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ABSTRACT

Objective: Product design process without considering the strength of the user can cause the excessive burden on
musculoskeletal system of human body. Since the muscle strength will vary depending on the body posture, the design of
product should consider the characteristics of body posture. This study was performed to investigate the effects of forearm
postures on the push and pull strength. Background: Overexerted force has been identified to cause musculoskeletal disorders.
It is important to know the push and pull strength exerted by human when designing so that exerted force does not exceed
the safety limits. Method: Maximum isometric push and pull strength of left, right and both hands were measured according
to forearm postures with pronation, neutral and supination. For the study, 66 male and 30 female undergraduate students were

participated as subjects. All subjects were normal and healthy with no clinical history. Results: The results showed that the
push strength of male and female were 93.3% and 85.4% of pull strength. It showed that the strength of one-hand was
72.1~81.0% of the strength of two-hands, and the strength of left hand was 93.1~95.8% of the strength of right hand. The
strength of female was 62% of the one of male. It was found that the strength with pronation 90° was reduced up to 20%

compared to the strength with neutral posture. Conclusion: Push and pull strength of male and female were reduced when
forearm was rotated extremely. Application: The results of this study will be used for the prevention of work related

musculoskeletal disorders and design of industrial equipment.
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7] wimell AlE 9 A]ie] Al QIzkel 9 29 54 24 AAste] S EEE AAleRl e (Chung et al,

o S Asiolef Aek.

%] ﬁ%%%ﬁ —é%%%—f%% %—i} e ﬁxﬂ%ﬂ—%&?jgi Q13
TS 2 dEA) el ZEFAAESE Srkska Sl
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2. Method
2.1 Subjects
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2.2 Experimental equipment and procedure
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3. Results

3.1 Characteristics of subjects

TAEAES A", A, AT, Ak B gl 39 7=
J1= Table 1] sttt W 74

b BT Ak 3 7t 3]9] Zhee] vlEl] 2A et
g gl
Table 1. Characteristics of subjects
Male Female
(N=66) (N=30)
Mean S.D. Mean S.D.
Age(yr) 22.6 1.9 20.0 0.6
Height(cm) 175.2 4.6 160.8 4.0
Weight(kg) 687 | 82 | 508 | 44
Pronation(°) 79.2 9.7 85.6 9.9
Left
Supination(®) | 114.8 173 110.7 16.7
) Pronation(°) 78.9 9.2 85.6 | 10.6
Right
Supination(®) | 115.7 17.6 110.2 16.8

3.2 Push and pull Strength

Table 2= SHE 2ol thsh #ALEA AFolr}. 54
H 28 /“t‘é AN 2= push/pull &8, Ak Aol whe}
EAHOZE Fog 2ol YE)a 9tk :Lﬂli AT
A ESHE 28 Ad, AFE & push/pull 28, Ak 214

M 7H510] Table 33+ 2ol Belsisic.

2 A7) "W g7 3o F4eA dre g2 v

Fxc o 37 vebsta(Table 3), wAHEA Z3H(Table
2)ellA AR Fomet ZFel7k vehal 2t (p<
0.00D). oj#te] & = 3l P7]E 39 84.6%0]3L, 2
EEE 86.2%, ¥ 85.5%% oAk u]L g Dw]
el B 85.4% FEOE UERATE WA €, 22 Y
£9 v A2 7= 39 44 93.4%, 95.1%, 91.3%%

”XH = 38 gy)= 39 Ayt 93.3% FEOZ e
vt 239 AgoME Wi g@r)E 319 xlol= JRphct

g7
ozl AN B F AolE BolaL itk

Table 2. The results of ANOVA

Source DF Sum of Mean F value Pr>F
squares Square

Gender 1 83505.4 83505.1 1352.89 | <.0001

Direction 1 3964.9 3964.9 64.24 <.0001

Hand 2 33965.4 16982.7 275.14 <.0001

Posture 4 1919.8 479.9 7.78 | <.0001

%k

Gender* |, 883.1 4415 7.15 | 0.0008

Hand
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Table 3. The results of push/pull strength(kg)
Direction PUSH PULL
Gender | Hand
Posture | P90 | P45 N S45 S90 | Mean | P90 | P45 N S45 S90 | Mean
Left Mean 239 | 26.1 | 264 | 257 | 255 | 255 | 266 | 27.7 | 285 | 27.7 | 26.1 | 273
(S.D.) (79) | 86) | 80) | 88 | (74 | 81 | (7.6) | (8.0) | (85 | (B0) | (7.7) | (8.0)
Male Richt | Mean 250 | 276 | 285 | 276 | 27.0 | 272 | 269 | 287 | 295 | 294 | 281 | 285
(N=66) & (SD.) 75 | (7.8) | 85 | 85 | 89 | 82 | 83) | O | (7.0) | 80) | (7.7) | (8.0)
Both Mean 315 | 341 | 341 | 345 | 335 | 335 | 352 | 368 | 374 | 372 | 369 | 36.7
© (SD.) @84 | 04 | B6) | OD | O | 89 | 99 | (11.0) | (10.3) | (11.5) | (11.3) | (10.8)
Left Mean 132 | 138 | 156 | 148 | 152 | 145 | 16.6 | 172 | 184 | 168 | 168 | 172
(SD.) 3BS5 | G2 | G | 44 | 45 | 45 | 5.1) | (55 | (6.0) | 50) | 49) | (53)
Female Richt | Mean 13.6 | 15.1 170 | 164 | 160 | 156 | 172 | 181 196 | 179 | 17.8 | 181
(N=30) & (S.D.) @47 | 48 | 5S4 | 53) | 52 | S | G | ®L) | 59 | 54 | 5.1) | (59
Both Mean 195 | 197 | 207 | 205 | 20.1 | 20.1 | 222 | 236 | 246 | 23.6 | 236 | 235
(SD.) 5.6) | 5.7) | (62) | (63) | (58 | (59) | (6.6) | (6.8) | (6.6) | (6.7) | (6.9) | (6.7)
3.3 Strength of male and female T 230 93.1%001L i 91 B 28l
94.8% % YERHTH(p<0.001).

=49 gdgzte] du g4 we] 8-S 248 Ay
wzpe] o] ofzprrt AA YRR TH(p<0.001). 12k
A& PE 2GR vl 39 56.8%0]1, 2EES
57.4%, 42 60.0%= o172 vl g2 gFzke] vl 3
o] Fit 58.1%= WEFaL, ojxke] @)= A @Akl @
7] gl mlg) 958 62.8%, QLEEL 63.5%, FES
64.1%Z Hvt 63.5%= VERT ozke] 482wl &
Ho] Ht 60.8% F=o 2 YEPTH
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3.5 Effects of forearm postures on push and pull
Strength
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Table 4. The result of Duncan test

Duncan grouping Mean N Posture

A 27.15%4 576 N
A

B A 26.5924 576 S45

B A

B A 26.3436 576 P45

B

B 259919 576 S90
C 24.7159 576 P90

4. Discussion and Conclusion

HA Aot

E ATelA ofxe] ml= 3 IRl wE 3e] 58.1%%
e, o2t B71E 32 @#ke] 971E 39 63.5%=
veht, =Rl 20t AR1e Akm et Ak 23S vERd
Sitt. k=1l AdHef whE 28 njmelA| o4d9] ¢
339 51.6%eH= A7 At Bard Bk 9lem (Moon
and Kim, 2006), &2 4% oo 28 Fde &9
o vlal] 60~76% FE= eI 9th(Ayoub and Mital,
1989).

2 AT E By BF e
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