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PHOTOGRAMMETRY OF THE PROXIMAL ASPECT OF THE FEMUR OF
SOUTHERN NIGERIANS: ANGULAR MORPHOMETRIC PARAMETERS.

ABSTRACT

Understanding the dimensions of the structural configuration of human skeleton.is requisite in
anthropologic and forensic anatomy, radiologic anatomy and orthopaedics. This'study presents
a new method of using photogrammetry to obtain and analyse data of the,morphometric
parameters of the neck, proximal shaft (intertrochanteric or epiphyses area) of the proximal
aspect of the cadaveric femur. A total of 127 dry human femur bones studied-and analysed
critically. The following parameters were calculated for each femur: femoral neck shaft angle
(FNSA), femoral neck intertrochanteric angle (FNIA), femoral shaft intertrochanteric angle
(FSIA), and the area of femoral intertrochanteric triangle (FITagrea) the mean gotten for these
parameters are FNSA=132.91, FNIA=96.50, FSIA=35.93, FITarea = 59.38mm?. Statistical
analysis of the obtained data showed no significant (p<0.01) differences in all measured
parameters between right and left sides. Dissimilarities was observed in the mean values of the
measured parameters within and across: populations. This study concludes that Nigerian
morphometric dimensions of the proximal os-femora clearly varies from western standard
depicting the dimensions of the orthopaedic implants and screws should take in making femoral
orthopaedic implants to suit Nigerian need. We recommend the possible use of the parameters
measured in this study to improve prediction and management of proximal femoral fractures as
they better elucidate an understanding of the morphology and strength of the proximal extremity
of the os femora.
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INTRODUCTION

factors for fractures. Fractures are an
important  health burden as regards
disability, death, and medical costs [2] [3].

Skeletal. development is influenced by a
number of factors producing differences in
skeletal proportions between different
geographical areas. Thus, it is desirable to
have some means of specified quantitative
variations to differentiate which traits are
being exhibited. This is what anthropometry
constitutes [1].

Meanwhile, Hip fractures are common in
elderly patients, and it is an important cause
for disability, a current problem in public
health, in a population that progressively
grows older. The causes are multifactorial,

Anthropometric skeletal measurements and
the shape of bones can offer a guide to
clinicians for the determination of risk

but the major contributing factor is the
reduction in the resistance of the proximal
epiphysis of the femur, due mainly to



osteoporosis, both primary and secondary
[4].

As a region prone and inclined to fracture
and many childhood and adult disorders,
several of which might be related to
differences in proximal femoral
morphometry or whose therapy might
require or entail a thorough understanding of
its anatomy, numerous scientific research
targeting the definition and measurement of
its structural parametric landmarks have
been developed [5].

These attempts yielded two renowned
parametric landmarks, Femoral Neck-Shaft
Angle and neck version. Neck-shaft angle is
considered one of the most commonly
measured indicators of hip anatomy [6]. A
multi-national analysis of 8271 femora
found that human neck-shaft angles varied
from 120° to 140°, with a mean of 126.4°
[7]. A recent study showed a mean value of
131.3° [8]. These values are subject to a
wide range of discrepancies, as it was
demonstrated that age varies inversely with
the angle [9].

A study on sexual dimorphism in the neck-
shaft angle is basedon the fact that the
weight of the axial skeletal in the males is
relatively and absolutely heavier than that of
females [10] and the initial impact of weight
is borne by the femur in the transmission of
the. body weight. The modification of the
female pelvis due.to specialized function of
reproduction also makes its indentation on
the femur. Thus, the stress and strain
experience by the femur in a male difference
from that of the female [11].

Parsons [12] proposed that there was no
significant bilateral difference found in
bones, he reported that males have the
bigger neck shaft angle than females through

his study and statement in population, in
another study of the same author studied on
sex determination of human femur by using
univariate or multivariate discriminate
analysis. Parsons and Bell stated that there
was no significant statistical bilateral
difference found in bones.

Meanwhile, according to study of Isaac et al.
[13], the neck shaft angle ranges from 126°
— 136° and stated ‘that any. estimated
defective angle can be of help for forensic
identification of “an. individual with
pathological changes leading to an abnormal
gait.

Pons [14], while working on Portuguese
femora, had opined that the head diameter
and 'width of the lower non-spherical head
shape and an. increase in neck-shaft angle
may oceur as a consequence of
osteoarthritis.

Despite the fact that the neck-shaft
relationship of the os femora has been
quantitatively assessed by several scientific
investigators for over a century, analytical
and decisive appraisal of the neck head
relationship is even now relatively in
infancy [15]. Besides, numerous
controversies are extant in literatures among
established proximal morphometric
parametric landmarks (HAL, FNAL, FNSA,
FNW) of the os femora in their ability to
predict and manage proximal femoral
fractures as these measures are not
conforming with anatomical facts of the
head-neck-shaft relationship of the proximal
os femora [16].

These parameters consider only relationship
between femoral neck and diaphysis and see
the head as a mere extension. For this
reason, contemporary scientific investigators
have introduced and quantified new



morphometric parameters in a bid to
improving the understanding of the
morphology and biomechanics of the
proximal extremity of the os femora and
defined its neck-head relationship. Such
parametric landmarks introduced include
moment arm [17], head-neck offset [18],
alpha and gamma angle [19], true moment
arm (TMA) [20] anterior offset (AOS),
posterior offset (POS), superior offset
(SOS), inferior offset (10S), anteroposterior
(AP) physeal angle and Lateral physeal
angle [15], height of head (HH), offset
(OFF), altitude difference from head center
to the top of great trochanter (TRH),
thickness of femur (TOF), diameter of neck
(ND), length of neck (NL), where FNSA is
an angle of skew lines between shaft axis
and neck axis [21].

However, Gasper and Crnkovic [16]
recommended that further research should
include head, neck and proximal® shaft
(epiphysis) relationship  that will . be
compatible with anatomical facts.  This
echoes Cooper and Toogood and:Skalak
[15]. Researchers have shown that . the
femoral trabecular <bone  provides the
biomechanical strength of the proximal
femur [22] [23].

Thus Bob-Manuel et al, [5] in a study
introduced the Femoral Neck
Intertrochanteric =Angle (FNIA), Femoral
Shaft Intertrochanteric Angle (FSIA), and
the area of the Femoral Intertrochanteric
Triangle (FITarea). They showed the right
and left mean values of FNIA, FSIA and
FITarea for males as 93.86°, 39.29°, &
11.92mm? and 94.30°, 40.00° & 12.03mm’
respectively. Besides, the stated right and
left mean values of FNIA, FSIA and
FITarea for females as 92.87°, 40.26°, &

11.32mm? and 93.87°, 39.21° & 10.53mm?
respectively.

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 [24, 25], hence in this study
photogrammetry was employed which has
not really been explored in. the study of
proximal morphometric parameters of the os
femora that <will . _conform . to the
biomechanical and anatomical features of
the  head, neck, proximal  shaft
(intertrochanteric. or epiphyseal area) and
shaft of the femur, which will be useful in
anticipating or predicting femoral neck and
intertrochanteric fractures.

This study was aimed at obtaining
osteometric data to estimate the bilateral
differences between the right and left femur
bone using photogrammetry, thus providing
baseline morphometric data. proximal
morphometric parameters

This included noting the osteometric
characteristics of the proximal femur for
Nigerians while promoting the discussion
for designing and developing standard
domestic implants and prostheses peculiar to
Nigerians.

MATERIALS AND METHOD

This scientific investigation was a non-
experimental, analytic study, investigating
the photogrammetry of the proximal portion
of the femur bone. The study population
consisted of standard anteroposterior
photographs of the normal proximal end of
the os femora of adult Nigerians obtained
from the Department of Anatomy in
University of Port-Harcourt, Choba and



Madonna University, Elele in Rivers State,
Nigeria.

Convenient sampling technique was done
(i.e., only available femur bones in the
archives were photographed and measured).
One hundred and twenty-seven (127) normal
anteroposterior standard photographs of the
proximal portion of femur were used for this
study. Samples included for photographic
assessment were only femurs with no visible
deformity or disease. Femurs showing
incomplete proximal end of os femora,
incomplete  ossification, deformed or
diseased, reported abnormal and bio data not
indicating Nigerian origin were excluded in
this study.

Data Collection and Instrumentation

The biophysical data collection protocol was
adopted for photogrammetric study of the
proximal femur of selected Nigerians.

Instruments used include; camera, graded
graph sheet, smooth horizontal' laboratory
table, pencil, and goniometer were used for
this photogrammetric study of the proximal
os femora.

To collect data for this.«photegrammetric
investigation of theproximal os femora,
three (3) main steps were adopted.

Step 1: Selection of nermal adult femur

Using the inclusion and exclusion criteria,
one hundred and twenty-seven (127) normal
os femora were selected from the Anatomy
Museum of Department of Anatomy of two
2 chosen universities (mentioned above).

Step 2: Photography of the proximal
portion of the femur

Each of the specimens was digitally
photographed in a standardized position,
termed anteroposterior (AP).

For the AP photographs:

I.  Each femur was first placed in a
supine position on graded (each box
representing 1cm) graph sheet on a
flat laboratory bench with anterior
surfaces directed toward the ceiling.
In this position, specimens. rested
distally on the convex surfaces of the
medial < and lateral condyles and
proximally on the greater trochanter.

II. The femoral neck then was made
parallel to the superior surface of the
laboratory bench by either rotating
the femoral shaft internally and
supporting the lateral condyle if the
neck axis was anteverted or rotating
the femoral shaft externally and
supporting the medial condyle if the
neck axis  was retroverted.
Parallelism between the femoral
neck and laboratory bench was

determined through visual
inspection.
IIl.  The investigator taking the

photographs (PAT) wused square
cards, approximately 1mm in
thickness, to increasingly support the
medial or lateral condyle until the
axis appeared parallel to the
laboratory bench surface.

IV. By taking a photograph from directly
overhead (camera lens parallel to the
laboratory bench and femoral neck
axis as confirmed by a level), we
obtained accurate AP pictures; any
potential distortion resulting from
neck version was eliminated by
making all components of the setup
parallel.



Step 3: Photographic Measurement of the
Morphometric  parameters of the
proximal extremity of the femur.

The angular morphometric landmarks of the
proximal os femora (right and left sides)
were measured from standard
anteroposterior (AP) photographs of the
femur.

To measure each parameter (metric
landmark or canon): the photographs were
placed on the flat laboratory bench;
parameters or metric landmark traced using
pencil and measured using a 30cm rule in
centimeters (cm), number of boxes counted
and value calculated using goniometers in
degrees (°) for angular metric landmarks.

The definition of measurements of the
angular landmarks or parameters studied
was taken as described by Bob-Manuel et al.
[5], Irdesel and Ari [25], Calis et al. [26],
Bob-Manuel et al [27].

The angular morphometric parameters  or
landmarks of the proximal end or portion of
the os femora measured are femoral neck
shaft angle (FNSA), . femoral neck
intertrochanteric angle (FNIA). and-femoral
shaft intertrochanteric angle (FSIA) and the
sides of femoral intertrochanteric.
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Fig 1. Diaphragm ‘showing angular
morphometric parameters of the proximal
end of os femora.

MORPHOMETRIC ANGLES OF THE
PROXIMAL EXTREMITY OF THE OS
FEMORA

Femoral Neck-Shaft Angle (FNSA)

The femoral neck-shaft angle formed at the
intersection of the femoral shaft axis and the
femoral neck axis lines. The femoral shaft
axis line was drawn through the midpoint of
the body (shaft) of the os femora just below
the minor trochanter and the midpoint of its
distal end while the femoral neck axis line
was drawn through midpoints of the
narrowest part of the femoral neck and head
of the os femora. The goniometer was then
placed on the lines at their intersection. The
red lines on the two arms of the goniometer
were then made to align with the femoral
neck axis and femoral shaft axis lines and
the angle between the redlines was measured
(See angle labelled “1” in Fig 1)

Femoral Neck Intertrochanteric Angle
(FNIA)



This is the angle formed at the junction of
the axis of the neck of the os femora and the
intertrochanteric axis. The intertrochanteric
axis is a line passing through superior
margin of intertrochanteric line and the
superomedial margin of the lesser
trochanter. This parameter was introduced
and measured by Bob-Manuel et al, [5]. See
angle labelled “2” in Fig 1.

Femoral Shaft Intertrochanteric Angle
(FSIA)

This is the angle formed at the junction of
the femoral shaft axis and the
intertrochanteric axis. This parameter was
introduced and measured by Bob-Manuel et
al., [5]. (See angle labelled ‘3’ in Fig 1.)

Femoral Intertrochanteric Triangle (FIT)

This is a scalene triangle formed by the
intersection of the lines passing through the
shaft, neck and intertrochanteric axis.at the
intertrochanteric area of the proximal os
femora (see XYZ in Figure 1). The sides of
the FIT were measured as follows:

FITxy — Distance between intersection point
of the shaft and neck axis lines and the
intersection point of.the- intertrochanteric
and neck axis lines,

FITyz — Distance between the intersection
point of the-intertrochanteric and neck axis
lines and. the.intersection point of the shaft
and intertrochanteric axis lines and

FITxz — Distance between the intersection
point of the shaft and neck axis lines and the
intersection point of the shaft and
intertrochanteric axis lines. The area of the

Femoral Intertrochanteric Triangle
(FITarea) was calculated using Heron’s

formula: Area = \/p(p — x)(p — y)(p — 2).

Where p = (x+y+2)/2: X, y, and z are sides of
the triangle. This parameter was introduced
and measured by Bob-Manuel et al., [5].
(See angle labelled ‘3’ in Fig 1.)

Data Analysis

All measurement were taken twice and the
average recorded by the researcher. Data
collection for this study were analysed with
the help of Statistical Package for Social
Science (SPSS) 16.0 version. to«establish
baseline descriptive. statistical data. Two
tailed z-test was wused to compare mean
values to. establish. gender and side
differences and Pearson correlation was
done to show. relationship between measured
parameters. P < 0.05 was taken as
statistically significant while P-value less
than 0.01 were taken as highly significant.
All linear. measurements were taken in
millimetres and angles in degree. Summary
of results obtained are presented in tables.

RESULT AND DATA ANALYSIS

The data analysis for this research work was
performed using SPSS version 16.0. The
mean, standard error, standard deviation, P
value and Z value was analysed using two
tailed Z-test. The result of this work is
represented in tables.

Table 1 shows the mean, standard error,
standard deviation of measured parameters
femoral neck shaft angle (FNSA), femoral
neck intertrochanteric angle (FNIA), femoral
intertrochanteric  width  (FIW), femoral
intertrochanteric triangle (FITarea) Of the
left proximal femur, the right proximal
femur and the total of left and right proximal
femur.



Table 2 shows the mean, standard error,
standard deviation, p-value, z-value and
interference of the femoral neck shaft angle
(FNSA), femoral neck intertrochanteric
angle (FNIA), femoral shaft
intertrochanteric angle (FSIA), femoral

intertrochanteric triangle (FIT), of both right
and left proximal femur.

Table 3: Shows the correlation of FNSA,
FNIA, FSIA, FITagea of the proximal
femur.

TABLE 1: Mean, Standard error and Standard deviation of the seven measured

parameters
SIDE FNSA FNIA FSIA FITarEA
ALL Mean 132.91 96.50 35.93 61.57
SE 0.35 0.55 0.45 0.27
SD 3.97 6.18 5.08 3.08
LEFT Mean 133.07 96.98 3541 62.23
SE 0.54 0.79 0.67 0.33
SD 4.03 5.89 5.00 2.47
RIGHT Mean 132.79 96.11 36.34 59.38
SE 0.47 0.76 0.61 0.42
SD 3.94 6.42 5.14 3.50




TABLE 2: Test of inference of six (6) measured parameters

SIDE LEFT RIGHT P-VALUE | Z-CAL INFERENCE
(P <0.05)
Mean SE SD Mean SE SD

FNSA 133.07 | 0.54 | 4.03 132.79 | 047 | 3.94 0.69 0.49 NOT
SIGNIFICANT

FNIA 96.98 0.79 | 5.89 96.11 0.76 | 6.42 0.43 0.79 NOT
SIGNIFICANT

FSIA 35.41 0.67 | 5.00 36.34 | 0.61 | 5.14 0.31 1.03 NOT
SIGNIFICANT

FIT area 62.23 0.33 | 247 59.38 0.42 | 3.50 0.86 0.18 NOT
SIGNIFICANT

TABLE 3: Bivariant Correlation Analysis of measured parameters

PARAMETER ENIA FSIA FITareEA

FNSA Pearson Correlation .355** .293* 0.010
Sig.. (2-tailed) 0.007 0.028 0.089

FNIA Pearson Correlation -.589** 0.011
Sig. (2-tailed) 0.000 0.147

FSIA Pearson Correlation 0.023
Sig. (2-tailed) 0.071
Sig. (2-tailed)

DISCUSSION showed no significant difference between

Understanding the dimensions of the
structural configuration of human skeleton is
requisite in anthropologic and forensic
anatomy, radiologic anatomy  and
orthopaedics [5].

From the study of the femoral head of the
SeyhHoyuk area (Southern Anatolia), the
statistical analysis of all measured parameter

the right and left femurs except for the
vertical diameter of the right femoral head,
which was significantly greater than those of
the corresponding left femur [28]. This
correlates to findings of this study which
showed that no significance existed between
the left and right os femora.




Angular morphometric parameters have
been reported to vary in different population
by numerous scientific investigators [24]
[29] [30] [31]. Comparing the means of the
morphometric parameters obtain with the
outcome of erstwhile workers on dissimilar
and distinct population reveal variation in
values. Also, our value of femoral neck shaft
angle (FNSA) varies slightly but similar
with the research outcome of Udoaka and
Agi [31], Bob-Manuel et al., [27], and Bob-
Manuel et al, [5] on the Nigerian
population.

This team of investigators resolve that
variations are extant among the parameters
of the proximal os femora and insignificant
in similar population but data from the
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.

In this present study, new morphometric
parameters introduced by Bob-Manuel et al.,
[5] were measured and. studied. From the
outcome. of this . investigation, highly
significant .. (p<0.01) positive correlation
exists between FNSA and FSIA, and FSIA
and FNIA. This suggest how useful the
FNIA and FSIA would be when used
alongside the FNSA in forecasting or
foretelling and managing proximal femoral
fractures as it defines the geometric relation
between the neck, intertrochanteric area
(proximal epiphyseal area) and the shaft of

femur. This agrees with the findings of Bob-
Manuel et al., [26].

Haddad et al. [32], in a recent study revealed
there was no significant difference between
right and left femur FNSA among the
patients (p=0.95). On both sides, male
FNSA was higher than female NSA
(p<0.001). In supine radiograph, the overall
mean NSA for the supine position was
133.06°+5.71°. There was a significant
difference between FNSA of the right and
left femur among the patients in the supine
position (p <0.001). On supine radiographs
there was no statistically significant
difference between male and female FNSA
(p=0.85). This is slightly different but
similar to our study where FNSA of femurs
placed antero-posteriorly was 132.91°, there
was also no significant difference between
right and left femur FNSA among the
patients (p=0.69). No inference was made
between the male and female femurs.

In another study done by Rogers et al. [33]
on 203 patients to check for side-to-side
variability of the FNSA using upright
anteroposterior  pelvis radiographs, no
significant variability between the two
angles was found. Similarly, a study done in
India on 110 patients using supine
anteroposterior pelvis radiographs concluded
that the NSA angle of the contralateral
femur can be used as a template during
repair [34]. Both studies [33, 34] mentioned
above agrees with findings of this present
study.

Pasi and Gafen [24] revealed that the
trabecular bone in epiphyses of long bones
underwrites the power and ability of the
proximal os femora by resisting and
distributing impact of loads applied to the
epiphyseal or metaphyseal cortex. This role



may be analogous to the purpose of the
trabecular lattice in allocating functional
joint and muscle loads; nevertheless, since
trabecular paths are aligned to offer maximal
support in line with the physiologic
joint/muscle loads, the trabecular lattice is
unlikely to be optimized for supporting non-
functional impacts as during traumatic
injury.

The proximal end of the femur alter and
adjust its structure to suit loads it is exposed
such that its trabeculae orientate along the
direction of the principal stress achieving
full stiffness and strength [35]. Djuric et al.
[35] studied the peripheral geometry and
microscopically examined the
intertrochanteric area and neck of the os
femora and showed that the trabeculae
pattern at this region depicts altering and
varying complex loading model of the
proximal os femora during growth.
Summating the findings of Pasi and: Gafen
[23] and Djuric et al. [35], suggests.that the
size of the intertrochanteric area of the
proximal end of the femur could determine
the proximal os femora strength.

To this end, Bob-Manuel et .al, [5]
introduced the _femoral intertrochanteric
triangle (FIT) also called femoral epiphyseal
triangle, a scalene triangle formed at the
intertrochanteric »area. of the proximal os
femora by the intersection of the shaft axis,
neck axis and intertrochanteric axis lines,
and quantified its area (FITarea) in their
study, which.could be useful in determining
the proximal os femora strength. Our
findings in this study showed no significant
(p < 0.05) side difference in FITarea this is
similar to the findings of the Bob-Manuel et
al. [5]. However, mean values for FITarea
in this study was higher than the findings of
Bob-Manuel et al., [5]. This could be

accounted for by the difference in
methodology.

CONCLUSION

This study concludes that 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
Nigerians as they were made and-designed
using Caucasian values.

Besides, robust understanding of the
geometry. ‘of the proximal end of the os
femora requires parameters that conform to
anatomical facts between the head, neck and
proximal shaft of the os femora. Also,
biomedical engineers should take
revolutionary steps in making femoral
implants for orthopaedic surgeon. We
recommend the possibility of the parameters
introduced in this study to better elucidate its
relevance in understanding the morphology
of the proximal extremity of the os femora.
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