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SUMMARY 
The purpose of this study is to calculate the carrying angle of 
cricket bowlers and evaluate its variability during flexion of 
the elbow joint using in-vivo kinematic data. 
 
The carrying angle of the dominant arm was measured in 6 
male club level bowlers using an optical motion tracking 
system. The carrying angle was initially evaluated in two 
static measurements with the elbow in full extension and at 
90° of flexion. In order to investigate the effect of the flexion 
angle in the carrying angle, each bowler performed three 
repeated measures of a pure flexion/extension movement. 
Results showed that in full extension a mean carrying angle of 
8.9º (± 6.9°) was reported. Elbow rotations were calculated 
during each dynamic movement and the value of the carrying 
angle was found to linearly decrease during flexion starting 
from 5.8º (± 3.2°) abduction in 30° of flexion to 7.3º (± 4.6º) 
of adduction in full flexion.  
 
INTRODUCTION 
When the human arm is completely extended, with the palm 
facing up, then the humerus of the upper arm and the paired 
radius and ulna of the forearm are not perfectly aligned. This 
deviation from a straight line that occurs in the direction of the 
thumb is referred to as the ‘carrying angle’ [1] and is most 
apparent with the elbow completely extended and the forearm 
supinated [2]. In clinical practice, the carrying angle of the 
elbow can be assessed using different methods such as 
radiographs, goniometers or imaging techniques but 
substantial differences in its values have been reported [3]. 
This variability on the reported values of the carrying angle is 
most apparent in differences in the design of elbow 
replacement implants where clinical results have been 
disappointing so far [4]. 
 
The carrying angle of the elbow is usually estimated from the 
angle formed by the longitudinal axes of the humerus and the 
forearm with the elbow fully extended and the forearm fully 
supinated [3]. What varies between the different 
methodologies is the definition of the longitudinal axes and 
the choice of bony landmark or the definition of these axes 
[1, 2, 3]. Furthermore, the carrying angle has also been found 
to vary during the flexion-extension movement. Amis et al, [5] 
was the first to notice a sinusoidal decrease of the carrying 
angle as a function of increasing passive elbow flexion whilst 
others reported a linear decrease [2, 3, 6]. 
 
The role of the carrying angle is quite significant in throwing 
athletes since they are reported to have increased carrying 

angles in the elbow joint of their bowling arm adapting in that 
way to repetitive stress [2]. Increasing the carrying angle may 
lead to elbow instability and pain in throwing activities and 
predispose to risk of elbow dislocation [8]. The aim of this 
work is to calculate the carrying angle of cricket bowlers and 
evaluate the variability of the carrying angle during dynamic 
movements of the elbow.  
 
METHODS 
The carrying angle of the dominant arm was measured in 6 
male club level bowlers, 4 fast bowlers and 2 spinners. Their 
mean age was 21 years (range: 16-31 years) and mean body 
mass index was 22.3 (range: 19 - 27.8). 
 
An optical motion tracking system (MX-13+, Vicon, Oxford, 
UK) was used at an acquisition rate of 200 Hz to track 
reflective markers attached to the skin of the bowlers.  
 
The carrying angle was evaluated in two static trials with the 
subject holding their arm in full extension and 90° of flexion 
and three dynamic trials where each subject was instructed to 
actively flex and extend the elbow while keeping a constant 
supination.  
 
Coordinate frames for the upper arm and forearm were 
introduced based on the ISB recommendations [8]. The 
positions of humeral epicondyles were digitised [9] with the 
elbow flexed at 90° and the glenohumeral joint centre was 
determined using a functional method [10]. Elbow rotations 
were calculated using Euler sequence of zx’y’’ where z is 
flexion-extension, x is abduction-adduction y is pronation-
supination of the elbow.  
 
RESULTS AND DISCUSSION 
In full elbow extension the mean values of carrying angle 
were 8.9º (± 6.9°) and varied from 3.2° to 15°. With the elbow 
flexed at approximately 90° the average carrying angle 
significantly decreased to -2.2° (± 2.5º, range: -4.8°–1.2°; 
(p<0.05; Table 1).  
 
During dynamic trials the mean range of the recorded motion 
was 140° (± 5°) of elbow flexion, 20° (± 4°) of abduction and 
24° (± 6°) of pronation. Changes in the carrying angle were 
evaluated for the functional range of motion from 30° to 130° 
of flexion and abduction values were statistically compared at 
every 15° of elbow flexion. Results showed that the carrying 
angle significantly decreases with flexion from 5.8º (± 3.2°) 
abduction in 30° of flexion to 7.3º (± 4.6º) adduction 130º 
flexion (p<0.05). Regression analysis confirmed that a linear 



variation does exist between the carrying angle and the flexion 
angle (Figure 1). The coefficient of determination r2 was 
evaluated for each bowler and was found greater than 80% in 
all cases (range: 0.84 - 0.98) suggesting that a regression line 
best fits the data. 
 

 

Figure 1: Scatter plot and regression line of the carrying angle 
plotted against flexion for one bowler.  
 
A review of the literature shows that the mean values of 
carrying angles reported in males vary from 6.8° to 18.5° [3]. 
The values reported in this preliminary study lie within the 
published data though the lack of a standardised protocol 
when assessing the carrying angle does not allow for a direct 
comparison.  
 
During active single joint movements of the elbow the 
carrying angle was found to decrease as a function of joint 
flexion, which is in accordance to previous studies presenting 
a similar trend [3, 6, 7]. The maximum adduction values at full 
flexion reported in this study were on average 5° greater than 
those previously reported [3, 8].  
 
CONCLUSIONS 
In this study the carrying angle of six male club level bowlers 
was evaluated in static and dynamic movements of the elbow 
by means of an optical motion tracking system. When the 
carrying angle was defined in full extension the mean values 
reported were within the range reported in the literature while 
the kinematic data confirmed a linear decrease in the carrying 
angle with increased elbow flexion. 
 
ACKNOWLEDGEMENTS 
This study was funded by the Marylebone Cricket Club, 
custodians of the Laws of the Game of Cricket.

REFERENCES 
[1] Steel and Tomlinson, J Anat, 92(2):315-317, 1958. 
[2] Zampagni et al. J Shoulder Elbow Surg, 17:106-112, 2008. 
[3] Van Roy et al. Ergonomics, 48:1645-1656,2005. 
[4] Pasaskevas et al. Surg Radiol Anat, 26(1):19 - 23, 2003. 
[5] Amis et al. New England Medical Journal, 6:76, 1977. 
[6] Chao and Morrey, J Biomech, 11:57-73, 1978. 
[7] Zampagni et al. Orthopedics, 31(1):76, 2008. 
[8] Chang et al. Clin Orthop Relat Res, 466(9):2190-5, 2008.  
[9] Wu et al. J Biomech, 38:981-92, 2005. 
[10] Cappozzo et al. Clin Biomech, 10(4):171–178, 1995. 
[11] Gamage et al. J Biomech, 35:87-93, 2001. 
 
 
 

 
Table 1: Carrying angle values at different degrees of elbow flexion  

 Static Measurements Dynamic Measurements 
Bowler 0° 90° 30° 90° 130° r2 

1 3.4 -4.6 0.2 ± 0.4 -10.9 ±1.5  -8.9 ± 0.5 0.93 
2 11.8 1.2 7.1 ± 0.6 -5.5 ± 2.2 -7.8 ± 1.5 0.93 
3 3.2 -4.8 3.8 ± 0.4 0.4 ± 1.5 -2.3 ± 0.5 0.84 
4 11.4 -1.0 5.4 ± 0.7 -1.7 ± 0.1 -7.2 ± 0.5 0.97 
5 14.7 -1.6 9.2 ± 1.1 -8.8 ± 1.9 -15.8 ± 1.4 0.98 
6 10.0 0.4 9.3 ± 0.6 3.2 ± 0.3 -1.9 ± 0.7 0.98 

Mean (±SD) 8.9 ± 5.3 -2.2 ± 2.5 5.8 ± 3.2 -3.9 ± 5.0 -7.3 ± 4.6  

 


