
99

Revista Română de Anatomie funcţională şi clinică, macro- şi microscopică şi de Antropologie

Vol. XVII – Nr. 2 – 2018 ORIGINAL PAPERS

AN ANthROPOmEtRIc Study Of cARRyING 
ANGLE ANd OthER PARAmEtERS IN yOuNG AduLtS 

Of KAthmANdu, NEPAL

Sanjay Kumar yadav1, Banshi Krishan malla2, Ashok Kumar Srivastava3, 
Archana Verma4, Alok Kumar5*

1, 2. Kathmandu Medical College, Nepal
Department of Anatomy

3. Saraswati Medical and Dental College, Lucknow, India
Uttar Pradesh University of Medical Sciences, Saifai, Etawah. 206130 (U.P.) India

4. Department of Neurology
5. Department of Forensic Medicine & Toxicology

AN ANTHROPOMETRIC STUDY OF CARRYING ANGLE AND OTHER PARAMETERS IN 
YOUNG ADULTS OF KATHMANDU, NEPAL (Abstract): Background: Carrying angle is 
defined as the angle formed by the axes of the arm and the forearm when the forearm is in full 
extension and supination. It is significant for assessing various body features and characters. It 
keeps a great value in different populations for anthropologists as well as clinicians. This research 
aims to determine the value of carrying angle in specific age group and population in Nepal. 
Material and Methods: This cross sectional study was conducted in Kathmandu Medical College 
Nepal. It involves 400 medical students without any anomaly, pathology or asym metry in shoulder, 
elbow or wrist. Results: The value of the carrying angle was 10.88 ± 2.22 degree in male and 
13.05 ± 2.67 degree in female. The carrying angle was greater in females and was more on 
dominant side in the both sexes. Mean height with standard deviation between male and female 
were found to be 170 cm ± 6.45 and 157.93 ± 5.84 respectively. Forearm length in male were 
26.38 cm ± 1.585 and 25.84 cm ± 1.559 on right and left side respectively and in female these 
values were 24.12 cm ± 1.457 and 23.60 cm ± 1.484 on right and left side respectively. These 
results were found statistically significant (p > 0.001). Conclusion: Our study provides baseline 
data of carrying angle in Nepalese population. This would be of immense help to assess trau-
matic elbow injuries and their management and also as an adjunct to identifica tion of skeletal 
remains. Key-words: ANTHROPOMETRY, ELBOW JOINT, CARRYING ANGLE, NEPAL

INtROductION
The evaluation and measurement of human 

body dimensions are achieved by physical an-
thropometry. This research is conducted in 
view of the importance of anthropometric car-
rying angle (1). 

Carrying angle (CA) is defined as the angle 
formed by the axes of the arm and the forearm 
when the forearm is completely extended and 
supinated. It is neutralized when the forearm 
is flexed or pronated. CA permits the forearms 
to clear the hips in swinging movements during 
walking and is important when carrying objects.

It has been used as an index for assessing 

various body features and characters. It is gen-
erally said that carrying angle is greater in 
females than in males and the difference has 
been considered to be a secondary sex charac-
teristics. 

The role of carrying angle in the sex deter-
mination and its cause of formation is a long 
debated issue in Anatomy and Anthropometry 
(2).

Anatomists consider the external angle be-
tween the humerus and the ulna as the carrying 
angle when the forearm is fully extended and 
supinated. This diverse laterally making the 
angle obtuse in nature about 163. This angle is 
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greater in males than in females (3). However, 
some researchers’ reported no significant dif-
ference in carrying angle of males and females 
of any age group (4). The value and patho-
logical variations of carrying angle are also 
important in the management of elbow fractures 
and in the diagnosis of the disease of lateral and 
medial epicondyles (4).

Nevertheless, clinicians commonly consider 
the smaller internal angle of deviation of the 
ulna from the long axis of the humerus to be 
the carrying angle of the elbow. This is acute 
angle approximately 14° in male range 2-26 
and 16° in female range 2-22. The carrying 
angle in this case is greater in female than male 
(4-5). 

In this study, the carrying angle definition 
adopted was as the outward angulation of the 
supinated forearm with the elbow in full exten-
sion. It is found even in utero and is completely 
developed in a newborn. It exhibits consider-
able individual variations, as a result, carrying 
normal standard (5). 

In general, it is defined as the acute angle 
made by the median axis of the arm and with 
fully extended and supinated forearm which is 
convex inward. A little degree of cubitus valgus 
is fashioned by the axis of a radially swerved 
forearm and the axis of the humerus which as-
sists the arms whilst walking to move to and 
fro without thumping the hips (6). 

The carrying angle is due to fact that the 
medial epicondyle of humerus being set obliquely 
so that the axis of elbow joint is transverse 
between ulna and the humerus. The angle is 
165o and 175o in female and male respectively, 
but it disappears in full flexion. The inner lip 
of the trochlear ridge which is much deeper 
distally than anteriorly, so that the ulna (with 

the forearm) is deflected laterally in full exten-
sion by this ridge, which disappear in flexion, 
as the ridge become less distinct. The level of 
the elbow joint is situated 2 cm below a line 
joining the two epicondyles. It slopes down-
wards and medially from its lateral extremity 
and this obliquity produces the carrying angle. 
When the elbow is fully extended and the fore-
arm and hand are in supination (the anatomical 
(position) the carrying angle is 165o (25 degree) 
in the female and 175o (15 degree) in the male. 
It disappears on full flexion of the elbow, when 
the shafts of the ulna and humerus come to lie 
in the same plane, and is also masked in full 
pronation of the forearm (7).

Supplementary angle = 180 o – carrying an-
gle. Various authors have used term carrying 
angle for both the angles as shown figure 1. 
Carrying angle is partly due to more distal 
position of the tip of the medial lip of the troch-
lea. A curved ridge joins the prominences of 
coronoid process and olecranon, the obliquity 
of the shaft of the ulna to this ridge accounts 
for most of the carrying angle at the elbow (8). 
When the forearm is fully extended and supi-
nated, it diverges laterally forming with the arm 
a ‘carrying angle’ of 163°, its ulnar border does 
not contact the lateral surface of the thigh.

William et al. (9) considered that the ‘car-
rying angle’ is caused partly by the projection 
of the medial trochlear edge 6 mm beyond its 
lateral edge and partly by the obliquity of the 
superior articular surface of the coronoid, 
which is not orthogonal to the shaft of the ulna 
(9). Tilt of the humeral and ulnar articular 
surfaces is approximately equal; hence the car-
rying angle disappears in full flexion, the two 
bones reaching the same plane. When the ad-
ducted arm is flexed the little finger meets the 
clavicle, because of the position of the resting 
humerus; when the humerus is rotated later-
ally, the hand reaches the front of the shoulder. 
The carrying angle is also masked by pronation 
of the extended forearm, which brings the upper 
arm, semipronated forearm and hand into line, 
increasing manual precision in full extension of 
the elbow or during extension (10). The carry-
ing angle is greater in dominant upper limb in 
both sexes, concluding that natural forces acting 
on the elbow during movement, modify it (11). 

Nevertheless, there is a wide overlap in CA 
between males and females, and a gender dif-
ference has not been steadily scrutinized in 

fig. 1. Carrying Angle
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scientific studies and the predictive power of 
some anthropometric indices have been proved 
to be population dependent (6, 13).

There is a difference in opinion regarding 
carrying angle of male and female, the present 
study was designed to estimate the differences 
in the carrying angle of young adult in Nepal. 
It will throw some light on the variation in car-
rying angle as there are very few available an-
thropometrical studies done on the CA and 
relevant data are still lacking in Nepal.

It is planned to draw anthropological data 
related to the carrying angle which would be 
further helpful, essential and useful tool to re-
searcher, clinician, and forensic experts related 
to this type of study. Further more, in addition 
to the anthropologists and forensic experts, our 
study might be helpful in monitoring and man-
agement of traumatic elbow injuries which fre-
quently necessitate appraisal of the carrying 
angle.

mAtERIALS ANd mEthOdS
Present study was conducted to determine 

the values of carrying angle and other related 
parameters in Nepalese population. After ap-
proval by the institutional ethics committee, this 
cross sectional study was performed among the 
medical students at Kathmandu Medical Col-
lege Nepal. Total 400 (200 males and 200 fe-
males) subjects aged 17-25 years were selected 
randomly after obtaining their written informed 
consent.

A graduated instrument goniometer was used 
for measurement of carrying angle. Its fixed 
was placed on the median axis of the arm and 
movable arm was adjusted as to lie on the me-
dian axis of forearm & the angle thus formed 
was read on the goniometer. Bicipital groove, 
biceps brachii tendon at its insertion & palmaris 
longus tendon at the wrist were palpated & 
marked as anatomical landmarks to demarcate 
the median axes of the arm & the forearm re-
spectively.

Measurement of carrying angle was taken 
on both sides to find out the difference, if any. 
Vernier caliper of 12” was used to measure the 
length of forearm. Medial epicondyle & styloid 
process of the ulna were used as landmark. 
Distance between these two points was record-
ed as length of forearm (length of ulna). All the 
parameters were measured in centimeters ex-
cept the carrying angle which was measured in 

degree. Three consecutive readings were taken 
and the mean was recorded. The results were 
tabulated and carrying angle was calculated and 
compared specifically with those previously 
reported in studies on other population groups.

Statistical methods
The results were analyzed using IBM SPSS 

statistical package Version 22. Student’s t-Test 
was used for data analysis and p < 0.05 was 
accepted as the level of significance for Stu-
dent’s t-Test.

RESuLtS
Present study analyses the value of carrying 

angle and its co-relation with the height and 
forearm length. Our findings are summarized 
the in table 1-4.

For male, the mean forearm length dominant 
arm (right) was significantly greater than those 
of the contra lateral side (p < 0.001). In case 
of female this difference was also found statis-
tically significant. Upper limbs showed a mean 
forearm arm length in male was 26.38 cm ± 
1.585 and 25.84 cm ± 1.559 in right and left 
sides respectively and in females these figures 
were 24.12 cm ±1.457 and 23.60 cm ± 1.484 
in right and left sides respectively and also 
found statistically significant (p> 0.001). Mean 
height with standard deviation between males 
and females was found to be 170 ± 6.45 and 
157.93 ± 5.84 respectively (table 1).

For male, the mean carrying angle measured 
for dominant arm (right) was significantly greater 
than those of the contra lateral side (p < 0.001) 
which is also true in case of females (table 2).

Upper limbs showed a mean carrying angle 
in male were 11.27°±2.543 degrees and 10.33º 
± 2.289 in right and left side respectively and 
in female these values were 12.74º ± 2.630 
and 13.67° ± 2.673 and found statistically 
significant of ( p > 0.001) (table 2).

dIScuSSION
Considerable differences among the value of 

carrying angle have been reported by various 
methods due to different definitions and meth-
odologies. Present study adopted the definition 
of carrying angle as the outward angulation of 
the supinated forearm with the elbow in full 
extension. It is found even in utero and is com-
pletely developed in a newborn. It exhibits con-
siderable individual variations (5). 
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TABLE 1

forearm length of right and left side and height with sexes

Length of forearm Sex mean (cm) ± Sd P- Value mean height (cm) ±Sd

Forearm Length Right Male 26.38±1.585 0.001
170.82±6.45

Forearm Length Left Male 25.84±1.559 0.001

Forearm Length Right Female 24.12±1.457 0.001
157.93±5.84

Forearm Length Left Female 23.60±1.484 0.001

TABLE 2

carrying angle of left and right sides with sexes

carrying angle Sex mean ± Sd P- Value 

Carrying angle Right Male 11.44º±2.543 0.001

Carrying angle Left Male 10.33º ±2.289 0.001

Carrying angle Right Female 13.67º±2.673 0.001

Carrying angle Left Female 12.74º±2.630 0.001

TABLE 3

comparison of average carrying angle in male and female 
by different authors and present study

Study mean carrying angle in male mean carrying angle in female

Potter (15) 6.83º 12.65º

Baughman et al (14) 11.0º 15.0º

Rai J.et al (19) 13.26º 17.91º

Keats et al (21) 11.0º 13.0º

Khare G.N (4) 13.56º 16.92º

Srushti R.et al (2) 6.9º 11.8º

Soumedhik D. et al. (20) 12.25º 15.27º

Van RP et al (6) 11.6º 16.7º

Present study 10.88º 13.05º

TABLE 4

Group statistics of carrying angle in male and female

Group Statistics

Sex N Mean Std. Deviation Std. Error Mean

Carrying angle Right
M 200 11.44 2.543 .176
F 200 13.67 2.673 .195

Carrying angle Left
M 200 10.33 2.289 .158
F 200 12.74 2.630 .192

The carrying angle permits the arm to swing 
freely without contacting the hips and can also 
influence the way of holding the object. Indi-
viduals with a more extreme carrying angle are 
more likely to pronate the forearm holding the 

objects in hand to keep the elbow closer to the 
body. The angulation is as a result of the con-
figuration of the articulating surfaces of the 
humerus and ulna which produce a normal val-
gus angulation of the forearm in relation to the 



103

An Anthropometric Study of Carrying Angle and Other Parameters in Young Adults

humerus. The angle is usually greater in female 
than in male and the difference has been considered 
to be a secondary sexual characteristic (15). 
Females have narrower shoulders and wider 
hips than males which may be a suitable cause 
for having a more acute carrying angle and is 
therefore deemed as one of the secondary sex-
ual characters.

Balasubramanian P, also concluded that the 
mean carrying angle is always greater in female 
than in male which is fairly consistent with 
present study signifying the same fact (16).

Paraskevas et al. found the mean carrying 
angle was 12.88 in men and 15.07 degree in 
women. These values are again close to our 
study (11). The carrying angle changed with 
skeletal; growth and maturity and is always 
greater on the dominant hand (11).

Yilmaz E et al. revealed that the angle was 
greater in the dominant limb in both sexes, 
suggesting that natural forces acting on the el-
bow modify the carrying angle. Developmental, 
ageing, and possible racial influence add fur-
ther to the variability of this parameter. An 
increase in the carrying angle is abnormal, 
particularly if it occurs unilaterally. If the angle 
increased beyond the average, it is termed as 
cubitus valgus (17).

clinical significance of carrying angle
The literature suggests a possible relation-

ship between carrying angle and nontrauma-
related ulnar neuropathy. The ulnar nerve can 
be stretched easily by the forward lateral move-
ment of the medial head of the triceps brachii 
muscle by the increase in carrying angle at the 
elbow. Because the carrying angle of the el-
bow is not always reversed, the ulnar neuropa-
thy will progress during its later course.

To confirm whether carrying angle is a risk 
factor in patients with nontrauma-related ulnar 
neuropathy. Chang CW et al. performed a cor-
relation analysis between carrying angles and 
parameters of nerve conduction studies, includ-
ing nerve conduction velocities and amplitudes 
of muscle and nerve action potentials. They 
measured the carrying angles of the elbow in 
36 patients with a clinically and electrophysi-
ologically confirmed diagnosis of nontraumatic 
ulnar neuropathy at the elbow and in 50 healthy 
control subjects. It was a Level III, diagnostic 
study.

The mean carrying angle was reported great-
er in the patients. Females had a greater carry-

ing angle than males. They observed an inverse 
relationship between carrying angles and motor 
nerve conduction velocities at cross-elbow seg-
ments of the ulnar nerves and with sensory 
nerve conduction velocities of the distal ulnar 
nerves. They concluded that an increased car-
rying angle of the elbow appears to be an in-
dependent risk factor of nontrauma-related ul-
nar neuropathy. Knowledge about measurement 
of carrying angle and its variation is important 
during evaluation of traumatic elbow injuries 
and other elbow disorders that requiring recon-
struction or arthroplasty (18).

Zampagni (2008), concluded that this knowl-
edge was highly significant in the management 
of various types of fractures around the elbow 
joint (13).

Khare GN et al, concluded that the carrying 
angle develops in response to pronation of the 
forearm and is dependent on length of forearm 
bones. Lesser the length of forearm greater is 
the carrying angle and vice versa. Therefore, the 
carrying angle is more in short statured people 
as compared to their taller counterparts (4).

According to Ruparelia S. et al. (2010) the 
height and length of forearm are directly re-
lated to each other. They reported that the car-
rying angle was inversely related with the height 
of a person. They also reported a significant 
difference between male and female carrying 
angle, in female it was 11.8 degree and in male 
it was 6.9 degree. Greater carrying angle in 
female is considered as development of second-
ary sexual characteristic. The length of the fore-
arm on both sides in both sexes was found to 
be inversely related to the carrying angle (2).

Though their results are in agreement but 
their values were quite dissimilar to our find-
ings. We too, find a remarkable difference in 
the carrying angle which is greater in females 
as compared to males. (Table-3)

In present study carrying angle of right side 
and left side in males was 11.44 degree and 
10.33 degree whereas in females, it was 13.67 
degree and 12.74 degree respectively (tables 1 
and 2). Further it was inversely correlated with 
the height of a person.

Our results are fairly consistent with Raj J 
et al (19) and very close to that observed by 
Soumdhik D. et al. (20), Keats et al (21), and 
Baughman et al (14) (table 3). But our values 
did not match with those of Potter (15) and 
Srushti R. et al (2).
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Ruparelia et al (2) and Terra (22) concluded 
that if the height of the person is less, then 
because of shorter lever arm, the proximal end 
has to angulate more in order to bring the hand 
in pronated position for routine work therefore, 
in a shorter person the medial part of trochlear 
notch of ulna goes more away from the medial 
flange of trochlea which leads to greater carry-
ing angle.

In present study the correlation between car-
rying angle, forearm length and height were 
found statistically significant. The mean fore-
arm length was 26.38 cm in right and 25.84 
cm in left side in case of male where as in 
female this value was 24.12 and 23.60 respec-
tively and whereas height of male and female 
were found 170.82 ± 6.45 and 157.93 ± 5.84. 
The above discussion indicated as forearm length 
and carrying angle are inversely related to each 
other and also with height. Higher the forearm 
length lower carrying angle and vice versa (2). 
According to our study, it is cleared that height 
and length of forearm are directly related to 
each other in determination of carrying angle. 
According to our result, it is observed that the 
height and forearm length, both are more in 
male than female and found statistically sig-
nificant (p > 0.001) and are shown in table 1, 
2, and 3 respectively. 

In present study the height and forearm 
length are found to be inversely related with 
carrying angle. Some worker showed that there 
is no difference in carrying angle between male 
and female up to puberty. After puberty it is 
increased in female due to development of sec-
ondary sexual characters (21). Even though 

variation in the carrying angle have only cos-
metic importance, evaluation of the carrying 
angle can help the clinician in management of 
different elbow joint disorder and deformities.

Therefore, present study was performed to 
estimate the gender domi nant handedness dif-
ference in the CA of young adult population of 
central of Nepal. 

cONcLuSION
Present study signifies that the carrying an-

gle is always higher in female than in male and 
more on the dominant side in both sexes. Height 
and forearm length of individual is inversely 
related to carrying angle. This study has at-
tempted to define carrying angle clearly. To 
reduce errors the same instrument were used 
and all the measurements were done by the 
authors. Comparison with other studies revealed 
wide regional variations, implying environmen-
tal and genetic factor may be responsible during 
growth and development. Morphological vari-
ations of the carrying angle helps in evaluation 
of injuries around the elbow and the type of 
fracture sustained with fall on outstretched hand 
and this angle is also important in walking, 
swinging and carrying object. 
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