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A relationship on work load and postures of shoulder, elbow, and wrist

Tae Hyung Kim

Department of Safety Engineering, The Graduate School,

Pukyong National University

Abstract

 

This study aimed to analyze postures that were frequently conducted in 

manufacturing industry. To find grip strength and muscle activities of each 

posture, Maximum Voluntary Contraction (MVC) and ElectroMyoGraphy (EMG) 

were measured. Based on the results of this study, the most appropriate 

posture could be suggested and used as a basic information for preventing 

musculoskeletal disorders.

Most work-related musculoskeletal disorders have been occurred in the 

fields of manufacturing industry. According to previous studies, it was 

reported that the rate of musculoskeletal diseases of upper extremity was 

higher than that of other body parts. Accordingly, there were many studies 

about discomfort and grip strength of upper extremity. However, these studies 

dealt with single selection of wrist, elbow and shoulder. So, it was insufficient 

for comprehensive studies about upper extremity. And in order to improve the 

work posture, the physiological changes being generated by the combination of 

wrist, elbow and shoulder postures should be observed and analyzed.

In order to conduct this study, thirty university students who had no 

records of MSDs involved were recruited. Independent variables were postures 
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of wrist(pronation, neutral, supination), postures of elbow(flexion 45°, 90°) and 

postures of shoulder(flexion 0°, 90°). And dependent variables were MVC 

values and EMG values. Jamar dynamometer and TeleMyo 2400T G2 was used 

to measure MVC and EMG. MVC and EMG for 12 postures were measured for 

three second and for three times. Experiment was performed randomly. A 10 

minutes rest period was provided after each t. To measure muscle load, the 

EMG signals of eight muscles (Biceps, Medial triceps, Lateral triceps, 

Brachioradialis, Extensor carpi ulnaris, Extensor carpi radialis, Flexor carpi 

ulnaris and Flexor carpi radialis) were evaluated. MVC values and EMG values 

were analyzed using Minitab ver. 14.

The results showed that MVC value was the highest at shoulder 0°, elbow 

45° and wrist supination. In case of wrist postures, MVC of supination is the 

highest. In case of elbow and shoulder postures, MVC of flexion 45° and 0° 

was the highest. It was found that there were interaction between wrist and 

elbow posture under shoulder flexion and between shoulder and wrist under 

elbow flexion 45°. In case of the angle of shoulder 0°, elbow 45° and wrist 

supination, the EMG values of four muscles(Medial Triceps, Extensor carpi 

ulnaris, Extensor carpi radialis, Flexor carpi ulnaris) were the highest. Based 

on this study, it is worth to note that the combination postures of upper 

extremity have a large impact on the MVC and EMG. The optimal condition 

upper extremity was shoulder flexion 0°, elbow flexion 45° and wrist 

supination for preventing work-related musculoskeletal disease.
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근전도2.3 (Electromyography, EMG)
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Biceps Triceps brachii, medial head

Triceps brachii, lateral head Brachioradialis

Extensor carpi ulnaris Extensor carpi radialis

Flexor carpi radialis Flexor carpi ulnaris
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Biceps

Brachioradialis, 

Flexor carpi radialis, 

Flexor carpi ulnaris

Triceps Brachii
Extensor carpi ulnaris,

Extensor carpi radialis
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0.94 0.90 1 0.91 0.89 0.93 0.92 0.90 0.97 0.86 0.86 0.87

1 0.83 1 0.85 0.79 0.85 0.91 0.79 0.96 0.75 0.72 0.83

1 0.88 1 0.94 0.84 0.94 0.94 0.90 1 0.88 0.78 0.84

0.92 0.82 1 0.84 0.84 0.87 0.87 0.82 0.90 0.79 0.74 0.76

0.98 0.90 1 0.90 0.90 0.93 0.90 0.90 0.95 0.88 0.76 0.86

0.93 0.88 0.95 0.90 0.76 0.90 0.93 0.86 1 0.76 0.71 0.86

0.95 0.80 1 0.93 0.78 0.90 0.83 0.80 0.9 0.78 0.75 0.80

0.90 0.83 1 0.79 0.76 0.93 0.81 0.79 0.83 0.79 0.74 0.76

0.89 0.87 1 0.84 0.82 0.93 0.84 0.80 0.93 0.78 0.73 0.76

0.89 0.79 1 0.88 0.75 0.79 0.84 0.77 0.86 0.75 0.74 0.75

0.86 0.84 1 0.84 0.82 0.92 0.88 0.90 0.9 0.84 0.8 0.82

0.97 0.87 1 0.92 0.87 0.92 0.92 0.90 0.95 0.82 0.79 0.79

0.89 0.87 1 0.87 0.84 0.89 0.84 0.82 0.87 0.82 0.79 0.84

0.93 0.89 1 0.89 0.86 0.98 0.89 0.86 0.98 0.86 0.73 0.81

0.82 0.76 1 0.79 0.68 0.79 0.76 0.76 0.82 0.71 0.66 0.71

0.88 0.79 1 0.79 0.73 0.88 0.79 0.77 0.83 0.75 0.69 0.75

0.86 0.81 1 0.84 0.80 0.84 0.81 0.82 0.91 0.82 0.75 0.80

0.95 0.90 1 0.88 0.83 0.95 0.86 0.88 0.90 0.81 0.74 0.86

0.94 0.89 1 0.91 0.86 0.97 0.80 0.89 0.89 0.71 0.69 0.83

0.94 0.92 1 0.89 0.89 0.97 0.83 0.75 0.89 0.89 0.83 0.83

0.97 0.95 1 0.92 0.92 0.97 0.95 0.92 0.97 0.87 0.85 0.87

0.95 0.92 1 0.86 0.84 0.97 0.81 0.81 0.81 0.81 0.76 0.76

0.90 0.86 1 0.81 0.77 0.84 0.77 0.75 0.81 0.68 0.61 0.68

0.98 0.83 1 0.90 0.80 0.90 0.80 0.88 0.95 0.85 0.80 0.80

0.92 0.88 1 0.90 0.77 0.77 0.80 0.77 0.82 0.77 0.75 0.86

0.97 0.90 1 0.90 0.91 0.97 0.85 0.82 0.88 0.79 0.79 0.85

0.92 0.89 1 0.86 0.81 0.86 0.89 0.83 1 0.81 0.78 0.83

0.88 0.74 1 0.82 0.70 0.79 0.81 0.75 0.81 0.68 0.67 0.74

0.97 0.92 1 0.92 0.92 0.95 0.95 0.92 0.95 0.92 0.90 0.90

0.97 0.92 1 0.92 0.89 0.97 0.95 0.92 0.95 0.89 0.89 0.89

0.93 0.86 0.99 0.87 0.82 0.90 0.86 0.84 0.91 0.80 0.76 0.81

0.04 0.05 0.01 0.04 0.06 0.06 0.06 0.06 0.06 0.06 0.07 0.05
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(unit: )㎶
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Variable f-value (t-value) p-value

Wrist postures 7.11 0.001

Elbow postures (2.94) 0.004

Shoulder postures (1.45) 0.148
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