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Objective: This study aims to investigate effects of complex wrist motions including
flexion/extension and radial/ulnar deviation, and external load on perceived discomfort,
and to develop a new complex wrist motion and external load classification scheme
based on the perceived discomfort.

Background: Although the wrist is used the most frequently in work and vulnerable
to work-related musculoskeletal disorders such as carpal tunnel syndrome, sprain,
study for exactly quantifying stressfulness of the complex wrist motions is seldom
found. The posture classification schemes such as RULA, REBA classify wrist motions
into 2~3 categories according to motions of flexion and extension, and simply add
1 or 2 to their corresponding postural stress scores depending upon the degree of
radial/ulnar deviation or twist. This is very simple to assess wrist motions, but results
in inaccurate wrist motion stress.

Method: An experiment for measuring perceived discomfort for complex wrist motions
was conducted, in which wrist motions of flexion/extension and radial/ulnar deviation,
and external load were used as independent variables. Sixteen healthy male college
students without histories of musculoskeletal disorders participated in the experiment,
whose demographic data were as follows: Age - 24.3 + 1.14 years; Stature - 1745 *
4.73cm; Body weight - 73.8 + 11.90kg.

Results: ANOVA showed that flexion/extension, radial/ulnar deviation, external load
and interaction effects of flexion/extension and external load, and flexion/extension
and radial/ulnar deviation were statistically significant on the discomfort at a = 0.01
or 0.05. The effect of external load is much larger, compared to wrist motions. Based
on the experimental results, a new classification scheme reflecting quantity of external
load as well as wrist motions was developed.

Conclusion: The study investigated effects of wrist motions and external load on
perceived discomfort, and developed a new classification scheme of wrist motion
and external load.

Application: The results of this study are useful for more precisely assessing postural
load according to wrist motions and external load, and can be adopted as a part of
a new posture classification scheme.

Keywords: Complex wrist motion, External load, Perceived discomfort, Posture
classification scheme
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2. Method

2.1 Participants
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2.2 Experimental design

Table 1. Experimental independent variables and levels

-60, -20, 0, 20, 45°

-20, 0, 10, 30°

0,15, 3kg

Flexion/extension

Radial deviation/ulnar deviation

Wrist motion

External load

*Negative value: flexion or radial deviation
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2.3 Experimental procedure
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Figure 1. An experimental posture

2.4 Discomfort rating
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Table 2. Borg CR 10 scale

Scale Verbal anchor
0 Nothing at all
0.5 Extremely light discomfort (just noticeable)
1 Very light discomfort
2 Light discomfort
3 Moderate discomfort
4
5 Strong discomfort (heavy)
6
7 Very strong discomfort
8
9
10 Extremely strong discomfort (almost max)
Maximal Absolute maximum (highest possible)
3. Results
3.1 ANOVA
HEOM SZH2 MEio &5 F/AW, QE/Z5 T 2F 257t S48 X2 SHE0 0K o HoE 2A517|
QIstol 2AEAE HASIALHTable 3). &5 2F/4T, Q&/52HE N QF £319 the Q012 BE X|Z EHEN |2ATE 1%
oM Rolet G2 OX= A2 LEIHLE Ml S8 T 2/F 2571 X2 2H0| 0|X|= 20| 7H Zith &5 25/48 0t
Qe Rt WSR2 ROIFFE 1%0M, &5 SFAITN 25/E5HY F USEE2 5%0|lM ROISHRACE HHH, &5 95/55H
Table 3. ANOVA results
Source DF Mean square Fvalue Pr>F
Flexion/extension (F) 4 133 60.18 < 0.01
Radial deviation/ulnar deviation (R) 3 1.67 75.68 < 0.01
External load (L) 2 106.14 4807.57 < 0.01
F*R 12 0.06 2.54 0.03
F*L 8 048 21.62 < 0.01
R*L 6 1.11 1.60 0.19
Error 24 0.53
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Figure 2. Effect of wrist flexion/extension

3.3 Wrist radial/ulnar deviation
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Figure 3. Effect of wrist radial/ulnar deviation
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3.4 External load

QIF o} 27|of wat X2t 2HEE 2o HEH St FHE EXAChFigure 4). 0|0f 2t SNK HE0M= <F Fof +=F0f w2t
M AEeZ LA

7.0

6.0 y:?’ix.117 A
R%2=0.99

5.0

4.0

3.0

Discomfort

20 C
1.0 4

0.0 - T
0.0 15 3.0

External load (kg)

Figure 4. Effect of external load

3.5 Interaction effects
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3.6 Classification scheme of wrist motion and external load
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Table 4. Perceived discomfort depending on wrist motions

Radial/ulnar deviation (°)
-20 0 10 30
-60 1.91 (1.5 1.31 (1.0) 147 (1.1) 2.03 (1.6)
-20 134 (1.7) 0.77 (1.0) 0.88 (1.1) 169 (2.2)
Flexion/extension (°) 0 1.25 (2.8) 044 (1.0) 0.76 (1.7) 1.09 (2.5)
20 1.25 (1.7) 0.75 (1.0) 1.00 (1.3) 1.19 (1.6)
45 1.67 (1.3) 1.25 (1.0) 141 (1.1) 1.97 (1.6)

-: flexion or radial deviation
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Table 5. Effects of external load depending on wrist motions

Slope
-60 1.16 (1.0)
-20 149 (1.3)
Flexion/extension (°) 0 1.58 (14)
20 1.75 (1.5)
45 1.68 (1.4)

-: flexion
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Table 6. Classification scheme of wrist motion and external load

Wrist motion
4. Discussion
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