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ABSTRACT

Background: The angle between the median axes of the forearm and arm is called the carrying
angle (CA). Sex differences in CA and its relation to age, height, weight, and BMI are unclear.
The aim of the present study was to measure the CA in male and female subjects in the Saudi
population and correlate it with the above variables.

Materials and methods: A digital goniometer was used to measure CA in 181 males and 165
females. Information on age, height, weight, and BMI was also recorded.

Results: CA showed differences based on sex, though was independent of age, height, weight,
and BMI. Hormonal factors may influence CA and could explain larger CA values in female

subjects.


mailto:jtedla@kku.edu.sa

Conclusions: CA measurement in specific population groups contributes to the successful
management of several pathological conditions of the elbow and aids in the design of elbow
orthotics and prosthetics.
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INTRODUCTION

Carrying angle (CA), or cubital angle, is the angle made by the median axes of the arm
and forearm when the forearm is in full extension and supination, known as the anatomical
position [23]. CA improves the upper extremity’s mechanical advantage when carrying objects,
hence its name [2]. The anatomical characteristics that produce CA in both sexes are the medial
border of the trochlea, which projects 6 mm inferior to its lateral edge, and the obliquity of the
superior articular surface of the coronoid process in relation to the shaft of ulna [31]. Normal CA
is 5°-10° in males and 10°-15° in females. In both sexes, an angle of > 15° is considered a
“cubitus valgus,” and an angle < 5° is considered a “cubitus varus” [26]. CA disappears during
forearm pronation, elbow flexion, and the general functional position of the hand [21].

In general, CA is larger in females than in males, making it one of the female secondary
sex characteristics. While some researchers have not found significant sex differences, the
majority of studies have reported sex differences in CA. The narrower shoulders and wider pelvis
in females could be attributed for this sex difference, though one study reported that CA was not
associated with pelvic width [17]. Shorter height and joint laxity in females might also be factors
influencing CA [17, 18].

CA is influenced by various anthropometric features, such as height and hand dominance.
It has been found to be larger in shorter persons, and smaller on the nondominant side compared
to the dominant side in both res [17, 30]. However, some studies have reported no difference
between sides [9, 18, 28]. The aforementioned factors also vary based on ethnic group. Earlier
reports correlated CA with age, sex, height, weight, and handedness. CA has been evaluated in
relation to sex and hand dominance in Indian population [9, 15, 18, 25, 28, 29] and was
correlated with height, age, and forearm length in a Nepalese population [2, 30]. Comparison
between children and adults [19] has shown that adults have larger CA than children and that CA
increases with age in a Turkish population [35]. CA has also been studied during the fetal period

and was found to be sexually dimorphic in the early intrauterine period during 10-35 weeks of



gestation [13]. It was found to be larger in females than in males in Indian and Turkish samples
[6, 35]. Shorter people demonstrated larger CA than taller persons of the same age in an Indian
population [17]. These parameters also correlated with CA in a Jordanian population [3]. CA was
correlated with hip circumference in a Nigerian population [14, 22]. In a Greek population,
obesity was shown to correlate with larger CA [23]. Dominant-side CA was larger than
nondominant-side CA in Greek and Turkish populations [23, 35].

CA varies between different ethnic groups, and there is conflicting evidence on the
impact of sex, handedness, age, height, weight, and forearm length on CA. However, there are no
studies in the Saudi population exploring the relationship between CA and other variables. The
current study was undertaken in order to evaluate CA and its relationship with other

anthropometric parameters.

MATERIALS AND METHODS

The study protocol was approved by the institutional ethics committee (ECM# 2020-
3206). A total of 346 volunteers (181 males and 165 females) were recruited after obtaining
written informed consent. All included individuals were between 18 and 24 years of age and
were college-attending young adults with normal elbow bony configuration. Individuals with
congenital deformities, trauma, or fractures in the proximity of the elbow joint were excluded
from the study.

The study was conducted in the Department of Medical Rehabilitation Sciences, College
of Applied Medical Sciences, King Khalid University, Abha, Kingdom of Saudi Arabia. CA was
measured using the Baseline Evaluation Instruments Digital Absolute + Axis™ goniometer (12-
1027) with the individual standing in the anatomical position. Reference points were marked
with an erasable whiteboard marker at the cubital crease for the fulcrum, bicipital groove for the
stationary arm, and palmaris longus tendon at the wrist for the movable arm. The fulcrum was
fixed at the midpoint of the cubital crease, the stationary arm was aligned with the median axis of
the arm (i.e., in line with the bicipital groove and biceps brachii tendon), and the movable arm
was aligned with the median axis of the forearm (i.e., along the palmaris longus tendon) [5]. The
angle between the two arms was noted in degrees (Fig. 1), and the same procedure was repeated
on the other side. Individual’s height was measured with a stadiometer and weight was recorded

with a standard scale in kilograms. Body mass index (BMI) was calculated using the standard



formula (kg/m?). Volunteers were asked for their age and sex, and this information was
documented in a data entry sheet.

The data were analyzed with the IBM SPSS statistics software version 20. Descriptive
statistics were applied to calculate mean values for CA, age, height, weight, and BMI. An
independent sample t-test was used to assess differences in CA based on sex and handedness, and
P values less than 0.05 were considered statistically significant. Pearson correlation coefficient

was used to evaluate the correlation between CA and age, height, weight, and BMI.

RESULTS

Descriptive statistics for carrying angle, age, height, weight, and BMI in male subjects
Among the 181 male subjects, the mean values for CA for right and left sides were

7.98 + 2.56 and 7.79 + 2.46, respectively. The average age of the subjects was 21.1 + 1.79 years.

Mean height was 170.7 + 6.19, mean weight was 71.6 + 15.8, and mean BMI was 27.1 + 36.7

(Table 1).

Descriptive statistics for carrying angle, age, height, weight, and BMI in female subjects

Among the 165 female subjects evaluated, the mean CA values for right and left sides
were 13.2 + 1.82 and 13.0 £ 1.72, respectively. Mean female subject age was 20.9 + 2.12 years,
mean height was 158.5 + 5.31, mean weight was 56.4 + 9.53, and mean BMI was 22.4 + 3.38
(Table 1).

Carrying angle difference between sexes

An independent sample t-test was performed to assess the difference in CA between male
and female subjects. There was a statistically significant difference between males and females in
right CA (P < 0.001). Levene’s test, with equal variances not assumed, showed F (324) = 13.8.
Independent sample t-test showed a significant difference, t (324) = -21.96, P = 0.000 (Table 2).
The difference between male and female subjects in left CA was also statistically significant (P <
0.001). Levene’s test, with equal variances not assumed, showed F (322) = 18.3, and t-test

showed a significant difference, t (322) = -=23.0, P = 0.000 (Table 2).

Right and left carrying angle differences by sex



In both male and female subjects, there was no significant difference between right and
left CA. Although mean right CA values were larger than left CA values in both sexes, the

difference was not statistically significant (Table 3).

Correlation of carrying angle in male subjects with age, height, weight, and BMI
Pearson correlation coefficient was used to analyze the correlation between CA and age,
height, weight, and BMI. However, we did not get any statistical significant correlation between

any of the parameters (Table 4).

Correlation of carrying angle in female subjects with age, height, weight, and BMI
Right and left CA was positively correlated with subject height and weight, and left CA
was negatively correlated with age and BMI. However, none of the positive or negative

correlations had statistical significance (Table 4).

DISCUSSION

This is a unique study aimed at identifying clinical CA reference values among young
adults in the Kingdom of Saudi Arabia. CA is larger in females and is considered one of the
secondary sex characteristics. In the present study, mean CA was significantly larger in female
subjects than in males. Similar observations have been made in Malaysian, Indian, Nepalese, and
Greek populations [2, 20, 23, 27]. On the contrary, others have reported no sex difference in CA
[29, 30]. The present study’s findings are similar to those found in a Turkish population [1].
Similar results were also reported in a Jordanian population [3]. The reference values of the
present study are compared with other published reports (Table 5).

Sex differences in CA have been reported even during the fetal period [13]. The sex
difference observed in the present study correlated well with another radiographic study
conducted in a Saudi population [4]. Several theories have been proposed to explain sex
differences in CA. The well-known muscular theory and broader pelvis in females do not
adequately explain the larger CA in females; it may be instead related to ligamentous laxity and
genetic constitution in females [8]. The larger CA in females may also be attributed to the

hormone estrogen that influences bony remodeling and stress. The inferior one-third of the



humeral shaft has a slight lateral deviation in females, which could also be one of the reasons for
a larger CA [11].

In the present study, right CA values are larger than left CA values in both male and
female subjects; however there is no statistical significant difference. In previous studies on
Nepalese and Jordanian subjects, mean CA values for both sexes were significantly larger on the
right side compared to the left side [2, 3]. However, other studies have reported larger CA on the
left side than the right side [30]. The present study’s findings are similar to those in a Turkish
population, as no significant differences in CA were found between right and left limbs [1].
Similarly, no difference in right and left CA was found during the fetal period [13]. A larger CA
on the right side could be related to its higher level of functional use.

In previous studies, CA has been positively correlated with age [11, 12, 14, 16, 32, 33],
with values becoming stable at 15-16 years of age [3, 16]. However, in the present study, CA had
a non-significant positive correlation with age in male subjects and a non-significant negative
correlation in female subjects. In a study of Indian subjects, CA was not correlated with the age
[28]. Another study in an Indian population found CA to have a significant positive correlation
with age in females and a negative correlation with age in males [18]. CA was negatively
correlated with age during the fetal period [13]. Skeletal maturation could be the reason for
increased CA with age [33].

CA had a non-significant positive correlation with height in both sexes. In contrast to our
findings, CA was found to have a significant negative correlation with age in Indian female
subjects [28]. Left CA showed a significant positive correlation with height while right CA
showed a negative correlation with height in Nepalese subjects [30]. CA did not correlate with
height in 5- to 18-year-old Indian subjects [6]. Height also did not influence CA in another study
on Indian subjects [25]. There was a negative correlation between height and CA in Turkish
subjects and Indian female subjects [1, 18]. In shorter people, the medial aspect of the ulnar
trochlear notch deviates from the medial ridge of the trochlea, causing a larger CA [28].

In the present study, weight was showed non-significant negative correlation with CA in
males and non-significant positive correlation with CA in females. In a Jordanian population,
weight did not have a significant influence on CA in either sex [3]. We found a negative

correlation between CA and BMI, similar to a study on a Turkish population [1]. The



discrepancies in CA in various studies could be related to the methodologies used to measure
sample size and subject ethnicity.

Knowledge of CA helps clinicians in the management of pathological conditions of the
elbow [36]. An increased CA or cubitus valgus may lead to joint instability and pain during
exercise and sports [20]. It is important to know the CA during orthopedic treatment, including
elbow reconstruction and implantation surgeries, manual therapy, and elbow orthotic and
prosthetic design [24, 34]. Cubitus valgus deformity may increase the risk of nontraumatic ulnar

neuropathy [10].

CONCLUSIONS

From the results of the present study, it can be concluded that CA differs based on sex in
the Saudi population, though is independent of age, height, weight, and BMI. While the present
study included male and female subjects between 18 and 24 years of age, future studies should

include larger age groups and sample sizes to draw further concrete correlations.
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[years] [cm]
798+256 |7.79+246 |21.1+1.79 170.7 +6.19 | 71.6 £ 15.8 27.1 £ 36.7
Min | Max | Min | Max | Min Max | Min | Max | Min Max Min Max
Male 18
1 2 17 2 18 18 24 154 190 44 130 18 24
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N — Number; CA — carrying angle; cm — centimeters; kg — kilograms; m — meter; Min —

Minimum; Max — maximum.

Table 2. Carrying angle difference between the male and female subjects.

CA Sex N Mean + SD | F value | t difference | P value
value
Male 18 | 7.98 + 2.56
Righ 1 13.85 —21.96 324.7 <0.001
¢ Femal |16 | 13.21 +
e 5 1.82
Male 18 | 7.79+ 2.46
Left 1 18.33 -23.06 322.4 <
Femal | 16 | 13.03 + 0.001
e 5 1.72

Independent sample t-test p value < 0.001. N — number; CA — carrying angle; SD — standard

deviation.

Table 3. Mean values of right and left carrying angle in the male and female subjects.

Sex N CA Mean + SD | Fvalue | t difference | P value
(degrees) value
Righ | 7.98 + 2.56
Male 18 |t 0.160 0.730 360 0.466

Left | 7.79 £ 2.46

Righ | 13.21 +1.82

Femal | 16 |t 1.07 0.901 328 0.368
o 5 Left | 13.03+1.72

Independent sample t-test p value > 0.005. n — number; CA — carrying angle; SD — standard

deviation.
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Table 4. Correlation values of carrying angle with age, height, weight and BMI

Sex N CA Value Age Height Weight BMI
r 0.081 0.068 —-0.033 —0.064
181 | Right p 0.277 0.363 0.655 0.389
Male r 0.070 0.001 —0.069 —0.062
Left p 0.346 0.987 0.353 0.404
r —0.044 0.075 0.039 —0.020
Female 165 | Right p 0.575 0.340 0.618 0.801
r —0.093 0.045 0.039 —0.057
Left p 0.235 0.563 0.618 0.466

N — Number; CA — carrying angle; BMI — Body Mass Index; r — correlation value; p —

level of significance, Pearson correlation coefficient.

Table 5. Carrying angle reference values in specific population groups.

Author Ethnic group Male right and left CA | Female right and left CA

Kothapalli et al. [18] India 12.09 +(10.20 + | 13.54 + | 11.90 + 5.61
4.66 4,53 6.44

HG Thejeswari et al. [15] India 169.8+4.4 | 163.6 £6.1 | 171.2+3.4 | 1649+ 3.6

Sharma et al. [29] India 13.09 + | 11.20 + | 16.54 + | 14.90 £ 6.61
5.67 5.54 7.45

Shah and Nagvi [13] India - 12.63 + | 12.25+2.57

2.48

Rajesh et al. [25] India 6.7+1.0 13.3+24

Bhat et al. [9] India 12.25 + | 10.50 + | 14.85 +13.7+1.8
1.49 1.39 2.12

Sharma et al. [30] Nepal 455+3.37 | 7.03+£3.40 | 4.95+3.78 | 7.80 + 3.95

Kumari and Sekhar [19] South India 14.2+3.01 | 124+1.12|19.4+291 | 17.5+2.48

Erdogan and Malas [13] Turkey 15.18 +|13.18 +(8.83+549 | 7.60+4.39
5.67 5.39

Balasubramaniam et al. [6] India 10.75 12.88

Allouh and Khasawneh [3] Jordan 13.0 + 1 10.8 + | 16.6 + | 14.5 + 0.23
0.15 0.16 0.14

Paraskevas et al. [23] Greek 10.97 + 4.27 15.07 £ 4.95

Lim et al. [20] Malaysia 6.1722 8.0033 10.2982 11.700

Ruparelia et al. [27] India 6.90+1.25|6.78+1.38 | 11.85 |~
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2.27

Adhikari et al. [2] Nepal 11.72 +110.02+1.5|13.7+2.09 | 11.74 + 2.03
1.37

Acikgoz et al. [1] Turkey 9.77 £2.82|9.85+2.95 | 13.94 + | 14.03 £ 4.08

3.97

Alsubael and Hegazy [4] Saudi Arabia 9.29 + 2.98 18.47 +4.12

Dey et al. [11] India 12.5+0.57 15.26 + 0.45

Emami et al. [12] Iran 6.40 7.20

Terra et al. [31] Brazil 11.20 + 4.45 12.78 £ 5.35

Present study Saudi Arabia 798+256|7.79+£246 | 13.2+1.82 | 13.0+1.72
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Figure 1. Digital goniometer and carrying angle measurement method.
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