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ABSTRACT

INTRODUCTION

The femur, a major weight-bearing bone that influences the mechanical strength, consists of the head, neck, and trochanters.
Understanding femur morphometry is critical for orthopaedic surgeries and implant design, necessitating local data for
populations such as Nepal to reduce complications during procedures such as arthroplasty. Therefore, the primary objective of
this study was to understand the morphometric parameters of the dry proximal femur within a Nepalese population.

MATERIAL AND METHODS

The present observational descriptive study was conducted on 56 dry femurs, and the neck length, vertical diameter of the head,
and depth of fovea capitis were measured via a digital vernier calliper, and the neck shaft angle was measured via tpsDig2
software. The study was conducted in Bhairahawa, Nepal, after the approval of the Institutional Review Committee.

RESULTS

The anthropometric measurements of the neck shaft angle, neck length, vertical diameter of the head, and foveal capitis depth
was found to be 114.1+£4.42°, 35.52+2.57 mm, 41.63+£3.53 mm and 2.17+£0.89 mm, respectively. A statistically significant
difference was found in the neck length (»<0.04) and neck shaft angle (p<0.0001).

CONCLUSION

There was a significant difference between the neck length and neck shaft angle. All the remaining parameters except the right
neck length were greater in the vertical diameter of the head, foveal capitis depth and neck shaft angle. Therefore, to reduce
complications, it is important to understand the morphometric parameters of the proximal femur in the Nepalese population
prior to arthroplasty.
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INTRODUCTION

The femur is one of the largest bones of the body having
maximum weight-bearing caused by its typical geometric
shape providing strength and stability. Morphometric
parameters, such as the femoral head width, are related to the
mechanical strength of the proximal femur.? The femoral
neck measures approximately 5 cm in length, being thinnest
in the middle and wider towards the sides, forming an
average inclination angle of 135 degrees with the femoral
shaft, ranging from 125 to 140 degrees in adultsallowing the
femoral shaft to move freely away from the pelvis during
movement.>® The morphometric analysis of the proximal
femur is crucial in clinical and scientific fields for
understanding of fracture patterns and treatment
modalities.**® Fovea capitis femoris (FCF) is a distinct
shallow depression anatomical structure located on the
posteroinferior aspect of the femoral headmainly responsible
for mechanical stability and vascular support of the femoral
head.” The morphometry of the head of the femur varies
among individuals of different nationalities.?

By 2050, the number of hip fractures in Asia is projected to
rise from 1,124,060 in 2018 to 2,563,488, as reported by the
9th Asian Federation of Osteoporosis Society.!® The varying
diameters of the head and neck of the femur are crucial in
orthopaedic surgery for prosthesis, implant design and nail
application.'!? Therefore, due to anatomical and lifestyle
differences from western populations, it is important to
design implants using local data of Nepalese population and
to ensure that surgeons understand the specific femur
morphometry to minimize surgery complications.®”!

Therefore, the primary objective of this study was to
understand the morphometric parameters of the dry proximal
femur within a Nepalese population and understand its
implication during arthroplasty.

MATERIAL AND METHODS

The present study is an observational descriptive study
carried out on 56 dry femurs (28 right and 28 left, adopting
convenience sampling) among the adult Nepalese population
at the Department of Anatomy, Universal College of Medical
Sciences, Bhairahawa, Nepal. The research received ethical
approval (UCMS/IRC/065/26), and data collection was
conducted from April to June 2026. All the femurs exhibited
complete and normal anatomical characteristics exhibiting
no any pathological or mechanical deformities at the
proximal end.A digital Vernier calliper and digital images
captured by an iPhone 14 camera [Apple Inc., Cupertino,
California, USA] was used for the anthropometric
measurement of dataand the angles were calculated via
tpsDig2 software version 2.31. All the observations were
conducted by one researcher to eliminate interobserver error
and are presented in Figure 1. The acquired data were input
into an MS Excel spreadsheet, and descriptive statistics and

an unpaired t-test, were carried out via GraphPad Prism
version 10, along with the presentation of relevant bar
diagrams. A significance level below 0.05 was considered
significant.
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Figure 1. Measurement of the proximal femur. A: Neck
length; B: Vertical diameter of the head; C: Depth of the
fovea capitis femoris; D: Neck shaft angle via tpsDig2
software

RESULTS

An anthropometric investigation of the proximal femur was
performed by measuring four critical parameters: neck length,
vertical diameter of the femoral head, depth of foveal capitis,
and neck-shaft angle on both the right and left sides. A single
observer independently documented the results in two phases,
and the mean was calculated. The mean recorded values for each
parameter of the right and left sides of the proximal femur are
provided in table 1, table 2, and figure 2.

Tables 1 and 2 present the minimum and maximum values,
ranges, means, standard deviations, standard errors of the
means, and p values of the morphological characteristics
examined for the femur and neck shaft angles, respectively.
The data distribution was found to be normal and
independent sample t-test was used to compare the
quantitative variables of the proximal end of the right and left
femur. table 3 and figure 3 present the average descriptive
statistics of the femurs, including the minimum, maximum,
range, mean, standard deviation, and standard error of the
mean.
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Table 1. Anthropometric measurements of the proximal
femur.

Parameter of Number Min  Max  Range Mean Std. Deviation ~Std. Error of Mean p value

Femur [mm]

RNL 28 326 39 64 362 148 028

0.04*
LNL 28 28 429 149 348 32 0.60
RVDH 28 328 472 144 418 349 0.66
LVDH 28 46 47 124 4144 363 0.68 065
RFD 28 04 43 39 215 101 0.191

0.83
LFD 28 1 38 28 220 0.146

RNL: right neck length; LNL: left neck length; RVDH:
right vertical diameter of head; LVDH: left vertical
diameter of head; RFD: right foveal depth; LFD: left foveal
depth

Table 2. Anthropometric measurement of the neck shaft
angle of the femur.
Neck shaft angleof ~ Number ~ Min ~ Max  Range Mean  Std. Deviation Std. Error p value

Femur [NSA| of Mean
RNSA[] 28 104 116 12 112 344 0.64
<0.0001*
LNSA[] 28 109 126 17 117 3.89 0.73

RNSA: Right neck shaft angle; LNSA: Left neck shaft angle

Table 3. Mean anthropometric measurements of the right
and left femurs.

Parameter of Femur Number Min  Max Range Mean Std. Deviation Std. Error of Mean

NSA[ 56 104 126 22 11407 442 0.59
NL [mm] 56 2 429 149 3552 257 0.34
VDH [mm] 56 328 4720 1440 4163 353 738
FD [mm] 56 040 43 39 218 089 0.11

NL: Neck length; VDH: Vertical diameter of the head; FD:
Foveal capability depth; NSA: Neck shaft angle
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Figure 2. Mean anthropometric measurements of the right
and left femurs
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Figure 3. Mean anthropometric measurements of femurs

DISCUSSION

In the present study, 56 right and left dry proximal ends of
the femur of the Nepalese population were studied, and the
neck shaft angle (NSA) parameter was extensively studied
by the scientific committee. In many studies, researchers
have used goniometers, protectors and Xray’s to measure
the NSA, but our studies have used tpsDig2 software
version 2.31 to measure the angle in photographs of 28 right
and 28 left proximal femurs, as shown in Figure 1-D. The
mean NSA was found to be 114.1+4.42°, and the right and
left NSAs were 112+3.44° and 117+3.89°, respectively. The
mean NSA was lower than that reported in the studies of
George R et al.6 [2024,India, Dry bone, 124.11+6.37°],
Kumar P et al.’® [2024, India, Dry bone, 129.75+3.700],
Sharma V et al.' [2018, India, Dry bone, 126.98+2.50],
Adhikari RK et al.’® [2017, Nepal, Dry Bone,
128.98+4.55°], and Adekoya-Cole et al.'® [2016, Nigeria,
X-ray, 130.77+£6.03]. This variation may be due to racial
differences and the use of tpsDig2 software.

The average neck length of the right and left femurs was
studied with the help of a Vernier calliper and was found to
be 35.52+2.57 mm. Compared with other studies, the
average neck length was found to be greater than that
reported by Adhikari RK et al.’® [2017, Nepal, dry femur,
29.3+2.4 mm]; George R et al. [2024, India, 101 dry bone,
21.75+£3.81 to 32.03+5.58 mm]; and lower than that
reported by Shanto RA et al.? [2022, Bangladesh, dry femur,
39.59+3.49 to 39.31+3.59]. The mean vertical diameter in
the present study was 41.63+3.53 mm, which was
approximately equal to that reported in the studies of
Rashid S et al.'” [2019, India, dry bone, 43.34+3.59 mm]|
and Kamdi A et al.’® [2016, India, Cadaveric wet bone,
range 42.32-45.42 mm range].
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The depth of foveal capitis in the present study was
2.17+£0.89 mm, which was lower than that reported in the
studies of Yarar B et al.® [2020, 146 dry femurs, Turkey,
2.67+1.13], Roy T et al.’? [2024, India, 297 dry femurs,
30.41.41 mm] and Golpinar Murat20 [2022, Turkey, 57 dry
femurs, 2.71£1.09 mm]. Foveal capitis allows attachment to
the ligamentum teres femoris and allows passage to blood
vessels to supply the head. The depth of the fovea may vary
because different vascular foramina are present at the
attachment site of the ligamentum teres femoris. Foveal
capitis and its morphometry also help in the positioning of
the hip joint, with surgical and clinical implications."

A study conducted by Contractor JB et al. on the proximal
end of dry femurs in an Indian population revealed that
significant variation is present at the proximal end,
indicating that racial diversity should be considered during
the selection of implants for THA.?' According to Reddy et
al., implant mismatch significantly increases the risk of
intraoperative fractures and complications such as anterior
thigh pain, improper load distribution, aseptic loosening and

osteolysis. The existing implants are often designed for
Western populations, which are relatively large and may
misalign with other demographic racial groups. This
highlights the necessity of creating implants tailored to the
specific anthropometric and biomechanical data of different
populations to reduce complications.'*!?

Different studies from Nepal have also reported different
anthropometric data for the proximal femur head, which
differs from our study; therefore, it is important to consider
the average anthropometric data of the related country so
that the accurate size of the prosthesis received by the
patients fits perfectly. Table 1 and Table 4 show the
differences in the various parameters of the right and left
proximal femurs and their comparisons with different parts
of the world.

The major limitation of this study was that the bones selected
were of unknown sex, as they were not documented in the
records. Relying on the sex morphological features of the
bone alone could not have resulted in a high degree of
accuracy.

Table 4. Comparison of different morphological traits of the proximal femur between the current study and previous

studies

Author, Sample Country RNSA LNSA RNL LNL RVDH LVDH RFD LFD
Year of study size [o] [mm] [mm] [mm] [mm] [mm] [mm]
Present study, Lumbini 56 Nepal 112+3.44 117+3.89 36.2+4148 348432 41.8£349  56478.1  2.15£1.01 2.2+0.77
province, Nepal (2026)

Machahari I et al® (2025) 50 Assam, India 129.22+5.22 129.17£5.71

George R etal® (2024) 101 India 125.96+6.39 122.06£5.74  21.84+4.16  21.67+3.49  39.85+3.44  39.3943.17

Shanto RA et al’ (2022) 150 Bangladesh 39.59+3.49  39.31£3.59

Singh G et al'? (2021) 100 North India 127.80+3.56 127.46+3.42

Mukherjee B et al’ (2021) 281 West Bengal, India ~ 124.91+5.88 123.33£6.47

Yarar B et al® (2020) 146 Turkey 134.46+6.48 129.87+6.47 46.43£3.24 45724335 2.70+1.14 2.66+1.14
Choudhary and Dhan? (2020) 82 Bihar, India 133.63+4.38 134.34+4.55

Mukhia & Poudel® (2019) 75 Nepal 122.90+7.71 131.3045.17

Rashid Setal” (2019) 80 Jammu, India 43514348 43.16+3.74

Kharbuja R et al* (2018) 102 Nepal 30.8+4.7 33.0+4.8

Gullapalli and Inuganti® (2017) 110 Andhra Pradesh, India  119+17.15 123.00+10.80

Adhikari Rk et al® (2017) 50 Nepal 129.84+5.22 128.1243.66  30.6£1.9 28+2.1

Shrestha et al* (2015) 100 Nepal 128.46+5.83 126.97+5.66

Caetano et al* (2015) 87 Brazil 128.23+4.43 128.04+4.36

CONCLUSION ACKNOWLEDGEMENT

The mean anthropometric measurements of the neck shaft
angle, neck length, vertical diameter of the head, and foveal
capitis depth was found to be 114.1+4.42 degrees,
35.5242.57 mm, 41.63£3.53 mm and 2.17+0.89 mm,
respectively. A statistically significant difference was found
in the neck length and neck shaft angle.Therefore, it is
important to consider the average anthropometric data of the
proximal femur of related countries to ensure that the
accurate size and reduces complications prior to total hip
arthroplasty.
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