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ABSTRACT

The carrying angle (CA) is an important anthropometric parameter with a wide range of
significance and applications in forensic medicine and clinical procedures that involve the
upper extremities. This study was conducted to evaluate the CA among the Yoruba tribe in
Nigeria and elucidate its significance. This study was conducted among 220 subjects
comprising 100 males and 120 females between 18-25 years belonging to the Yoruba tribe in
Southern Nigeria. The biodata of the subjects was obtained, and the CA was assessed as the
angle formed between the longitudinal axes of the arm and forearm. Data obtained was
presented as mean £ SD and comparison was conducted using t-test with p < 0.05 considered
as statistically significant. Among the study population, the mean CA was 12.450 + 3.180; the
mean CA value among the males (11.340 £ 2.670) was significantly lower (p = 0.024) than
that of the females (13.250 £+ 3.110); and the mean left CA value (11.980 + 3.020) was
significantly lower (p = 0.024) than that of the right side (13.120 £ 2.630). The right CA was
significantly higher than the left CA in females only (p = 0.045). The carrying angle showed
significant (p<0.05) sex and bilateral differences among the study population thereby
indicating its relevance as an important anthropometric parameter in forensic medicine and
related clinical procedures among the study population.
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INTRODUCTION

Physical anthropometry generally entails the
study of the physical dimensions and
measurements of the human body or its
component structures such as visceral tissues,
vascular tissues, musculoskeletal tissues,
joints, integuments, and many more 124, The
quantitative derivatives of anthropometric
studies have diverse applications in forensic
medicine, plastic and reconstructive surgery,
clinical diagnosis of diseases, and treatment
planning %78,
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The elbow refers to the area of transition
between the arm and the forearm which
comprises the elbow joint, one of the most
functionally active joints of the body. The
elbow joint is a hinge type of synovial joint
located 2-3 cm inferior to the level of the
humeral epicondyles °. In an anatomical
position whereby the elbow joint is fully
extended, the forearm is supinated and the
shoulder is externally rotated, the longitudinal
axes of the upper arm and forearm form an
angular intersection known as the Carrying
Angle (CA) also known as the cubital angle
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1011 The projection of the medial ridge of the
humeral trochlear about 6mm superior to its
lateral edge and partly with the obliquity of
the superior articular surface of the ulnar
coronoid process causes the formation of the
carrying angle in the anatomical position as
earlier described 2.

However, during the full pronation of the
forearm and flexion of the elbow joint, the
longitudinal axes of the arm and forearm
merge leading to the disappearance of the
carrying angle %'2. Generally, the Carrying
Angle is one of the most important
anthropometric parameters of the upper
extremities in humans which can be evaluated
radiographically or percutaneously. Its value
commonly ranges from 5° to 15° and is
usually higher among females than males.
The condition when the value is higher than
15° or lower than 5°is referred to as Cubitus
valgus and Cubitus varus respectively 213,
Different factors have been reported to
determine its variation including geographical
location, age, gender, dominant side of the
upper limbs, height, laxity of ligaments of
elbow joint, fractures and traumatic injuries,
congenital anomalies, genetic, inflammatory
or rheumatic diseases 141°,

Functionally, the carrying angle enhances free
swinging of the forearm during walking and
carriage of objects 2. It has significant
relevance during the evaluation of traumatic
elbow injuries, management of elbow
disorders, elbow reconstructive surgery, and
the design of upper limb prosthesis and
orthosis 6. The carrying angle has been
widely assessed in different populations in the
Northern and Southern parts of Nigeria to
elucidate its functional, morphological, and
clinical relevance 1617181920 However, there
remains a dearth of such studies among the
Yoruba tribe in Southern Nigeria, which
necessitated the current study aimed at
evaluating the Carrying Angle among 18-25-
year-old Yorubas in Ede, Osun State, Nigeria,
to assess possible sexual dimorphism and
bilateral differences among the study
population.
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MATERIALS AND METHODS
Study population

The study was conducted among 220
randomly selected participants (comprising
100 males and 120 females), aged between
18-25 years old in Ede, Osun State, Nigeria.
This study involved only subjects whose
paternal and maternal parents and
grandparents belonged to the Yoruba tribe in
Southwest Nigeria.

Inclusion and exclusion criteria

In addition, only individuals without any
upper limb deformity, pathology, asymmetry,
and history of arm, forearm, or elbow injury
were included in this study. Non-compliant
prospective subjects were excluded from this
study.

Measurement of study parameters

The age and gender of all participating
subjects were recorded before the
measurement of the carrying angle. In this
study, the measurement of the carrying angle
was carried out with the aid of a manual
goniometer. Measurement was conducted
when the subject was in a standing anatomical
position with the elbow in full extension,
forearm supinated and shoulder externally
rotated. The median longitudinal axis of the
arm was defined by a line that connects the
midpoint of the horizontal line between the
lateral margin of the anterior axillary fold and
the maximum width of the deltoid to the
midpoint of the horizontal inter-epicondylar
line 2122, The median longitudinal axis of the
forearm was defined by connecting the
midpoint of the inter-epicondylar horizontal
line to the midpoint of the inter-styloid
horizontal line. The Carrying Angle between
the two longitudinal axes was measured for
each side and recorded (Figure 1). The
measurement procedure was repeated twice
and the average value of the measurements
was calculated to reduce the margin of error.
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In addition, the average value of the right and
left Carrying Angles was calculated for each
subject.

Figure 1: Anthropometric evaluation of the
Carrying angle

Ethical approval

This study was carried out following approval
by the Research and Ethics Committee of the

Faculty of Basic Medical Science,
Redeemer’s University, Ede, Nigeria with
approval number

RUN/FBMSERC/ANA/2022/29. The study
followed the Helsinki Declaration for
research involving human participants.

Statistical analysis

The data obtained was statistically analyzed
using IBM-Statistical Package for Social
Sciences (IBM-SPSS) version 22 (IBM Corp,
Armonk, NY, USA). The data was analysed
with an independent t-test for group
comparisons between the genders, and sides.
The results were evaluated in the 95%
confidence interval and p<0.05 were
considered statistically significant.

RESULTS

This study involved 220 subjects (100 males
and 120 females) with an overall mean age of
20.77 £ 2.33 years, the mean age of the male
subjects was 21.75 £ 1.15 years while that of
the female subjects was 19.61 + 1.25 years.
For the entire study population, the results
showed that the mean + SD of the carrying
angle was 12.450 + 3.180 (Table 1). The mean
+ SD of the carrying angle among male
subjects (11.340 + 2.670) was significantly
lower (p = 0.024) than the value among the
female subjects (13.250 + 3.110) (Table 1).
Furthermore, the right and left carrying angles
among female subjects were significantly
higher than the corresponding values among
male subjects (Table 2). The mean right
carrying angle (13.120 + 2.630) was
significantly higher (p = 0.024) than the left
carrying angle (11.980 + 3.020) among the
study population (Table 2).

Table 1: The average Carrying Angle among subjects according to gender.

VARIABLES GENDER TOTAL CA (n =220)
MALE CA FEMALE CA
(n =100) (n =120)

Mean (°) 11.34 13.25 12.45

SD (9 2.67 3.11 3.18

Minimum (°) 4.00 5.00 4.00

Maximum (°) 20.00 25.00 25.00

p-value *0.024

CA=Carrying angle, SD=standard deviation, n=number of subjects, *= significant gender and

side differences at p<0.05
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Table 2: The right and left Carrying Angle among the subjects.

VARIABLES RIGHT LEFT COMBINED
MALE FEMALE MALE FEMALE RIGHT LEFTCA
CA CA CA CA CA (n =220)
(n=100) (n=120) (n= (n=120) (n=
100) 220)
Mean (°) 11.38 13.72 11.29 12.88 13.12 11.98
SD (9) 3.38 297 299 2.83 2.63 3.02
Minimum (°)  4.00 500 4.00 5.00 4.00 4.00
Maximum (°) 20.00 24.00 18.00 25.00 24.00 25.00
p-value *0.033 *0.025 *0.024

CA=Carrying angle, SD=standard deviation, n=number of subjects, *= significant gender and
side differences at p<0.05

In addition, the findings among male subjects
did not show any significant side difference (p
= 0.125) however, the right Carrying Angle

was significantly (p = 0.045) higher than the
left Carrying Angle among the female
subjects (Table 3). The comparison of the
carrying angle between the study population
and other populations is presented in Table 4.

Table 3: The CA among the male and female subjects.

VARIABLES MALE (n = 100) FEMALE (n = 120)

RIGHT CA LEFT CA RIGHT CA LEFT CA
Mean (°) 11.38 11.29 13.72 12.88
SD (9) 3.38 2.99 2.97 2.83
Minimum (%) 4.00 4.00 5.00 5.00
Maximum (°) 20.00 18.00 24.00 25.00
p-value 0.125 *0.045

CA=Carrying angle, SD=standard deviation, n=number of subjects, *= significant gender and
side differences at p<0.05

Table 4: The carrying angle in different study populations

Author(s) Country Age group Side Carrying Angle (%)
(Tribe/Region) MALE FEMALE
Acikgoz et  Turkey 18-25 years Combined 9.81+282 13.99+3.97
al.tt Dominant upper limb 9.77+2.82 13.94+397
Non-dominant upper 9.85+295 14.03+4.08
limb
Rajesh et al. 2t India 17-20 years Combined 6.70+1.00 13.60 +2.40
Bhatetal.?® India 18-30 years Right 12.25+1.49 14.85+2.12
(Kashmiri) Left 1050+1.39 13.70+1.80
Kothapalli et  India 18-22 years Right 12.09+4.66 13.54+6.44
al. (Karnataka) Left 10.20 +4.53 11.90 +5.61
Kazietal.?® India 17-21 years Combined 756+1.67 10.66+1.83
Right 8.03+172 11.05+2.01
Left 7.09+173 10.26+1.86
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Adhikari etal. Nepal 16-24 years Dominant upper limb 11.72£1.37 13.70£2.09
26 Non-dominant upper ~ 10.02+150 11.74 +2.03
limb
Yadav et al.?® Nepal 17-25 years Combined 10.88 +2.22 13.05+* 2.67
Chinweife et Nigeria (Igbo)  10-19 years Right 1230+£1.88 13.82+1.65
al.’® Left 1099+1.87 1255+1.76
Udoaka and  Nigeria (Niger - Combined 11.30£1.37 15.20+£0.97
Oghenemavwe Delta)
19
Sani etal.®®  Nigeria 18-28 years Combined 10.24+4.26 14.54 +3.90
(Hausa)
Present Study Nigeria 18-25 years Combined 11.34+£2.67 13.25+3.11
(Yoruba) Right 11.38+3.38 13.72+2.83
Left 11.29+299 12.88+2.97
DISCUSSION Conversely, the study conducted among the

The findings of the current study showed that
the right Carrying Angle was significantly
higher than the left Carrying Angle among the
female subjects and the entire study
population. These findings showed similarity
to previous studies conducted among other
proximate or distant study populations.
According to a study conducted among the
proximate Igbo tribes, the right Carrying
Angle was significantly higher than the left
Carrying Angle among both male and female
subjects . This was similarly reported
among the distant Indian and Nepalese
populations 23242526 Essentially, various
factors have been reported to influence the
variability of the Carrying Angle which
include an increase in age, racial difference,
methods of measurement (radiographical or
percutaneous), and stature of an individual
222128 These factors required significant
consideration during clinical planning for the
treatment of elbow pathologies (including
reconstruction or arthroplasty) as well as
during the design of elbow prostheses.

Furthermore, the Carrying Angle has been
reported to exhibit significant side differences
whereby the value for the right side, which is
often the dominant upper limb in many
populations, is usually higher compared to the
left side 23%%, This finding was similarly
observed among the current study population.
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Turkish population reported contradicting
results with the Carrying Angle of the
dominant (right) upper limb reportedly lower
than the value for the non-dominant (left) side
in both males and females . Essentially, the
asymmetrical development of the right and
left upper extremities has been reported to
contribute to the contralateral variation of the
Carrying Angle in an individual %,

Moreover, the Carrying Angle has been
reported to exhibit significant sexual
dimorphism in different human populations
19 Accordingly, the results of this study
showed significant sexual dimorphism in the
mean Carrying Angle values of the bilateral
sides. This conformed the findings from
previous studies among the Nigerian Hausas,
Igbos, and other tribes from the Northern and
Southern parts of Nigeria 1°1°. The results of
their studies indicated prominent sexual
dimorphism with the Carrying Angle values
being significantly higher among the female
subjects than the male counterpart.
Additionally, studies carried out in Turkey,
India, and Nepal observed this similar sexual
dimorphism in their populations 1121232
These findings about Carrying Angle further
provide credence to its role in differentiating
one sex from the other *. Essentially, the
higher Carrying Angle values among the
females have been described as one of the
secondary sexual characteristics in females
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that are not directly associated with
reproduction 3132, The different body
proportions and morphological features of the
females such as smaller shoulders and wider
hips have been reported to contribute to the
higher Carrying Angle than in males %,
Furthermore, the higher Carrying Angle value
has been associated with ligamentous laxity
and could act as a risk factor for non-
traumatic ulnar nerve neuropathy 1734%,

Furthermore, the Carrying Angle is an
important anthropometric parameter with
diverse applications in different clinical
procedures that involve the upper extremities.
This includes its application in the evaluation
of traumatic elbow injuries or disorders
especially  those that may require
reconstruction or arthroplasty 1222, In essence,
adequate information about the Carrying
Angle is needed during the pre-operative
surgical planning for trauma or deformities of
the elbow joint. It is also of clinical relevance
during epicondylar disease therapy, the
design of elbow prostheses, and elbow
replacement implants 22. Aside from from its
comparison based on sex and bilateral sides,
the relationship of Carrying Angle with other
anthropometric parameters (including body
mass index, arm length, forearm length, inter-
epicondylar  distance, trans-trochanteric
diameter) has also been investigated by
different previous studies with contrasting
outcomes 2%22%¢_In essence, the findings of
this study would provide useful information
during the aforementioned clinical procedures
among the study population.

CONCLUSION

This study provided the reference value for
the Carrying Angle among the study
population which will be of significant
relevance  during clinical  procedures
involving the elbow joint. It further described
the existence of sex-based and bilateral
dimorphism among the study population.
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