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INTRODUCTION

The proximal femur, often known as the thigh bone, 
is an important anatomical element in human mobility 
and skeletal integrity. The morphometric analysis of  the 
proximal femur is vital in a variety of  clinical and scientific 
fields due to its complicated geometry and biomechanical 
features. Morphometric analysis is the quantitative 
evaluation of  the shape, size, and structural properties of  
biological entities. Numerous studies have underlined the 
importance of  proximal femur morphometric analysis 

in orthopedic surgery, implant design, fracture care, and 
biomechanical research throughout the last decade.

Pre-operative planning is critical in orthopedic surgery, 
particularly in interventions involving the proximal femur. 
Orthopedic surgeons benefit from morphometric analysis 
of  the proximal femur because it aids in accurate implant 
selection, placement, and alignment. Implant sizing and 
alignment are essential elements in the success of  surgical 
procedures.1 With developments in the complexities of  
surgical procedures and implant designs, it is necessary to have 
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a thorough understanding of  proximal femur morphology 
for achieving the best results and limiting complications.2

Fractures of  the proximal femur, especially in the 
elderly, provide considerable difficulties with health care. 
Morphometric study of  the proximal femur is important 
in fracture management because it provides information 
about fracture patterns, classification systems, and 
treatment procedures. An accurate assessment of  proximal 
femur morphology allows for better planning of  surgical 
approach, the selection of  appropriate fixation devices, 
and the optimization of  fracture reduction strategies. 
Furthermore, morphometric analysis allows for the 
formulation of  patient-specific treatment plans that take 
into account individual bone geometry and biomechanical 
factors, resulting in enhanced fracture healing and 
functional outcomes.3 Pre-operative morphometric 
evaluation influences surgical decision-making and 
subsequent patient outcomes by assessing the suitability 
of  intramedullary devices against extramedullary fixation.4

Apart from clinical consequences, morphometric 
assessment of  the proximal femur adds to biomechanical 
research by allowing for a better understanding of  bone 
structural integrity, mechanical properties, and functionality. 
Researchers can predict bone strength, analyze the impacts 
of  osteoporosis, and create preventative strategies to 
reduce fracture risk by combining morphometric data 
with computational modeling and finite element analysis.5 
Corrective osteotomies for complex proximal femoral 
abnormalities can be difficult; thus, assistance in pre-
operative planning and during surgical operations is 
thought to be beneficial. Different orthopedic surgeries 
already use three-dimensional (3D) planning and patient-
specific instrumentation.6 Furthermore, morphometric 
parameters of  the proximal femur are important in the 
design and refinement of  computational models used in 
biomechanical simulations and virtual testing of  implants 
to ensure their safety and efficacy.7

The morphometric study of  the proximal femur has gained 
increasing importance over the past decade. Its use in 
orthopedic surgery, implant design, fracture management, 
and biomechanical research has proved its importance 
in improving clinical outcomes and enhancing scientific 
knowledge. The integration of  morphometric analysis 
with modern imaging techniques, computational modeling, 
and simulation methods yields a thorough awareness 
of  proximal femur morphology and its implications for 
numerous fields of  medicine. In this study, we aimed to 
conduct a morphometric study of  the proximal end of  the 
femur particularly the head and neck of  the dry femora 
quantitatively and to analyze each parameter sidewise.

Aims and objectives
To study the morphometric measurements of  proximal 
end of  femur quantitatively in the South Indian population 
from the dry femora available in Department of  Anatomy, 
Government Medical College, Kottayam.

MATERIALS AND METHODS

This study was conducted as a cross‑sectional study 
using 101 intact adult femora (right‑48 and left‑53) 
obtained from the Department of  Anatomy, Government 
Medical College, Kottayam, after getting approval from 
the Institutional Review Board of  the institution (IRB. 
No. 129/2023 dated May 12, 2023). Bones with any gross 
deformities or damages were not included in the study. 
Age, ethnicity, and sex were not known. The measurements 
were taken with digital Vernier calipers and a goniometer. 
Ten variables were measured (Figure 1).
(i)	 Femoral head vertical diameter: It is the vertical 

diameter of  the femoral head measuring the straight 
distance between the highest and lowest point of  the 
head8

(ii)	 Femoral head anteroposterior diameter: It is the 
maximum anteroposterior distance of  the head of  the 
femur9

(iii)	Femoral neck vertical diameter: It is the distance 
between the two extreme points in the middle of  the 
neck in the superioinferior plane (sagittal plane)10

(iv)	Femoral neck anteroposterior diameter: It is the 
distance between the two extreme points in the 
middle of  the neck from the center point of  the 
intertrochanteric line to the base of  the head in the 
anteroposterior plane10

(v)	 Femoral head superior length: It is the distance from 
the center of  the femoral head (fovea) to the periphery 
of  the femoral head along the articular cartilage border 
where it is maximum (superior)10

(vi)	Femoral head inferior length: It is the distance from 
the center of  the femoral head (fovea) to the periphery 
of  the femoral head along the articular cartilage border 
where it is minimum (inferior)10

(vii)	Femoral neck superior length: It is the distance between 
the superior region of  the base of  the femoral head 
and the base of  the greater trochanter

(viii) �Femoral neck inferior length: It is the distance between 
the inferior region of  the base of  the femoral head 
and the lower end of  the intertrochanteric line

(ix) 	Intertrochanteric length: It is the total length of  the 
intertrochanteric crest from the tip of  the greater 
trochanter to the lesser trochanter

(x)  Neck-shaft angle: It is the angle formed by the neck 
axis and shaft axis of  the femur.
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Quantitative variables were expressed as a minimum, 
maximum, median, mean, and standard deviation. The 

distribution of  the data was evaluated using a Kolmogorov–
Smirnov test. It was observed that certain variables followed 
a normal distribution, while others did not follow to this 
pattern. Differences between the right and left sides were 
analyzed using the Mann–Whitney U-test for variables with 
non-normal distribution and independent sample t-test for 
variables with normal distribution. P<0.05 was considered 
statistically significant. Data analysis was performed using 
version 21 of  the Statistical Package for the Social Sciences 
(SPSS software, IBM Inc, New York, USA).

RESULTS

The different parameters of  the proximal end of  101 
dry femora (right – 48 and left – 53) were measured, 
subjected to statistical analysis, and compared. Table  1 
shows the mean, standard deviation, median, minimum, 
and maximum values of  the morphological parameters 
studied. The Kolmogorov–Smirnov test was used to 
determine the normality of  the data distribution of  the 
study variables, and it was found that the HSL, NAPD, 
and NSA had a non-normal distribution whereas the 
rest followed the normal distribution. Two observers 
independently recorded their findings and the mean was 
taken. Table 2 shows the results of  the independent sample 
t-test to compare the quantitative variables with a normal 
distribution of  the right and left femora. Table 3 shows 
the results of  the Mann–Whitney U test to compare the 
quantitative variables with the non-normal distribution of  
the right and left femora.

DISCUSSION

The various parameters measured in the present study 
and findings in similar other studies are shown in Table 4.

The complex geometry and structural peculiarities of  the 
proximal femur necessitate a thorough understanding to 
achieve successful surgical outcomes. The importance 
of  studying the morphometry of  the proximal femur 
in different populations lies in the recognition that 
anatomical variations exist among individuals of  diverse 
ethnicities, age groups, and geographical locations. 
These variations can have significant implications for 
orthopedic surgeries, including total hip arthroplasty 
(THA), hip fracture fixation, revision surgeries, and 
other interventions involving the proximal femur.24,25 By 
understanding the unique morphometric characteristics 
of  different populations, surgeons can tailor their surgical 
approaches, implant selection, and pre-operative planning 
to optimize outcomes and minimize complications. 
Moreover, the study of  proximal femur morphometry 
in different populations contributes to the development 

Figure 1: Method of measuring different variables in the present study. 
(a) Femoral head vertical diameter; (b) femoral head anteroposterior 
diameter; (c) femoral head superior length; (d) femoral head inferior 
length; (e) neck-shaft angle; (f) intertrochanteric length; (g) femoral 
neck superior length; (h) femoral neck inferior length; (i) femoral neck 
vertical diameter; (j) femoral neck anteroposterior diameter

d

h

i j

c

g

b

f

a

e



George, et al.: Morphometry of proximal femur in South Indian Population

Asian Journal of Medical Sciences | Mar 2024 | Vol 15 | Issue 3	 83

of  standardized measurement techniques and reference 
databases, enhancing the reliability and reproducibility of  
surgical interventions.

Ethical and racial variations in factors such as bone density, 
bone quality, and hip joint geometry may lead to variations 
in femoral neck angles, head-neck ratios, and overall 
femoral dimensions.26,27 Proximal femur morphometry data 

obtained from diverse populations aids in the refinement 
and customization of  orthopedic implants to better suit 
the anatomical variations observed. By considering the 
differences in proximal femur morphology between 
populations, implant manufacturers can develop implant 
designs that offer improved fit, stability, and longevity.17

Previous studies have extensively investigated proximal 
femur morphometry and its significance in orthopedic 
surgeries. The study by Ravichandran et al. demonstrated 
the importance of  the knowledge of  femoral neck 
morphometry in designing dynamic hip screws tailored to 
each population.28 Atilla et al. demonstrated the correlation 
between femoral head diameter and implant size selection 
in the Turkish population.29 According to the study by 
Stroh et al., larger femoral heads were associated with 
reduced dislocation rates and increased range of  motion.30 
Unnanuntana et al. compared the neck-shaft angle between 
different populations and concluded that racial differences 
exist, suggesting the need for individualized surgical 
approaches.12 Precise morphometric measurements play 
a crucial role in selecting appropriate implants, such as 
intramedullary nails or sliding hip screws, to achieve optimal 
stability and promote fracture healing. A study by Casper 
et al. highlighted the importance of  obtaining accurate 
radiographic measurements to guide implant selection 
and achieve better functional outcomes in patients with 
proximal femur fractures.31 Revision surgeries for failed 
hip arthroplasties require a thorough understanding of  
the patient’s proximal femur morphology to address 
implant loosening, instability, or bone loss. Multiple 
research studies emphasized the importance of  accurate 

Table 1: Descriptive statistics of measurements of the proximal femur
Side HVD 

(mm)
HAPD 
(mm)

HSL 
(mm)

HIL 
(mm)

NAPD 
(mm)

NVD 
(mm)

NSL 
(mm)

NIL 
(mm)

NSA 
(degrees)

ITL 
(mm)

Left side (53 in number)
Mean 39.39 40.06 32.64 23.25 24.92 29.41 21.67 32.35 125.96 60.79
Std. Deviation 3.17 3.00 3.69 3.72 3.00 2.92 3.49 4.63 6.39 5.80
Median 39.18 40.18 33.00 23.09 25.57 30.00 22.00 32.23 126.00 62.00
Minimum 32.00 33.00 25.00 15.00 17.00 21.46 13.00 24.00 110.00 42.00
Maximum 45.82 46.00 39.66 33.28 31.00 36.95 31.19 44.00 143.00 71.13

Right side (48 in number)
Mean 39.85 40.29 33.42 24.59 23.45 29.80 21.84 31.67 122.06 59.79
Std. Deviation 3.44 3.32 3.49 4.84 2.85 3.09 4.16 6.50 5.74 8.75
Median 40.31 40.44 34.16 25.00 23.98 29.50 21.00 30.22 122.00 60.88
Minimum 29.00 30.00 26.00 3.00 17.35 23.00 14.00 21.00 110.00 27.00
Maximum 49.00 49.00 41.00 35.00 30.94 37.00 30.80 45.09 137.00 78.00

Total (101)
Mean 39.61 40.17 33.01 23.88 24.22 29.59 21.75 32.03 124.11 60.31
Std. Deviation 3.29 3.14 3.60 4.32 3.01 2.99 3.81 5.58 6.37 7.33
Median 39.99 40.35 33.98 24.11 24.34 29.58 22.00 31.00 125.00 61.00
Minimum 29.00 30.00 25.00 3.00 17.00 21.46 13.00 21.00 110.00 27.00
Maximum 49.00 49.00 41.00 35.00 31.00 37.00 31.19 45.09 143.00 78.00

HVD: Femoral head vertical diameter, HAPD: Femoral head anteroposterior diameter, NVD: Femoral neck vertical diameter, NAPD: Femoral neck anteroposterior diameter, 
HSL: Femoral head superior length, HIL: Femoral head inferior length, NSL: Femoral neck superior length, NIL: Femoral neck inferior length, ITL: Intertrochanteric length, and 
NSA: Neck‑shaft angle

Table 2: Independent sample t‑test to compare 
the quantitative variables with the normal 
distribution of the right and left femora
Parameters t P
HVD −0.693 0.490
HAPD −0.356 0.723
HIL −1.573 0.119
NVD −0.660 0.511
NSL −0.220 0.826
NIL −0.612 0.542
ITL −0.680 0.498

HVD: Femoral head vertical diameter, HAPD: Femoral head anteroposterior 
diameter, NVD: Femoral neck vertical diameter, HIL: Femoral head inferior 
length, NSL: Femoral neck superior length, NIL: Femoral neck inferior length, and 
ITL: Intertrochanteric length

Table 3: Mann–Whitney U test to compare 
the quantitative variables with non‑normal 
distribution of the right and left femora
Parameters Z P
HSL −1.163 0.245
NAPD −2.954 0.003
NSA −3.093 0.002

HSL: Femoral head superior length, NAPD: Femoral neck anteroposterior diameter, 
and NSA: Neck‑shaft angle



George, et al.: Morphometry of proximal femur in South Indian Population

84	 Asian Journal of Medical Sciences | Mar 2024 | Vol 15 | Issue 3

Ta
bl

e 
4:

 C
om

pa
ri

so
n 

of
 v

ar
io

us
 m

or
ph

om
et

ri
c 

m
ea

su
re

m
en

ts
 o

f t
he

 p
ro

xi
m

al
 fe

m
ur

 b
et

w
ee

n 
th

e 
pr

es
en

t s
tu

dy
 a

nd
 s

im
ila

r 
st

ud
ie

s
A

ut
ho

r
(L

oc
at

io
n;

 Y
ea

r;
Ty

pe
 o

f s
am

pl
e)

H
VD

 (m
m

)
H

A
PD

 (m
m

)
H

SL
 (m

m
)

H
IL

 (m
m

)
N

A
PD

 (m
m

)
N

VD
 (m

m
)

N
SL

 (m
m

)
N

IL
 (m

m
)

N
SA

 (d
eg

re
es

)
IT

L 
(m

m
)

C
ur

re
nt

 s
tu

dy
(S

ou
th

 In
di

a;
 2

02
3;

D
ry

 b
on

es
)

39
.6

1±
3.

29
40

.1
7±

3.
14

33
.0

1±
3.

60
23

.8
8±

4.
32

24
.2

2±
3.

01
29

.5
9±

2.
99

21
.7

5±
3.

81
32

.0
3±

5.
58

12
4.

11
±6

.3
7

60
.3

1±
7.

33

Ird
es

el
 e

t a
l.11

(N
or

th
 In

di
a;

 2
00

6;
X‑

ra
y 

im
ag

es
)

52
.1

±0
.2

35
.4

±0
.1

13
1.

52
±0

.3
°

84
.2

±0
.3

Aa
si

s 
et

 a
l.12

(U
ni

te
d 

St
at

es
; 2

01
0;

dr
y 

bo
ne

s)

52
.0

9±
4.

43
13

2.
69

±5
.9

1

So
us

a 
et

 a
l.13

(B
ra

zi
l; 

20
10

;
D

ry
 b

on
es

)

46
.7

5±
3.

4
30

.9
5±

2.
85

13
1.

95
±6

.2

Ba
ha

ru
dd

in
 e

t a
l.14

(M
al

ay
si

a;
 2

01
1;

C
T 

im
ag

es
)

41
.2

4±
2.

61
27

.4
2±

3.
85

13
1.

1±
3.

7

Iy
em

 e
t a

l.15

(T
ur

ke
y;

 2
01

4;
X‑

ra
y 

im
ag

es
)

48
.1

±3
.7

35
.4

±4
.2

13
0.

4±
5.

1
81

.1
±7

.1

La
ka

ti 
et

 a
l.16

(K
en

ya
; 2

01
7;

D
ry

 b
on

es
)

42
.6

29
.3

6
12

9.
21

Ve
rm

a 
et

 a
l.17

(N
or

th
 In

di
a;

 2
01

7;
D

ry
 b

on
es

)

42
.3

2±
4.

11
24

.0
1±

3.
05

33
.0

2±
4.

22
44

.7
5±

8.
1

12
8.

90
±4

.4
9

M
ul

ey
 e

t a
l.18

(N
or

th
 In

di
a;

 2
01

7;
D

ry
 b

on
es

)

29
.1

2±
2.

98

Si
w

ac
h1

0
(N

or
th

 In
di

a;
 2

01
8;

D
ry

 b
on

es
)

43
.9

5±
3.

06
36

.9
±4

.1
1

25
.5

±4
.2

6
24

.9
±2

.9
4

31
.8

7±
2.

91
22

.6
9±

3.
65

37
.2

3±
4.

65
12

3.
5±

4.
34

So
ba

na
 e

t a
l.19

(S
ou

th
 In

di
a;

 2
01

8;
D

ry
 b

on
es

)

41
.7

34
.2

12
9.

9
61

.3

M
uk

hi
a 

et
 a

l.20

(N
ep

al
; 2

01
9;

D
ry

 b
on

es
)

23
.6

±4
.2

29
.4

±3
41

.2
±3

.2
12

7.
1±

6.
44

Vi
na

y 
et

 a
l.9

(S
ou

th
 In

di
a;

 2
01

9;
D

ry
 b

on
es

)

40
.9

±3
.5

12
0.

13
±5

.7
2

R
aj

ila
 e

t a
l.21

(S
ou

th
 In

di
a;

 2
02

0;
D

ry
 b

on
es

)

39
.9

±3
.4

2
14

6.
25

±4
.1

8

Se
ng

up
ta

 e
t a

l.8

(N
or

th
 In

di
a;

 2
02

0;
D

ry
 b

on
es

)

38
.3

2±
2.

97
28

.4
7±

2.
5

12
5.

72
±7

.0
1

(C
on

td
...

)



George, et al.: Morphometry of proximal femur in South Indian Population

Asian Journal of Medical Sciences | Mar 2024 | Vol 15 | Issue 3	 85

pre-operative imaging and measurements to improve the 
outcomes of  revision hip arthroplasty.32,33 The current 
study clearly demonstrates the difference in proximal femur 
morphometry between the South Indian population and 
other parts of  the world including the United States of  
America, Turkey, Kenya, and Brazil.12,13,15,16

The asymmetry between the right and left sides is 
another important factor to consider in pre-operative 
planning in orthopedic surgeries, particularly THA. An 
accurate assessment of  the sidewise differences helps 
determine optimal implant positioning, size, and offset 
for each side of  the hip joint. Considering the individual 
patient’s sidewise morphological variations allows for a 
precise surgical approach, potentially improving joint 
stability, and reducing complications. Off-the-shelf  
implants often assume bilateral symmetry, which may 
not adequately accommodate the individual’s unique 
sidewise morphometry. Failure to consider sidewise 
asymmetry can result in implant malpositioning, 
instability, and increased wear, compromising the long-
term success of  the surgery. We found statistically 
significant differences in the mean values of  NSA and 
NAPD between the right and left sides (P value 0.002, 
0.003, respectively; Table 3). However, similar studies 
by Sousa et al.13 and Rajila et al.21 found there was no 
significant difference in the proximal femur parameters 
between the right and left sides.

Accurate assessment and correction of  sidewise asymmetry 
help minimize leg-length discrepancy, ensuring optimal 
gait mechanics, and reducing patient discomfort and 
dissatisfaction post-surgery. Standardized protocols 
for assessing sidewise asymmetry in proximal femur 
morphometry are essential to ensure consistency and 
reproducibility across different surgical centers. Consensus 
guidelines for radiographic and 3D imaging evaluations 
should be developed to facilitate reliable comparisons and 
interpretation of  asymmetrical features.

Furthermore, studying proximal femur morphometry 
in different populations provides valuable insights into 
the epidemiology and etiology of  various orthopedic 
conditions including population-specific risk factors 
and pre-dispositions. In addition, understanding the 
morphological differences in proximal femur among 
different populations can shed light on the development 
and progression of  conditions such as osteoarthritis and 
avascular necrosis, which can have varying prevalence 
and severity across populations.34 Furthermore, the 
availability of  population-specific normative data promotes 
standardization and consistency in orthopedic practice, 
facilitating better communication and collaboration among 
surgeons globally.Ta
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Despite significant progress in proximal femur 
morphometry, several areas warrant further exploration. 
Advanced imaging techniques, such as three-dimensional 
modeling 35 and computer-assisted methods,36 hold 
promise for enhancing accuracy in pre-operative planning. 
In addition, incorporating patient-specific factors, such 
as bone quality and loading patterns, could lead to 
personalized treatment strategies and improved outcomes. 
Long-term follow-up studies are necessary to evaluate 
the impact of  morphometry on implant survivorship and 
patient satisfaction.

The current study did not include the sex differences in the 
variations in morphometry of  the proximal femur. Future 
research should focus on standardizing measurement 
protocols, incorporating large-scale multicenter studies, and 
developing population-specific morphometric databases 
to enhance surgical planning and implant selection. To 
enhance the reliability and reproducibility of  proximal 
femur morphometry, standardization of  measurement 
techniques and the establishment of  comprehensive 
reference databases are crucial.

Limitations of the study
Current study did not include the age and sex differences 
in the variations in morphometry of  proximal femur.

CONCLUSION

Skeletal measurements vary significantly across populations. 
Understanding these differences is crucial for designing 
orthopaedic implants that fulfill the needs of  the South Indian 
population. By using tools like manual or radiological methods, 
we can gather accurate data on proximal femoral morphometric 
dimensions, paving the way for custom-designed implants that 
offer optimal surgical outcome for the patients.

ACKNOWLEDGEMENTS

The authors sincerely thank those who donated their bodies 
to science so that anatomical research could be performed. 
Furthermore, we thank the teaching and non-teaching staff  
of  the Department of  Anatomy, Government Medical 
College, Kottayam, for supporting this study at various stages.

REFERENCES

1.	 Jud L, Vlachopoulos L and Grob K. Correction of complex three-
dimensional deformities at the proximal femur using indirect 
reduction with angle blade plate and patient-specific instruments: 
A technical note. J Orthop Surg Res. 2021;16(1):427.

	 https://doi.org/10.1186/s13018-021-02579-z
2.	 Berry DJ, Harmsen WS, Cabanela ME and Morrey BF. 

Twenty-five-year survivorship of two thousand consecutive 

primary Charnley total hip replacements: Factors affecting 
survivorship of acetabular and femoral components. J Bone 
Joint Surg Am. 2002;84(2):171-177.

	 https://doi.org/10.2106/00004623-200202000-00002
3.	 Schilcher J, Michaëlsson K and Aspenberg P. Bisphosphonate 

use and atypical fractures of the femoral shaft. N Engl J Med. 
2011;364(18):1728-1737.

	 https://doi.org/10.1056/nejmoa1010650
4.	 Cai L, Wang T, Di L, Hu W and Wang J. Comparison 

of intramedullary and extramedullary fixation of stable 
intertrochanteric fractures in the elderly: A prospective 
randomised controlled trial exploring hidden perioperative blood 
loss. BMC Musculoskelet Disord. 2016;17(1):475.

	 https://doi.org/10.1186/s12891-016-1333-z
5.	 Bessho M, Ohnishi I, Matsuyama J, Matsumoto T, Imai K and 

Nakamura K. Prediction of strength and strain of the proximal 
femur by a CT-based finite element method. J Biomech. 
2007;40(8):1745-1753.

	 https://doi.org/10.1016/j.jbiomech.2006.08.003
6.	 Baraza N, Chapman C, Zakani S and Mulpuri K. 3D-printed 

patient specific instrumentation in corrective osteotomy of 
the femur and pelvis: A review of the literature. 3D Print Med. 
2020;6(1):34.

	 https://doi.org/10.1186/s41205-020-00087-0
7.	 Schileo E, Taddei F, Malandrino A, Cristofolini L and Viceconti M. 

Subject-specific finite element models can accurately predict 
strain levels in long bones. J Biomech. 2007;40(13):2982-2989.

	 https://doi.org/10.1016/j.jbiomech.2007.02.010
8.	 Sengupta I, Mahato M, Sengupta G and Chattopadhyay JC. A 

morphometric study of the proximal end of dry adult femora. Int 
J Anat Res. 2020;8(4.2):7799-7804.

	 https://doi.org/10.16965/ijar.2020.224
9.	 Vinay G, Naveen Kumar B and Thondapu K. Morphometric 

study of proximal end of femur in Telangana population. Int J 
Anat Res. 2020;8(1.1):7247-7250.

	 https://doi.org/10.16965/ijar.2019.350
10.	 Siwach R. Anthropometric study of proximal femur geometry 

and its clinical application. Ann Natl Acad Med Sci India. 
2018;54(4):203-215.

	 https://doi.org/10.1055/s-0040-1712831
11.	 Irdesel J and Ari I. The proximal femoral morphometry of Turkish 

women on radiographs. Eur J Anat. 2006;10(1):21-26.
12.	 Unnanuntana A, Toogood P, Hart D, Cooperman D and Grant RE. 

Evaluation of proximal femoral geometry using digital 
photographs. J Orthop Res. 2010;28(11):1399-1404.

	 https://doi/org/10.1002/jor.21119
13.	 De Sousa E, Fernandes RM, Mathias MB, Rodrigues MR, 

Ambram AJ and Babinski MA. Morphometric study of the proximal 
femur extremity in Brazilians. Int J Morphol. 2010;28(3):835-840.

14.	 Baharuddin MY, Abdul Kadir MR, Zulkifly AH, Saat A, Aziz AA 
and Lee MH. Morphology study of the proximal femur in Malay 
population. Int J Morphol. 2011;29(4):1321-1325.

	 http://doi.org/10.4067/S0717-95022011000400042
15.	 İyem Ci, Güvençer M, Karatosun V and Ünver B. Morphometric 

evaluation of proximal femur in patients with unilateral total hip 
prosthesis. Clin Anat. 2014;27(3):478-488.

	 https://doi.org/10.1002/ca.22245
16.	 Lakati KC, Ndeleva BM, Mouti N and Kibet J. Proximal femur 

geometry in the adult Kenyan femur and its implications in 
orthopaedic surgery. East Afr Orthop J. 2017;11(1):22-27.

17.	 Verma M, Joshi S, Tuli A, Raheja S, Jain P and Srivastava P. 
Morphometry of proximal femur in Indian population. J Clin 



George, et al.: Morphometry of proximal femur in South Indian Population

Asian Journal of Medical Sciences | Mar 2024 | Vol 15 | Issue 3	 87

Diagn Res. 2017;11(2):AC01-AC04.
	 https://doi.org/10.7860/JCDR/2017/23955.9210
18.	 Muley M and Bhuiyan P. Morphometric study of neck of dry adult 

femora. Int J Anat Res. 2017;5(3.2):4317-4320.
	 https://doi.org/10.16965/ijar.2017.321
19.	 Sobana M and Nedunchezhiyan S. Osteometric study of 

proximal femur. Int J Anat Res. 2019;7(1.1):6108-6112.
	 https://doi.org/10.16965/ijar.2018.416
20.	 Mukhia R, Poudel PP, Bhattarai C and Timsina S. Morphometric 

study of proximal end of femur of Nepalese People. Nepal J Med 
Sci. 2019;4(1):9-14.

	 https://doi.org/10.3126/njms.v4i1.24119
21.	 Rajila Rajendran H, Raamabarathi K, Sundaramurthi I, 

Gnanasundaram V and Balaji T. Anthropometric analysis 
of femur in South Indian population. Biomed Pharmacol J. 
2020;13(1):167-173.

	 https://doi.org/10.13005/bpj/1873
22.	 Kamath S, Agarwal S and Austine J. Morphology of Proximal 

Femur in South-West Coast of India. Malays Orthop J. 
2020;14(3):143-150.

	 https://doi.org/10.5704/MOJ.2011.022
23.	 Gupta M, Devadas D, Sahni C, Nayak A, Tiwari PK and 

Mishra A. Morphometric analysis of the proximal femur with its 
clinical correlation in Eastern Uttar Pradesh region. Cureus. 
2022;14(9):e28780.

	 https://doi.org/10.7759/cureus.28780
24.	 Baharuddin MY, Zulkifly AH, Lee MH, Kadir MR, Saat A and Aziz AA. 

Three dimensional morphometry of the femur to design the 
total hip arthroplasty for Malay population. Adv Sci Lett. 
2013;19(10):2982-2987.

	 https://doi.org/10.1166/asl.2013.5085
25.	 Hoaglund FT and Low WD. Anatomy of the femoral neck and 

head, with comparative data from caucasians and Hong Kong 
Chinese. Clin Orthop Relat Res. 1980;152:10-16.

26.	 Lunt M, Felsenberg D, Adams J, Benevolenskaya L, Cannata J, 
Dequeker J, et al. Population-based geographic variations in 
dxa bone density in Europe: The evos study. European vertebral 
osteoporosis. Osteoporos Int. 1997;7(3):175-189.

	 https://doi.org/10.1007/BF01622286
27.	 Nazarian A, Muller J, Zurakowski D, Müller R and Snyder BD. 

Densitometric, morphometric and mechanical distributions in the 
human proximal femur. J Biomech. 2007;40(11):2573-2579.

	 https://doi.org/10.1016/j.jbiomech.2006.11.022

28.	 Ravichandran D, Muthukumaravel N, Jaikumar R, Das H and 
Rajendran M. Proximal femoral geometry in Indians and its 
clinical applications. J Anat Soc India. 2011;60(1):6-12.

	 https://doi.org/10.1016/S0003-2778(11)80003-1
29.	 Atilla B, Oznur A, Cağlar O, Tokgözoğlu M and Alpaslan M. 

Osteometry of the femora in Turkish individuals: A morphometric 
study in 114 cadaveric femora as an anatomic basis of femoral 
component design. Acta Orthop Traumatol Turc. 2007;41(1):64-68.

30.	 Stroh DA, Issa K, Johnson AJ, Delanois RE and Mont MA. 
Reduced dislocation rates and excellent functional 
outcomes with large-diameter femoral heads. J Arthroplasty. 
2013;28(8):1415-1420.

	 https://doi.org/10.1016/j.arth.2012.11.017
31.	 Casper DS, Kim GK, Parvizi J and Freeman TA. Morphology of 

the proximal femur differs widely with age and sex: Relevance 
to design and selection of femoral prostheses. J Orthop Res. 
2012;30(7):1162-1166.

	 https://doi.org/10.1002/jor.22052
32.	 Kester BS, Capogna B, Mahure SA, Ryan MK, Mollon B and 

Youm T. Independent risk factors for revision surgery or 
conversion to total hip arthroplasty after hip arthroscopy: A review 
of a large statewide database from 2011 to 2012. Arthroscopy. 
2018;34(2):464-470.

	 https://doi.org/10.1016/j.arthro.2017.08.297
33.	 Ulrich SD, Seyler TM, Bennett D, Delanois RE, Saleh KJ, 

Thongtrangan I, et al. Total hip arthroplasties: What are the 
reasons for revision? Int Orthop. 2008;32(5):597-604.

	 https://doi.org/10.1007/s00264-007-0364-3
34.	 Yakkanti RR, Haziza S, Wasserman NA, Annapareddy A, 

Ratnakar V, Karri SR, et al. Relative frequency of avascular 
necrosis of the hip as indication for primary total hip arthroplasty 
in the USA vs. India. J Orthop. 2023;36:1-6.

	 https://doi.org/10.1016/j.jor.2022.12.002
35.	 Mahaisavariya B, Sitthiseripratip K, Tongdee T, Bohez EL, Vander 

Sloten J and Oris P. Morphological study of the proximal femur: 
A new method of geometrical assessment using 3-dimensional 
reverse engineering. Med Eng Phys. 2002;24(9):617-622.

	 https://doi.org/10.1016/s1350-4533(02)00113-3
36.	 Cerveri P, Marchente M, Bartels W, Corten K, Simon JP 

and Manzotti A. Automated method for computing the 
morphological and clinical parameters of the proximal femur 
using heuristic modeling techniques. Ann Biomed Eng. 
2010;38(5):1752-1766.

	 https://doi.org/10.1007/s10439-010-9965-x 

Author’s Contribution:
RG- Definition of intellectual content, literature survey, prepared the first draft of the manuscript, implementation of the study protocol, data collection, manuscript 
preparation, and submission of the article; NKR- Design, clinical protocol, data analysis, manuscript preparation, editing, preparation of figures, and manuscript 
revision. 

Work attributed to:
Government Medical College, Kottayam, Kerala, India.

Orcid ID:
Resmi George -  https://orcid.org/0009-0005-1396-4524
Nithin K Raju -  https://orcid.org/0000-0002-9432-0165

Source of Funding: This research article was conducted without the need for any external funding. All resources, including data collection, analysis, and 
publication expenses, were provided by the researchers themselves. Conflicts of Interest: None.

https://doi.org/10.1016/S0003-2778(11)80003-1
https://doi.org/10.1016/s1350-4533(02)00113-3
https://orcid.org/0009-0005-1396-4524
https://orcid.org/0000-0002-9432-0165

