< 

0.05). The difference in the obliquity of 

shaft between the right and left femur was 

statistically insignificant in both the genders 

(P>0.05). Measuring of femoral obliquity angle helps 

in identifying gender of bone in Medico-legal cases 

and has a role in reconstructive orthopedic surgery, 

Primatology and Paleoanthopology and need to be 

further investigated for different region and race. 
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