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Abstract 

Introduction: The proximal end of femur consists of head, neck, greater and lesser trochanters. Various 

pathologies of hip require surgical intervention either in the form of replacement or open reduction and 

internal fixation. The morphometric analysis of proximal end of femur is of immense importance in 

designing prosthesis and implants of appropriate size. 

Materials and Methods: The present study was conducted in the department of Anatomy, VMMC, New 

Delhi on 76 dry adult fully ossified human femur bones. The parameters measured included femur length 

(FL), femur neck length (FNL), femur head diameter (FHD), femur neck diameter (FND), femur neck 

thickness (FNT) and cervicodiaphyseal angle (CDA). The mean and standard deviation of parameters 

were calculated. Unpaired t-test was used to assess statistically significant side dimorphism. 

Results: The mean values of FL, FNL, FHD, FND, FNT and CDA were 41.626 ± 2.170 cm, 40.835 ± 

3.023 mm,39.531 ± 2.966 mm, 40.973 ± 6.647 mm, 23.972 ± 2.488 and 135.592 ± 5.734 degrees 

respectively. Cervicodiaphyseal angle displayed statistically significant side dimorphism (0.0013), the 

measure being higher on right side as compared to left side. 

Discussion: The present study provides values specific to Indian population that will help in designing of 

appropriate size prosthesis and implants needed for various orthopaedic procedures. Mismatched 

prosthesis results in complications including pain, osteolysis and aseptic loosening. Femur neck length 

and diameter also helps in choosing the appropriate length and number of cancellous screws used for 

fixation of neck fractures. 

 

Introduction 

The femoral head forms two thirds of a sphere and 

articulates with the acetabulum of hip bone to 

form the multiaxial, ball and socket hip joint. The 

neck bridging the head and shaft is directed 

downwards, backwards and laterally. The neck 

shaft angle is 127 degrees. The neck is also 

laterally rotated with respect to shaft making an 

angle of ante version of about 10-15 degrees. The 

trochanters, situated at the junction of neck and 

shaft are connected anteriorly by intertrochantric 

line and posteriorily by intertrochanteric crest.
[1,2] 
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Various common pathologies of hip including hip 

osteoarthritis, a vascular necrosis of head of femur 

and fracture neck of femur disturbs the normal 

anatomy of proximal femur and needs surgical 

intervention in the form of either replacement of 

head or open reduction and internal fixation using 

various types of implants. The morphometric 

analysis of proximal end of femur is of immense 

importance in designing prosthesis and implants 

of appropriate size. Mismatched prosthesis size 

and inappropriate placement of prosthesis might 

result in loosening of prosthesis and unbalanced 

weight transmission thus deteriorating the 

postoperative outcome. 
[3]

 

Present study was conducted to study the 

morphometric characteristics of proximal femur in 

dry adult femur bones and further assess if there is 

statistically significant side dimorphism for the 

parameters studied. The aim of the present study 

is to improvise upon the existing lacunae related 

to proximal femur morphometry in Indian 

population. 

 

Materials and Methods 

The present study was conducted on 76 dry adult 

fully ossified human femur bones. The bones with 

deformities, fractures and missing parts were 

excluded from the study. The measurements were 

taken using digital vernier calipers, measuring 

tape and goniometer.  The parameters included 

femur length, femur neck length, femur head 

diameter, femur neck diameter, femur neck 

thickness and cervicodiaphyseal angle. The 

measurements were madeas; 

Femur length (FL)- The bone was placed on a 

flat surface. Femur length was measured from the 

highest point of femur head to the lowest point of 

medial condyle with the help of a measuring tape 
[4] 

(Figure 1) 

Femur neck length (FNL)-  Femur neck length 

was measured as the distance between the inferior 

region of base of femur head and the lower end of 

intertrochanteric line with the help of a measuring 

tape.
[4] 

(Figure 2) 

Femur head diameter (FHD)- It was measured 

as the distance between the upper and lower ends 

of femoral  head in the craniocaudal axis. 
[4]

(Figure 3) 

Femur neck diameter (FND) - It was measured 

as the distance from the upper end to the lower 

end of the anatomical neck of femur in 

craniocaudal direction.
[4]

(Figure 4) 

Femur neck thickness (FNT)- It was the 

thickness of the femur neck in the anteroposterior 

axis. It was measured at the level of a line joining 

midpoint between upper region of femoral head 

and base of greater trochanter and midpoint of 

femur neck length.
[4] 

(Figure 5) 

Femur head diameter, Femur neck diameter and 

Femur neck thickness were measured with the 

help of digital calipers. 

Cervicodiaphyseal angle (CDA)- The angle 

between the line joining the centre of head of 

femur and the midpoint of intertrochantric line 

(femur neck axis ) and vertical line from the tip of 

greater trochanter (femur shaft axis)
[4] 

(Figure 6) 

The right sided parameters were compared with 

the left side .Unpaired t- test was applied to find 

whether the side dimorphism was statistically 

significant or not. The p value ˂0.05 was taken as 

statistically significant.  

 

Results 

In the present study, the mean femur length was 

recorded as 41.626 ± 2.170 cm (41.252 ± 2.115 

cm on right side and 42.088 ± 2.178 cm on left 

side). Mean femur head diameter was observed to 

be 40.835 ± 3.023 mm (40.390 ± 3.213 mm on 

right side and 41.383 ± 2.717 mm on left side). 

Mean femur neck diameter was recorded as 

39.531 ± 2.966 mm (39.032 ± 3.091 mm on right 

side and 40.147 ± 2.723 mm on left side). Mean 

femur neck length was 40.973 ± 6.647 mm 

(40.476 ± 5.756 mm on right side and 41.588 ± 

7.651 mm on left side). Mean femur neck 

thickness was observed as 23.972 ± 2.488 

mm(23.747 ± 2.904 mm on right side and 24.265 

± 1.852 mm on left side). The mean 

cervicodiaphyseal angle was recorded as 135.592 
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± 5.734 degrees (137.524± 4.753 degree on right 

side and 133.236± 5.758 degree on left side ) .The 

cervicodiaphyseal angle displayed statistically 

significant side dimorphism(p=0.0013),the 

measure being higher on right side ( 137.524 ± 

4.753 degree) as compared to  left side ( 133.236± 

5.758 degree). The other parameters did not show 

any significant side dimorphism (Table1).  

 

Table 1 Morphometric parameters of right and left sided femurs 

Parameters  Side Min. Max. Mean Standard deviation p value  

Mean femur 

length  

Right 36.5 cm 44.8 cm 41.252cm 2.115 0.09 

Left 39.5 cm 44.2 cm 42.088 cm 2.178 

Mean femur head 

diameter  

Right 35.06 mm 44.02 mm 40.390mm 3.213  

0.14 Left 37.33 mm 44.75 mm 41.383mm 2.717 

Mean femur neck 

diameter  

Right 33.93 mm 45.16 mm 39.032mm 3.091  

0.13 Left 35.23mm 44.56mm 40.147mm 2.723 

Mean femur neck 

length  

Right 28mm 46mm 40.476mm 5.756  

0.54 Left 23mm 50mm 41.588mm 7.651 

Mean femur neck 

thickness  

Right 21.34mm 29.09mm 23.747mm 2.904  

0.41 Left 21.02mm 27.24mm 24.265mm 1.852 

Cervicodiapyhseal 

angle 

Right 130 degree 140 degree 137.524 degree 4.753  

0.0013 Left 137 degree 144 degree 133.236 degree 5.758 

 

 
Figure 1: Femur length measured from highest 

point of femur head to the lowest point of medial 

condyle. 

 
Figure 2: Femur neck length measured as the 

distance between the inferior margin of base of 

femur head and the lower end of intertrochanteric 

line. 

 
Figure 3: Femur head diameter measured as the 

distance between the upper and lower ends of 

femur head in craniocaudal axis. 

 
Figure 4: Femur neck diameter measured as the 

distance from the upper end to the lower end of 

the anatomical neck of femur in craniocaudal 

direction 
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Figure 5: Femur neck thickness measured in 

anteroposterior axis at the level of a line joining 

midpoint between upper region of femoral head 

and base of greater trochanter and midpoint of 

femur neck length. 

 

 
Figure 6: Cervicodiaphyseal angle measured 

between the line joining the center of head of 

femur and the midpoint of intertrochanteric line 

(femur neck axis) and vertical line from the tip of 

greater trochanter (femur shaft axis). 

 

Discussion 

Every year more than eighty thousand hip 

replacements are being done worldwide.
[5]

As 

there are considerable racial and ethnic 

differences in the morphometric parameters of 

proximal femur, the size of prosthesis used for hip 

surgeries should be designed in accordance with 

specific population. Oversized prosthesis can 

result in fracture of femur, and if small in size 

might not be compatible with the bone.
[6]

The hip 

prosthesis, used commercially are designed 

according to European population
[7] 

The implants 

designed for western population are large in size 

and they mismatch the morphometric parameters 

of Indian population.
[8] 

Mismatch between 

prosthesis and femoral bone results in pain, 

osteolysis and aseptic loosening.
[9]

 

In the present study, mean femur length was 

recorded as 41.626 ± 2.170 cm. Mean femur 

head diameter was, 40.835 ± 3.023 mm.  In 

previous studies also similar results were recorded 

for MFHD, 42.32±4.11mm on Indian population 
[4]

, 45.4mm on Chinese population
[10]

, 40.81 ± 

3.43 mm In Malay population
[11]

, 45.50 ± 3.39mm 

in Korean population 
[12]

,43.18± 3.47 mm in Thai 

population
[13]

. However the results (52.09 

±4.43mm) were different for American and 

Caucasian populations
[14]

. 

Mean femur neck diameter was observed to be 

39.531 ± 2.966 mm in the present study,33.02 ± 

4.22 in Indian population 
[4]

, 31.91mmin Chinese 

population
[10]

. Mean femur neck length was 

40.973 ± 6.647 mm (present study), 44.71±8mm 

in Indian population
[4]

and 46.22±5.14 mm in Thai 

population
[13]

. 

Mean femur neck thickness was noted to be 

23.972 ± 2.488 mm in the present study and 

24.01± 3.0 in Indian population.
[4]

 

Cervicodyphyseal angle was noted to be 135.592 

± 5.734  mm degree (present study),128.90± 4.49  

in Indian population
[4]

, 132.69 ± 5.91 in American 

and Caucasian population
[14]

, 129.88mm in 

Chinese population
[10]

, 130.46 ± 4.02 in Malay 

population
[11]

,130.27 ± 5.39mm in Korean 

population
[12]

and 128.04 ± 6.14mm in Thai 

population.
[13] 
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Mean femur neck length   was 40.93 mm 

(present study), 44.71± 8mm in Indian population 
[4] 

and46.22± 5.14 mm in Thai population.
[13]

 

The previous studies indicate that the mentioned 

parameters have shown different values in 

different populations. 

As the parameters are showing inter population 

variability, the prosthesis and implants should be 

specifically designed according to the population 

for which they are being used to avoid mismatch 

and postoperative complications. 

These parameters are also of immense importance 

for various orthopaedic procedures. The 

Cervicodiaphyseal Angle (CDA) is an important 

parameter for designing orthopaedic implants 
[15]

. 

Fracture femur normally requires a dynamic screw 

with an angle of 135 degree.
[11]

If the CDA is 

large, the screw may slip into the superior 

quadrant or the fracture may be pulled into valgus 

position.
[8]

 In the present study, the angle was 

found to be 137.764 ± 4.753 degree on right side 

and 133.235 ± 5.758 degree on left side. The 

values had shown statistically significant side 

dimorphism (p=0.0013) and a large standard 

deviation. However in some previous studies no 

statistically significant side dimorphism was 

recorded.
[15,16,17] 

The statistically significant side 

dimorphism for the angle suggests that the 

surgeon should be careful in choice and fixation 

of the screw.  

Femur neck length helps in choosing the length of 

cancellous screws for fixation of neck fractures. 

The screw threads might not cross the site of 

fracture if the neck length is small and thus 

adequate compression might not be possible.
[8] 

Femur neck thickness increases with increase in 

age in males. This can be a predisposing factor for 

osteoarthiritis as it increases the chances of 

impingement.
[18]

 

According to previous studies in Caucasian 

postmenopausal women, it has been suggested 

that women with history of hip fracture had a 

longer femoral neck length. There is 24 % 

increase in risk of hip fracture with one mm 

increase in femoral neck thickness.
[19] 

In another 

study on Turkish population, femoral neck angle 

and width were reported to be significantly higher 

in patients with hip fracture.
[20] 

The chances of 

fracture are increased in cases of longer hip axis, 

length of femur, larger neck shaft angle and larger 

femoral neck width.
[21]

 

 

Conclusion 

The present study documents the values of 

different morphometric parameters of proximal 

femur (FL, FNL, FHD, FND, FNT and CDA) 

specific to Indian population. The values in 

western population are higher than that of Indian 

population. Therefore, population specific data is 

essential for designing of appropriate sized 

prosthesis and implants, thereby reducing the 

osteolysis and pain, and improving the 

postoperative outcome. 
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