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Abstract---Background: Femur is widely studied in the fields of
orthopedics, anthropology, forensic and human kinematics. Mostly
femoral fracture of upper end is involved. Most common cause of hip
joint failure is osteoarthritis. Other conditions that are rheumatoid
arthritis, osteonecrosis, avascular necrosis, trauma, and bone tumors
lead to hip replacement surgery. Annually, about 800,000 artificial hip
joint replacements are performed across the world. The prosthetic
components are used in total hip arthroplasty. The present study was
undertaken to investigate the variations in the morphometry of femur.
The study was performed to enlighten the orthopedic surgeons and
implant manufacturer about the geometry of upper end of femur.
Objectives: The objectives of present study to measure the neck and
head transverse and vertical diameter of femur. Material and Methods:
The present study was performed on 200 dry femora in the
department of anatomy RKDF Medical College Hospital & Research
Centre, Bhopal, Madhya Pradesh. The measurements were taken of
neck and head transverse and vertical diameter of femur by using
Vernier Caliper. The mean value and range were calculated by using
SPSS software. Results: The mean and standard deviation of neck
transverse and vertical diameter of total femur are 24.3312.84 mm
and 28.49+3.49 mm respectively. The mean and standard deviation of
head transverse and vertical diameter of total femur 40.56+3.42 mm
and 40.17+3.18 mm respectively. There was no significant side
difference between right and left femoral neck and head diameter.
Conclusion: The investigation's findings show that the values obtained
from the both side femora were not statistically significant. The results
revealed that the characteristics of the proximal femur varied from
those of the general population. These differences must be taken into
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consideration by the orthopedic surgeons and implant manufacturing
units within the nation. This will lessen the impact of implant failure.

Keywords---femoral shaft, cervico-diaphyseal angle, neck vertical
diameter, neck transverse diameter, head vertical diameter, head
transverse diameter.

Introduction

The femur is the longest and strongest bone in the body and lies in the thigh [1].
The most commonly fractured parts of the femur on its proximal ends are the
trochanters and neck. Following serious fractures, internal fixation with implants
is critical for the patient's recovery and early mobilization. The implants are
constructed to meet the upper end of the femur's size. The majority of orthopedic
doctors currently need notice of implant dimensions that comply with Indian
norms [2].

The implants are used to repair proximal femur fractures, especially those that
have a 135° cervico-diaphyseal angle in Caucasians [3]. Fractures of the neck of
the femur are typically intracapsular, and the fracture disrupts the subsynovial
intraarticular ring's cervical arteries. As a result, in such cases, the head of the
femur may necrose, necessitating a complete hip replacement or
hemiarthroplasty. Another form of hip joint fracture is the intertrochanteric
fracture. In this situation, the femoral neck is unaffected, and the fracture line is
usually seen between the greater and lesser trochanters [4].

Annually, about 800,000 artificial hip joint replacements are performed across
the world [5]. Hip arthroplasties are to rise at the world's fastest pace from 2020
to 2026 [6]. Many arthroplasty implants have failed prematurely in the past,
including threaded acetabular shells, metal-backed patellar components, first-
generation ceramic heads, and titanium bearing surfaces [7-11].With the right
approach to examining the morphometry of the proximal femur, the clinical effect
of failure might be reduced [12]. This study will educate implant designers on how
to adjust implant designs to the needs of Indian patients.

Objective

The objectives of present study to measure the neck vertical and transverse
diameter and head vertical and transverse diameter of femur bones.

Materials and Methods

The present study was performed on 200 dry femora (100 right femora and 100
left femora) in the department of anatomy, RKDF Medical College Hospital &
Research Centre, Bhopal, Madhya Pradesh. The measurements were taken of
neck transverse diameter (NTD) and neck vertical diameter (NVD) and head
transverse diameter (HTD) and headvertical diameter (HVD) of femur by using
Digital Vernier Caliper. Any femora having gross deformities or damage were
excluded from this study.
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Transverse diameter of neck: Transverse diameter of neck is measured; minimum
diameter of the neck of the femur in antero-posterior direction is measured using
a Digital vernier caliper (figure-1).

Neck vertical diameter: The vertical diameter of the neck is the minimum diameter
of the neck of the femur at supero-inferior direction and it is measured by using a
Digital Vernier Caliper (figure-2).

Fig -1 Fig -2

Transverse diameter of head: Transverse diameter of head is measured; maximum
diameter of the head of the femur in antero-posterior direction is measured using
a Digital vernier caliper (figure-3).

Head vertical diameter: The vertical diameter of the head is the maximum
diameter of the head of the femur at supero-inferior direction and it is measured
by using a Digital Vernier Caliper (figure-4).



Fig-3
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Statistical analysis was done by using SPSS (version 20.0). The results were
presented as Mean, standard deviation and range values. To compare right and

left femora, t-test was used.

Results

Total Femur

Right Side Left Side (n=200)
Neck transverse MeantSD 24.10£2.45 24.58+3.19 24.33+2.84
diameter in mm
Range 19-30 18-35 18.01-35.38
Neck vertical MeantSD 28.96+3.18 28+3.73 28.49+3.49
diameter in mm
Range 23-35 23-46 22.53-46.42
Head transverse Mean+SD 40.90+3.44 40.21+£3.37 40.56+3.42
diameter in mm  papee 33-48 34-46 33.48-47.72
Head vertical Mean+SD 40.49¢3.19  39.84#3.16  40.173.18
diameter in mm  Range 34-47 34-46 33.61-46.92

The mean and standard deviation of neck transverse diameter of total femur
24.33%2.84 mm, right and left side are 24.10+2.45 mm and 24.58.43+3.19 mm
respectively. The mean and standard deviation of neck vertical diameter of total
femur 28.49+3.49 mm, right and left side are 28.96+£3.18 mm and 28%3.73 mm
respectively. No significant side difference between right and left femora.

The mean and standard deviation of head transverse diameter of total femur
40.56+£3.42 mm, right and left side are 40.90+3.44 mm and 40.21+£3.37 mm
respectively. The mean and standard deviation of head vertical diameter of total
femur 40.17+3.18 mm, right and left side are 40.49£3.19 mm and 39.84%3.16
mm respectively. No significant side difference between right and left femora.

Discussion

The mean and standard deviation of neck transverse and vertical diameter of total
femur are 24.33+2.84 mm and 28.49+3.49 mm respectively. Amongst the
authors, our results were comparable with Siwach RC [13] found transverse
diameter of neck (NTD) 24.9 mm which is similar to our study (24.10 mm) and
vertical diameter (NVD) 31.8 mm slightly higher from our value (28.96).
Murlimanju BV [14] reported neck transverse diameter was 23.9 mm and neck
vertical diameter was 30.2 mm and Meenakshi V et al [15] mean NTD 24.01 and
NVD 33.02 mm which is almost similar to transverse diameter but slightly higher
vertical diameter in our findings. Foreign workers Ziylan T et al [16] and Linwei et
al [17] reported comparatively higher findings from our study Table -2.



Table 2
Comparison of NTD and NVD with Indian and Foreign studies (in millimeter) (T-
Total, R-right, L-Left, T- Transverse V-Vertical, M- Male, F- Female)
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S. No Authors

Year

Population

Neck diameter (mm)

1. Ziylan T et al [16]

2 Linwei et al [17]

3 Siwach RC et al
[13]

4 Ravichandran et
al [18]

) Manjumurali.V et
al [14]

6 Meenakshi verma
et al [15]

7  Present study

2002

2012

2003

2011

2011

2017

2022

Turkey

Chinese

Rohtak

Salem
Karnataka

Delhi

Madhya
Pradesh

Mean T- Right = 26.3
+ 3.1
Mean T- Left = 25.5
2.7
V- Right = 45.2 +4.0
V- Left = 43.4 + 3.2
A (66-70 yr) = 34.81 %
3.26
B (71 -75yr) =37.21
+2.65
Mean T- 24.90 £ 2.94
V-31.87 £
2.91
Mean T- 30.99

Mean T- 23.9 + 2.9
V-30.2%2.5
Mean T- 24.01 £ 3.05
T- R- 24.15 £ 3.04
T- L- 23.86 £ 3.09
Mean V- 33.02 £ 4.22
V- R- 34.23 + 4.39
V-L-31.73 £ 3.66

Total Mean T-
40.56+3.42
(T)- Right = 24.10 %
2.45
(T)- Left = 24.58 £
3.19
Total Mean V-
40.17+3.18
(V)- Right = 28.96 %
3.18
(V)- Left = 28.00 %
3.73

The mean and standard deviation of head transverse and vertical diameter of total
femur 40.56+3.42 mm and 40.17+£3.18 mm respectively. Amongst foreign workers
Ziylan T et al and Linwei et al reported higher femoral head diameter. Indian
authors of different regions reported higher findings from our study. Whereas
Nidugala et al [20] findings show comparatively lower values. The study shows
that medium size femur present in current study population.
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Table 3
Comparison of head transverse and vertical diameter with Western & Indian
studies (in millimeter) (R-right, L-left, T-transverse, V-Vertical M- Male, F- Female)

S. No Authors Year Population Head Diameter (mm)

1. Ziylan T et al [16] 2002 Turkey Mean T- Right = 44.7 + 4.1
Mean T- Left = 44.3 £ 3.3

2. Linweiet al [17] 2012 Chinese A (66-70 yr) =47.64 £ 1.7
B (71 -75 yr) =48.87 £2.1

3. Siwach RCetal [13] 2003 Rohtak Mean 43.95 £ 3.06

4 Manjumurali. Vetal 2011 Karnataka Mean 41.5+ 2.8

[14]
S5 Rawal B et al [19] 2012 New Delhi Mean 45.41 = 3.66

6 Nidugala et al [20] 2013  South Indian  T- Right = 35.31 £ 2.90
T- Left = 36.81 £ 3.79
V- Right = 39.85 £ 3.55
V- Left = 41.75 + 3.48
7  Sanchita Roy et al 2014 Kolkata Mean M- Right =46.3 +4.6
[21] Left = 46.7 £ 5.2
Mean F- Right = 44.2 £ 4.6
Left =44.6 £ 4.1

8 Meenakshi V et al 2017 Delhi Total Mean V 42.32 £4.11
[15] V-Right = 42.51 + 3.72
V-Left =42.11 £ 4.53
9 Present study 2022 Madhya Total Mean T
Pradesh 40.56+£3.42

(T) Right = 40.90 + 3.44
(T) Left = 40.21 £+ 3.37
Total Mean V
40.17+3.18
(V) Right =40.49 + 3.19
(V) Left =39.84 +3.16

Conclusion

In the present study there were no significant side differences of both side femoral
neck and head diameter. The results revealed that the characteristics of the
proximal femur varied from those of the general population. These differences
must be taken into consideration by the orthopedic surgeons and implant
manufacturing units within the nation. This will lessen the impact of implant
failure.
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