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Abstract

The carrying angle of the elbow joint holds significant clinical importance in orthopaedic intervention,
upper-limb prosthesis design, elbow reconstructive surgeries, and forensic investigations, where it
serves as an additional physical parameter for gender differentiation. This study aimed to examine the
relationship between elbow carrying angle and Body Mass Index (BMI) among the Hausa ethnic
population of Zamfara State, Nigeria. A cross-sectional study of 600 participants (299 males and 301
females) aged 18-28 years was conducted using a stratified random sampling technique. The elbow
carrying angle was measured using a manual goniometer following a standardised three-landmark
procedure. Pearson’s correlation analysis revealed no significant relationship between elbow carrying
angle and BMI in males (r < 0.1, p > 0.05), but a weak positive correlation in females (r = 0.1-0.3, p <
0.05). These findings suggest sex-specific biomechanical adaptations, with BMI potentially influencing
joint alignment in females. The study contributes population-specific anthropometric data with
implications for clinical practice in this region.
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Introduction

Anthropometric parameters such as height, weight, and derived indices like the Body Mass
Index (BMI) are fundamental in clinical evaluations and research. Height is defined as the
vertical distance from the base of the feet to the vertex, while weight is the force exerted on a
body by gravity (Must & Anderson, 2006). BMI, is calculated as weight in kilograms divided
by the square of height in meters, is a widely accepted indicator for assessing body fatness
and is used to screen for health risks such as cardiovascular diseases, diabetes mellitus, and
musculoskeletal disorders (World Health Organization, 2000; James et al., 2004).

The carrying angle of the elbow, is defined as the varus-valgus angulation of the arm when
the elbow is fully extended and the forearm is supinated, it is a critical anatomical parameter.
This angle is highly visible when the glenohumeral joint is externally rotated, the elbow
extended, and the forearm supinated (Zampagni et al., 2008). Clinically, the carrying angle is
important in diagnosing and managing elbow deformities such as cubitus valgus and varus,
assessing post-traumatic changes, and planning for orthopaedic interventions (Sayar,
Kilicoglué& Alkan, 2017). Variations in this angle can also affect the biomechanical efficiency
of upper limb movements during activities such as carrying objects.

Anthropometric factors, notably stature, have been shown to influence the carrying angle.
Shorter individuals tend to have a greater carrying angle compared to taller individuals, with
an inverse relationship observed between height and carrying angle (Khare et al., 1999;
Ruparelia et al., 2010). The average height differences between males and females contribute
to the generally higher carrying angles observed in females (Khare et al., 1999). Body
composition, reflected by BMI, also impacts the carrying angle. Research indicates that obese
individuals typically exhibit larger carrying angles compared to their slender counterparts,
suggesting that increased adiposity may alter joint alignment and loading patterns
(Paraskevas et al., 2004; Keats, Tees & Dussault, 1966).

Specifically, among the Hausa ethnic group in Zamfara State, Northwestern Nigeria, mean
carrying angle values have been documented as 10.2° + 4.3 for males and 14.5° + 3.9 for females
(Sani, Modibbo, Tela & Bilkisu, 2020). However, studies exploring the relationship between
carrying angle and anthropometric variables in this population are limited, highlighting a
paucity of data (Ruparelia et al., 2010). Establishing strong correlations between carrying angle
and body measurements could enhance clinical assessments and orthopaedics planning,
especially in populations with unique anthropometric profiles.

Materials and Methods

Study Design and Participants

The study was a cross-sectional study with the sample size of 600 participants (299 males and
301 females) among Hausa ethnic population of Zamfara State, Nigeria. The age range of the
participants was 18-28 years. Participants were selected using a stratified random sampling
technique to ensure proportional representation by sex. Ethical approval was obtained from
the Research and Ethics Committee of Zamfara State Ministry of Health, and informed
consent was obtained from all participants.

Anthropometric Measurements

Height: Measured using a stadiometer following the method described by Price et al., (2006).
Participants stood erect with the head, shoulders, buttocks, calves, and heels in contact with
the stadiometer. Height was recorded in meters from vertex to sole.
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Weight: Measured using a calibrated weighing scale (Price et al., 2006). Participants removed
heavy objects before measurement. Weight was recorded in kilograms.

Body Mass Index (BMI): Calculated as weight in kilograms divided by height in meters
squared (kg/m?) (Himes, 1999).

All measurements were taken twice, and the average was used. If the difference between
measurements exceeded 0.5 units, a third measurement was taken.

Carrying Angle Measurement

The carrying angle was measured using a manual goniometer (Model ELITE U.S.A) following
a standardized three-landmark procedure (Zampagni et al., 2008). Measurements were taken
with the elbow fully extended and forearm supinated.

Statistical Analysis
Data were analysed using Minitab (version 16.0). Pearson’s correlation coefficient was used
to assess the relationship between carrying angle, height, weight, and BML

Results

A total of 600 participants (299 males and 301 females) aged 18-28 years were assessed. The
mean carrying angle was significantly higher in females (14.54° £ 3.90) than in males (10.24° +
4.26), this is in consistent with previous findings in similar populations (Sani et al., 2020).

Pearson’s correlation analysis revealed the following: Males: No significant correlation was
found between carrying angle and BMI (r = 0.08, p = 0.12), height (r = -0.05, p = 0.34), or weight
(r = 0.07, p = 0.18). Females: A weak but statistically significant positive correlation was
observed between carrying angle and BMI (r = 0.22, p = 0.001), as well as between carrying
angle and weight (r = 0.19, p = 0.003). A moderate inverse correlation was found between
carrying angle and height (r =-0.27, p < 0.001). These results indicate sex-specific differences
in the relationship between carrying angle and anthropometric variables.

Table 1: Coefficient of Correlation (r) Value of Carrying Angle, Height, Weight and BMI

S/No Sex Variables R P

1 Male(n=299) Height (cm) 0.020 0.727
2 Weight (kg) -0.036 0.532
3 Body mass index (kg/m?) -0.061 0.294
1 Female(n=301) Height (cm) 0.243 0.000
2 Weight (kg) 0.224 0.000
3 Body mass index (kg/m?) 0.148 0.010

Discussion

This study investigated the relationship between elbow carrying angle and BMI among Hausa
young adults in Zamfara State, Nigeria, revealing important sex-specific biomechanical
adaptations. The relationship between carrying angle and Body Mass Index (BMI) is of both
clinical and biomechanical significance. BMI, as a measure of body fat, can influence
musculoskeletal alignment and joint biomechanics, with variations in BMI potentially altering
soft tissue distribution and affecting joint angulation, including at the elbow (Paraskevas et
al., 2004). Understanding this relationship is critical for orthopedic assessment, prosthesis
design, and rehabilitation planning.

In this study of Hausa young adults from Zamfara State, Nigeria, we observed important sex-
specific biomechanical adaptations regarding the carrying angle. Females exhibited a
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significantly greater carrying angle than males, a finding consistent with extensive literature
(Keats, Tees & Dussault, 1966; Paraskevas et al., 2004, Ahmed, Lawal & Ibrahim, 2020). This
sexual dimorphism may be attributed to differences in skeletal morphology, hormonal
influences, and functional adaptations related to load carrying and upper limb biomechanics
(Khare et al., 1999; Zampagni et al., 2008).

No significant relationship was found between carrying angle and height among male
participants, which aligns with previous studies among the Igbos of Owerri and the Yorubas
of Ibadan (Chisom, Anibeze&lhemelandu, 2012) and with findings by Balasubramanian,
Madhuri & Mulley (2006). However, some studies have reported an inverse relationship
between carrying angle and height, suggesting population-based variations (Ruparelia et al.,
2010; Khare et al., 1999). In contrast, our study found a significant inverse correlation between
carrying angle and height among females, supporting the findings of Khare et al., (1999) that
shorter individuals, particularly females, tend to have larger carrying angles. This may reflect
a functional adaptation for carrying loads.

Regarding body weight, no significant correlation was found between carrying angle and
weight among males, while a positive relationship was observed among females. This concurs
with Paraskevas et al., (2004) and Keats, Tees & Dussault (1966), who reported that obese
individuals have larger carrying angles, possibly due to increased soft tissue mass and
changes in joint alignment.

Similarly, no significant relationship was found between carrying angle and BMI in males,
but a weak positive correlation was observed in females. This may be explained by hormonal
influences, greater fat distribution, and anatomical adaptations in females that impact joint
structure and alignment (Paraskevas et al., 2004). Recent studies have also shown that obesity
can increase carrying angles, potentially predisposing individuals to musculoskeletal
complications (Boocock, Saywell, &Mawston, 2024).

These sex-specific differences highlight the need for further research into hormonal,
anatomical, and biomechanical factors that may differently influence the carrying angle
among males and females. The clinical relevance of these findings is considerable, as altered
carrying angles can affect elbow joint mechanics and potentially influence susceptibility to
injuries or degenerative changes (Sayar, Kilicoglu& Alkan, 2017). The observed sex-specific
associations emphasize the importance of considering gender and body composition in
orthopedic assessments, prosthetic design, and rehabilitation protocols. Future research
should consider gender, BMI, and body composition factors like fat distribution and bone
density to understand carrying angle variations. Clinicians should consider these when
planning treatments, especially among obese or rehabilitating patients.

Conclusion

This study revealed significant sex-specific differences in the relationship between carrying
angle and anthropometric variables. While no correlation was found between carrying angle
and height or BMI in males, females showed a significant relationship between carrying angle
and BMI, and an inverse correlation with height. These findings highlight the need to consider
gender differences in clinical evaluations of joint alignment. Nevertheless, this study is
limited on a relatively narrow age range (18-28 years) and a single ethnic group, which may
restrict generalizability. Future research should include broader age groups and more diverse
populations to explore how aging and ethnicity influence these relationships. Additionally,
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investigating hormonal profiles, muscle mass, and fat distribution could help elucidate the

mechanisms underlying sex differences in carrying angle biomechanics.
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