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ABSTRACT

Introduction:  Variations exist in the anatomical profiles of the knee among individuals and populations. This study 
aimed to assess the morphometry of the distal femur in a South-south Nigerian population. Methods: Fifty-one adult 
femurs were used in this study. The mediolateral width of the femoral condyles, the anteroposterior length of the 
medial and lateral condyles, and the width of the intercondylar notch were measured with the sliding caliper, while 
the femur length was measured with the osteometric board and the aspect ratio was calculated. T-test and Pearson's 
correlation were employed using SPSS 23. P-value< 0.05 was considered significant. Results: There was no signifi-
cant side difference in all the parameters studied, p>0.05, except in the mediolateral width of the condyles and the 
aspect ratio in which the left was significantly greater than the right side, p=0.002 and p=0.003 respectively. Pear-
son's correlation between the anteroposterior length of the medial condyle and full length of the femur showed that 
the correlation coefficient was 0.61; p<0.001. Pearson's correlation between the anteroposterior length of the lateral 
condyle and full femur length showed r= 0.72; p<0.001, while between the intercondylar notch width and the full 
length of the femur, r= 0.33;  p=018. Conclusion: A side difference exists in the mediolateral width of the condyles 
and the aspect ratio, but no side difference in the anteroposterior length of the medial and lateral condyles and width 
of the intercondylar notch. This will provide a guide in the replacement of the femur component during the total knee 
replacement procedure.
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INTRODUCTION

The femur is rated as the longest and strongest bone in 
the body, and the morphology of its distal or lower end 
is built as a bearing surface to transmit weight to the tibia 
(1). The lower end of the femur possesses two condyles, 
lateral and medial, separated by an intercondylar notch. 
Sinnatamby (2) stated that ‘a centre of ossification for 
the lower end of femur appears at the end of the ninth 
foetal month and its presence is acceptable medico-legal 
evidence of maturity'. 

Morphometric anatomy of the distal femur in relation 
to gender, side (3) and ethnicity or population (4) has 
been studied. Population or ethnic variations exist in 
the morphometry of biological structures (5). Therefore, 
accurate anatomic data of the distal femur are crucial to 
the design of the femoral component of a total knee joint 
replacement (3). Some studies have shown variations in 
shape of the knee among the Caucasian populations 

(6,7), which  most existing total knee arthroplasty (TKA) 
implant designs are based (8). Asian based studies 
have also received much attention in the literature and 
comparison to existing implants which are Caucasians 
(7,9,10,11). Black Africans have not received such 
attention (12). In view of variations in anatomical 
profiles among individuals, and indeed populations, the 
conventional prosthetic knee components will not fit 
well into other indigenous people of the world.    

Among the various studies on the morphometry of the 
distal femur that have been recorded in the literature 
include those that employed direct measurement of dried 
femurs (3,13,14), measurements from radiographs (14), 
measurements during surgical operation of the knee (15) 
and Computer tomography (CT) scan (16). Among these 
are those from Asia (14, 16,17), Europe (3), America 
(15) and Africa (13). No study has been credited to the 
Nigerian population in the literature. The purpose of this 
study was to determine the morphometric anatomy of 
the distal femur of some Nigerians and to compare the 
results with those of previous studies across the world. 
The population-specific data will be of significance in 
solving the problem of frequent unfit femur component 
of the total knee replacement prostheses.    
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MATERIALS AND METHODS

The study was a descriptive type of the quantitative 
design and utilized all the femurs in the bone collection. 
Fifty-one dried adult femurs, left and right, were obtained 
from the Human Anatomy museum of the Delta State 
University, Abraka, South-South, Nigeria. The actual age 
and sex of the bones were not known. Grossly deformed 
and fractured femurs were excluded from the study. 
The Faculty Research and Ethics Committee approved 
the research (REC/FBMS/DELSU/19/62); this is without 
prejudice to the Declaration of Helsinki (18).

The bones, which were of adults of unknown sex, 
were grossly examined to select only those with 
complete diaphyseal-epiphyseal fusion, absence of 
fracture and other morphological deformities. The 
right bones were then separated from those on the 
right according to standard anatomical procedure. The 
parameters of the femur measured were: the full femur 
length (FL), mediolateral width (MLW) of the condyles, 
anteroposterior length (APL) of the medial condyle, APL 
of the lateral condyle and the width of the intercondylar 
notch, according to Figures 1-5 respectively. The FL was 
measured in centimetre, using the osteometric board 
as shown in Figure 1, while measurements of the distal 
femur dimensions were done in millimetre (and later 
converted to the centimetre), using the sliding caliper 
(Mitutoyo, Japan) as shown in Figures 2-5. The aspect 
ratio (AR) of the femur was calculated as: MLW/APL 
of the lateral condyle. All measurements were taken 
twice and the average recorded, to reduce the error of 
measurements.

Figure 1: Measurement of full length of femur

Figure 3: Measurement of anterioposterior length of medial 
condyle

Figure 2: Measurement of mediolateral width

Figure 4: Measurement of anterioposterior length of lateral 
condyle
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Data were analysed with the aid of IBM SPSS Statistics 
version 23. Independent samples t-test was used 
to determine significant side difference. Pearson's 
correlation was used to determine the level of relationship 
between two different parameters. P-value was accepted 
statistically significant if ≤ 0.05. 

RESULTS  

Results showed that a total of 51 femurs (29 right and 
22 left) were used in the study. Table I showed the 
comparison of parameters on both sides.  There was 
no significant side difference in all the parameters 
studied (p>0.05) except in MLW of the condyles and 
AR in which the left was significantly greater than the 
right side (p=0.002 and p=0.003 respectively). Table II 
showed the comparison of the mean dimensions of the 
present study with those of previous studies.

Pearson's correlation between the APL of the medial 
condyle and FL showed strong, positive and significant 
correlation (r= 0.61; p<0.001). Also Pearson's correlation 

Figure 5: Measurement of width of intercondylar notch

Table I: Comparison of parameters studied between right and left 
sides.

Parameter Data N Mean SD t df P-value

Full length of 
femur (cm)

Right side 29 47.43 2.65
-0.169 49 0.867

Left side 22 47.56 2.77

Combined 51 47.49 2.68 - - -

Total width of 
condyles (cm)

Right side 29 7.06 0.80
-3.195 49 0.002

Left side 22 7.70 0.57

Combined 51 7.34 0.78 - - -

APL of medial 
condyle (cm)

Right side 29 6.20 0.42
0.215 49 0.831

Left side 22 6.18 0.43

Combined 51 6.19 0.42 - - -

APL of lateral 
condyle (cm)

Right side 29 6.33 0.49
-0.133 49 0.895

Left side 22 6.35 0.41

Combined 51 6.34 0.45 - - -

Width of 
intercondyler 
notch (cm)

Right side 29 2.42 0.28
0.564 49 0.576

Left side 22 2.36 0.47

Combined 51 2.39 0.37 - - -

MLW/APL 
lateral  condyle

Right side 29 1.12 0.13
-3.38 49 0.003

Left side 22 1.21 0.06

Combined 51 1.16 0.12 - - -

APL= Anteroposterior length; MLW= mediolateral width; SD= Standard deviation; df= Degree 
of  freedom. 

Table II: Comparison of mean dimensions of the distal femur of the present study and other populations

Dimension
(mm)

Data

Population/ Mean
West Bengal 

(India) (5)Biswas 
et al., 2017

Gujarat (India) 
(13)

Zalawadia., 2017

Andhra Pradesh
(India) (14)

Neelima  et al., 2016.

Iranian (15)
Moghtadaei et 

al., 2016

Greek (3)
Terzidis et al.,  

2012

Present study 
(Nigerian)

Mediolateral 
width of 
condyles

Total - - - - - 73.36± 7.75

Right 71.71±4.50 74.53±2.34 (M) - - 88.6±0.42 (M) 70.58± 8.04

Left 70.71±5.25 67.09±2.11(F) - - 78.5±0.30 (F) 77.04± 5.68

APL  of medial 
condyle

Total - - - - - 61.92 ± 4.21
Right 52.97±3.77 57.49±2.34 (M) 57.83± 0.69 - 61.1±0.34(M) 62.03± 4.21

Left 54.74±3.85 53.91± 2.05 (F) - - 55.9±0.29 (F) 61.77± 4.30

APL of lateral 
condyle

Total - - - 63.41± 4.50

Right 56.20±3.36 59.02±2.69 (M) 58.0± 0.51 63.35± 3.1(M) 61.1±0.33 (M) 63.34± 4.88

Left 56.05±4.29 54.82±2.34 (F) - 56.53±2.98 (F) 55.4±0.21(F) 63.51± 4.05

Width of 
intercondyler 
notch

Total - - - 23.91± 3.71

Right 20.86±2.52 21.11±2.02 (M) 22.83± 0.41 21.76± 3.0 (M) 22.0±0.18 (M) 24.16± 2.82

Left 19.45±2.57 19.35±2.52 (F) - 17.37±2.5 (F) 18.7±0.10 (F) 23.56± 4.68

MLW/APL

Total - - - - - 11.60± 1.16

Right - - - - - 11.19± 1.32

Left - - - - - 12.13± 0.61
Method used Dry femur Dry femur Dry femur CT scan Dry femur Dry femur

M= Males; F= Females; APL= Anteroposterior length; MLW= Mediolateral.

between the APL of the lateral condyle and FL showed 
strong, positive and significant correlation (r= 0.72; 
p<0.001). However, Pearson's correlation between 
intercondylar notch width and FL was poor, positive and 
significant (r=0.33; p=0.018).
 
DISCUSSION

In a Kenyan  study (13), the MLW was reported to be 
similar on both sides contrary to the result of the present 
study that showed significant side difference. Biswas 
and Bhattacharya (14) also reported that there was no 
significant side difference in MLW in a study in West 
Bengal population.

On the mean FL, APL of the medial and lateral condyles, 
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there were no significant side differences. Similar 
findings were reported by Biswas and Bhattacharya (14), 
Terzidis et al. (3) and Dargel et al. (19). Furthermore, 
Lakati et al. (13) found that there was no significant side 
difference in the APL of the lateral condyle. On the mean 
AR, the left side was significantly greater than the right, 
indicating the same shape of implants cannot be used on 
both sides. 

On mean dimensions, all the parameters in the present 
study were greater than those  reported for Kenyan 
population by  Lakati et al. (13). Similarly, the MLW and 
APL of the  lateral condyle,  and the AR in the current 
study were greater than those reported in studies in 
Malaysia, Southeast Asia, by Hussain et al. (16), using a 
CT scan and Ewe et al. (17), in a distal femur resection.
In another previous study in India, South Asia,  by Shah 
et al. (20), the mean value of femoral MLW, APL and 
femoral AR were less than those of the  present study.  
In another prior study in West Bengal, East India, South 
Asia, by Biswas and Bhattacharya (14), the mean values 
of lateral and medial femoral APLs, and MLW from 
direct measurements were less than those observed in 
the present study, but the mean intercondylar notch 
width and value of AR calculated from table values 
were greater than those of the present study. However, 
the value of MLW obtained by radiology in Biswas and 
Bhattacharya (14) was greater than those of the current 
study.  

Similarly, in other previous studies on Caucasians, 
specifically the Greece, by Terzidis et al. (3), the mean 
values of MLW, medial and lateral APL, and intercondylar 
width were less than those observed in the current study, 
the value of the AR is greater in their study compared to 
that of the present study. The variation of distal femur 
dimensions among populations and ethnic groups could 
be ascribed to genetic, geographic, environmental and 
even anthropometric factors.  

On the relationship between FL and distal femur 
dimensions, the correlation with the medial and lateral 
condyle APLs, and the intercondylar width were 
positive and significant.  This implies that the mean 
dimensions of these parameters increase as the FL and 
indeed the height of the person increase. In a previous 
study by Lakati et al. (13), they also reported strong 
positive significant correlation between FL and condylar 
APL. Contrary to the  present study in which negative 
correlation was observed between FL and intercondylar 
notch, Lakati et al. (13) reported that there was no 
correlation. The difference in population and factors 
likely to affect anthropometric measurements could  
have  been responsible for the variation. 

The knowledge of the morphometry of the distal femur 
is very important, especially as compared to those of 
other populations or ethnic groups across the world. The 
ethnic groups have varied morphology and dimensions 

of distal femur. Asians, American, Europeans and 
Africans have different morphology and dimensions. 
Nevertheless, the prosthetic components for total knee 
replacements presently in use are based mainly on the 
morphometry of the Europeans and Americans (21). In 
addition, there are also TKA implants that are designed 
for Asian patients that provide a better fit for the Asian 
knees (22). Furthermore, a statistically significant 
difference in the anatomy and morphology relating 
to the size and shape of the knee joint crucial to TKA 
has been observed between geographical regions (12). 
These conventional components of knee prostheses 
will not make a good fit with the anatomical profile of 
other populations (23) and in indeed Nigerians, as this 
will lead to the problem of undersizing or oversizing  of 
femoral components in total knee replacement.  

Variation of morphometry of distal femur in the current  
study with other populations is also important in 
forensic anthropology as it can only be applied to  the 
Nigerian  population. This study is limited in the sense 
that the sex and the actual age of the subjects are not 
known and further study which focused on sex and age 
is encouraged.  

CONCLUSION

There are no significant side differences in all the femoral 
parameters studied, except the MLW and intercondylar 
width that showed that the left side was significantly 
greater than the right. A significant positive correlation 
exists between the FL, and medial and lateral condylar 
APLs, and  intercondylar width. There is a negative 
correlation between FL and AR. The results of this study 
are important in choosing the correct distal femoral 
prosthetic components in total knee arthroplasty. It is 
also important in forensic anthropology during human 
identification and in population variation studies.
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