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ABSTRACT

Objective: The purpose of this study was to evaluate the effect of gender(male, female) and grip span(45, 50,

60, 70, 80mm) on total grip force, finger force, and subjective discomfort rating.

Background: In order to prevent musculoskeletal diseases, studies of hand tools have to be proceeded
based on grip strength, finger force, and subjective discomfort rating. However, experimental apparatus
using tools that reflect the actual work place was almost non-existent.

Method: Fifty-Two (26 males and 26 females) participants were recruited from the student population. In this
study, a revised pliers which can change grip span from 45 to 80mm was applied to estimate total grip
strength, resultant force and individual finger forces. All participants were asked to exert a maximum grip force
with three repetitions, and to report the subjective discomfort rating for five grip spans of pliers (45, 50, 60, 70,
80mm).

Results: There was significant difference of total grip strength, resultant force, individual finger force and

subjective discomfort rating according to grip span. The lowest total grip strength was obtained from the grip
span of 80mm for both genders. For resultant force, the highest resultant force was exerted at grip span of 50,
60 and 70mm for females and 50, 60mm for males. The lowest subjective discomfort rating was observed in

the 50mm for both genders.

Conclusion: Based on the result, 50mm and 60mm grip span which provide highest force and lowest

discomfort rating might be recommendable for the male and female pliers user.

Application: The findings of this study can provide guidelines on designing hand tool to help to reduce

hand-related musculoskeletal disorders and obtain better performance.
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1. Introduction
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2. Method

2.1 Participants
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Table 1 Characteristics of participants

Male Female
Contents
Mean SD Mean SD
Agelyr.] 25.8 1.5 22.9 2.4
Weight[kg] 74.0 12.9 52.5 7.4
Height[cm] 1738 54 161.7 5.1
Arm length[cm] 541 4.5 51.8 2.3

Upper arm length[cm]  34.8 53 31.8 14
Lower arm length[cm] 264 1.6 24.8 14
Upper arm circum[cm]  31.2 34 22.8 2.0

Elbow circum[cm] 28.0 3.0 23.0 2.1

Wrist circum[cm] 16.0 0.7 13.9 1.2
Hand length[cm] 18.5 0.7 16.6 0.9
Hand width[cm] 8.1 0.3 7.0 0.1
Hand depth[cm] 29 0.2 2.6 0.2

2.2 Measurement System
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Figure 1 Renovated A-type Pliers (a), Principle of Changeable Grip Span (b)
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Table 2 Specifications of Pliers

45mm 50mm 60mm 70mm 80mm

Index 43.8 47.2 554 60.8 67.9

Middle 45.0 50.0 60.0 70.0 80.0

Ring 39.2 48.2 634 76.0 914

Little 32.1 423 60.0 754 953
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Figure 2 Location of Inserted Loadcells for Resultant Force (a), Individual Finger Force (b)

LoadcellA| ==&l 0|0|E{= National Instrument USB-6008 DAQ boardE S3dl C|X|E Z}o=E HEL
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2 ?I5I0 LabView(National Instrument, Austin, TX, USA)E ARG T2 2fY SHRACE [Figure 3].
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3. Results
3.1 Total Grip Strength
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Table 3 Total Grip Strength(N) over Gender

Total Grip Strength (N)

Male Female
45mm 273.08¢ 152.594
50mm 310.1248 159.77~
60mm 311.794 158.524
70mm 277.198¢ 148.924
80mm 210.15P 110.698
Mean 276.46 146.10

3.2 Individual Finger Force and Contribution
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Table 4 Individual Finger Forces and Contributions

Individual finger forces (N)
Grip Span and contributions (%)
(mm)
Index Middle Ring Little
74.64N 112.05N 62.52N 23.86N
45
27.27% 41.02% 22.91% 880%
69.37N 115.24N 79.35N 46.17N
50
22.35% 36.97% 25.64% 15.04%
60.52N 112.73N 83.54N 55.01N
60
19.53% 36.12% 26.90% 17.47%
Male 50.99N 100.39N 75.31N 50.45N
70
1843% 36.18% 27.45% 17.95%
34.57N 75.83N 64.75N 35.00N
80
75.91% 36.71% 31.74% 16.24%
58.02N 103.25N 73.09N 42.10N
Mean
20.70% 37.40% 26.81% 15.10%
35.19N 63.66\N 51.82N 357N
45
22.48% 40.92% 34.18% 243%
34.68N 60.99N 56.93N 10.03N
50
21.37% 3741% 34.89% 6.33%
34.56N 55.99N 51.64N 17.86N
60
21.74% 34.34% 32.57% 11.35%
Female
3447N 5291N 47.85N 74.85N
70
23.45% 34.88% 32.08% 9.58%
28.24N 40.68N 32.52N 11.25N
80
24.82% 36.02% 2921% 995%
33.48N 54.85N 47.95N 11.51N
Mean
22.74% 36.71% 32.59% 7.93%
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Figure 4 Interaction on Finger and Gender

3.3 Subjective Discomfort Rating

ozt SAMSE |Folgt XH0|E LIEFHCHp<0.001). HEH 25 50mm ItX|
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Figure 5 Subjective Discomfort Rating over Grip Span

3.4 Resultant Force

oo gt ohX| Zo| E¥2 Y ZFOAAM SAHFM2ZE FolRUCH(p-value < 0.001). Table 52 Z0|
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Resultant Force (N)

Male Female
45mm 520.61¢ 327.41¢
50mm 706.7048 367.1448
60mm 737.85A 376.68*
70mm 659.388¢ 343.7148
80mm 501.74° 257.02°
Mean 625.26 33439

Table 5 Resultant Force over Gender

4. Conclusion
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