
ABSTRACT
Objective: To measure the anatomical parameters of the proximal end of femur among local population from a single center of Pakistan. 
Methodology: A cross-sectional study was conducted on sixty non paired human cadaveric femorii at the Department of Anatomy, Sharif 
Medical & Dental College, Lahore from September to December 2020. Exclusion criteria were considered as fractured or damaged bones. The 
total length of the femur in cm, the diameter of femur head in mm, length of femur neck in mm, the diameter of femur neck in mm, the thickness 
of femur neck in mm, and neck-shaft angle in degrees were observed and measured for each femur. 
Results: Total number of femorii studied was sixty out of which 31 were right-sided and 29 were left-sided. The mean length of the right femorii 
was 44.78±1.29 cm whereas the left femorii mean length was 44.62±2.01 cm. The total mean length of 60 femorii was 44.7±1.66 cm. The neck-
shaft angle of the right femorii was 122.29±4.93°, whereas of left femorii was 124.07±4.26°. The total mean neck-shaft angle of 60 femorii was 
123.15±4.66°. However, Analysis of Variance (ANOVA) showed statistically no significant difference between the various anatomical 
parameters of right and left femorii. 
Conclusion: There was no statistically significant difference recorded between anatomical parameters length, diameter of femur, length, 
thickness & diameter of femoral neck, and neck-shaft angle of  the right and left femorii.
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INTRODUCTION
natomists and orthopedic surgeons have Astudied the femur bone and its relation to 
various clinical conditions by measuring its 

different anatomical parameters which differ in various 
1ethnic and regional groups.  In humans, femur 

commonly known as the thigh bone, is the longest and 
the sturdiest bone which measures around 45 cm, about 
one fourth of the length of an average built adult. The 
femur is studied in three parts, the upper, lower, and 
middle parts. The upper end is expanded forming a 
head, neck, greater and lesser trochanters with 
intervening inter-trochanteric line and inter-
trochanteric crest. The expanded lower end forms the 
medial and lateral condyles with the middle cylindrical 
part forming the shaft or diaphysis. The length of the 
neck is about 5 cm connecting the head and shaft and 

2 making an angle of about 125° with the shaft. Angle 
between the long axis of the shaft of the femur and the 
long axis of the femur neck is known as a neck-shaft 
angle. It is also known as the angle of the neck of the 
femur, angle of inclination, and cervico-diaphyseal 
angle. The normal angle of the neck of the femur varies 
between 120° and 140°. The condition in which this 
angle is less than 120° is known as coxa vara and the 

condition in which this angle is more than 140° is 
known as coxa valga. The neck-shaft angle facilitates 
the hip joint movements and enables the lower limb to 

3
swing clear of the pelvis.
The anatomical understanding of the femoral neck-
shaft angle is helpful in treating pathologies of this area. 
This angle is measured from the proximal end of the 
shaft of the femur and neck length can be predicted and 
hence prosthesis can be prepared for restoration. This 
knowledge is very valuable in planning any 
interventional procedure on the hip joint like 
arthroplasty, osteotomy or fracture fixation. Also, this 
information can be useful in implant manufacturing in 
our community as an incorrect implant can lead to 
abnormal weight transfer from the upper part of the 
body to the lower limb causing tension and stress in the 
affected parts. This may lead to long-term serious 

4 mobility issues in the affected individual. In this study 
we observed the anatomy of the proximal end of the 
femur in relation to its various parameters from 
cadaveric bones. Our aim of the study was to find out 
various anatomical parameters including length, 
diameter, length, thickness & diameter of femoral neck, 
and neck-shaft angle of  the right and left femorii in our 
community.

METHODOLOGY
The present cross-sectional study was conducted on 
sixty (n=60) unpaired dry femorii of unknown age and 
sex; thirty one were right-sided and twenty nine were 
left-sided femorii. After the approval by the 
institutional ethical committee (Letter No. SMDC/ 
SMRC/121-20, 23-06-2020) the bones were collected 
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from the Anatomy Department of Sharif Medical & 
Dental College, Lahore from September to December 
2020. 
Fractured and damaged bones were excluded from the 
study. In the current study, six anatomical parameters 
were measured by using the osteometric board (Figure 
1), vernier caliper (Figure 2), and a goniometer (Figure 
3). The parameters which were recorded were; total 
length of the femur in cm, the diameter of femur head in 
mm, length of femur neck in mm, the diameter of femur 
neck in mm, the thickness of femur neck in mm, and 
neck-shaft angle in degrees (Figure 4).

The femur was placed on the osteometric board by 
rotating its shaft internally. The total length of the 
femur was measured from the uppermost point of the 
caput of the femur to the most distal part of the medial 
condyle on the osteometric board. The distance 
between the proximal and distal end of the femoral head 
in the cranio-caudal axis was recorded as femur head 

1 
diameter. The distance between the inferior part of the 

base of the femoral head and the lower end of the inter-
trochanteric line was measured as femoral neck length. 
The distance between the proximal and distal end of the 
neck of the femur in cranio-caudal direction was 
measured as femoral neck diameter. The thickness of 
the femur neck was measured in the antero-posterior 
axis. The neck-shaft angle was measured with the help 
of a goniometer. It was measured by taking the long 
axis of the shaft and the long axis of the neck of the 
femur. The line joining the center of the head of the 
femur and the upper end of the midpoint of the 
narrowest part of the neck was taken as the long axis of 

5the neck.

STATISTICAL ANALYSIS
All observations and results gathered were thoroughly 
analyzed as per standard statistical methods. Data 
analysis was done using Statistical Package for the 
Social Sciences (SPSS) version 23. Mean and standard 
deviation was calculated for quantitative variables and 
one-way ANOVA was applied to observe differences 
within and between various parameters of right and left 
femorii. A p-value of ≤0.05 was considered statistically 
significant.

Figure 1: Osteometric Board

Figure 2: Vernier Calipers

Figure 3: Goniometer
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a. Diameter of femur head � b. The thickness of femur neck

c. Diameter of femur neck � d. Length of femur neck

e. The total length of the femur � f. The neck-shaft angle of the femur

Figure 4: Measurements of Parameters of the 

Proximal End of Femur
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RESULTS
The total number of femorii studied was sixty out of 
which 31 were right-sided and 29 were left-sided. The 
mean length of the right femorii was 44.78±1.29 cm 
whereas the left mean length was 44.62±2.01 cm. The 
total mean length of 60 femorii was 44.7±1.66 cm. The 
neck-shaft angle of the right femorii was 122.29±4.93° 
whereas of left femorii was 124.07±4.26°. The total 
mean neck-shaft angle of 60 femorii was 123.15±4.66°. 
The recorded anatomical parameters, the total length of 
the femur in cm, the diameter of femur head in mm, 
length of femur neck in mm, the diameter of femur neck 
in mm, the thickness of femur neck in mm, and neck-
shaft angle in degrees are presented in Table 1. 

DISCUSSION
Over 80,000 artificial hip joint replacement procedures 

5 are performed annually all over the world. Due to the 
geographical differences in the built of human beings, 
the prosthesis should preferably be designed to remove 
pathology and restore normal anatomy for a particular 

6 
population. One study showed that a mismatch 
between femoral bone and stem may result in 
micromotion which can be a major cause for thigh pain, 

7
osteolysis, and aseptic loosening.  Oversized implants 
may cause the femur to fracture and undersized 

4
implants may fail to bind with the bone.
In the current study, the mean length of the right femorii 
was 44.78±1.29 cm whereas the left mean was 
44.62±2.01 cm. The total mean length of 60 femorii 

was 44.7±1.66 cm. In a similar study done by Khan et 
al., the mean length of femorii was comparable to our 
results which were 44.62±2.63 cm, the length of right 
femorii was 44.66±2.66 cm and of left femorii was 

8
44.58±2.61 cm.  Another study carried out by Verma et 
al., showed similar results in which the mean femorii 
length was 42.82±2.87 cm, the length of right femorii 
was 42.94±2.77 cm and of left femorii was 42.70±3.01 

5 
cm.
The neck-shaft angle of the femur has been a very 
important gauge to measure the inclination between 
shaft and neck of the femur helping in the diagnosis of 
many pathologies of the proximal end of the femur and 

9
hence its curative treatments.  The normal angle 
between the shaft and neck of the femur varies between 
120-140° degrees. Any neck-shaft angle of the femur 
less than 120° is defined as coxa vara and angles more 
than 140° are defined as coxa valga. The specific 
knowledge of this geometry is not only useful in 
preoperative planning of procedures on the proximal 
end of the femur such as arthroplasty or fixation of 
fracture but is also useful in designing suitable 
prosthesis for a particular population thus minimizing 
the postoperative complications leading to tension in 
the soft tissues, painful gait and joint stress especially 

10on the knee joint.  In our study the neck-shaft angle of 
the right femorii was 122.29±4.93° whereas of left 
femorii was 124.07±4.26°. The total mean neck-shaft 
angle of 60 femorii was 123.15±4.66°. These results are 

11 similar to a study conducted by Amith et al. In another 
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Length of Femur (cm)

Diameter of Femur 

Head (mm)

Length of Femur 

Neck (mm)

Thickness of Femoral 

Neck (mm)

Diameter of Femur 

Neck (mm)

Neck-shaft Angle of 

Femur (degree)

44.78±1.29 44.70±1.664

ANOVA Between 

Right & Left

p-value

44.62±2.01 0.910

0.581

0.745

0.402

0.405

0.098

42.19±3.240 42.57±3.10542.97±2.958

48.97±4.764 48.95±5.93648.93±7.066

24.94±2.744 25.15±2.65425.38±2.583

34.23±3.138 34.75±3.37835.31±3.587

122.29±4.927 123.15±4.664124.07±4.259

Parameters (Femorii)
Right-Sided 

(n=31)

Mean±SD

Left-sided 

(n=29)

Mean±SD

Total (n=60)

Mean±SD

Table 1: Mean Values of Different Parameters of Femur in Right, Left, and Both Femorii



study done by Gullapalli et al., the neck-shaft angle was 
comparable to our results which were 121° of both 
sides, mean angle of right femorii was 119±17.15° and 

12that of left femorii was 123±10.8°.  Our results were 
also in agreement with another study conducted by 
Ravichandran et al. In their study the neck-shaft angle 

13 
was 126.55°. Other similar studies by Fischer et al., 
and Dimitriou et al., reported a neck-shaft angle of 

14,15127°.
The present study was conducted primarily to find out 
various anatomical parameters of the proximal end of 
the femur in our part of the world. This study will help 
clinicians, especially orthopedic surgeon to treat and 
correct various anomalies and pathologies of the neck-
shaft area of the femur.

CONCLUSION
There was no statistically significant difference 
recorded between anatomical parameters length, 
diameter of femur, length, thickness & diameter of 
femoral neck, and neck-shaft angle of  the right and left 
femorii. 

LIMITATIONS
This study has some limitations as it was conducted in a 
single center with an unpaired and relatively smaller 
number of bones of unknown age and sex. So, it is 
suggested that in the future this study should be 
conducted in multiple centers of Pakistan. The 
proximal parameters of the femur should also be 
studied separately in males and females of different age 
groups.
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