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ABSTRACT

The obliquity of the ulnar shaft to the trochlea notch which fits the trochlea and the tilted inferior sharp ridge of the
medial trochlea of the humerus are the cause of the carrying angle. This study was undertaken to determine the
normal carrying angle of the elbow joint among Ukwuani children in the South-South Nigeria. It involves Ukwuani
children in primary and secondary schoolsin Ukwuani Local Government Area, Delta State, South-South Nigeria.
The sample had 427 males and 429 females subdivided into 6-11 years old, 12-14 years old and 15-17 years old,
using the stratified random sampling technique. The carrying angle of the elbow joint was measured in degrees using
the digital goniometer while body height was measured in centimetres using anthropometer. The SPSS 20 was used
for the data analysis.The statistics used were the t-test, Pearson's correlation and the one-way analysis of variance.
The statistical significance was fixed at p<0.05. The carrying angle in females was significantly greater than in
males in all the age groups. Carrying angle on the right was significantly greater than on the left in all the age groups.
The carrying angle at 12-14 years and 15-17 years were significantly greater than in 6-11 years on both sides, but
there wasno significant difference between the carrying angle at 12-14 years and 15-17 years. Correlation between
height and carrying on both sides showed varied outcomes in all the age groups. The findings will be useful to the
Physical anthropologists and the clinicians.
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INTRODUCTION
One of the features of anatomically modern human is

Brazil in subjects 1 to 18 years ofage *.

that, the forearm is laterally deviated from the upper
arm at the elbow, if in the anatomical position. The axes
of these segments form an angle called the carrying
angle (CA) of the elbow. This enables the arms to swing
during walking without the medial surface of the
forearm hitting the lateral surface of the thigh.

The carrying angle is caused mainly by the obliquity of
the ulnar shaft to the trochlea notch which fits the
trochlea of the humerus '. To a lesser extent, it is also
caused by the tilted inferior sharp ridge of the medial
trochlea of the humerus " °. It has been stated that in
health, carrying angle may be influenced among other
factors, by age*, sex *’, height “” and forearm length °.

The study of carrying angle has received attention in
some populations, using either the direct (clinic)
method “ * or the radiographic method °. In Nigeria,
studies on carrying angle include those conducted in
adults ® '* " in adults, in adults and children * and in
adolescents .

Studies conducted in India include those in adults ™" '*
“ in adolescents ", in children > and in mixed
categories "* " . Similar studies have also been
conducted in Malaysia among young adults *' and in

Despite the studies on carrying angle in different
populations of the world, the focus on children is low.
Indeed, among Ukwuani people of Southern Nigeria,
studies of this parameter are lacking. Hence, this study to
close the gap in literature.

The findings of this study will be useful to the surgeons
involved in the management of paediatric elbow injury
or disorder that requires reconstruction of that part of the
body. Knowledge of the variation of this parameter will
also be relevant in designing elbow prostheses. In
addition, the findings will be useful in population
variation studies, which is relevant to anthropology

The purpose of this study was to determine the normal
carrying angle of the elbow joint among Ukwuani
children in the South-South Nigeria, and to:

i.  verify if there is a significant gender difference

in carrying angle;

ii. determine if there is a significant side difference
in carrying angle;

iii. determine the correlation between body height
and carrying angle.
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MATERIALSAND METHODS

Study Design and Population: It was a cross-sectional
study of Ukwuani children in primary and secondary
schools, aged 6-17 years, in Ukwuani Local
Government Area, Delta State, South-South Nigeria.

Sample and Sampling Technique: The study involved
856 subjects (427 males and 429 females) who were
subdivided into three age groups made up of subjects in
the Primary School (6-11 years old), Junior Secondary
School (12-14 years old) and Senior Secondary School
(15-17 years old), using the multistage sampling
technique.

Figure 1: .Measurement of carrying angle of elbow.

Only subjects without clinical evidence of trauma or
other disorders of the elbow joint were included in the
study. Prior to measurement, permission for the study
was obtained from the various head of schools as well
as informed consent in accordance with revised
Helsinki Declaration *. The Research Ethics
Committee of the Faculty of Basic Medical Sciences
also approved the research methodology.

Method of Data Collection: Two measurements were
taken:

The axial angle of the elbow joint was measured in
degrees using the digital goniometer (iGANG, China),
with the subject standing in anatomical position. The
fixed and movable arms of the instrument were
positioned on the median axes of the volar surface of the
arm and forearm respectively (Figure 1), as previously
used °. The average of the two measurements was
recorded in each case, on both sides. Body height was
measured in centimetres using anthropometer, with
subject standing barefooted, from the vertex of the head
to the sole of the foot.

Data Analysis: The data were analysed with SPSS 20.
Independent sample t-test was used to find out mean
gender and side differences. Pearson correlation was
used to assess the relationship between carrying angle
and body height, while One-way analysis of variance
(ANOVA) was used to determine significant age
difference. The level of statistical significance was fixed
atp<0.05.
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RESULTS

Figure 2 is the contribution of study subjects according to age group and gender. It showed that in 6-11 years (mean
age=8.00 years), 12-14 years (Mean age= 13.10 years) and 15-17 years (mean age= 15.80 years) group, males and
females constituted 49.2% and 50.8%; 46.4% and 53.6%; and 55.6% and 44.4% respectively.
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Figure 2: Frequency and percentage distribution of subjects in the different age groups.

Table 1 showed that in all the age groups, carrying angles in females were significantly greater than males on both
sides. When compared, carrying angle in 12-14 years group was greater than that in 15-17 years group which was in

turn greater than in 6-11 years group.

Table 1: Comparison of body height and carrying angle in both genders in different age groups.

Age (Year) Parameter Gender N Range Mean (SD) t df P-value
Height (cm)  Male 209 106.50-155.00  129.00 (9.72)
Female 216  106.70-157.00  127.15 178 423 0.08
(11.20)
6-11years Total 45 10650-157.00  128.04(10.53) - - ;
. ') Male 209 2.35-20.05 11.60 (3.65)
Female 216  2.55-47.25 13.00 (4.50) 347 423 0.001
Total 425 235-47.25 13.00 (4.16) - - -
CAL"(°)  Male 209 3.60-27.10 14.27 (4.69)
Female 216  4.80-26.80 1667 (5.14)  -501 423  0.001
Total 425 3.60-27.10 15.49(5.06) - - -
Height (cm)  Male 108 131.00-180.00  149.58
(10.18) 317 231 0.002
Female 125  129.00-175.40  153.37 (7.68)
12-14years Total 233 129.00-180.00  151.61 (9.10) - -
CAR® (°) Male 108 2.65-20.00 13.59 (3.65)
Female 125  4.35-21.70 1533(3.03)  -400 231  0.001
Total 233 2.65-21.70 14.52 (3.44) - )
CAL®(°)  Male 108 4.05-25.30 15.78 (4.27)
Female 125  5.70-25.65 1820 (4.05)  -443 231 0.001
Total 233 4.05-25.65 17.08(4.32) - -
Height (cm)  Male 110 140.50-180.00  165.00 (8.02)
Female 88  146.00-178.80 159.64 (6.42) 506 196  0.001
15-17years Total 198 140.50-180.00  162.60(7.80) - ;
CAR'(°)  Male 110 2.75-26.10 13.47 (3.70)
Female 88  5.75-27.70 1833 (438)  -3.01 196  0.003
Total 198 2.75-26.10 14.15(3.61) ; - ;
CAL® (°) Male 110 4.30-30.85 16.20 (4.58)
Female 88  5.75-27.70 1833 (438) 332 196  0.001
Total 198 430-30.85 17.14(4.61) - -

‘Carrying angle of right elbow; "Carrying angle of left elbow; SD= standard deviation.
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Table 2 showed the carrying angle was significantly greater on the left elbow compared to the right across all age
groups. Table 3 shows that in each age group, there was significant correlation between carrying angle of the right
and left elbow. The 15-17 years group had the greater correlation coefficient (0.636) while 6-11 years had the least
(0.447).

Table 2: Paired Samples t-test between carrying angle of the right and left elbow based on age group.

Age (Yrs)  Parameter Mean difference t df p-value
6-11 CAR®(°)- CAL® (°) -3.19 -13.402 424 0.001
12-14 CAR*® (°) - CAL" (%) -2.56 -10.271 232 0.001
15-17 CAR*® (°) - CAL" (%) -3.00 -11.647 197 0.001

Df= degree of freedom; ' Carrying angle of right elbow; * Carrying angle of left elbow.

Table 3 showed a post hoc analysis of one-way analysis of variance of carrying angle in the three age groups. The
carrying angle at 12-14 years and 15-17 years were significantly greater than in 6-11 years group on both sides. No
significant difference between carrying angle at 12-14 years and 15-17 years.

Table 3: Post-hoc multiple comparison of One-way analysis of variance

. 5 .. () Age (J) Age . i i
Carrying angle Post-hoc statistic (Yrs) (Yrs) Mean Difference (I-J) Std. Error p-value
. . 12-14Yrs ~ -2.22343" 0.31378  <0.001
Rightside  Tukey HSD CIYES s 17y -1.84719° 033121 <0.001
Tamhane 6-11 Yrs 12-14 Yrs -1.58886: 0.37446  <0.001
Left side 15-17Yrs  -1.65266 0.40916  <0.001

Std = standard.

The correlation between height and carrying angle is shown in Table 4. In 6-11 year old category, correlation at
right elbow was positive and significant while on the left, it was negative and significant. In the 12-14 year old
subgroup, correlation of height withthe carrying angle of right elbow was negative and not significant while it was
positive and significant on left side. Correlations were negative and significant for both sides in the 15-17 year-old.
In general, the correlation was poor across the age groups.

Table 4: Pearson correlations between height and carrying angle of both elbows based on age group.

Age (Yrs) Parameter Statistic CAR(®) CAL(°)
Height (cm) Pearson Correlation 0.101 -0.041
6-11 Yrs P-value 0.038 0.402
N 425 425
Height (cm) Pearson Correlation -0.011 0.136
12-14 Yrs P-value 0.867 0.038
N 233 233
Height (cm) Pearson Correlation -0.170 -0.184
15-17 Yrs P-value 0.017 0.010
N 198 198
DISCUSSION In the present study, carrying angle increased from age 6-

In the current study, the mean carrying angle in females
was significantly greater than that in males in the three
groups studied. Previous studies in sub adults also
reported that females have a remarkably greater
carrying angle compared to males *'****** The result of
this study is also in line with Sharma et al. " as they
reported that the carrying angle in females was greater
than that in males on the left side. In contrast, they also
observed that on the right side, the gender difference
was not statistically significant.

11 yearsto 12-14 years, and 15-17 years. The differences
between the carrying angle of primary school pupils,
and junior secondary as well as senior secondary school
students were statistically significant, but between junior
and senior secondary school students, the difference was
not significant. In a study by Terra et al. *, carrying
angle was observed to increase from age lyear to 18
years. In a previous study by Shiva et al. *, it was
observed that the carrying angle increased from age 5-12
to 13-18 years. This is similarly so for the study
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Chinweife et al. * from 10 years of age to 19 years.
Tukenmez et al. * also reported increase in carrying
angle from age 6 years to 14 years. Also in a related
report by Dey et al. ™, they noted that the carrying angle
increased up to 15 years of age and remained so
thereafter.

In comparison, between the right and left side, it was
observed in the present study that the mean carrying
angle onthe left was significantly greater than the right
side in the three age groups studied. Shiva et al. ™
reported carrying angle on the right side greater than
that on the left side in both 5-12 years and 13 -18 years
groups. Chinweife et al. ” studied the carrying angle in
adolescents from 10 years to 19 years old and reported
that in all the age levels, the carrying angle on the right
were greater than those on the left side. The result of
the present study is in tandem with that of Ozor et al. " as
they also reported that the carrying angle on the left is
greater than the right side in children. In the study in 5-
15 years old by Sharma et al. "/, it was noted similarly
that carrying angle of left elbow was greater than that of
the right elbow.

On the relationship between height and carrying angle
of elbow joint, 6-11 years old, there was a negative
correlation on the right, while the left showed a positive
correlation. The variability observed above in the
correlation of height with carrying angle could be due to
inherent factors related to the population. At 12-24
years old, the correlation was negative on the right side
but positive on the left. Correlation of height with
carrying angle was negative on both sides at 15-17
years of age. Various previous studies had also reported
negative correlation of height with carrying angle '
*_Another study reported positive correlation between
height and carrying angle . Sharma et al. " in a study of
carrying angle of 5-15 years old, reported a correlation
of positive correlation with height on the right and
negative on the left, in a similar pattern with 6-11 years
old in the present study. Furthermore, Balasubramanian
et al. * in their study on children, noted that carrying
angle did not correlate well with height. The varied
results from various studies across the globe could be
due to genetic, environmental, geographic factors as
well as those affecting anthropometric measurements.

From the results, the carrying angle in females was
significantly greater than in males on both sides in in all
the age groups. Carrying angle was significantly greater
on the left elbow compared to the right across all the age
groups. In each age group, there was significant
correlation between carrying angle of the right and left
elbow.The carrying angle at 12-14 years and 15-17
years were significantly greater than in 6-11 years on
both sides, but there isno significant difference between
the carrying angle at 12-14 years and 15-17 years.
Correlation between height and carrying on both sides
showed varied outcomes in all the age groups. The
Physical anthropologists will find the findings in useful

population studies while the clinicians will it results as
guide in the different age groups.
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