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ABSTRACT

Metric knowledge of the structural arrangement of the proximal os femora is an important tool in the design and
development of implants of articulating bones of the coxal joint. The aim of this study was to provide baseline
morphometric data of the upper extremity of the femur of Nigerian population. A total of 1,699 normal
anteroposterior radiographs of the pelvis of Nigerians were used from Radiology Departments of selected hospitals
in Nigeria. From the obtained radiographs, femoral neck axis length (FAL), femoral neck width (FW), femoral head
width (HW), intertrochanteric width (TW), and femoral neck-femoral shaft angle (FNSA) were measured using
goniometers and digital venier calipers. Results obtained showed that dissimilarities are present in the mean values
ofthe measured parameters within and across populations. The mean+=SEM value for FAL, FW, HW, TW, and FNSA
are 108.30+0.47mm & 108.21+0.48mm, 37.75+0.22mm & 37.33+0.21mm, 53.87+0.24mm & 53.74+0.22mm,
75.56+0.42mm & 75.72+0.43mm, 134.01+0.32° & 133.84+0.30° and 103.774£0.36mm & 103.78+0.41mm,
34.83+0.17mm & 35.09+0.17mm, 49.90+0.19mm & 49.84+0.20mm 71.65+0.32 & 71.11+0.32mm, and
132.3840.31° & 131.96+0.26° for male left & right sides and female left & right sides respectively . Also, highly
significant (p<0.01) differences in all measured parameters between males and females with males having higher
values was observed. However, no significant statistical difference was found between right and left sides. This
study concludes that Nigerian morphometric dimensions of the proximal os femora clearly varies from western
standard depicting that the dimensions of the orthopaedic implants of the os femora currently available do not match
with the os femora of Nigerian as they were made and designed using Caucasian values. We recommend therefore
that makers of orthopaedic implants and screws should take revolutionary steps in making femoral orthopaedic
implants to suit Nigerian need.
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INTRODUCTION

Metric variability in features of the human bones
clarifies and defines the national and ethnic
physiognomy of populations showing and displaying
extensive and significant differences”. Recorded
research write-ups in radiologic, orthopaedic or
bioanthropologic journals by numerous researchers on
the radiogrammetry or osteometry of the structural
configuration of the os femora have clearly elucidated
differences in various human populations*’. Variations
in skeletal morphometric measurement are concomitant
with two main factors (environmental factors- such as
geography, diet, lifestyle and genetic factors) *’.

Several researchers have employed the use of
radiograph in assessing the morphometry of os femora
as it is important to design and develop orthopaedic
implants, screws and prosthesis of the proximal portion
of the femur™""’. Besides, the measurement of the shape
and configuration of human bones guide clinicians,
orthopaedic surgeons, and radiologic anatomists, in
determining danger or threat factors for bone breakage

or fracture™".

Femoral metric structural parameters such as femoral
neck axis length (FAL), femoral neck width (FW),
femoral head width (HW), intertrochanteric width
(TW), and femoral neck-femoral shaft angle
(Collodiaphyseal angle) have been correlated with
biomechanical strength of the proximal os femora’.
Besides, these metric structural parameters have been
reported as concomitant with the resistance of bone to
impact™'*", the highest metric values established in
races linked with higher prevalence of coxal fracture.
These morphometric parameters are vital and useful in
development and design of femoral orthopaedic
implants and screws™’. Metric knowledge of the
structural arrangement of the upper or proximal os

femora is also an important tool in the design and

development of implants for management of fractures
of articulating bones in the coxal region especially in
total hip arthroplasty. Blade plates, dynamic hip screws
(DHS), ASNIS screws, and cancellous screws are the
most common implants used in the management of
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fractures of the proximal os femora by orthopaedic
surgeons. Most of the implants are designed and
manufactured by Europeans and North Americans
based on the metric structure of the os femora of their
respective populations. When undertaking total hip
replacement, it is crucial that the dimensions of the
femoral implants used should match the metric
structure of the os femora''’. Siwach and Dahiya' also
noted the geometric differences within the Western
implants and the Indian femora. Besides, Baharuddin et
al." reported that the use of implants designed based
metric records of other populations on another poses
potential dangers associated with morphology-implant
mismatch. The use of such implants in other regions
such as Nigerians may therefore not be appropriate; as
such implants designed did not take into consideration
the morphology of other population thereby increasing
the chances of implant failure leading to non union,
malunion and avascular necrosis. These implants do not
match other populations due to anthropometric
differences of the proximal os femora between the
different ethnic groups. These implants could also affect
the outcome of surgery with complications such as
loosening, micromotion, stress shielding etc'™'"",
therefore the dimensions of these implants need to be
modified to suit the Nigerian population”.

Hence, the aim of this study was to determine the
morphometry of the proximal portion of the femur of
Nigerian population and provide baseline data of the
upper extremity of the femur. The data thus provided
could be utilized in the design and development of
orthopaedic implants and screws suited for Nigerian
population, promoting discussion of obtained data with
standard indigenous and imported implants and screws
over and above aiding the anthropologic and forensic
anatomist in decision making.

MATERIALS AND METHODS

This non-experimental, analytic scientific investigation
was carried out in the Radiology Departments of
University of Port Harcourt Teaching Hospital,
Braithwaite Memorial Hospital, Olabisi Onabanjo
University Teaching Hospital, Ladoke Akintola
University of Technology Teaching Hospital, National
Orthopedic Hospital Igbobi, Lagos; University of Jos
Teaching Hospital, and University of Abuja Teaching
Hospital after approval was taken from the Ethics and
Research Committee of the University of Port Harcourt.
One thousand, six hundred and ninety-nine (1699)
{seven hundred and eighty-seven (787) males and nine
hundred and twelve (912) were females. Standard
anteroposterior (AP) radiographs of the hip joint/os
femora reported normal with bio-data indicating adult
Nigerian origin were used for this study. Pelvic
radiographs showing incomplete proximal end of os
femora, incomplete ossification, and deformity or
disease; reported abnormal and bio data not indicating
Nigerian origin were excluded in this study.

The angular [femoral neck shaft angle (FNSA)] and

linear [femoral neck axis length (FNAL), femoral neck
width (FNW), femoral head width (FHW), femoral
intertrochanteric width (FIW)] morphometric
landmarks of the proximal os femora (right and left
sides) were measured from the obtained standard
anteroposterior (AP) radiographs of males and females.
To measure each parameter (metric landmark or canon),
the radiographs were placed on the X-ray viewing box;
parameters or metric landmark traced using pencil and
measured using and digital venier calipers in
millimeters (mm) for linear metric landmarks and
goniometers in degrees (°) for angular metric landmarks.
The definition of measurements of the metric landmarks
or parameters studied was taken as clearly described by
Calis et al.”, Patton ef al.”, Irdesel and Ari’, De Sousa ef
al.”,Baharuddeen et al.”.

All measurements were taken twice and the average
recorded in millimetres for linear parameters and degree
for angular parameters. Data collected for this study
were analyzed with the help of Statistical Package for
Social Science (SPSS) 16.0 version to establish baseline
descriptive statistical data. Two tailed z -test was used to
compare mean values to establish gender and side
differences.

Figure 1: Definition of measured parameters from
anteroposterior radiograph of the proximal portion of
the femur.

RESULTS

The meantSEM and standard deviation of the five
measured parameters of the Nigerian population are
shownintable 1. Statistical analysis of the obtained data
showed highly significant differences in all measured
parameters between males and females with males
having higher values. However, no significant
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statistical difference was found between right and left ~measured morphometric parameters of the proximal os
sides. Table 2 shows comparison of obtained data of the =~ femora with data from different studies.

Table 1: Statistical data of five measured morphometric parameters of the Nigerian population

EEET 108.30+0.47 .
I R D)
ILIBTETT 103.77+0.36 7.77 0.98
I R
ILIBIETT 37.75+£0.22 4.48 0.17 0.00
IEEEE S BT
ILIBIFT 34.83+0.17 3.64 0.30
I R
ILIBIAT 53.87+0.24 4.83 0.67 0.00
2]
FEMATE || LEET 49.90+0.19 4.16 0.82
=]
ILIBTETT 75.56+0.42 8.46 0.79 0.00
I N
ILIBIFT 71.65+0.32 6.80 0.23
I R
ILIBIT 134.01+0.32 6.43 0.69 0.00
[ESEIIT [EaE0 0 ]
ILIBIT 132.38+0.31 6.63 0.30

(*: z-test analysis of means between femoral sides; **: z-test analysis of means between sexes

Table 2: Comparison of the measured angular parameters of the proximal os femora in different studies

FNAL FNW FHW

Females 9.00 2.90 4.30 5.20
NIL 11.27 3.58 5.33 6.25 128.90
NIL Left 11.25 3.59 5.30 6.30 128.90
Females NIL 10.10 3.50 5.20 8.40 131.50
Females NIL 2.89 3.89 132.00
Males NIL 2.60 4.36 129.00

Right 3.11 4.71 132.10

Left 3.08 4.64 131.80
Males 136.70
Females 126.65
Males 132.00
Females 130.20
Females Right 10.38 3.51 4.98 7.11 131.96
Males Right 10.82 3.73 5.37 7.57 133.84
Females Left 10.37 3.48 4.99 7.16 132.38
Males Left 10.83 3.78 5.39 7.56 134.01
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DISCUSSION

The structural arrangement or configuration of the
proximal portion of the os femora is an essential factor or
canon in the design and development of orthopaedic
implants of the os femora and prostheses of the coxal
bone. Besides, it is essential in foretelling the likelihood
and management of proximal fractures of the os femora.
Radiogrammetric investigation of the proximal extremity
of the os femora have revealed or elucidated that
dissimilarities are present inter-populations and intra-
populations; associated with variations in their genetic
makeup, diet, geographical location and lifestyle™.

Linear and angular morphometric parameters have been
reported to vary in different population by numerous
scientific investigators™"""**. Comparing the means of the
morphometric parameters obtain with the outcome of
erstwhile workers on dissimilar and distinct population
reveal variations values. Also our value of femoral neck
shaft angle (FNSA) vary slightly but similar with the
research outcome of Udoaka and Agi” on southern
Nigerian population. This agrees with the conclusion
made by Stracker et al.”. This team of investigators
concluded or resolved that variations are extant among the
parameters of the proximal os femora and insignificant in
similar population but data from different populations
vary significantly. From the aforesaid, it is worth
emphasizing that inter-population and intra-population
based differences are extant in the metric structural
configuration of the os femora. Hence, utilizing or
employing orthopaedic implants and screws designed by
Caucasian manufacturers, presumably using femoral
structural metric values of their population, won't be
suitable for other population like ours. This study provides
and documents comprehensive morphometric
information or data of the proximal os femora requisite for
the manufacture of local prostheses and orthopaedic
implants that will meet the Nigerian need minimising
repeated post-operation complication after fixation of
proximal femoral fracture with orthopaedic implants
currently used.

De Soua et al.’, Strecker et al.”’, Tahir et al.”* and Ziylan
and Mushid’ have reported the presence of statistically
non-significant metric bilateral asymmetry of the os
femora with the left os femora mostly larger than the right.
In this current scientific radiogrammetric investigation,
variations in the structural landmarks were observed
between right and left femora but in no particular other;
however, the left were mostly larger. This was not
statistically significant in all measured parameters agrees
with the findings of other aforementioned literatures.

In conclusion, Nigerian morphometric dimensions of the
proximal os femora clearly varies from western standard
depicting the dimensions of the orthopaedic implants of
the os femora currently available do not match with the os
femora of Nigerian as they were made and designed using
Caucasian values. Also, we conclude that when studying
the morphometry of the proximal femur of any population

using either the left or right will suffice. We recommend
therefore that biomedical engineers and makers of
orthopaedic implants and screws should take
revolutionary steps in making femoral orthopaedic
implants to suit Nigerian needs.
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