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ABSTRACT

Introduction: The femur forms the skeleton of the thigh and its proximal segment is a component
of the hip joint which is the largest mobile synovial joint of the human body. Although, the hip joint
has a very remarkable stability, it may become dislocated with accompanying fracture of the
femoral head and neck sequel to considerable trauma. Definitive management of intracapsular
fracture neck of the femur in the elderly is surgical operation at which the fractured proximal end of
the femur is replaced with an inert metallic implant.

Methodology: This study set to establish the length of the femur, diameter of the femur head and
the relationship between these two parameters in Nigerians (Black Africans) using direct bone
measurement technigue.
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Results: The sample size (human femur) was 266 with 51.1% (136) being right and 48.9% (130)
being left. The respective mean length of the right, left and that of overall was similar (42.89+2.96;
42.78+2.86 2.83+£2.90) cm. The median length of the femur irrespective of the side was the same
(43.00 cm) and the range was 37-49 cm.

The diameter of the head of the femur along the sagittal (supero-inferior) plane ranged between
3.56 to 5.09 on the right, 3.49 to 4.88 on the left and 3.49 to 5.09 cm overall. The mean supero-
inferior diameters were also very similar (Right- 4.28+0.30; Left- 4.26+0.36 and Overall-4.27+0.33
cm). The median supero-inferior diameter was 4.31 cm. The mean horizontal (medio-lateral)
diameter was not significantly different along-side (Right- 4.48+0.33; Left- 4.46+0.33 and Overall-
4.47+0.33 cm). Also the median horizontal diameters were very similar ie 4.46, 4.48 and 4.47 cm
respectively. The medio-lateral diameter ranged from 3.67 to 5.37 cm and no side difference. The
average diameters (i.e. supero-inferior + medio-lateral/l2) of the femur were similar (Right-
4.38+0.30; Left- 4.36+£0.33 and Overall-4.37£0.32 cm). The median value of the average diameter
was similar side-wise (Right-4.46, Left-4.48, Overall-4.47 cm). The average diameter of the femur
ranged between 3.62t0 5.17 cm.

There was no significant difference between the mean area of the femur head computed from the
two diameters.

The ratio of the head diameter to the bone length was the same irrespective of the diameter or the
side of the femur (0.1+£0.01) also the median value was 0.1 cm. The correlation coefficient (r), of the
ratio of the head diameter to bone length was positive for both the right and left side.

Conclusion: A linear relationship exists between the head diameter and the length of the femur. In
essence the wider the diameter of the head, the longer the length of the femur.

Keywords: Femur length; femur head diameter; femur head diameter to length constant.

1. INTRODUCTION osteoporosis especially of its neck. At this stage,
a slight trauma which hitherto would have been
The femur is the longest and heaviest bone that uneventful may result in fracture of the femoral
forms the skeleton of the thigh and largely neck which in clinical parlance is referred to as
responsible for bearing and transmission of the fracture neck of the femur. However, in severe
body weight through its articulation by means of  trauma especially in younger age group, fracture
its head with the acetabulum of the pelvic bone  neck of the femur may occur with hip dislocation
resulting in the formation of the hip joint. It [5-7].
accounts for about 25 % of the height of an
individual [1]. There is no conservative management for the
displaced intracapsular fracture of the neck of the
The formation of the femur is largely by femur in the elderly rather it is managed
endochondral ossification and its initial stage is  surgically either by hemi arthroplasty (removal
by intramembranous ossification. In the and replacement of the head of the femur with a
development of the femur, the earliest metallic non-reactive implant) or total hip
ossification centre is that of the shaft which is at  arthroplasty in which in addition, the acetabulum
the 8™ week of intrauterine life. The epiphyses of is covered with an inert implant [8-15]. Several
the proximal end of the femur fuse with the studies have documented inter-racial differences
diaphysis by age of 18 years while the epiphysis in the geometry of the proximal femur. Such
of the distal end fuses with the shaft at age 20. studies noted significant differences in the
Thus after the 20t birthday, the femur can no parameters amongst Europeans, Americans and
longer increase in length [2,3]. Asians [16-19].

Fracture of its shaft (diaphysis) is usually due to  The overall height of an individual, body built,
high impact trauma especially from vehicular gender, vocation, nutritional status and race are
accidents and this could be managed factors that bring about variabiliies in the
conservatively or through surgical procedures length and size of the femur and its proximal
such as intra medullary nailing or insertion of end. Thus the implants are manufactured in
plate and screw [4]. As one advances in age and  different sizes in order to accommodate the
especially in women due to hormonal changes, Vvariabilities in the size and length of the proximal
there is progressive demineralization resulting in ~ end.
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For any patient being planned for hip
replacement surgery, the size of the implant has
to be determined preoperatively. This is usually
done by taking certain measurements on plain
radiograph or computed tomographic film of the
hip. While this has been found to be a very
reliable assessment mode, its exactness ie
accuracy can and is only confirmed at surgery
when the hip is opened up and the fractured
proximal end is removed.

Normally, the reference points for the
measurement of the length of the femur are the
tip of the greater trochanter and the lower border
of the lateral epicondyle. These two reference
points are easily palpable in the living human
body. The site of fracture in the proximal end of
the femur is at the neck of the femur thus it is still
possible to determine the length of the femur
from the plain radiograph of a patient with
fracture neck of femur and fracture-dislocation of
the hip joint.

This anthropometric study set out to derive a
numerical constant that could be used to obtain
the diameter of the appropriate hip prosthesis
(implant) from the length of the femur either
directly from the patient or from the plain
radiograph of the thigh. This will reduce the
technical glitches of hip replacement surgical
operations which will translate to reduction in
complications, morbidity and mortality. This
numerical constant would be obtained from a
correlation between the diameter of the head of
the femur measured at two perpendicular axes
and the length of the femur using the previously
stated reference points.

2. MATERIALS AND METHODS

Adult femur bones obtained through maceration
of dissected cadavers (Nigerians) over several
years in the Department of Anatomy, College of
Medicine, University of Ibadan, Nigeria; were
used for the study. Bones with congenital
anomaly, evidence of healed fracture and
osteoporotic changes of any of the landmarks
were excluded from the study.

On each bone, the following parameters were
measured-:

(a) Bone length- this was measured with the
bone supine and against a fixed graduated
stainless meter rule. The summit (tip) of the
greater trochanter was at the zero mark of the
meter rule and by means of another ruler placed
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at the lower border of the lateral epicondyle, its
intersection with the stainless meter rule was
read off as the femur length in centimetres(cm)
(Figs. 1 &2).

(b) Diameters of the Head-: by means of a digital
Vernier caliper, the supero-inferior (vertical) and
the medio-lateral (horizontal) diameters were
measured respectively along the sagittal and
transverse plane with the fovea lying along the
planes (Fig. 3).

Each parameter was measured twice and the
average of the two readings (though very close)
was recorded

(c) An electronic digital weighing scale was used
to measure the weight of each of bones.

The following parameters were computed from
the values of the length and the diameters.-: (i)
Area of the head {supero-inferior{ A = nr? ,
where r(radius) diameter/2};(ii) Area of the
head {medio-lateral}; (iii) Average area of the
head using the average diameter; (iv) the
supero-inferior diameter: length ratio and (v) the
medio-lateral diameter: length ratio.

The data was expressed as percentages, means
plus standard deviation, median and range.
Significance of the difference between right and
left was determined by means of the Student t-
test and P< 0.05.

3. RESULTS

Two hundred and sixty six femur bones that met
the inclusion criteria comprising of 136(51.1%)
right and 130(48.9%) left were used for the
study. The respective mean length of the right,
left and that of overall was similar (42.89+2.96;
42.78+2.86 & 42.83+2.90) cm. The median
length of the femur irrespective of the side was
the same (43.00 cm). While the shortest femur
irrespective of the side was 37cm and the
longest was about 49 cm.

The diameter of the head of the femur along the
sagittal (supero-inferior) plane ranged between
3.56 to 5.09 on the right, 3.49 to 4.88 on the left
and 3.49 to 5.09 cm overall. The mean supero-
inferior diameters (S-ID) were also very similar
(Right- 4.28+0.30; Left- 4.26+0.36 and Overall-
4.27+0.33 cm). The median supero-inferior
diameter was 4.31 cm. The mean horizontal
(medio-lateral) diameter was not significantly
different along-side (Right- 4.48+0.33; Left-



Ajani and Ogunlade; Asian J. Ortho. Res., vol. 7, no. 2, pp. 88-99, 2024; Article no.AJORR.119657

4.46+0.33 and Overall-4.47+0.33 cm). Also the
median horizontal diameters were very similar ie
4.46, 4.48 and 4.47 cm respectively. The medio-
lateral diameter (M-LD) ranged from 3.67 to 5.37
cm and no side difference. The average
diameters (i.e. supero-inferior + medio-lateral/2)
of the femur were similar (Right- 4.38+0.30; Left-
4.36£0.33 and Overall-4.37£0.32 cm). The
median value of the average diameter was
similar side-wise (Right-4.46, Left-4.48, Overall-
4.47 cm). The average diameter of the femur
ranged between 3.62 to 5.17 cm. The mean area
of the head of the femur computed from the
horizontal (medio-lateral) diameter was slightly
but insignificantly higher than the one derived

from the vertical (supero-inferior) diameter-
{Right-15.82 *2.30; Left-15.71 %2.30; Overall-
15.76 +2.29 vs: Right-14.47 +2.02; Left-14.32
+2.36; Overall-14.40 +2.18 cm?respectively}.The
range of the S-ID derived area was 9.96-20.35
on the right and 9.57-20.35cm? on the left while
those of the M-LD derived area were 10.75-22.65
(Right) and 10.58-20.85 cm? (Left). The
respective median area was S-ID (Right 14.56,
Left 14.66 cm?) and M-LD (Right 15.59, Left
15.77 cm?). As expected, using the average
diameter to compute the area of the head of the
femur produced values in between those of the
supero-inferior diameter (S-ID) and medio-lateral
diameter (M-LD).

summit of the greater
trochanter

Length of the Femur

Lower border of the
latzral epicondyle

Fig. 1. Measurement of the length of the femur (Right). (©rsa2024)
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Fig. 2. Left Femur (©rsa2024)

The ratio of the head diameter to the bone length
was the same irrespective of the diameter or the
side of the femur (0.1+0.01) also the median
value was 0.1 cm while the range was 0.08-0.12.
The correlation coefficient (r), of the ratio of the
head diameter was positive for both the right and
left side. This implied a linear relationship
between the head diameter and the length of the
femur. In essence the wider the diameter of the
head, the longer the length of the femur. Another
computed constant is the ratio of the area of the
femoral head to the length of the femur. A
constant factor of 0.34+0.04 with a median of
0.33 when the area was based on S-ID and
0.37+0.04 with the M-LD being the determinant
of the area.

Plotting the diameter of the head of the femur
against the length of the femur revealed a linear
relationship between the two parameters for both
sides as well as the supero-inferior and medio-
lateral diameters (Figs. 4 & 5).
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Fig. 3. Head of the femur-(©rsa2024)
A-B is Supero-inferior (vertical) diameter
C-D is Medio-lateral (horizontal) diameter.

The right femur weighed 390 £90 grammes with
the median weight being 400 g and range being
200 to 600 g. The respective values for the left
femur are 380+90; 400; and 250 to 600 grammes
(Table 1).

4. DISCUSSION
4.1 Femur Length

Different studies using different methods have
documented different values for the mean length
of the femur and its range. Kira et al., using
computed tomography imaging of cadavers and
measuring the length of the femur from the upper
border of the head to the lower border of the
condyles gave the mean length as 42.74+2.94
and range as 36.06-51.11 cm [20]. Also, in that
study, no significant difference was observed
between the length of the right femur and that of
the left. In another human direct measurement
study done amongst Zambian population
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(southern Africa) the mean femur length was
44.2 (male) and 42.3 cm (female). Also, the
femur length constitutes 25% of the individual
height [21]. Using the same reference points to
measure the femur length, Mossa et al (2021)
obtained 42.38+19.02 cm as mean and a range
of 38.6-47.1 cm for male while the respective
female values were: 38.72+40.15 and 30.3-45.2
cm. This was a direct bone measurement study
[22]. Analyses of 1189 Asian and Caucasian
segmented three-dimensional computed
tomographic data sets of femurs, revealed an
overall femur length of 42.0 3.1 cm and the
range being 32.9-50.8 cm. The respective values
for the Asians were 39.8+2.7cm; (32.9-46.7 cm)
and Caucasians: 43.0£2.8 cm; (35.3-50.8 cm).
The Caucasian femur was found to be
significantly longer that of the Asian femur. The
femur length was measured from the tip of the
greater trochanter to the distal intercondylar
notch [23]. In another three dimensional
Computed tomography analyses of 122 femurs
from 61 individuals, the mean length of the femur
as measured from the tip of the lesser trochanter
to the mid point of the trans-epicondylar axis was
37.86 £2.32 cm while the diameter of the head
was 4.55+0.31cm and the range being 4.01-5.38
cm. The corresponding values for the right and
the left were very similar [24]. In a study done
amongst Koreans using three different methods
to determine the length of the femur, a mean
length of 41.45+ 2.37 cm. using the osteometric

amongst the values obtained by three methods.
The other two methods were geometric
computation of anatomical and mechanical axes
[25]. Most of the studies referenced above did
gender comparison and reported significantly
higher values for the male. However, both right
and left femur had similar values.

From the narrative thus far, the following
inferences can be made that; (i) the length of the
femur differs along population line, (ii) the length
of femur varies with the reference points of
measurements and (iii) the mode of study which
could be direct bone measurement, human body
measurement, plain radiograph and three-
dimensional computer tomography scanning. For
any meaningful comparison of studies, the mode
of assessment and reference points of
measurement must be taken into consideration.
The length of the femur is a function of the
overall height of the individual. Human height is
influenced by genetics (hereditary), family trait,
race and early childhood nutritional status. Thus,
there cannot be a single value as the universal
length of the femur. In a previous study on limb
length  inequality, we documented the
existence of a small but insignificant inequality
between the length of the right and left lower
limbs in normal people without obvious limb
shortening [26]. Findings of our study and those
of similar studies reveal slight but insignificant
difference between the length of the right and left

board. Significant differences were noted femurs.
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Fig. 4. A plot of the femur head diameter against the femur length to demonstrate the
relationship between the two parameters.-The longer the bone length, the greater the head
diameter (Right Femur)
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Table 1. Direct and derived values of the various parameters

Parameter Mean value Range Median value
Right Left Overall Right Left Overall Right Left Overall
(N=136) (N=130) (N=266)
Length (cm) 42.89 42.78 42.83 37.50 37.20 37.20 43.00 43.10 43.00
+ + + -— - ---
2.96 2.86 2.90 48.40 48.50 48.50
Supero-inferior Diameter 4.28 4.26 4.27 3.56 3.49 3.49 4.31 4.32 4.31
(cm) * + +
0.30 0.36 0.33 5.09 4.88 5.09
Medio-lateral Diameter (cm) 4.48 4.46 4.47 3.70 3.67 3.67 4.46 4.48 4.47
+ + + - - ---
0.33 0.33 0.33 5.37 5.15 5.37
Average Diameter (cm) 4.38 4.36 4.37 3.62 3.62 3.62 4.42 4.39 4.40
+ + + - - ---
0.30 0.33 0.32 5.17 4.98 5.17
Area 1-{S-I D} (cm?) 14.47 14.32 14.40 9.96 9.57 9.57 14.56 14.66 14.59
+ + + - - ---
2.02 2.36 2.18 20.35 18.71 20.35
Area 2- {M-L D} (cm?) 15.82 15.71 15.76 10.75 10.58 10.58 15.59 15.77 15.69
+ + + - - ---
2.30 2.30 2.29 22.65 20.83 22.65
Area3-{Av.diameter}(cm?) 15.14 15.01 15.08 10.35 10.30 10.30 15.31 15.14 15.21
+ + + - - ---
2.09 2.25 2.16 21.00 19.79 21.00
Supero-inferior diameter: 0.1 0.1+0.01 0.1+0.01 0.09 0.08 0.08 0.10 0.10 0.10
Length Ratio *
0.01 0.63 0.11 0.11 0.11
Correlation coefficient 0.59
Medio-lateral diameter: 0.1 0.1+0.01 0.1+0.01 0.09 0.09 0.09 0.10 0.10 0.10
Length Ratio *
0.01 0.69 0.12 0.12 0.12
Correlation coefficient 0.58
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Parameter Mean value Range Median value
Right Left Overall Right Left Overall Right Left Overall
(N=136) (N=130) (N=266)
Average diameter: Length 0.11+0.01 0.1+0.01 0.1+0.01 0.09 0.09 0.09 0.10 0.10 0.10
Ratio 0.6 0.68
Correlation coefficient (r) 0.11 0.12 0.12
Area 1: Length Ratio 0.34+0.04 0.34+0.04 0.34+0.04 0.26 0.22 0.22 0.33 0.33 0.33
0.42 0.41 0.42
Area 2: Length Ratio 0.37+0.04 0.37+0.04 0.37+0.04 0.28 0.26 0.26 0.37 0.37 0.37
0.50 0.44 0.50
Femur Weight (g) 390490 380190 390+90 200 250 250 400 400 400
650 650 650

Foot Note-: Area {S-I D} was derived from the supero-inferior diameter. Area {M-L D} was derived from the medio-lateral diameter. Area {Av. diameter) was derived from the
average diameter. The ratios were derived by dividing the respective diameter by the femur length. Area 1 is supero-inferior diameter area while Area 2 is medio-lateral
diameter area.
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Fig. 5. A plot of the femur head diameter against the femur length to demonstrate the
relationship between the two parameters.-The longer the bone length, the greater the head
diameter (Left Femur)

4.2 Femur Head Diameter

In this study, the diameter of the head of the
femur was measured at two perpendicular planes
(supero-inferior and medio-lateral) with no
significant difference between the right and the
left. The mean values as well as the range were
very similar in both planes. In an antero-posterior
pelvic X-ray films obtained from 97 patients (194
hips), the mean diameter of the head of the
femur was 5.08+0.43 cm with a range of 4.14-
6.34 cm [27]. In another plain radiographic study
of the proximal femur geometry done among
Croatians, a value lower than ours was obtained
as the femur head diameter (38.84+ 5.32 mm
and range being 30.00-52.10 mm) [28]. The
mean vertical diameter of the femur head in
Indian population has been reported as
4.54+0.36 cm [29] and 42.70+3.02cm [30]. The
latter study whose result was very similar to us
was a direct measurement one. Also, in that
study, the femur length was measured from the
highest point of the head to the lowest point of
the medial condyle got a similar value of 42.82
+2.87cm as being the femur length [30]. The
diameter of the head of the femur in Chinese as
obtained from pelvic X-rays measurement is
slightly higher than ours [16]. Thus it is very
pertinent to state and put into consideration the
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reference points of measurement when
comparing the values of the femur length and
femur head diameter as obtained by different
studies. From the comparisons of femur head
diameter among different races, it is obvious that
it varies hence it will be misleading to state a
single value as the diameter in textbooks of
Human Anatomy.

A summary of the major findings of related
studies and their comparison with the present
study is presented in Table 2.

4.3 Mathematical Relationship between
the Femur Head Diameter and Femur
Length (Head/Length Constant)

In all the related femur geometry studies
available in the literature, none of them made
any attempt at establishing a mathematical
relationship between the femur head diameter
and femur length. This study did and obtained a
constant of 0.1+0.01 as being the ratio of the
femur head diameter to the femur length with a
positive correlation coefficient. This is the same
whether it is supero-inferior (vertical), medio-
lateral (horizontal) or average diameter.
Expressed graphically, the parameters of the
femur head diameter and femur length exhibit a
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linear relationship. The implication of this major
feat is that the diameter of the femur head can be
calculated from the femur length by multiplying
the latter with 0.1 i.e. Femur head diameter =
femur length x 0.1. Since this constant (0.1) has
a very small standard deviation of 0.01, its
reliability and predictability are very likely to be
very high. The landmarks for femur length are
very accessible and easily done on the non-
fractured hip, the accuracy of preoperative of hip
prosthesis selection will be very high. The
implications of this include but not limited to;

Table 2. Summary of related studies

ease of procedure,
complications and morbidity with
quality of life.

reduced postoperative
improved

Using the areas of the head of the femur as
derived from the vertical, horizontal and
average diameters, to compute the head/length
ratio; varying constants were obtained and as
such cannot be used to predict the femur
head diameter. In the choice of hip prosthesis, it

is the diameter that is of importance and

relevance.

SIN  Parameter Study Type Population Reference
1 A). Femur length; Mean-42.83+2.90cm. Direct human Nigerians This Study
Range (37.20-48.50 cm). bone (Africa)
B) Head diameter: measurement
i- Supero-inferior (vertical) 4.27+0.33 (Osteometric
cm. Range 3.49-5.09. board)
ii- Medio-lateral (horizontal) 4.47+0.33
cm. Range 3.67-5.37.
2 Femur head diameter; 51.03+ 3.88 mm  Pelvic X-rays Chinese 13
(198 patients; 396 (Asia)
hips).
3 Femur length; Mean- 42.74+2.94cm Computed Japanese 17
Range- 36.06-51.11 cm Tomography (Asia)
Scanning
4 Femur Length; Mean 44.2 (male) Direct human Zambian 18
Female 42.3 cm. body (Africa)
measurement
5 Femur length: Male-42.38+£19.04cm Direct bone Indians 19
(range, 38.6-47.1cm) measurement (Asia)
Female-38.72+40.15cm (range, 30.3- using an
45.2) osteometric board
Femur head vertical Diameter: Male-
4.3+£0.24; range-3.05 to 4.87 cm.
Female-3.82+0.23; range-3.33 to 4.33.
6 Femur length 3D Computer Asian 31% 20
Overall 42.0 £3.1 cm Tomography (369)
(32.9-50.8) Scan Caucasian
Asian femur length: 39.8+2.7; (32.9- (1189 femurs) 69%(820
46.7 cm)
Caucasian femur length : 43.0+2.8 cm;
(35.3-50.8 cm).
7 Femur length: 37.86 £+2.32 cm 3D Computer Not stated 21
Head diameter: 4.55+0.31cm Tomography
(4.01-5.38 cm) Scan (112
femurs)
8 Femur Length- 41.45+2.37 cm Osteometric Koreans 22
board (202 (Asia)
femurs).
9 Femur Head Diameter-5.08+0.43 cm. Pelvic X-rays Chinese 24
Range:4.14-6.34cm (194 hips) (Asia)
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S/N  Parameter Study Type Population Reference
10 Femur Head Diameter-3.88+0.53 cm. Pelvic X-rays Croatian 25
Range:3.00-5.21cm (300 patients; 600 (Europe)
hips).
11 Femur head diameter- 4.54+0.36 cm Computer Indians 26
Tomography (Asia)
Scan (98 femurs)
12 Femur length- 42.70+3.02 cm. Femur Direct bone Indians 27
head diameter-4.23+0.41 cm measurement (Asia)
5. CONCLUSION 5. Ahmad, Saeed, Irfan Qadir, Jahanzeb
Mazari, and Amer Aziz. Non-Wedge
The length of the femur amongst Nigerians vary Technique for Valgus Subtrochanteric

from those of other races and does not exhibit
side differences. The diameters of the head of
the femur as measured along two perpendicular
planes have negligible differences. There is a
linear relationship between femur head diameter
and the length of the bone. The ratio of the head
diameter to the length of the femur has a
constant factor of 0.1. The length of femur is an
accurate and very reliable predictor of the femur
head diameter.
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