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Abstract 
Background & Aims:  Femoral parameters exhibit geographic variability; hence, population-specific analyses are important. This 

study aimed to estimate standard femur parameters for the Nigerian population. 

Materials & Methods:  Fifty-three dried human femurs (26 right femurs, 27 left femurs) were obtained from the skeletal archive of 

the Department of Anatomy, University of Ibadan. Each parameter was measured with a digital sliding Vernier caliper and the 

femoral angles were measured with a goniometer. Descriptive analysis was conducted, a paired Student’s t-test was used to compare 

the right and left values, and Pearson correlation was used to test the relationship between the variables. Analysis was done with 

GraphPad Prism 8, and statistical significance was considered at p ≤ 0.05. 

Results: The right femur parameters have overall higher mean values except in maximal length of the femur (MLF), sub-capital 

diameter from the anterior-posterior diameter of the femur (SCii), and angle of declination (AOD). MLF, SCii, AOD, latero-medial 

diameter of the femoral head (LMDF), sub-capital diameter from the superior-inferior diameter of the femur (SCi), mid-cervical 

diameter from the anterior-posterior diameter of the femur (MCii), and depth of medial condyle (DMC) were statistically significant. 

A strong positive correlation exists between the MLF, LSAA, SCii, and ICL on the left. 

Conclusion:  Understanding the variation pattern of these parameters may aid in improving treatment outcomes in the use of 

implants, limb lengthening procedures and femoral fracture management in the Nigerian population. 
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Introduction  

Femur parameters vary across populations (1, 2) 
and have been the subject of continuous research. 
Existing studies have established that proper estimation 
of proximal femur dimensions, independent of femoral 
neck bone density, can improve the assessment of hip 
fracture risk (3, 4). Studies have shown that 
environmental factors such as diet and genetics play a 
crucial role in determining bone mineral density (5-7). 
Hence, there is a need for sufficient femur profiling of 

the Nigerian population. Anthropometric estimation 
has guided athletes and health managers in providing 
fitness advice and interventions (8). Precisely estimated 
anatomical measurements of femoral parameters are 
important in the distribution of implants and 
anatomical plates for treating femur fractures and hip 
joint dislocations (9). 

In forensic anthropology, aside from bone 
densitometry from Dual-energy X-ray absorptiometry 
(DXA) scans, femur length can be used to estimate sex 
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and ancestry (9, 10). Studies have shown that varying 
femur parameters exist across geographical populations 
(11, 12), and by implication, readings for one 
population cannot be applied to another. Therefore, 
varied ancestry-based femur parameters present a 
significant challenge for designing well-fitting 
anatomical plates for the mass market (13). Since the 
femur is the bone most commonly fractured (14, 15), 
perfection and refinement of techniques for open and 
closed nailing and plating of femoral hip fractures 
require precise knowledge of parameters such as 
diameters, angles, and distances along the femur (16). 
Therefore, it is important that accurately measured 
values of specific femur parameters exist for different 
populations to ensure accessible treatment 
interventions that suit each population’s needs. 

The femur is durable, second only to the petrous 
portion of the temporal bone during decomposition. 
Consequently, the proximal femur has become a 
cornerstone in forensic anthropology for sex 
determination (17). Its morphological measurements 
provide reliable indicators of biological sex, making it 
an invaluable tool in anthropological investigations. 
Studies have shown that by measuring the epicondylar 
breadth and vertical diameter of the femur head in 
various samples, it is possible to determine sex with a 
high degree of accuracy (18). In addition, stature 
estimation by femur length is an essential method for 
identifying exhumed bodies in medico-legal cases and 
in mass disaster victim identification (19–21). Since 
femoral parameters are population-specific, ancestry or 
ethnicity estimation may be achieved by comparing the 
dimensions of a sample against recorded accurate 
standards for diverse human populations. In age 
prediction, studies have shown that femur diameters 
explain between 93% and 97.4% of weight variation, 
making them essential for age estimation (22–24). 

Few studies exist on measuring femoral parameters 
in the Nigerian population (25–30). However, most of 
these studies are limited in the number of femoral 
parameters evaluated. This limitation undermines the 
ability to provide a well-represented cross-population 
analysis of femoral parameters in a Nigerian sample. A 

robust estimation of femoral parameters can provide 
easy access to Nigeria-specific femoral dimensions. 

This study aimed to estimate standard femur 
parameters for the Nigerian population. We hope that 
this study contributes to the body of literature that 
describes anatomical variation patterns among Nigerian 
populations (31, 32). 
Materials & Methods 

This article presents a descriptive study of the 
different parts of the adult femur using a sample from 
the Nigerian population. 

Fifty-three dried human femurs (26 right femurs 
and 27 left femurs) of unestimated age and gender were 
obtained from the macerated bodies of Nigerian 
cadavers in the Department of Anatomy, University of 
Ibadan, based on sample availability. Each parameter 
was measured with a digital sliding Vernier caliper, 
and the femoral angles were measured with a 
goniometer. Bones with morphological deformities and 
fractures were excluded from this study. 

Statistical analysis: Descriptive analysis was 
calculated, and a paired Student’s t-test was used to 
compare the mean values of the right and left femurs. 
Pearson correlation was used to test the correlations 
between the variables. Analysis was done with 
GraphPad Prism 8 (33), and statistical significance was 
considered at p ≤ 0.05. 

The following parameters were measured from the 
specimens (34): 
 Maximal Length of the Femur (MLF): measured 

from the most distal point of the femoral head to the 
most distal point of the medial femoral condyle, 
using an osteometric calibrated board. 

 All the parameters below were measured with a 
digital Vernier caliper and goniometer: 

 Length of the Subtrochanteric Apical Axis (LSAA): a 
line that runs from the most medial point of the lesser 
trochanter to the center of the femoral head. 

 Latero-Medial Diameter of the Femoral Head 
(LMDF): the distance between the widest points on 
the lateral and medial sides. 

 Sub-capital diameter from the superior-inferior 
diameter of the femur (SCi): the distance between the 
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most medial and lateral points of the femoral neck 
just below the femoral head and the distance between 
the superior and inferior points of the femoral neck.  

 Mid-cervical diameter from the superior-inferior 
diameter of the femur (MCi): the distance between 
the most medial and lateral points of the femoral neck 
at its midpoint and the distance between the superior 

and inferior points of the femoral neck.  
 Basilar diameter from the superior-inferior diameter 

of the femur (BSi): the distance between the most 
medial and lateral points of the femoral neck at its 
base, just above the lesser trochanter, and the 
distance between the superior and inferior points of 
the femoral neck. 

Fig. 1. Superior-inferior diameter of the femur 
A-Sub-capital diameter from the superior-inferior diameter of 

the femur (SCi) 
B-Mid-cervical diameter from the superior-inferior diameter of 

the femur (MCi) 
C-Basilar diameter from the superior-inferior diameter of the 

femur (BSi) 

Fig. 2. Showing the proximal end of the femur 
A-Latero-Medial Diameter of the Femoral Head 

(LMDF) 
B-Femoral Neck Length (FNL) 

Fig. 3. Showing the superior view of the femoral neck and head 
A-Sub-capital diameter from the anterior-posterior diameter of the femur (SCii) 

B-Mid-cervical diameter from the anterior-posterior diameter of the femur (MCii) 
C-Basilar diameter from the anterior-posterior diameter of the femur (BSii) 
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Fig. 4. Showing Maximum Length of Femur (MLF) 
 
 Sub-capital diameter from the anterior-posterior 

diameter of the femur (SCii): the distance between 
the most medial and lateral points of the femoral neck 
just below the femoral head and the distance between 
the anterior and posterior points of the femoral neck. 

 Mid-cervical diameter from the anterior-posterior 
diameter of the femur (MCii): the distance between 
the most medial and lateral points of the femoral neck 
at its midpoint and the distance between the anterior 
and posterior points of the femoral neck. 

 Basilar diameter from the anterior-posterior diameter 
of the femur (BSii): the distance between the most 
medial and lateral points of the femoral neck at its 
base, just above the lesser trochanter, and the 
distance between the anterior and posterior points of 
the femoral neck. 

 Angle of Inclination (AOI): also known as the 
femoral neck angle, is the angle formed between the 
axis of the femoral neck and the axis of the femoral 
shaft.  
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Fig. 5. Proximal end of the femur showing the angle of inclination (AOI) 
 
 Angle of Declination (AOD): also known as the 

femoral torsion angle, is the angle formed between 
the axis of the femoral head and the axis of the distal 
femoral condyles. 

 Epicondyle Breadth (EB): the distance between the 
most medial and lateral points of the medial and 
lateral femoral epicondyles. 

 Depth of Lateral Condyle (DLC): the distance 
between the most anterior and most posterior points 
of the lateral femoral condyle. 

 Depth of Medial Condyle (DMC): the distance 
between the most anterior and most posterior points 
of the medial femoral condyle. 

 Intertrochanteric Crest Length (ICL): the distance 
between the most medial and lateral points of the 
intertrochanteric crest. 

 Femoral Neck Length (FNL): the distance between 
the most medial point of the lesser trochanter and the 
center of the femoral head. 

 Femoral Neck Circumference (FNC): the distance 
around the widest part of the femoral neck. 

 
Institutional Review Board Statement 

The study was conducted in accordance with the 
Declaration of Helsinki, and the protocol, which 
concerns the use of human subjects for research, was 
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approved by the UI/UCH Ethics Review Committee 
with the approval number UI/EC/24/0218. 

 
Results 

This study showed noticeable differences between 
left and right femoral parameters in a sample obtained 
from the Nigerian population, with the right having 
overall higher mean values (Table 1).  

 
Table 1. Femur parameters of the Nigerian sample 

 Right Left   

Parameter X ± SD (mm) Min – Max X ± SD (mm) Min – Max T-value P-value 

MLF 

LSAA 

45.68 ± 3.53 

9.1 ± 0.68 

35.9-50.1 

7.78-10.54 

45.95 ± 2.42 

8.91 ± 0.51 

38.9-49.75 

7.43-9.83 

-0.32 

1.13 

*0.02 

0.2 

LMDF 3.75 ± 0.63 2.68-5.82 3.43 ± 0.3 2.93-3.89 2.32 *0.02 

Sci 4.31 ± 0.57 2.95-5.8 4.23 ± 0.35 3.59-4.91 0.6 *0.05 

MCi 3.27 ± 0.36 2.68-3.9 3.09 ± 0.3 2.47-3.61 1.97 0.24 

BSi 4.95 ± 0.6 3.92-6.1 4.44 ± 0.6 2.78-5.35 3.04 0.37 

SCii 4.24 ± 0.54 2.72-5.1 4.33 ± 0,32 3.58-4.86 -0.75 *0.04 

MCii 2.87 ± 0.52 2.17-4.59 2.67 ± 0.3 1.87-3.27 1.72 *0.03 

BSii 3.41 ± 0.59 2.68-5.37 3.13 ± 0.44 2.35-4.17 1.98 0.34 

AOI(degree) 36.51 ± 6.15 30.4–49 40.16 ± 4.03 30.1–47 -2.55 0.13 

AOD(degree) 34.62 ± 6.15 21.7-40.4 41.63 ± 10.5 33–90 -2.91 *0.04 

EB 2.4 ± 0.33 1.73–3 2.31 ± 0.3 1.67-2.88 1.03 0.31 

DLC 6.58 ± 1.34 5.27-12.5 5.92 ± 0.48 5.14-6.93 2.4 0.26 

DMC 6.19 ± 1.45 4.82-12.3 5.96 ± 0.49 4.81-7.01 0.75 *0.02 

ICL 7.3 ± 0.83 5.91-9.3 6.92 ± 0.67 4.65-7.85 1.83 0.16 

FNL 3.84 ± 0.67 2.61-5.1 3.81 ± 0.45 2.62-4.65 35.33 0.07 

FNC 10.28 ± 0.83 8.3-11.8 10.15  ± 0.82 8.2-11.5 0.57 0.47 

P ≤ 0.05* 
 
MLF: Maximal length of the femur, LSAA: Length 

of the subtrochanteric apical axis, LMDF: Latero-
medial diameter of the femoral head, SCi: Sub-capital 
diameter from the superior-inferior diameter of the 
femur, MCi: Mid-cervical diameter from the superior-
inferior diameter of the femur, BSi: Basilar diameter 
from the superior-inferior diameter of the femur, SCii: 
Sub-capital diameter from the anterior-posterior 
diameter of the femur, MCii: Mid-cervical diameter 
from the anterior-posterior diameter of the femur, BSii: 
Basilar diameter from the anterior-posterior diameter 
of the femur, AOI: Angle of inclination, AOD: Angle 
of declination, EB: Epicondyle Breadth, DLC: Depth 
of lateral condyle, DMC: Depth of medial condyle, 
ICL: Intertrochanteric crest length, FNL: Femoral neck 
length, FNC: Femoral neck circumference. 

However, the left MLF had a higher mean value of 
45.95 mm (SD 2.42) compared to the right, with a 
mean of 45.68 mm (SD 3.53) and a P-value of 0.02, 
which was statistically significant. Similarly, the left 
SCii had a higher mean value of 4.33 mm (SD 0.32) 
compared to the right, 4.24 mm (SD 0.54), with a P-
value of 0.04, which was statistically significant. 
Additionally, the left AOD had a higher mean value of 
41.63 mm (SD 10.5) compared to the right, with a 
mean value of 34.62 mm (SD 6.15) and a P-value of 
0.04, which was statistically significant. The right and 
left mean values of AOI were 36.51 mm (SD 6.15) and 
40.16 mm (SD 4.03), with a P-value of 0.13, which 
was not statistically significant (Table 1). 

In the other parameters, the right values were 
higher than the left values. However, only LMDF, SCi, 
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MCii, and DMC were statistically significant. The right 
and left mean values of LMDF were 3.75 mm (SD 
0.63) and 3.43 mm (SD 0.3), respectively, with a P-
value of 0.02. The right and left mean values of SCi 
were 4.31 mm (SD 0.58) and 4.23 mm (SD 0.35), 
respectively, with a P-value of 0.05. The right and left 
mean values of MCii were 2.87 mm (SD 0.52) and 2.67 
mm (SD 0.3), respectively, with a P-value of 0.03, 
while the right and left mean values of DMC were 
6.19mm (SD 1.45) and 5.96 mm (SD 0.49), 
respectively, with a P-value of 0.02 (Table 1). 

The right and left mean values of LSAA were 9.1 
mm (SD 0.68) and 8.91 mm (SD 0.51) with a P-value 
of 0.2, which was not statistically significant. The right 
and left mean values of MCi were 3.27 mm (SD 0.36) 
and 3.09 mm (SD 0.3), with a P-value of 0.24, which 
was not statistically significant. The right and left mean 
values of BSi were 4.95 mm (SD 0.6) with a P-value of 

0.37, which was not statistically significant. The right 
and left mean values of BSii were 3.41mm (SD 0.59) 
and 3.13 mm (SD 0.44), with a P-value of 0.34, which 
was not statistically significant. EB's right and left 
mean values were 2.4 mm (SD 0.33) and 2.31 mm (SD 
0.3) with a P-value of 0.31, which was not statistically 
significant. The right and left mean values of DLC 
were 6.58 mm (SD 1.34) and 5.92 mm (SD 0.48), with 
a P-value of 0.26, which was not statistically 
significant. The right and left mean values of ICL were 
7.3 mm (SD 0.83) and 6.92mm (SD 0.67), with a P-
value of 0.16, which was not statistically significant. 
The right and left mean values of FNL were 3.84 mm 
(SD 0.67) and 3.81 mm (SD 0.45), with a P-value of 
0.07, which was not statistically significant. The right 
and left mean values of FNC were 10.28 mm (SD 0.83) 
and 10.15 mm (SD 0.82) with a P-value of 0.47, which 
was not statistically significant (Table 1). 

 
Table 2. Correlation of femoral parameters in a Nigerian population sample 

MLF  

 Right Left 

LSAA 0.472 0.71 

LMDF 0.379 0.533 

SCi 0.093 0.555 

MCi 0.388 0.516 

BSi 0.176 0.244 

SCii 0.166 0.715 

MCii 0.238 0.519 

BSii 0.229 -0.224 

AOI 0.201 0.361 

AOD -0.211 0.003 

EB 0.374 0.319 

DLC 0.392 0.471 

DMC 0.393 0.535 

ICL 0.67 0.782 

FNL 0.623 0.179 

FNC 0.223 0.584 

 
MLF: Maximal length of the femur, LSAA: Length 

of the subtrochanteric apical axis, LMDF: Latero-
medial diameter of the femoral head, SCi: Sub-capital 
diameter from the superior-inferior diameter of the 

femur, MCi: Mid-cervical diameter from the superior-
inferior diameter of the femur, BSi: Basilar diameter 
from the superior-inferior diameter of the femur, SCii: 
Sub-capital diameter from the anterior-posterior 
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diameter of the femur, MCii: Mid-cervical diameter 
from the anterior-posterior diameter of the femur, BSii: 
Basilar diameter from the anterior-posterior diameter 
of the femur, AOI: Angle of inclination, AOD: Angle 
of declination, EB: Epicondyle breadth, DLC: Depth of 
lateral condyle, DMC: Depth of medial condyle, ICL: 
Intertrochanteric crest length, FNL: Femoral neck 
length, FNC: Femoral neck circumference. 

A strong positive correlation was found between 
the MLF and LSAA, SCii, and ICL on the left side 
(Table 2). Other parameters showed weak positive and 
negative correlations with the right and left MLF. 
 
Discussion 

In this study, the dependence of MLF on other 
femoral parameters is depicted by its strong correlation 
with LSAA, LMDF, and ICL. This correlation is 
similarly observed in another Nigerian population 
where the anteroposterior length of the lateral condyle 
shows a strong positive correlation with the MLF (26). 
The strong positive correlation between the MLF and 
LSAA, SCii, and ICL on the left femur indicated that 
these parameters also increase as the length increases. 
This information may be of clinical significance in 
treating femoral fractures with implants. 

This study depicted bilateral differences between 
right and left femoral parameters, with the right femur 
having higher values than the left. The statistically 
significant difference in the overall mean values of the 
right and left femoral lengths among Nigerians may be 
considered in conditions that require these anatomical 
applications: limb-lengthening procedures, plating of 
femoral fractures, and intramedullary nailing (35). 
Bilateral asymmetry in the femoral bone has been 
linked to sexual dimorphism (36). Humans' asymmetric 
reliance on right and left appendages is related to 
human behavioral patterns (37, 38).  

This study’s reported femur neck length is 
consistent with other measurements in a Nigerian 
population (28). The consideration of these variations 
is imperative in gait analysis for the development and 
use of cemented or cementless large-diameter head 
total hip replacement (THR) therapy for treating hip 

arthritis (39–42), which is highly prevalent in medical 
tourism (43).  

 
Conclusion 

This study is relevant to forensics, prognosis, and 
the treatment of femur fractures, including the 
development and use of implants and limb-lengthening 
procedures in the Nigerian population. 

 
Limitations of the study 

This study needs to be expanded in sample size, 
include comparisons with other populations, and 
identify genders before maceration of dissected 
cadaveric specimens so that values for both genders 
can be distinctly compared. 
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