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ABSTRACT

Objectives: The present study aimed to record the femoral-neck shaft angle was carried out which would be of help to the orthopedicians while 
carrying out surgical repairs around the hip joint especially in fracture of the neck of femur.

Materials and Methods: A total of 100 North Indian unpaired dry adult human femora (Right-50, Left-50) of unknown sex were studied. Neck-shaft 
angle (NSA) of the femur was measured with the help of goniometer and measurements were recorded in degrees. The raw data obtained were 
statistically analyzed. Range, mean, standard deviation, and standard error of mean were determined.

Results: The mean NSA was found to be 127.63°+3.48° (Right=127.80°+3.56° and Left=127.46°+3.42°) with a range of 122°–137° (Right=122°–137° 
and Left=122°–136°). No significant difference in values of neck-shaft angle was found in the right and left femora.

Conclusion: The overall goal of this study was to generate information that would be useful for geometric modeling of femora and collecting data 
which could prove useful for the development of prosthetic implants
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INTRODUCTION

Femur being the longest and strongest bone of the human body, its 
length is associated with a striding gait and its strength with weight 
and muscular forces [1]. It comprises an upper end, shaft and lower 
end. Proximal part of femur includes head, neck, greater, and lesser 
trochanters. The angle of the femur formed by the longitudinal axis of 
the neck and the longitudinal axis of the shaft of femur bone is termed 
as neck shaft angle. This angle varies with age, sex, race, dominant 
and non-dominant leg or development of femur. The neck shaft angle 
generally ranges from 115°to 140°at an average of 126°in adults [2].

The mobility of hip joint is facilitated by the angle, obliquity of the 
femur within the thigh, which help the knee to be adjacent and inferior 
to trunk, enabling limb to swing clear of the pelvis [3,4]. As the human 
grows from childhood to adulthood, the neck shaft angle decreases 
significantly because of the change in body portion and adaptation of 
the hip joint to vertical posture [5]. The femur neck shaft angle is widest 
at birth and diminishes gradually until the age of 10 year [6].

The prevalence of hip osteoarthritis, fracture of neck femur and 
other hip joint ailments are increasing day by day. Nearly half of 
all hip fractures occur due to femoral neck fractures with the vast 
majority occurring after simple falls in elderly patients. Non-elderly 
patients have good bone quality. Due to their high functional demands, 
preservation of the natural hip mechanics and anatomy is a priority. 
For replacement procedures, the young age people preclude their 
candidacy. Only 3–10% of these fractures take place in younger adults. 
Dedicated treatment pathway is necessary for the major differences in 
injury characteristics, physiology, and activity level [7].

Hip axis length, femoral neck shaft axis length, neck shaft angle, and 
femoral neck width collectively influence the risk of fracture especially 
in women apart from bone mineral density [8,9].

The morphology of proximal femur is an essential parameter in the 
design and development of implant because inappropriate implant 
design and size could affect outcome of the surgery with reported 
complications such as stress shielding, micro motion, and loosening [10]. 
Undersized or overhanging femoral implants could lead to altered soft-
tissue tensioning and altered patella femoral stresses [11]. Bony marking 
such as the head and neck of femur can be used in determination the 
femoral length when only one fragment of proximal femur is available 
and the required size of length of neck can be determined to design 
prosthesis for restoration of normal neck shaft angle [12]. In case of 
total hip arthroplasty, it is mandatory that the design and dimensions 
of femoral component should match the anatomy of proximal femur. In 
clinical practice, if the implant happens to be ill-fitting, hip dislocation 
and implant fractures are quite common [13].

Most of the Indian orthopedic surgeons have currently felt the need 
for the modification in implant sizes suitable for Indian population. 
Therefore, the present study to record the femoral- neck shaft angle 
was carried out which would be of help to the orthopaedicians 
while carrying out surgical repairs around the hip joint especially in 
fracture of the neck of femur. In addition to the orthopedic surgeons 
this study will be of great help to the anatomists, anthropologists, 
forensic experts, and radiologist also. Moreover, not much study 
has been done on femoral neck-shaft angle (NSA) in North Indian 
population.

MATERIALS AND METHODS

A total of 100 North Indian unpaired right and left dry adult human 
femora of unknown sex were studied from teaching collection of the 
Anatomy department, Guru Gobind Singh Medical College, Faridkot. Out 
of the total of 100 femora, 50 were of the right side and 50 were of the 
left side. All the femora was complete and showed normal anatomical 
features. Bones with any gross abnormality or broken bones were 
excluded from the study.
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NSA
It is the angle formed between the line joining the center of head of 
femur to the midpoint of intertrochanteric line and vertical line from 
the tip of the greater trochanter. The NSA of the femur was measured 
with the help of a goniometer and recorded in degrees (Fig. 1)

OBSERVATION AND RESULTS

A total of 100 femora (50 right and 50 left) were studied. Overall range, 
mean, Standard Deviation, and Standard Error of Mean were 122–137°, 
127.63°, 3.48°, and 0.49°, respectively. Range of femoral NSA in the 
right and left femur were 122–137° and 122–136°, respectively. The 
p-value calculated for this parameter came to be 0.628 and it was non-
significant (Graph 1). The mean standard deviation, standard error of 
mean, and distribution on the right and left side of neck-shaft angle are 
given in Table 1.

DISCUSSION

The neck shaft angle is one parameter which has been extensively 
studied by many workers. The angle has been measured on dry bones by 
goniometer and also by different methods such as roentgenography and 
computed tomography. The present study was conducted on 100 (50 
right and 50 left) dry adult human femora in North Indian Population. 
The mean NSA was found to be 127.63°+3.48° (Right=127.80°+3.56° 
and Left=127.46°+3.42°) with a range of 122°–137° (Right=122°–137° 
and Left=122°–136°).

Ogata et al. [14]measured femoral NSA by roentgenographic technique 
and compared with those that were measured directly with a goniometer. 
Neck shaft angle measured by X-ray showed values between 126° and 
137° and that by goniometer ranged between 121° and 135°. In a study 
done by Hoaglund et al. [15] in 294 femora from cadavers of Hong Kong 
and New England Medical Schools, NSA recorded was 135° and 134° in 
males and females, respectively.

Noble et al. [16] found that the neck shaft angle was 124.7°. Prasad 
et al. [17] studied a total of 171 South Indian unpaired dry femora and 
noted that neck shaft angle on left side was 126.9° and that on the right 
side was 126.5°. Cheng et al. [18] studied femur neck shaft angle of right 
femur of 64 cadavers. The neck shaft angle in their study was 125°. 
Maruyama et al. [19] studied 50  male and 50  female skeletons. The 
mean neck-shaft angle recorded was 125.0º. Silva et al. [20] studied 66 
Brazilians human femora, 33 from right and 33 from left limb. In their 
study, neck shaft angle was 122.55° on the right and 125.61° on the left 
side. De Sousa et al. [21] in the year 2010 studied cervical-diaphyseal 
angle (CDA) on 110 Brazilian human femur (49 right and 61 left) and 
noted that it was 132.0°+7.2° on the right side and 131.8°+5.2° on the 
left side.

Ravichandran et al. [22] did a study on proximal femoral geometry in 
578 Indian unpaired femora and noted that the average collodiaphyseal 
angle was about 126.55°. They concluded that the current available 
dimensions of Western implants used in the orthopedic surgeries do 
not match the proximal femoral dimensions of Indians and there was 
a need for modification of the implants. Gujar et al. [4] studied 250 
adult femora in South Indian population and noted that the range of 
neck shaft angle was between 116° and 150° with a mean of 136.3° 
and no significant side difference. The neck shaft angle significantly 
correlated with femoral neck length. In 2013, Kaur et al. [23] studied 
collodiaphyseal angle in 280  patients by radiography in the North 
West Indian population. The mean collodiaphyseal angle of the total 
population on the left side was 121.13°+2.44° (Males=121.33°+2.36° 
and Females=120.16°+2.51°) and on the right side it was 121.39°+2.46° 
(Males=121.63°+2.41° and Females=121.16°+2.50°). The study 
concluded that the collodiaphyseal angle does not have significant 
difference between both the sides and both the genders in the North 
West Indian population. Khan et al. [24] in the year 2014 studied 250 
femora and recorded NSA of femur was 137.1° (right 137.3° and left 
136.9°).

In 2015 Dhivya et al. [25] did study on 158 dry femora, neck shaft angle 
ranged between 120° and 145° with a mean of 134.15°.Ravi et al. [26] 
recorded NSA of femur was 136.8° (right=136.7° and left =136.9°).
Lakati et al. [27]reported that mean femoral NSA was found to be 
129.21º.Shivashankarappa et al. [28] did study on 457 femurs and noted 
that the mean neck shaft angle of femur was 138.3+5.67°, (136.2+4.54° 
on right side and 140.1+5.43° on left side). Mukhia et al. [29] in year 
2019 conducted a study on 75 femur of both sex and concluded that the 
femur neck shaft angle of the left femur was significantly higher than 
that of the right femur (p=0.03).

The values of NSA in the present study are in consonance with values in 
previous studies done by Prasad et al. [17] and Ravichandran et al. [22]. 

Table 1: Statistical measurements of femoral neck-shaft angle of 
right and left femur

Side Range 
(degree)

Mean 
(degree)

SD 
(degree)

SEM 
(degree)

Right 122–137 127.80 3.56 0.50
Left 122–136 127.46 3.42 0.48
Total 122–137 127.63 3.48 0.49
SD: Standard deviation, SEM: Standard error of mean p-value 0.628(non 
significant)

Graph 1: Comparison of parameters of femoral neck-shaft angle of 
the right and left femur (degree)

Fig. 1: The measurement of femoral neck-shaft angle with the 
help of goniometer
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No significant difference was found between the values of right and 
left side. The difference seen between the values of present study and 
those recorded by other workers could be explained on the basis of 
geographic, ethnic, and racial variations.

CONCULSION

The overall goal of this study was to generate information that would be 
useful for geometric modeling of femora and collecting data which could 
prove useful for development of prosthetic implants. In cases, where 
destruction of femora is extensive, due to trauma or some disease, 
the data may be helpful for sizing the replacement and reconstructing 
normal alignment. However, it should be kept in mind, that the present 
study had a smaller number of femur bones, so it is worthwhile to 
perform similar study on more number of bones for its theoretical and 
practical importance in the coming years.
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