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Abstract

Background: Proximal femur bears significant functional impact on gait and posture. Numerous
proximal femoral parameters have been reviewed in the Western literature. In turn this knowledge was
implemented in the designing of various prostheses. These implants which have been manufactured for
the Western population are being utilised rampantly without modifications in our Indian patients
undergoing hip replacements.

Materials and Methods: The study was carried out in 250 patients (500 hips) with an otherwise normal
hip joint after ethical committee clearance. Computed tomography scanning of proximal femur was
carried out. The following parameters were calculated: Neck-shaft angle (NSA), neck width (NW), head
diameter (HD), acetabular angle (AA), horizontal offset (HO), vertical offset (VO), medullary canal
diameter at the level of lesser trochanter (MDLT), and acetabular version (AV). Results were compared
with various populations and statistically analysed.

Results: The mean values of NSA was 133°, NW 25 mm, femoral HD 41.9 mm, AA 35.1°, HO 36 mm,
VO 47 mm, MD LT 19 mm, and AV 18.13°. These values are in contrast with those of the Western
population. There was difference in the results when compared with contemporary Indian studies carried
out in Northern and Northeast Indian population. There were significant differences in the parameters
with respect to sex and side of the hip joint.

Conclusion: We conclude that there are significant differences in the morphometric parameters of
proximal femur among the Western Indian population when compared with the world population. Also
comparison within the Indian population reveals that the morphometric parameters show variation from
region to region.
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Introduction

Proximal femur bears significant functional impact on gait and posture. The proximal femoral
anatomy, esp. the relationship between proximal and the shaft of femur is an intriguing topic
for research. It has been theorised that genetic as well as environmental factors such as age,
race, sex, and lifestyle have a bearing on the geometry of the proximal femur -3, There may
exist a variation among morphometric dimensions reported for proximal femur in Western
population as compared to that of Indian population ™. Hence, the information concerning
anatomy of proximal femur is vital for comprehending the biomechanics of the hip as well as
surgical planning. Morphometric evaluation of the proximal femur will be helpful in the
management of the pathological disorders surrounding the hip joint like osteoarthritis of the
hip, fracture neck of femur, and peritrochanteric fractures.

Optimum functional outcome of fractures around the hip joint and osteoarthritis which happen
to be fairly regular in elders4 necessitates ideal fixation.

A previous study by Siwach and Dahiya had done comparison of parameters of Indian
cadaveric femurs with those of Western and Hong Kong Chinese population M. They found
out that the implants tended to be oversized probably because of the general built of the
Western population, and their various angles and orientations had a significant mismatch. This
can inadvertently lead to complications such as splintering and fractures . The study of
cephalomedullary nails by Pathrot et al. recommended certain design alterations for the Indian
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population as they had lesser neck width (NW) B,

The objective of any surgery on the hip is to acquire a stable
and fully functional hip joint post operatively. The routine
implants utilised in the treatment of pathology around
proximal femur include dynamic hip screws, proximal
femoral nail, cannulated cancellous screws, and bipolar or
total replacement prosthesis.

Since the data describing various parameters of proximal
femur anthropometry for the Indian population is deficient (6],
the designers of different prostheses have to rely on the
published literature about proximal femur geometry of the
Western population while designing them for Indian
population also. Consequent to lack of options, the very same
implants that had originally been designed for the Western
population have to be used for Indian patients also.

It is also vital to In order to avoid complications like aseptic
loosening, improper load distribution, and discomfort
subsequent to mismatch it becomes imperative to match the
sizes of the implant carefully with those of native femur © 71,
In uncemented hip replacement prosthesis insertion the
secondary biologic integration of the hip implant with the
femur would depend largely on the quality of its primary
stability. [5 819 |n the early postoperative period there occurs
micromotion of the implants consequent to the mismatch
between bone and prosthesis which will adversely affect the
bone ingrowth. A very important principle to be kept in mind
by the designer while designing a prosthesis would be to
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design it in such a way that through it sufficient loads must be
transferred onto the nearby femoral bone to avoid stress
shielding. [6 4 Our study was designed with an aim to acquire
sufficient knowledge about proximal femur geometry among
Western Indian population using computed tomography (CT)
scans.

Materials And Methods

250 patients belonging to both sexes in the age group between
18 and 72 years reporting to the Hospital between 2016 and
2019 were inducted in the study group. After getting ethical
committee clearance patients with normal hips on preliminary
examination, who had undergone abdominal CT scan for
other reasons (not specially for this study) were evaluated.
Exclusion criteria included patients with pre-existing hip
disorders like osteoarthritis, old fracture or dislocations of hip,
tumors of the proximal femur, tuberculosis of the hip,
deformities of the lower limb were excluded from the study.
For each patient both the hip joints were studied. During
scanning the patient was placed in supine position with both
lower limbs in neutral rotation. Each CT slice was 2 mm
thick. Attempts were made to avoid superimpositions and
motion artefacts. The following parameters were measured:
neck-shaft angle (NSA), head diameter (HD), neck width
(NW), acetabular angle (AA), horizontal offset (HO), vertical
offset (VO), medullary canal diameter at the level of lesser
trochanter, and acetabular version (AV). [Figure 1]

Fig 1: Sagittal cut of ct scan of hip showing how calculation of various parameters was done

Neck-shaft angle

it is defined as the angle formed by the intersection of the
long axis of the femoral shaft and the long axis of the neck of
the femur. Femoral shaft axis can be drawn by connecting
through two points at the centre of medullary canal with
respect to the mediolateral surface of femoral shaft. Similarly
neck axis is drawn by joining the two points at the centre from
the superior and inferior surface of femoral neck 4,

Head diameter
The mid-point of the widest diameter of the femoral head is
measured and called as head diameter.

Neck width
The distance at the narrowest part of the femoral neck of a

line that is drawn perpendicular to the neck axis is measured
[5,12]

Acetabular angle

the angle formed between the line intersecting pelvic teardrop
and edge of the acetabulum and the horizontal in the coronal
sections of the CT scan is known as the acetabular angle 31,

Horizontal offset
Horizontal offset is the exact distance from the centre of
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femoral head to a line bisecting the long axis of shaft of femur
[14],

Vertical offset
Vertical offset is the vertical distance from the centre of
femoral head to the tip of lesser trochanter [Figure 2b] 251,

Medullary canal diameter at the level of lesser trochanter
At the level of middle of the lesser trochanter mediolateral
diameter of the medullary canal was measured.

Acetabular version

A line connecting both the posterior ischia of the hip bone & a
line connecting the posterior lips of the acetabulum is drawn
and the angle is measured between them 23],

Two independent observers made the observation to reduce
the error of calculation. The values were tabulated, and the
measured parameters were compared with the Western
population.

Results

Femoral head diameter

the mean of the femoral HD in our study was 42.2 mm. The
mean femoral HD among male and female was 43.8 and 41.3
mm respectively. The values ranged from 37 to 49 mm among
male and 38-48 mm in female. Between the right and left
sides, the mean value was 41.88 and 43.16 mm, respectively.
There was statistically significant difference (p value <0.05).
The femoral HD values between the two sides were compared
to each other.

Neck width

The mean of the NW was 27.1 mm. In the male, it varied
between 17 and 35 mm, and for the females, between 19 and
31 mm. The mean value was 28.5 mm among male, and it
was 25.7 mm among females.

On the right side, the NW ranged from 18 to 38 mm, and on
the left side, it was 21-34 mm. The mean value was 26.5 mm
on the right side and it was 27.7 mm on the left side.

Neck-shaft angle

The mean value of the NSA in our study was 135.1°. Among
males and females, the range of NSA was 127°-145° and
120°-143° respectively. The mean value was 136.2° in male
and 133.79° in females which showed a statistically
significant difference (p value<0.05). The right side varied
between 120° to 143° whereas the left side between 122°—
144°. The mean value was 134.12° on the right side and it
was 135.87° on the left side. There was statistically

www.orthopaper.com
significant difference (p value <0.05)

Horizontal offset

The mean value of HO was found to be 37.2 mm. Among
males, it varied between 34 & 46 mm and for the females
between 32 & 41 mm. The mean value for the males was
39.52mm, and for the females, it was around 35.07 mm. On
the right side, the HO varied between 32 & 43 mm, and on the
left side, between 31-44 mm. The mean value was 37.29 on
the right side, and on the left side, it was 37.11 mm.

Vertical offset

The mean value of the VO was 46.63 mm. Among males, it
varied between 41 & 63 mm and for the females 34 & 53 mm.
The mean value for the males was 49.71 mm, and for the
females, it was 43.51 mm. On the right side the VO range was
33-62 mm, and on the left side, it was 39-59 mm.

The mean value was 47.71 on the right side, and on the left
side it was 46.04 mm. There was statistically significant
difference (p value <0.05).

Acetabular angle

the mean value of AA was 35.1°. Among males and females,
the range of AA was similar and was 22°-39°. The mean
value among male and female was 34.97° and 35.46°. Among
the right and left sides, the range was 23°-41° and 28°-44°.
The mean value among the right and left sides was 37° and
35.83°.

Medullary canal diameter at lesser trochanter

The mean value of the medullary canal diameter at the level
of lesser trochanter (MDLT) in our study was found to be
19.9 mm. Among males and females, range was 14-29 and
12-26 mm, respectively. The mean value among males and
females was 20.29 and 20.19 mm. Among the right and left
sides, the range of values was 12-30 and 14-29 mm. The
mean value among the right and left side was 20.31mm and
19.49 mm respectively. There was statistically significant
difference (p value <0.05)

Acetabular version

The mean value of the AV in our study was 18.39°. Among
males and females, range was 9°-31° and 12°-34°. The mean
value among male and female was 17.49° and 19.06°. Among
the right and left sides, the range of values was 10°-31° and
12°-32°. The mean value among the right and left side was
18.43° and 19.19°. There was statistically significant
difference (p value <0.05)

Table 1: Comparative analysis of the morphometry of the hip joint reported in different studies

Psrtisgnt Rawal et al. Eﬁ‘é‘f;‘fﬂ?{ Saikia et al. | Rubin et al. | Mahaisavariya | Noble et al. | Husmann et al.
Parameter Y e, (Indian), -7 |®L (Indian),| 71, (Swiss), |et al. 8], (Thai),[n=80 (mean)| 16 8. (France),
(Indian), _ (Indian), - - _ - v
_ n=98 _ n=104 n=32 n=108 (Caucasian), n=310
n=500 n=578
Femoral head diameter (mm) | 42.2 | 45.41+ 3.6 - - 43.4+2.6 43.98+3.47 45.9 -
Neck width (mm) 27.1 - 30.99 - - - - -
Neck-shaft angle (°) 135.1 [124.42+5.49| 126.55 139.547.5 | 122.9+7.6 | 128.04+6.14 1254 129.2+7.8
Horizontal offset (mm) 37.2 | 40.23+4.85 - - 4747.2 - - 40.5+£7.5
Vertical offset (mm) 46.63 | 52.33+7.19 - - 56.1+8.2 48.94+4.95 - 57.318.1
Acetabular angle (°) 35.1 - - 39.2+4.9 - - - -
Medullary canal diameterat | g o ) ) ) 27 9436 ) ) )
the lesser trochanter (mm)
Acetabular version (°) 18.39 - - 18.2+5.6 - - - -

SD=Standard deviation
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Discussion

The Indian diaspora encompasses a diverse collection of
population with varied morphological and genetic features. It
includes an amalgamation of local as well as immigrated
population 3, is very essential, as it will help Improved
understanding of the varied pathogenesis of hip disorders such
as primary osteoarthritis of the hip joint can be had with
thorough awareness of the anatomical parameters of the bony
components of the hip joint (31,

The lifestyle and the social traditions of the Indian population
differ widely from that of the Western population. As our
population is more adept to floor level activities with
increased external rotation of the hip the hip joints of Indian
population are evolutionally quite dissimilar to that of their
Western counterparts [l CT has greatly helped in the
advancement and detailed analysis of the hip joint. For
morphometric analysis studies, plain radiographs were
utilised by Husmann et al. and Noble et al. [® 61 whereas
Rubin et al. 71 and Mahaisavariya et al. 8 utilised CT scans.
Rubin concluded that CT scan values were more precise than
plain radiographs [*71,

In a study by Rubin in Swiss population, the femoral HD was
43.4 mm. 1 A study among the Caucasian population by
Noble et al. the femoral HD was reported as 45.9 mm. [ In
our study, the femoral HD was 42.2 mm (range 37-49 mm)
which was found to be lower than the Western counterparts.
Value of Femoral HD among Western Indian population was
lower as compared to data from a similar study done in New
Delhi by Rawal et al. ©® [Table 1]. Routinely femoral neck is
reported to form an angle with the shaft about 135° £7° in the
normal adult. Functional relevance of this neck shaft angle is
that consequent to the displacement of the femoral shaft away
from the pelvis, hip joint motion freedom is greatly enhanced
[20]

Regarding the NSA, on comparing our results with that of the
Western studies [© 16 171 jt was found that the NSA of the
Western studies was lower than our study results. On
comparing our study results with other Indian studies [® %3, jt
was found that the NSA among Western Indian population
was more than north Indian population [Table 1], whereas it
was less than Northeastern population done by Saikia et al.
The neck stem angle of the routine femoral prosthesis used in
hip replacement is 131°. The mean NSA according to our
results was around 135°. Hence non restoration of native
angles while performing hip replacements may lead to altered
hip biomechanics.

The NSA among male was statistically significantly higher
than that of females in our study, similar to results of Rawal et
al. [® This study concluded that the surgeon would face some
relative amount of trouble while inserting the same femoral
stem in a male or female patient during hip replacements in
order to reinstate the natural biomechanics of the joint by
bearing in mind both extra and intramedullary parameters of
the femur.

Routinely Awvailable cephalocervical diaphyseal angles in
proximal femoral nail are 130° and 135°. In our study, value
of NSA varied between 120° & 147°. Hence, use of a routine
proximal femoral nail may not reproduce the original NSA
following surgical fixation and may not suffice in all patients.
AA is most commonly utilised to identify the presence of
acetabular dysplasia. The values of more than 43° are
considered dysplastic (4,

We found out the angle to be 35.1°. Studies by Stuberg and
Harris Y quoted the mean AA to be around 32.2° and 32.1°
in males and females, respectively. Nakamura et al. [?%
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reported mean AA to be 38° in the Japanese population. On
comparing the AA of our study with the study done by Saikia
et al. ™ in Northeast India, we found out that the AA was
less among the West Indian population compared to Northeast
Indian population [Table 1].

Restoring the leg length (VO and HO) helps to reinstate
appropriate hip biomechanics and enhances overall post-
operative patient satisfaction in hip Arthroplasty 2% 24, The
horizontal and vertical femoral offsets in our study were 37.2
mm (range 3443 mm) and 46.63 mm (41-64mm)
respectively, which were much lesser than the values
observed by Western studies of Rubin et al., 11 & Husmann
et al. 81 Our results on comparison with a similar Indian study
done on North Indian population by Rawal et al. ©! revealed
that the HO and VO are less among Western Indian
population [Table 1].

In our study, mean value of medullary canal diameter
measured at the level of lesser trochanter was 20.29 mm
(range 14-29 mm) among males [Table 2]. Among the
females, the mean values were 20.19 mm (range 12—28 mm).
When compared with data from north Indian people in a study
by Rawal et al. [ the mediolateral canal diameter at the level
of lesser trochanter is lower among Western Indian
population. The mean value of the femoral HD, NW, NSA,
HO, VO, and MDLT for males was found to be statistically
significantly higher than females. AV was higher in females
and was statistically significant. Variation in HO between the
males and females was around 4 mm. The range of femoral
head offset for females of the population is reportedly smaller
by around 36% in comparison to males of the same
population. ® The inherent differences in size, shape, and
load distribution variations at the hip joint between the male
and female lead to the finding of linear fit in the male and
female data being approximately 10 mm apart. NW, NSA,
AA, AV, on the left side were significantly higher. VO and
MDLT on the right side were statistically significantly higher.
Our study findings were comparable to those with Saikia et
al. [*31 with regards to that the AV differs with the side of the
acetabulum and gender in the Indian population.

Routinely a minimum of three cancellous screws are being
used while fixing the fracture neck of femur. The diameter of
these screws is 6.5 mm. The lowest value of the NW in our
study was found to be around 19 mm; consequently, fixation
with three screws may become troublesome in these patients
with narrower canal. Findings of Pathrot et al. regarding
cephalomedullary nails also recommended certain design
modifications for the Indian population with lesser Nw. B

Conclusion

This study accomplishes that there exist significant
differences in morphometric parameters of hip joint among
the Western Indian population as compared with the Western
World literature. Due to the large variations of the
morphometry of various population groups of the world, the
ethnic groups with an inherently smaller built, especially
Indians, are prone to suffer technical faults in hip replacement
surgeries with majority of the commercially currently
available prostheses in the market because of the non-
availability of smaller and appropriately-sized implants.6From
our findings we can suggest that within the Indian population,
the morphometric parameters tend to have a variation from
region to region.

Hence, this study would prove to be useful for designing the
total hip prosthesis among the Indian population. However,
we accept the limitation that our sample size was small with
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only 250 persons. A large multicentric study in western India
is necessary to confirm our results.
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