B BEA Age] Fo 4929 F shiel v
2 A

=
Qe 4B

AR o|tt. 4 8 1 247 #dd Ho W=
(maximum acceptable frequency; MAF)E 3o}ttt H A= 1749 200 FAdo|led, g &
HHE Rl 29l st A A/ A A wstEs w45 et Aukret SHEEMG) ok

F 3} (mean power frequency; MPF)] Wk Gl 77] A F-91(l7, &<, S, A &5, Eupd g

F

¢

O

A = A A A2 (upper extremity
musculoskeletal disorders; UEMSDs)2 A4
Zedo] = AGEGAA g[8 =2
Hl &S A=k Q. 20039 = Ul
A A EA o wt2W, UEMSDs: A 54+
AW 774071 F 2906702 38%E AA| st
Ao, AA Aol FE ol F= A elA
AA A =2 AA A3l 86%% 2,49871 9]
A E 7 JATHEKOSHA, 2004).

A zZd o] bR L Bl A3 2HA|,
Hrhgk 3 &) UEMSDse 2 3]
2oz I 9t} (Putz—Anderson, 1988;
NIOSH, 1997). Silverstein et al. (1987)%}
Colombini (1998)°] W=, wHEA o] R4z
O A3 8y SHAowmE A A
Ao M7 s 71EH + ot
H 13k

A 2ol drE A #Agk AFE X F7HA
ol Faxo] ghFolx Esta, HbEA PJoh

(b
N
X
1
IS
_1
&
)
T
_‘T‘_},
b
o
=3
]
ije}
=R
o
3
@,
<
le]
[oN
le]
5
=5
@]
=]
=
as)
o}
N
X
4
1%
i,
32
s
B
£ 2 g

B ol 166, FEX] 324, £% 429, 283 AA £71 9723 2 vhetE Q)
Walekl of7), FER &5 AX &rhEel i 247 147, 104, 7.2, 49 bpm¥ 1342, 7.89, 567, 3.13 HzZ
Aol EH7F A&4E gAY a8y, 34 EAERPE)T 75 1(very weak)olAl 3

= y
3(moderate)2] B! Aoz EAFHACE & A A
A P

= s
ojth, whebA, FA 2ol wkEAd digk 7Y
QA 7NEe AAE ] 9% x
N3 dataE FESIE Ao
EooAGo| = A &g skl
A Aol AEEE el w
Ao & ¥vFEY TS (maximum acceptable
frequency; MAF)E 3oslith AFHozg=
SAIZE S 943 MAFS votstal, MAFZ
ZAAS Tt T YA/ A WIS
w287 98k Aubgol A= (EMG) 3
F 349 (mean power frequency; MPF) ¥ 3}z 2
Az 2o F#7A B E(rating of perceived
exertion; RPE)E &4 39t}

2. 43 Y
2.1 9 2E
WAL WA A 173l

]_
AP AE] Lol R EE 234 A
2741 (33 =254, EFHA=1.324) A o™, FA

. ff

N



22 4844

2 A A2 #Ad IS SHHSE S
4x2 within-subject designs AM&3Fd ). A
HAL o), FEH, &5 HA] &k #-ol
AbEEQ o e o BHEA &5 T

49 1kgd} 4kg, HA &7r= Bd o A4
0.25kg 7} 1kgeo] AF&E QT Ao THHF=
AW & WrENES(MAF), Avks Wshe
THE(EMG) #3953 (MPF) W3},
aelar, T A F- (A, ek BE A, dgh
& Enpg 9 Ertehe] F3F

EH = (RPE)°] t}.

—

2.3 2837~

A2 a9 13 22 Ao A FaAHd o,
beep3} color graphE 3EAI38HE computers
MAFE SAst71918) AH&E AT 3 52
o}# 7} NK pinch dynamometerE A}-83}o]
zAdER o Autaeel EMG Polar A
=N 28} Telemyo EMG =74 system=
Ab-g3te] zhzt S =Sl 18 AL, RPE
B 7}oll & Borg’'s CR-10 scale (Borg, 1998)°]
AF-8-= T

2.4 A3 A=}

J2] BA I o) WE E 8o A e
v A atei} ool =2 3FFol 3 2AH
% 88U AA FaFAL. 72+ AF 7Y Ak
300N o, A= S 268 Fok 847
2o A gHa Wi WM s2S AZgshs o
ARG vpA e SR FOF A H whE
HI T 7 MAFZ A9 ¥ ¢t}

Aol M FA F A

2y A% A9 F EMGSF 7 ZA F-9lel
)3 RPE7F 245 Atk EMGE 22 4% %<

1
1024 HzZ sampling ¥ 31t}

A3 Aase g ANOVASL
Student-Newman-Keuls (SNK) test9} 22 5 A1 4 <1
=42 SASE AHE8te] R E o, =
A A Y] o= 0.057F AFE-E AT 53,
EMG datat® &A% Q1 Aol kA, band-pass
(10~350 Hz) filtering ¢ MPF= ¥ 3t 5] ]t}

3. 44 2%
31 Fdf 8 dENE=5(MAF)

¥ 12 4579 A #EA, A, &5,
A E=7reh ¥ 249 o g Ho 58
HHE = (MAR)E Yeldt 84 23 A
Ao A7, T, &5 1gla A
&tk B- o2 MAFZE Adido=
Eom & I wrog 2 A wo
MAF7} iAoz =3k

?13:]'
Low High

B! By SD | H+#  SD

o] 7 241 97| 90 47

3 ] 451 186 | 197 86
e 56.3 247 | 295 133
HAA £7reF 1285 581 | 659 280
ANOVA Z3}, A B3} 3], as=fgo]
MAF Ztol| SAHoR {23ttt A
HAo] ek SNK 4 A= o) 7] #do] B
16.63] = o) 8H Al skokar, 34 &7her dhdo] 3
9723 & o] otA =oko), B #AI} &5

AL 7V7f B 32.43] 91 4293 2 FAH R
F9J 3 2Fol = Gl Th( ™ 2 #=).

B0 o e e - -

60 |

MAF (motions/min)

10 R === ==

20 |

0
shoulder elbow wrist index finger
Upper exiremity part

SNK test

I 2. 4A BE¥E MAF



3.2 Aut4 ¥ F(Work pulse)
2k

>,
=
-+
g
Lot

o s ANOVA ZFo| A=

Y
AA BRI de] Fau aela a3 Ao
AR fFolstdrt. AA Bde vg SNK
A AT, o, B A, E5, 1A vk B
el z+2zF 14.7,10.4, 7.2, 4.9 bpm ©. & Z}7} f- ] 31
zhol 7k Q= Ao 2 B AT 3 X)),

14.7

WP (bpm)
o m & o ® o
~
N
IS
©

shoulder elbow wrist index finger
SNK test g

Upper extremity part

29 3 A wEd e ws

33 2d= Ho 99 F3+(EMG MPF)

EMG MPFel| g ANOVA Ao A= A
HHe) Fae} wsAgrte] BAHOR
Felatdtt. A #del ek SNK 24 2=,
o} 7] o] 1342 Hz2 v o u] &)

TAH O FofFA o, BEA, £,
Trejan Erber o] e A = 1ol 7 Afol 7§l
ALZ FAHANTH 4 3x).

SNK test

MPF (Hz)

Upper extremity part

¥ 4, A Bd¥ EMG MPF W3l &

34 ¥4 £¥W X% (RPE)

I
=

b
= ok
&7

I

1

= &

RPEE= o7, ¢k, x|, gt
E7kere] 7 FA F-9lel diE &
RPE ZA¥}= o7, BiA], &5,
#4d F2ol sl Zhzh oA, [k
Fo17F g2 F-91E5ol vl a4
Ao 7 BAE

ANOVA A3, BE A F9d A4 FA
HAdof i8] Fostd o), ¥ Fal
s Ay A H9E5 A9 XA

b
b

1

ot

e,
o

rhy 2
R

o
=

el At felstolnt. e, wE g
Hel A He= gl
e A 591 RPEC]
o LA 9
N L
RPE= o7} 5l &4 #d F2kolA o8t
2 Ao FAHgen, &5 9 RPE= &5
WA gl A, Enkg -9 RPE: &5, 017
2 FwA A el FelsA & AR
EA R Ao R &gk 9] RPEE
A Ev B wAel M FejsiA 2 AR

=4 = A

=
s
ool
rir
)
=
i
i)
off
2
=2,
X
oF yg

% 2. A4A #BHe] RPE SNK Z ¥}«

29 high — — low
o] 7} (S) (E IF W)
ek (S E) (W IF)
I %] (S) (E) (W IF)
ek (E S) (W (IF)
&5 (W) (E S) (IF)
Evhe (W S E) (IF)

=71 (IF) (S W E)
w0 S(17), E(&wA]), WEEH), IF(HA &7

4. E9 # 42

2 Ao A #EE Hg 58 ks
=5 (MAF)E Zotstaltt b5 =] 2
MAF+= 77 #dd 52
g} dEkd & Xt
B2 W9 3o e A4 Bdd S8
7bsd FEloE x4
A FAARE AA et Hrhgk 3o g
sl disl] Ao FIFS W] kATt

FA #Ed MAFE o7 #de] 4S5 23

r. -
re
1
=2
X
>
oo
i,

=
)
i)
B
Y
e
2
oy
Lo

(¢

Hit 1663], ZEX BH] H9 3243, &5
el A5 4298, 2¥a gA £ #E e
A9 97232 EAHAY. vF 2EA BE)
£ Bd o] MAFZE #2495 0.0590 4

TR = FPAIR, Ao Aute=
Aol o] ) FHe| nlE] &5 #-o] &5
HAAd vlE] &7k #do] f = WHE
MEsE 588 5 vk Kilbom (1994)€]
A A} fAE S Wtk S A BEd
MAF= %2 759 o v st se
Aol A FeletA For, ol Jo] FIHEFH
MAF7} Zasiths 719 X2 gk
AT AH}E(eg., Kim and Fernandez, 1993;
Klein and Fernandez, 1997)% < x]3}%t}.

A #AAE MAF 2] 5<F 4Aluha sl
o7/l #Ae] A 147 bpm, THX BHo H$



ull
-
:

I
A
1 o
>,
o
2,
X
)
o

) oo

tht 4
Ho
Lo,
ol
X

AA = Aoz FAHTH w3t 7]&E
AT A 35 (Kim and Fernandez, 1993; Klein and
Fernandez, 1997)0l A4 H ¥ nje} o] 39
FrAME ol AE BT

EMG MPF W33 4] Ao A= o7
Fdo] 1342 Hze] WS Ho o #ddE9
Hlsl] SAACE FstA oy, A, &5
9 H1A] E7re HEEL 7.89, 567, 3.13 Hz=
#9]8F Aol ¢l Baidya and Stevenson
(1988)8 &% I &2%wd) A FRE Zo] A4gE 1
2= EMG MPFe] #ZHa#o] v22 <13 289
T AL Ao A=kt

H Ao o] RPEE ZF #4d 2o
AREE A g2 F (4 ZHA], &5, E7Fe
A A oA F9HE At 5 1 (very

weak)ol A =5 3 (moderate)d] W2l Aoz
EAEAL @A 83 5 A AP Estel

sk RPEY] 7|52 §leu, Klein and
Fernandez (1997)% < 3 (moderate)<
Putz-Anderson and Galinsky (1993)2 45 4
(somewhat strong)Z AF-&3}A .

B A Ay A #AEE FH =
st WA FEVES FHstE d 83
7|2 AR®E AREE F e
ofygl, & AFoA A )
MPF¢ W¥H3lek @ RPE A23E% Ax #4dd
A A e HFakoll digk AJe A /A A
F8I|FS FH}E ° w54 ALEE
NS Aot}

npxjgto 2 E AGE gAS g E
MAF 1724 o4& tidom & F7F 5k
o3t FHE A dFelAds ofAde] FA
Hl 3] e HEEZA Q) 2F o] Ho] :=FH o
o} Coury et al. (2002)& FAde] H)
ool FUg HHEAQl oA o B@e
TS Bt Rusiiy. o 5% A4S
doz 3 MAF d+4% Z83the A
RHojFr,

+

A 2

[1] Baidya, K.N., and Stevenson, M.G. (1988).
Local muscle fatigue in repetitive work.
Ergonomics, 31(2), 227-239.

[2] Borg, G. (1998). Borg’s Perceived Exertion
and Pain Scales. Champaign: Human Kinetics.

[3] Colombini, D. (1998). An observational

method for classifying exposure to repetitive
movements of the upper limbs. Ergonomics,
41(9), 1261-1289.

[4] Coury, H.J.C.G., Porcatti, I.A., Alem, M.ER,,
and Oishi, J. (2002). Influence of gender on
work-related musculoskeletal disorders in
repetitive tasks. International jJournal of
Industrial Ergonomics, 29, 33-39.

[5] Kilbom, A. (1994). Repetitive work of the
upper extremities: Part II The scientific basis
(knowledge base) for the guide. International
Journal of Industrial Ergonomics, 14, 59-86.

[6] Kim, C.H., and Fernandez, J.E. (1993).
Psychophysical frequency for a drilling task.
International Journal of Industrial
Ergonomics, 12, 209-218.

[7] Klein, M.C., and Fernandez, J.E. (1997). The
efects of posture, duration, and force on
pinching frequency. International Journal of
Industrial Ergonomics, 20, 267-275.

[8] Korea Occupational Safety & Health Agency
(KOSHA). (2004). Statistics of Industrial
Accidents and Occupational diseases.
Retrieved September 22, 2004, from
http://www .kosha.or.kr/.

[9] Kuorinka, L, and Forcier, L. (1995).
Work-Related Musculoskeletal Disorders
(WMSDs): A Reference Book for Prevention.
London: Taylor & Francis.

[10] National Institute for Occupational Safety
and Health (NIOSH). (1997). Musculoskeletal
Disorders (MSDs) and Workplace Factors: A
Critical Review of Epidemiologic Evidence
for Work-Related Musculoskeletal Disorders
of the Neck, Upper Extremity, and Low Back
(2nd printing). Cincinnati: U.S. Department of
Health and Human Services (DHHS).

[11] Putz-Anderson, V. (1988). Cumulative
Trauma Disorders: A Manual for
Musculoskeletal Diseases of the Upper
Limbs. New York: Taylor & Francis.

[12] Putz-Anderson, V., and Galinsky, T.L.
(1993). Psychophysically determined work
durations for limiting shoulder girdle fatigue
from elevated manual work. International
Journal of Industrial Engineering, 11, 19-28.

[13] Silverstein, B.A., Fine, L.J., and Armstrong,
T.J. (1987). Occupational factors and carpal
tunnel syndrome. American Journal of
Industrial Medicine, 11, 343-358.



