Pak J Med Res
Vol. 59, No. 4, 2020

Original Article

Variation of Proximal Femoral Morphometry in
Relation to Total Hip Replacement: A Study on
Dry Femora

Shabana Ali*, Sundus Ambreen®, Khalil Ur Rehman®
Department of Anatomy*, Department of Forensic Medicine?, Islamic International Medical College,
Riphah international University, Islamabad, Rehman Medical College®, Peshawar.

Abstract

Objective: Objective: Considerable variations exist in geometry of proximal femur across populations, which
play an important role in total hip replacement surgeries. However, a rigorous characterization of femoral
geometry across different geographical localities in Pakistan has not been performed. We aimed to assess the
variations of the proximal femoral geometry in dry human femur bones from two different regions of Pakistan.
Study type settings & duration: A descriptive study was carried out at Islamic International Medical College,
Rawalpindi and at three different Medical Colleges in Peshawar from October 2018 to July 2019.

Methodology: After obtaining ethical approvals, complete, fully ossified bones without additional paint or visible
pathology from Rawalpindi (N = 98) and Peshawar (N = 112) were included for measurements of neck shaft
angle (NSA), vertical head diameter and femoral neck length. NSA was measured from sketches of bones by
using goniometer placed parallel to the shaft axis, while regular scale was used for measuring vertical head
diameter and neck length. Unpaired T test was performed to compare the variations of femoral geometry in a
side- and region-specific manner from Rawalpindi and Peshawar regions of Pakistan.

Results: Means and SD values of NSA, vertical diameter of head and neck length of all bones were 125.85°+
7.35, 42.17+4.25 mm and 54.2+6mm, respectively. Significant differences (p value <0.001) were observed for
NSA, vertical diameter of head and neck length between bones from the two regions. The femoral geometry
was similar between right and left side bones, except for NSA in Peshawar which was differed significantly.
Conclusion: Significant differences exist in the proximal femoral geometry between the Peshawar and
Rawalpindi regions with higher values of NSA, femoral head diameter and femur neck length recorded in
Peshawar.
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Introduction

emur is the longest and strongest bone in the
human body, its head articulates with tibia. It is
responsible for weight transmission from vertebral
column to tibia. Within the thigh, it is directed
obliquely, inferomedially, to support the erect
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bipedal posture." The oblique neck of femur, about
5cm long, ensures this oblique direction of bone
when it connects the head with shaft of femur at an
angle known as neck-shaft angle (NSA). This angle
is smaller in females while in newborn it is equal to
adults.”®

Biomechanics of hip joint are affected by
many clinical conditions such as osteoarthritis and
osteoporosis.® Fractures of femur are major
contributors to morbidity and mortality among older
age group® and femoral neck being the weakest
part, NSA is a chief risk factor for hip fractures.®
NSA measurements is important for total hip
replacement(THR)’ and is effective treatment in
many clinical conditions such as osteoporosis.6 For
a successful THR design and dimension of femur
must match the normal anatomy of femur.® Before
THR the dimensions of the implant are matched
with the femur during preoperative planning. On the
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other hand, long term success rate of surgery might
be affected by inappropriate sized or inaccurately
placed prosthesis due to aseptic loosening and
improper weight distribution, this eventually leads to
huge discomfort to the patient.9 Although a clear
kinematic advantage of larger femoral head
bearings in THR has been explained in literature but
the relation of the amount of increase to patient’s
benefit in our setup remains elusive.'’ lliopsoas
impingement has been reported in one case with
prosthetic head smaller than the native femoral
head."* Morphology of bone plays an important role
in postoperative healing and regaining of normal
gait. The NSA and neck length have been found to
be useful as predictors for a risk of fracture of neck
femur® and reduced neck length of implant is
associated with reduced hip function.

In medico legal investigation, osteometry is
a basic step to identify the deceased as mutilated
skeletal remains are still a great challenge for
forensic pathologist and physical anthropologist
during the assessment of height for age estimation,
weight, body build, sex, race and ethnicity."* On the
other hand, sex can be predicted with a relatively
high accuracy from proximal part of femur.**

The incidence of THR, a routine treatment
for hip OA, has been on rise in Pakistan.”> The
implants used for THR are designed according to
anthropometry and biomechanics data.’ Various
factors affect the proximal femoral geometry such
as age, sex, genetic, ethnicity, racial, life style, diet
and varying level of activity. Several studies report
the regional variations in NSA®'®'" including the
studies from Khyber Pakhtunkhwa and Sindh, which
report significant variations in the geometry of
proximal femur. However a conclusive investigation
on comparative analysis of these parameters in a
region-specific manner has not been performed in
Pakistan. The aim of present study was to compare
variations of anthropometric parameters of femur
such as measurement of NSA, vertical diameter of
head and femur neck length in dry femora of two
different regions of Pakistan. These statistics will
provide the baseline data for manufacturing hip
implants and may decrease the intra operative and
postoperative complication of THR.

Methodology

A descriptive study was carried out from
October 2 018 to July 2019 at Islamic international
medical college, Rawalpindi and at three different
medical colleges in Peshawar. Bones were selected
from bone banks including bones from right (N =
103) and left (N = 107) sides. The bones included
were complete, fully ossified while painted bones,

damaged head of femur or visible pathology such as
healed fracture in the region of femoral neck were
excluded. Total 98 (right and left) bones from
Rawalpindi and 112 (right and left) femurs of
unknown age from Peshawar region were observed.
Although bones were observed by two researchers
at two different places but to maintain inter-rator
reliability single method of measurement was
searched, discussed in detail (Figure-1)and then
selected.

NSA was measured with Goniometer while
bone length was measured with the help of wooden
scale. Sketches of bones were drawn on plain paper
to measure the NSA. Following parameters were
measured in all femora.

Figure 1. Using paper sketches to measure diameter
of head, neck shaft angle and femoral neck length
with the help of goniometer and scale.

i) Neck shaft angle'®: Angle was measured by
marking two different axis on paper sketches.
Midpoint of head was determined by joining
superior and inferior most point on head.
Midpoint of neck was determined, and two
points were joined together to find out the head
neck axis. Femoral shaft axis was determined
by joining  midpoint of shaft near
intertrochanteric line with midpoint at midway
between two ends of femur. Femoral NSA was
measured at point where two lines meet each
other. The two axis were drawn on the sheet
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and angle was measured by keeping
goniometer parallel to shaft axis on paper
(Figure-1).

i) Vertical diameter of head of femur: It was

measured as a distance between the upper and
lower end of the femoral head in a straight line.

iii) Anterior femoral neck length: The distance
between the base of the femoral head and
intertrochanteric line at the junction of the neck
with shaft was measured by marking midpoint of
head and intertrochanteric line.

iv) Ensure inter-observer reliability of results,
measurements done by both investigators at
each center were shared and were also
checked again by co researcher. Then, data
was analyzed using SPSS 21. Unpaired t-test
was used to compare morphological features
between right and left femur and between the
two regions of Pakistan. Data was reported as
proportions or mean+SD, median, maximum
and minimum values.

The ethical approval was taken from

Institutional Review Board of Islamic International

Medical College, Rawalpindi.

Results

Mean values for NSA, diameter of head,
and femur neck length in all bones
were125.85°+7.35, 42.17+4.25mm and 54.2+ 6mm
respectively (Figure-2). Data is represented as
Mean while Error bars represent max and minimum
values.
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Figure-2: Femur NSA, vertical diameter of head and
length of neck for all data pooled together.

A significant difference (p <0.001) was
found between proximal femoral geometry of
Rawalpindi and Peshawar region with a higher

values of NSA, femur head diameter and femur
neck length were observed in Peshawar (Table-1).

There were no significant differences found
in variation in the right and left side bones within the
region, except for NSA which differed significantly
between right and left side bones in Peshawar.
(Table-2).

Discussion

In summary, we report a significant variation
in the proximal femoral geometry. The NSA, femoral
head diameter and femur neck length lengths were
higher in Peshawar than Rawalpindi, but we did not
find significantly differences in left and right sides
except for NSA in data from Peshawar.

Proximal femoral geometry has clinical
significance for several conditions like osteoarthritis
and osteoporosis where THR is required.4 Implants
must be designed according to the parameters of
the native population.9 The biomechanical
properties of support provided by proximal femur
depends upon width and length of neck of femur.*?
Accurate measurement of NSA may enable us to
design hip implants with more accurate angle, which
will further reduce the complications and increase
the onset and frequency of postoperative normal
walking.

Knowing the exact head size is valuable in
such conditions as it will reduce the post-operative
dislocation.” Dislocation of head, being a serious
complication in THR remains a concern for
surgeons as well as patients. Therefore, traditional
head sizes of 22, 26, 28 and 32 mm are replaced by
large diameter of 60 mm.?® This may contribute to
reduced dislocation rate along with increased range
of motion before impingement.21 Femur implants
with larger femoral head size are currently in use in
total THR. The most commonly used femoral head
sizes for such surgeries are 32 mm and 36 mm.*
The amount of possible motion with flexion with or
without internal rotation increases with increased
femoral head size,'® therefore, an implant with more
than 42 mm head size may be recommended for
our population.

Table 1: Comparison of mean values of proximal femoral geometry between Peshawar and Rawalpindi regions.

Neck Shaft Angle

Vertical Diameter of Head (mm)

Length of Neck(mm)

Regions

Mean + SD p value Mean + SD p value Mean + SD p value
Peshawar N =112 130.4°+3.86 <0.001* 43.62+2.93 <0.001* 55.745.9 <0.001*
Rawalpindi N = 98 120.65°+6.94 40.52+4.89 52.4+5.6

*p value= < 0.001
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Table 2: Comparison of proximal morphometry of left and right dry femora from Peshawar and Rawalpindi

region.

Region Parameters Right side of Bone Left side p value

Peshawar N=112 N=52 N=60
Neck shaft angle 129°+3.5 131.5°+3.8 0.001*
Vertical diameter of femur head 43.6+2.9 43.5+2.9 0.799
Femur neck length 55.6+ 6 55.9+6 0.784

Rawalpindi n= 98 n=>51 n=47

region Neck shaft angle 119.9°16.8° 121.4°£7.06° 0.354
Vertical diameter of femur head 40.56+6.2 40.5+3.06 0.853
Femur neck length 51.84+5.56 53+5.6 0.262

*p value= < 0.001

The NSA is based on age, stature, and
width of pelvis. NSA higher than 135° is termed
coxavalga.e,When the angle is < 120°, it is termed
coxa vara.

The planning of interventions for hip
fractures such as THR and internal fixation
necessitates proper pre and postoperative
measurements of hip parameters.”®> NSA values
differ across populations and are partly influenced
by age, gender and ethnicity. For example, NSA
values for American, British and Korean populations
are =128-129. However, lower values of 124.95 are
reported in Indian population 24 which is ethnically
and geographically more relevant to our study
cohort. We also performed comparative analysis
between right and left side since slightly differences
between both sides have been reported in the
literature,* which have clinical significance in case
of hip fracture. Comparing the mean value on right
and left side, it was found that Rawalpindi region
values are nearly similar to Indian population (Rt
124.78+6.9 and Lt 125.12+5.22) while mean value
of Peshawar region bones are nearly similar to
Chinese  population(R-131.80+4.36° and L-
13414.78° in males & R-132.1+5.94° L-132.844.93°
in females).”*® A study conducted in Mardan
Khyber Pakhtunkhwa® indicated that NSA of
sampled population was 135.47 + 6.18 while study
in Karachi*’ reported 130.3%6.1 respectively.
Similar geographic difference also documented from
the current study as the mean value of NSA for
Peshawar (130.4°+ 3.86) is differed significantly
from Rawalpindi (120.65°+ 6.94). Standard deviation
of mentioned studies reveal data was dispersed
which may be due to age of the subject which also
reported by Umer et al."” Therefore, NSA in right
and left sided hip implants can be different.

Neck length was relatively longer in our
population as compare to values reported in Indians
population (36mm11 and 44mm21), which explains
the variation in the size of neck length. Mean value
of neck length is important as shorter neck length

has many postoperative complications due to further
reduction in length. Postoperative femoral neck
shortening has been associated with reduced hip
joint function as hip abduction is affected. Limping
was documented as adverse effect of neck
shortening.?

Therefore, to avoid these complication,
neck length of hip implants needs to be adjusted to
mean value of our population.

Taken together, we show that the racial
differences are associated with proximal femoral
morphology. We report significant differences in
femoral geometry between Peshawar and
Rawalpindi cohorts but no difference between right
and left sides for any parameter except for NSA in
Peshawar. Our findings have clinical implications for
planning the implant size in hip surgery. We suggest
that in order to decrease the postoperative
complication, measurements of the manufactured
hip implants should be according to femoral
geometry of respective populations.

Future studies should characterize femur
morphology in a gender-specific manner, which may
be helpful in further reducing postoperative
complication in THR.

Conflict of interest: None declared.
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