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Abstract

Context: The Carrying angle is defined as the angle between the median axis of arm and that of fully extended
and supinated forearm. It is generally greater in females than in males and ranges from 2°-21° in males and
2°-26° in females. The Carrying angle also shows variation with age and various anthropometric parameters.
Racial and regional influences add further to its variability. Thus, knowledge of carrying angle is useful for
Orthopaedicians in their clinical practice,Biomechanical engineers for preparing elbow implants, Forensic experts
and Anthropologists during prediction of sex and race of an individual. Aims: To determine the normal Carrying
angle of individuals belonging to Garhwal region of Uttarakhand and to compare these values with those
reported by other authors in different ethnic groups. Materials & Methods: A cross sectional study was conducted
among 400 healthy individuals of both sexes of age group 18-40 years of Garhwal region of Uttarakhand using
Goniometer and the data was analysed statistically. Results: The mean right Carrying angle was found to be
8.71°+2.54° in males and 12.31°#2.53° in females. The mean left Carrying angle was found to be 8.06°+2.77° in
males and 11.76°+2.73° in females.The values are significantly different from those reported by other authors in
different ethnic groups. Conclusions: This study has established data on the Carrying angle of Garhwal population
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of Uttarakhand. The carrying angle shows wide regional and racial variations.

Introduction

The Carrying angle is defined as the angle formed
by the long axis of arm and the long axis of forearm in
the frontal plane, when the elbow is fully extended
and the forearm is fully supinated [1]. The external
angle formed between the long axis of arm and forearm
is an obtuse angle [2], which is normally 175° in males
and 165° in females [3]. Whereas the internal angle
formed between the arm and forearm is an acute angle.
This angle is usually greater in females than in males
[4] and the difference has been considered to be a
secondary sexual characteristic [5]. It ranges from
2°-21° in males and 2°-26° in females [6].
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The level of the elbow joint is situated 2 cm below a
linejjoining the two epicondyles. It slopes downwards
and medially from its lateral extremity, and this
obliquity produces the Carrying angle. The angle is
also caused partly by the projection of the medial
trochlear edge about 6 mm beyond its lateral edge
and partly by the obliquity of the superior articular
surface of the coronoid process of ulna, which is not
orthogonal to the shaft of ulna [3].

The angle is usually greater in the dominant limb
than in the non-dominant limb of both sexes,
suggesting that the natural forces acting on the elbow
modify the Carrying angle [7]. It is inversely
proportional to the height of a person and length of
forearm [8]. It also shows a direct relationship with
the width of pelvis [9]. Development, ageing and
racial influences add further to the variability of the
Carrying angle [7]. It also shows wide regional
variations, which might be due to effect of
environmental and genetic factors during growth and
development of an individual [10].

Increased Carrying angle may lead to elbow
instability and pain during exercise [11]. It may
predispose to dislocations [12] and increase chances
of fracture around elbow when falling on an
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outstretched hand. The type of fracture a child
sustains is determined by the value of Carrying angle
[4]. Sometimes after healing of certain fractures of
elbow, the Carrying angle may increase or decrease
abnormally, i.e. Cubitus valgus or Cubitusvarus
respectively [13]. A case of Cubitus valgus may lead
to gradual stretch of ulnar nerve behind the medial
epicondyle and may cause ulnar nerve palsy [14].

Thus, the knowledge of Carrying angle is useful
for Orthopaedicians in their clinical practice for
management of various elbow disorders, like-
fractures, dislocations and in elbow reconstructions
[15], for Biomechanical engineers for preparing elbow
replacement implants [11] and for Forensic experts
and Anthropologists during prediction of sex and
race of an individual especially in fragmentary
skeletal remains [16].

So, this study was conducted to determine the range
of normal values of Carrying angle of individuals
belonging to Garhwal region of Uttarakhand, and to
compare these values with those reported by other
authors in their studies done in different ethnic groups.

Materials and Methods

A cross-sectional study [8] was conducted among
healthy individuals of both sexes of age group 18-40
years belonging to Garhwal region of Uttarakhand.
A total of 400 individuals were selected using
Stratified random sampling method [17].

The age range was selected to minimise the
confounding factor where Carrying angle has been
documented to alter with age [14]. Individuals with
clinical evidence of any trauma, disease condition, or
undergone any surgery involving upper limb were
excluded from the study.

The study was approved by the College Ethics
Committee, in accordance with the International
ethical standards. Informed, written, witnessed
consent in vernacular of each participant was taken
prior to their examination.

A full circle universal manual metallic protractor
Goniometer was used to measure the elbow Carrying

Table 1: Mean Carrying angle

angle of individuals [17]. The subjects were asked to
stand in anatomical position on a flat ground. The
hinged Goniometer has two arms- fixed arm and
mobile arm, the two joined at a hinge. The hinge was
placed on the volar aspect of elbow joint of the
individual, in midline about 2cm below a line joining
the medial and lateral epicondyles. The fixed arm
was aligned with the median axis of arm and the
mobile arm aligned at first in straight line with the
fixed arm. Then the mobile arm was re-adjusted to
align with the median axis of forearm. Bicipital
groove, biceps brachi tendon at its insertion and
palmaris longus tendon at the wrist were used to
demarcate the median axis of arm and forearm [8].
An angle was formed between the two axis on the
medial aspect of elbow [4], which was read out as the
Carrying angle. Measurements were made in degrees
and taken on both upper limbs. Each side was
measured three times, average of the three readings
calculated and rounded off to the nearest whole
number.

Statistical Package for Social Sciences 17 [SPSS17]
and Smith’s Statistical Package [SSP] were used for
data analysis. Independent sample t-test was used to
compare the mean values among various groups. A
p-value<0.05 was considered significant and
p-value<0.01 highly significant.

Results

Mean right Carrying angle [RCA] and Mean left
Carrying angle [LCA] of males and females are shown
in Table 1.

Discussion

In this study, the mean right Carrying angle was
found to be 8.71°+2.54° in males and 12.31°£2.53° in
females. The mean left Carrying angle was found to
be 8.06°+2.77° in males and 11.76°+2.73° in females.

Similar values of Carrying angle in females were
found in the studies conducted by Terra BB etal. [18],
Ruparelia S et al. [8] and Zampagni ML et al.[19].

Angle Males [n-201] Females [n-199]
RCA 8.71°+2.54° 12.31°+2.53°
LCA 8.06°+2.77° 11.76°+2.73°

RCA: Right Carrying Angle,LCA: Left Carrying Angle,n: Number
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The results of the present study were compared  ethnic groups of India [Table 2, Graph 1] and world
with those reported by other authors in different  [Table 3, Graph 2].

Table 2: Comparison of Carrying angle of both males and females found in this study with those reported by other authors in
different ethnic groups of India

S. No. Author Male Female

n Mean * SD p-value n Mean * SD p-value
[degree] [degree]

1. Ruparelia S et al.[8] [Gujarat] 160 6.9+1.25 p<0.01 173 11.8+2.27 p>0.05
2. Dey S et al.[20] [Eastern India] 180 12.5+0.57 p<0.01 180 15.26+0.45 p<0.01
3. Mangalur V et al.[21] [Karnataka] 60 11.29+1.46 p<0.01 80 15.20+0.71 p<0.01
4. Bari W et al.[22] [West Bengal] 200 12.18+2.62 p<0.01 200 13.88+3.46 p<0.01

5. Present study [Garhwal] 201 R-8.71+2.54 199 R-12.31+2.53

L-8.06+2.77 L-11.76+2.73

n: Number,SD: Standard deviation,R: Right, L: Left

Table 3: Comparison of Carrying angle of both males and females found in this study with those reported by other authors in
different ethnic groups of world

S. No. Author Male Female
n Mean + SD p-value n Mean + SD p-value
[degree] [degree]
1. Steel FLD et al.[23] [London] 50 19.28+4.67 p<0.01 50 18.38+8.41 p<0.01
2. Emami MJ et al.[24] [Iran] 1726 6.4+1.73 p<0.01 2540 7.241.99 p<0.01
3. Paraskevas G et al.[25] [Greece] 320 10.97+4.27 p<0.01 280 15.07+4.95 p<0.01
4. Roy PV et al.[26] [Belgium] 10 11.6£3.2 p<0.01 10 16.74£2.6 p<0.01
5. Chang CW et al.[27] [Taiwan] 13 13.61£3.0 p<0.01 23 16.243.2 p<0.01
6. Alsubael MO et al.[28] [Saudi Arabia] 45 9.29+2.98 p<0.01 45 18.47+4.12 p<0.01
7. Park S et al.[29] [Seoul] 15 14.942.60 p<0.01 10 18.3+4.38 p<0.01
[X-ray] [X-ray]
8. Terra BB et al.[18] [Brazil] 255 11.20+4.45 p<0.01 255 12.79+5.35 p>0.05
9. Eliakaim- -Tkechukwu C et al.[30] 170 R-17.63+0.25 p<0.01 129 R-18.67+0.35 p<0.01
[Nigeria] Ibo 1-15.05+0.24 p<0.01 Ibo 1L-16.64+0.33 p<0.01
105 R-15.35+0.35 p<0.01 100 R-17.57+0.39 p<0.01
Yoruba L-13.25+0.35 p<0.01 Yoruba L-15.55+0.37 p<0.01
10. Sharma K et al.[31] [Nepal] 335 R-4.55+3.37 p<0.01 197 R-4.95+3.78 p<0.01
11. Present study [Garhwal] 201 R-8.71+£2.54 199 R-12.31+2.53
L-8.06+2.77 L-11.76+2.73

n: Number,SD: Standard deviation,R: Right, L: Left

i Male

H Female

Gujarat  Eastern Karnataka West  Garhwal
India Bengal

Graph 1: Comparison of Carrying angle of both males and females found in this study with
those reported by other authors in different ethnic groups of India
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Graph 2: Comparison of Carrying angle of both males and females found in this study with those reported by

other authors in different ethnic groups of world

Significant differences [p<0.01] are found between
the values of Carrying angle found in the present
study and those reported by other authors in their
studies done in different ethnic groups. These regional
and racial variations might be due to the influence of
environmental and genetic factors during growth and
development of an individual.

These variations could also be due to different
methods employed by different authors to measure
the Carrying angle, ranging from simple Goniometer
to complex radiological procedures[10] and
differences in the choice of bony landmarks for
defining the Carrying angle [26].

This is in agreement with what was documented
by Dey S et al. [20] and Patil GV et al.[10] that the
Carrying angle shows wide regional variations.
Udoaka Al et al.[32] and Eliakaim-Tkechukwu C et
al.[30] also found racial influence on Carrying angle
in their studies.

Allouh MZ et al.[33] in 2016 also studied variations
in Carrying angle with respect to race. The study
included 457 Jordanian and 345 Malaysian
individuals of age group 18-21 years. All participants
were right limb dominant. Carrying angle was
significantly greater in Malaysian males as compared
to Jordanian males, and significantly smaller in
Malaysian females as compared to Jordanian females.

However, Lim V et al. [17] in their study did
not find any significant racial variation in
Carrying angle.

Conclusion

The present study was conducted to determine
the range of normal values of Carrying angle of
individuals belonging to Garhwal region of
Uttarakhand, and to compare these values with those
reported by other authors in their studies done in
different ethnic groups.

The study included healthy individuals of both
sexes of age group 18-40 years. A total of 400
individuals [201 males and 199 females] were
measured. The mean right Carrying angle was found
to be 8.71°+2.54° in males and 12.31°+2.53° in females.
The mean left Carrying angle was found to be
8.06°+2.77° in males and 11.76°£2.73° in females.

Comparison between the results of the present study
with other studies done in different ethnic groups
showed wide regional and racial variations in the
values of Carrying angle.

This study has established data on the Carrying
angle of Garhwal population of Uttarakhand, which
could be useful for Orthopaediciansin their clinical
practice during management of various elbow
disorders, like- fractures, dislocations and in elbow
reconstructions and for Biomechanical engineers for
preparing elbow replacement implants. The results
of this study will also help Forensic experts and
Anthropologists during prediction of sex and race of
an individual especially in fragmentary skeletal
remains. The simple method to measure the
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Carrying angle used in this study can also be used

in

10.

11.

12.

13.

14.

15.

routine clinical practice and in future researches.
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