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INTRODUCTION

Fractures particularly hip fractures are major health problem 
in terms of disability, death, and medical cost. This morphol-
ogy of the proximal femur is one of the important risk fac-
tors regardless of bone mass and bone strength.1 Since mid-
dle of the 19th century the morphology of the proximal 
femur, specifically the relationship between its differ-
ent parts with the proximal shaft is a subject of interest 
and debate in literatures.2 There are lots of differences 
in skeletal components among populations and these 
variations are related to genetic and environmental fac-
tors (geography, diet, lifestyle). There are variations 
in human skeletal measurements that determine the 
racial characteristics of the populations. The shape of 
bones and different skeletal measurements, both ana-

tomically and radiologically, can offer a guide to clini-
cians for the determination of fracture risks. The risk 
of hip fracture can be predicted by different factors like 
body mass index (BMI), bone mineral density (BMD), 
the direction and severity of the fall, muscle strength, 
femoral morphometry, family history, body habitus and 
lifestyle factors.

As the femoral head supports the entire weight of the body 
and is involved in different activities, it shows that mor-
phometry of the proximal femur has a great contribution to 
femoral neck strength. The biomechanical properties of the 
proximal femur depend on the length and width of the femo-
ral neck.3 The typical morphology of the proximal femur and 
the muscle balance around the hip joint are important factors 
that help in weight-bearing.4 Different morphometric param-
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ABSTRACT
Introduction: Proximal femoral geometry plays an important role in the prediction of hip fractures as it provides mechanical 
strength to the femur.
Objective: To find out the relationship between body mass index (BMI) and femoral morphometry in the study population.
Methods: This is an observational cross-sectional study in 168 patients where parameters such as hip axis length(HAL) and 
femoral neck-shaft angle(FNSA) were measured by using a dual-energy X-ray absorptiometry scan. BMI was calculated by tak-
ing the weight and height of the patients. The relationship of proximal femoral morphometry with different groups of BMI (Normal, 
Pre-obese and Obese group)has been studied by using the Karl Pearson correlation coefficient (r).
Results: The mean age, height, weight, HAL, FNSA, and BMI of the study population were found to be 58.72 years, 160.15 cm, 
64.38 kg, 104.14 mm, 128.51°, and 26.89 kg/mt2 respectively. In the normal group, the BMI has a low level of positive correlation 
with HAL (r=0.484) and a moderate level of correlation with FNSA (r=0.413). In the pre-obese group, the BMI has a low level of 
positive correlation with HAL and FNSA (r=0.404 & 0.473 respectively). In the obese group, BMI has a moderate level of positive 
correlation with HAL and FNSA (r=0.501 & 0.507 respectively).
Conclusion: The present study established a positive correlation between proximal femoral morphometry and BMI.
Key Words: Proximal femur morphometry, Hip axis length, Femoral neck-shaft angle, Body mass index
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eters like hip axis length (HAL), femoral neck axis length 
(FAL), femoral neck-shaft angle (Q angle), femoral neck 
width (FW), femoral head width (HW) and intertrochanteric 
width (TW) provide mechanical strength to the proximal fe-
mur. These parameters provide resistance of bone to impact 
and higher values are being found in races with a high inci-
dence of hip fracture.5 Previously many studies have been 
carried out to find different risk factors of hip fracture and 
that helps to identify those at risk and accordingly preventive 
measures are taken.6,7 The present study was carried out to 
find out the correlation of hip axis length and femoral neck-
shaft angle with the bone mass index of the study population. 

MATERIALS AND METHODS

The present study was an observational cross-sectional 
study carried out on 168 patients irrespective of sex, attend-
ing various outpatient department of a tertiary care hospital 
and coming to the Department of Radiology for radiogra-
phy. The sample size was calculated by using the formula 
n = NX/[(n-1)E2+X], taking a 95% confidence interval and 
5% standard error. The subjects were selected after written 
informed consent was obtained from the participants. The 
samples were collected by the non-probability sampling 
method using haphazard (convenience) samples. The total 
study population was divided into three groups by using 
WHO classification criteria (Table-1). This study design 
was approved by the institutional ethical committee (IEC 
letter number:235/09/01/2013). The exclusion criteria for 
the study population were, patients with metabolic bone dis-
eases, bilateral hip fracture, having a history of fracture due 
to osteoporosis, malignancy, renal failure, terminal illness, 
psychiatric illness, and severe dementia Age, sex, height, 
and weight were measured for all the patients. Morphomet-
ric indices of the upper end of the femur such as HAL and 
FNSA were measured by dual-energy X-ray absorptiometry 
(DEXA) scan by using LUNAR XR 1000 scanner. The equip-
ment used for the study were being updated regularly for 
standardization of reading. The BMI was calculated as per 
WHO guideline, by using the formula.

Weight (inkilograms)

Height(inmeters)2
BMI

Using the above equation, BMI was calculated until the sec-
ond decimal value.

BMI classification according to World Health Organization 
(WHO)

BMI (kg/m2) Classification
< 25.00 Normal
≥ 25.00 - < 30.00 Pre-obese
≥ 30.00 Obese

Radiographic assessment 
The radiography of the proximal femur was taken in a su-
pine position with 15–30° of internal rotation of hips. With 
a film focus distance of 100cm, the beams were centred in 
the symphysis pubis. To measure different morphometric 
parameters 15 inch×12inch size films were used. A longitu-
dinal line was drawn over the film, and few perpendicular 
lines 1 cm apart were drawn on that longitudinal line. The 
film was placed over radiograms to facilitate accuracy and 
consistency of measurements and points of desired meas-
urements were marked over lines. For uniformity of sam-
ple, in all patients skiagrams of the left femur were taken. 
Following parameters were taken for measurement in all 
patients (Figure 1).

• Hip Axis Length in mm (HAL): From the base of 
the lateral part of the greater trochanter up to the inner 
pelvic brim.

• Femoral Neck-Shaft Angle in degree (FNSA): An-
gle between neck and shaft of the femur.

Figure 1: Hip Image showing  measurement of Hip axis length 
& Neck shaft angle.

Statistical analysis
The data collected in the process were analysed through sta-
tistical tools and techniques as explained in the methodology 
using IBM SPSS 24.0 statistics, SPSS South Asia private 
limited. The correlation of BMI with femoral morphometric 
parameters has been studied by using Kal Pearson’s correla-
tion coefficient (r). The level of correlation depends upon ‘r’ 
value which lies between -1 to +1. If r<0.5, the correlation is 
of low level; if r>0.5 but <0.7, the correlation is of moderate 
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level; if r>0.7 but <0.8, the correlation is of high level; if r> 
0.8, the correlation is of very high level. 

RESULTS

The mean age, height, weight, HAL, FNSA and BMI of the 
study population were found to be 58.72, 160.15cm, 64.38 
kg, 104.14mm, 128.51 degrees and 26.89 kg/m² respectively 
(Table-1). In the sampled population 39.8% of subjects were 
in the pre-obese group, 28.5% in the normal BMI group and 
31.5% were in the obese group (Table 2). The comparison of 
proximal femoral morphometry in different BMI group was 
represented in Table 2. In the obese and pre-obese group, 
there was a significant increase in mean values of all param-
eters as compared with the normal BMI group (P<0.001). 
The relationship of proximal femoral morphometry with 
different groups of BMI has been studied (Normal, Pre-
obese and Obese group). The correlation coefficient (r) val-
ues are presented in table- 3. In the normal group, the BMI 
has a low level of positive correlation with HAL (r=0.484) 
and a moderate level of correlation with FNSA (r=0.413). 
In the pre-obese group, the BMI has a low level of positive 
correlation with HAL and FNSA (r=0.404 & 0.473 respec-
tively) (Table-3). In the obese group, BMI has a moderate 
level of positive correlation with HAL and FNSA (r=0.501 
& 0.507 respectively). The study of the bivariate correla-
tion between proximal femoral morphometry and BMI can 
be visualized from the scattered diagram presented below 
(Figures 2 and 3).

Figure 2: Scattered diagram between BMI and HAL.   

Figure 3: Scattered diagram between BMI and FNSA.

DISCUSSION

In fracture of hip, morphometry of proximal femur is an im-
portant factor.  When a bone is subjected to stress more than 
its bearable strength it can undergo fracture.1 The strength 
of a bone is determined by its composition, geometric ar-
rangement and amount of force subjected to it.8,9 Different 
factors that influence the hip fracture risks are body mass 
index, bone mineral density, body habitus, muscle strength, 
femoral geometry, family history of bone diseases and life-
style factors.10,11 The mean HAL & NSA  in the present study 
was found as 104.11 mm and 128.51 degrees respectively. 
In comparison to a study by Bhattacharya et al. the findings 
were 96.9mm and 125.53 degrees, respectively.12 Another 
study have reported 104.8 mm and 131.52 degrees respec-
tively.13 This variation may be due to difference in race, 
different body habitus or different level of physical activ-
ity.  The present study represents the correlation of proximal 
femoral morphometry with BMI in different BMI groups. In 
normal, pre-obese and obese group BMI had a low to mod-
erate level of positive correlation with femoral parameters; 
In other words, as the values of BMI increase, the values of 
HAL and FNSA will increase accordingly. In this respect, it 
may be considered as BMI influences the length and angula-
tions of the femoral neck positively. Felson DT et al reported 
body weight and body mass index increases the fracture risk 
due to osteoarthritis.14 According to some previous studies, 
there is a relationship between hip fracture risk and hip axis 
length, femoral neck axis length, femoral neck-shaft an-
gle.15-17 Longer  in hip axis length, wider femoral neck-shaft 
angle and larger femoral neck width is associated with an 
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increased risk of fracture.15-19 Longer hip axis length may 
cause a high impact on the greater trochanter and decreases 
impact absorption after a fall and that may increase the frac-
ture risk.5,20 Femoral neck strength is higher in normal BMI 
individual than higher BMI individuals. Increased BMI in 
older males causes smaller cortical area and reduced bone 
strength in the femoral neck relative to younger males, thus 
making the femoral neck more susceptible to fracture in 
obese individuals.21 There is a positive correlation between 
hip axis length, femoral neck width, neck-shaft angle and 
head radius with body weight. In females, the neck-shaft 
angle was positively related to body height and negatively 
to body weight.22 Another study stated that short individu-
als have a lower risk of hip fracture compared to tall indi-
viduals.23 There is a positive correlation between BMI and 
femoral neck width. But they don’t report any correlation 
between BMI and hip axis length, femoral neck axis length 
and femoral neck-shaft angle.13 A negative correlation and 
BMI in a higher age group (age>65yrs) is also reported.24,25 
As BMI is associated with body weight & BMD, decreased 
body weight may be associated with decreased bone mass 
and increases the fracture risk.6,7,9 But in the present study os-
teoporotic patients were excluded from the study population. 
The present study coincides with the study by Bhattacharya 
et al on the Indian population that demonstrates a moderate 
to the high level of correlation between BMI and femoral 
neck axis length, hip axis length, head width, femoral neck 
width, neck-shaft angle in normal and obese BMI individu-
als. Femoral morphometric measurements related to differ-
ent races are worth obtaining the validity of risk factors for 
a fractured hip. 

CONCLUSION

The present cross-sectional study found a significant cor-
relation between BMI and proximal femoral morphometry, 
hip axis length and femoral neck-shaft angle. Both the pa-
rameters should be evaluated together for better prediction 
of fracture risk in an individual and can help clinicians in 
choosing the proper size prosthesis during hip arthroplasty.  
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Table 1: Average measurements of anthropometric and femoral morphometric parameters
Measurements Mean value (n=168) Standard deviation Standard error

Age 58.72 ±4.15 0.47

Height (cm) 160.15 ±2.53 0.31

Weight (kg) 64.38 ±6.35 0.33

HAL (mm) 104.14 ±5.54 0.45

FNSA (degree) 128.51 ±3.24 0.29

BMI (kg/mt2) 26.89 ±2.87 0.42

Table 2: Comparison of proximal femoral morphometry by BMI Group
Parameters Normal 

(n=48)
Pre obese 

(n=67)
Obese 
(n=53) P value

Mean SD Mean SD Mean SD

HAL (mm) 94.22 3.06 97.11 5.57 105.91 7.52 <0.001

FNSA (degree) 120.51 1.92 123.39 3.04 128.93 4.34 <0.001

Table 3: Correlation analysis of proximal femoral morphometry with BMI in different BMI Group
Normal 

 BMI HAL FNSA

BMI 1 0.484* 0.413*

Pre-obese

BMI 1 0.404* 0.473*

Obese 

BMI 1 0.501** 0.507**


