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Rt 22y %o 22AAA#R 3 3 e AFE FY37] 9

rp

W) AR 3ol ¢8e T/ + Utk B2 FF dFEAdA F
5 d(Neuron)dll 7}3i% F7He 48 F4 E/FE FA2AI 2 AHFAXE

o] Z2}Axon)9e 417

1998). &8 F7t= AA7|5E walstn, A

ad s AAo udd(Myelin) ¥ FFRE



o

2 ZFAHZA Liberty Mutual 23 AddA F343 Adge 7%

F BogEsl, 8, W/, 327, 9 FaHA 2ud qiF oe 4

ol
l‘_>_:
_.T“_.

AFEH 2EHE FEJAAES] ZAHAEZE AASHA ZAHITH(Snook,

g1 AJAE TTZARSBAE 23, hRE A T A
o A AxBAZ Ay¥Et 213

T2 £ 53] i RI Bld2E At 22 2FHA

A& A 48 712 G& AFAAES J &4 AZAAE F9
P H(Snook ., 1978, Herrin 5., 1986). Al H o2 FAE B3|y,
AAZed 233448 dF JEAAEAN Yo 984 g3z E=

=
259 P& ZHFEY FFAA F£F44 g3 AL A 7IAH
A =oint. & 5o o) MAHE AA YL 259 ©uF, 557

9] ZAo(F, Aol &d F5F AFAold Ah), a8z Hz9 A
o e B dAEY JiFolth Al ojFd dukrez 289 3
< % 24(Muscle Activity)E WA FA3 o 543dH(F, 2d%

Asel 718 A AR & A £HY 379 WELE gAY 2
& 723 #dd 74 €% dEd 289 gL 234 FHE M ¢
A A £ dE Fdolth a3y FAHY 2F &4 gAF 54
e 259 Fo] A7 Yoz ALHE A2 RE Ao B4
< 982 o mEA, g 27E ddY FH(259 Y& w2 A

9@y, ¥, o, 2zn Agst Az W =W WEY a2
W Fz2o o3 ¢FA o orld AZoz Wz 2 3
o Wgg A,

17) Musculoskeletal Disorders and Workplace Factors, NIOSH, JULY 1997.



g2 2/ o gRE dLEFHAAXe P2  EAFH(Output
Force)7} ot &Y HEFES 7AW 7] HalA QA F9e oa
qAE F20UHE 4 FHo v BIder ) FHsA FH ol
g 7lFolvh. 28y, AB FAEAN HE WFE, 53] AA 3 st
A 48E Bt &9 “FH AAl(Neutral Position)” oA #ejuds A
(Deviation)& #4ts]& JOo 2 AYHE S FHLE FaAH
AAAX 2 =T gL 53 AL P& 202 F& A Ui
Ae A AdaAst ddey AU FHee daiMde BE 44

g Adg.

2

) Fad 28 E AAl(Awkward Postures)

AA g H3tH JIFoE AR ZEZHAZAG qFd FHAAAA
BAATA9 Q9% (Bernard9} Fine, 1997)9 1= 233 BAA28 e &
Mg 2estA @ttt o] 8oke nAF EE FF AA9) ol a8z
E/EE A Atol9 A BAA HE FAE EAYH. AA 2EdH=
elzlel & ZFAAAG AlololE A& A3 @A Ut olE 93
AEY FEAE Y B FIZBFFTCTS) Aoy #AA disfA<=
A7t Rt AAE B2 157 d7E FANA FAHAY 448
I e ATELS HYLvdr] APAAREES d¥eER FIHUG
(Bernard %., 1993, Kukkonen 5., 1983). “E#3 tA"g} YA A
U 2e] #Ad Ef§HoR A xFE FFE ¥ =27 v

T FHEFAET T35z Ad 3 ¢ AFEAHA A% BEa
& WEF AFEER A dig Odds ¥ 35(95&337; 41 F+3h
2.7-45)& R ¥} (Linton, 1990).
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Bjelle 51979, ¥ 3 26-1112)2 && oj7jxo] o]tdA dqste
oj7Zl AE Atolol A AAAHE LARHOdAds ®l: 11; 95% A F 3k
2.7-42). A% 27o| Herberts 5 9 A4 §33E(1981; Odd H:
13; 95% A&7k 1.7-9%)NAE H L=

4944 FAZAE W EE Qg F2EY Y W W) 98 =
£t A3 (Shearing Force)S AT 1, A7 Azxd A3 np@do FIHE
fsictE AL F9(Ashton-Miller, 1998)3t= A7t 3ok AWEe] A
83 (Pulley) #9488 348 wW(FAI2E AA #HEH) AE
s 718 =9 FUlE AR WE FFP(aTE 259 I ¢
o] £ A9 wlEE F7FAZItH(Uchiyama., 1995).

ARZAL B FAdzee AAde ddd AET A5 HAd
A T Atk AAE durstAY ERI = AAe 22 EH HEE &
g & 9t oA ATH WAINN(FE, FALR, AF7E €5 &
AY FRY REGE Y, FREY HF AA)dA 24T + dde
AL B9 3 (Armstrong F, 1984).

FoR A F& A HFe F7F tlAaE E3rt 10,000 Newton(N)
& 2337 A ARAE FE3A F(xoh. 2t I 2 HFY dx
AL old Rl ¥ Ax(HF 5400N)NA FIAHAD( Adamsé}
Hutton, 1982). ¥t&2<Q ¥-3t& o] HF HEHE 3800Nez2 F4AZ
tH(Adams$ Hutton, 1985). 2831 ¥4 %+ AAMZE & 3 A
o] 7} £ 2% €9 F9 vt AFE A FH(Rowe, 1983).

AANEHHQ FAEA Liberty Mutual @742 A28 =}
AEe FAAY 4SS FHAG. olF A A AMAEAN Fo2 Hdf
L2715 FA(Maximum acceptable weight: MAW)E, S 2d = 94
7} oA Eol9 o|ddA FAHY FAITE AL EF FHIG. HY

FL

]

e nE



F&7Hs FAMAW)E £3 249 2719 | E BAHFIA 2
B3E Ve AL dutdoz o RAdseE AAHE daw d0E
AbA S Wb g, g F-2Y R QoM FAdaY ZAA(EF] F
A, A e WedsE s A$7 0% @87 e glEo| 33599
AFa 3 AQAEST W22 ATHUTHIS o] AYJAL T 78%7 ¥
A2¥(Pinch grips)& EF32 A o|F 18 %7t AAIHS #A
(Sustained Pinch grip)3t2 A&€ YeRch EI FXAIHE BAAA
o] dd vasAH WEd 28 A A3 F& ST AT
¥ 2 HChao 5, 1976).

Rz L AAETG AAAH ZSHAAAEG Alo]e] A7 A o
3 A3 FAE 53] AN A disiA BEeio v E S yAPSA

BRAATF A (Bernard®t Fine, 1997) A4l @502 F2#FEFI(CTS)
L F2dd £ dokE A did] FEIY FAHAE BHsA EJAAN ZAA
2 233 AFAAE EF dsiAH FIHFTFTHCTS) dig 73

ofN

AE

mII

i)
il
o

hu

b

x

:
ot

o

2

£

&

X

”

o

rek

&

i

o,

to

X

L

L

rp

K3

=

%

2
i

Yo 2L e BEAAA} 4L AS $o8 AT dHFenT B
29 a2 FgITn T 5 Y.

) A& ¢l AA|(Static Postures)

datn FAZNE BAdad QBAQ F)Eo] AV|HE Fgo] Hu,

18) W.M Keyserling, D. S. Stetson, B. A. Silverstein and M. L. Brouwer, A
checklist for evaluating risk factors associated with upper extremity
cumulative trauma disorders, Ergonomics 1993, Vol. 36, No 7, 807-831
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53], 14 % £ AEHH 1A F3 23 Fdad 2SFAZ2 84}
ol9] AL FHIH. H A AAAA Y =EH S A
DA AR ZEF(Tension Neck Syndrome)d 43E #FHo| YL B
A th(Kourinka®t Forcier, 1995). ¥3§ o2 712 & Z oA 1A
AAd AZARFIFTHY A E B3 HGrieco B, 1998).

W3lg EFolet A 2y YA vl A &/&EF AF
of g Odds ®] 7.1(95% A +3E 39-12.8)8 E I (Luopajarvi %,
1979). o] A7FdA =5 FAA2HE AA, A A a2z HEH
Ad T EFUT. AILAH FAZRE ZH
Voluntary Contraction (MVC)9] 20%°]3lZ2 SR HH 2d& A7k A%
F e A& 272 YK Rohmert, 1973). 22y o2 d3AEL 535
o] MVCY 5%l 59 A ogEo] vetds LA
(Westgard®} Ards, 1984). 2t} 7<%

o Z2 oA F3he oA ZITHAZEH duH
o8 SEIPG(Ards T, 1998). W Q) Aoz
A

R

ﬂll

2HY AI2 2K 439 o) YA EE 2 25U 4 7
Bl (Jarvholm 5., 1990). ol& A 24 Tt wAdHd A=
A7 4 A5 AE ANSGE Atk BHHA YF gaE nPH 2§

TF0] SEZAALELE oyt A AL F U

AAEZHA FTHE oY 7HA] dFEl L AL &% FRE=E A
278 ZJAAELS HA =o]) HU FE&7Ms  FAlthe

maximum acceptable weightt MAW)E #H7}=o] $t}. Texas Tech

universityl £ MAWZF JE5d AR ofyzl, A4 Fol7t Zag(

s B¢ EAE ¢o2 TRIE o] B2 Wl wet go] gaste

AL LA A (Smith, 1992).

tlo



R AA(FLel s A3
oW A ANE fAAE )

o o AEstA LaAd, AHd AHAEL BE $FE FUEA &=

g9, o &% $Folx %= AAY st FBTo] YNyow

5 Aolz Aoz, AP 2%Y £5S 0%

Ao 7l F71E 25 W ¥ wAdHe AF 7Y #A2E 29
B 4+ = Utk FeA (Viscoelastic) S 717 Qi A AL Fa4
e del2 oA BT F Qe 9A ooz e Frt glolA, A

ol Aol we) A3 BFHo] Bk obF Al M NE
AAZA ZE QNS Adda H7E P, 23828 559 43
AE Adda & 5 gt

& T AAHA AAY A A9 AHd2E 1¥ o4 Az UAY
A AME FAE 4(E. N. Corlett, 1993) == = ALY F&
A, 4kg °1’de ERE 10% ol A&se A, 1€ 2%kg 1%
AL ZAJIAY FUAAEY J& 2E A,

Aot 8 &ol(HE o 1/3) (AYAFE, AYT 1998)°] Al
Al H3oden Hdge 81 %E AMRE A9 Aol 60%0)4 Yo
7besta Hoid Y 32%E AHEE A9 B0ES FIT F e Aoz
(SJogaard, 1986)¥ 315 Y HF ] 15%E AIEE FA$ AFHA #
AdME olHE P& AHEsHA] =5 Ansdt gick(Grandjean, 1988).

(¥

4% EE 2 ol4g A&
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rlr



2}) vkE-(Repetition)

HEEo] hEk Aole 7|EL BE g5 4 tEA AHEsta gl
U £ =f2dMe AgHer 888 5 Ue SAEES AN £
PEZQ Fae] HAFoA ¥ Alo]Fo] ¢ FoAWH (EF W&
7t Fretd) 22AELS o w2 AH Add AsA 99 97
AbojEo] FHE RAAE L ZHo] ALFHoE ARHY 2852 HF
Alolg-& st d BoT P& 2= AL2HH FAE #H
2. F71E2, gF Alo]go] #FE HdAME HF9 2AAH g T ¥
7 A9 ln ole o" &2 AIREHE 38 OE 2852 € F A
goh. 2R AMEHE 259 92
#z2 olojRt.

AAFEAE drEo i@ 7]EL &7 40005 o1 4/1Y, & 20008/1
d, FEXAY F 10008/1¢, o174 3003]/1¥ (Auburm Engineers, Inc.
1992 Aosta gdon & =79 A H7IE A A&t

&9 <F 3-2 & BHEAHY FF HFAAM 2 49 Aol =
S AAES e dAHE vEe 359 AF Alo]Z9 ZolE HAFT
A o}H(Kilbom, 1994).

ZEA] %3
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(E 3-2) AARHY 9¥4 = (Kilbom)

AR ¢4 H}E?E A¥E| oo 229 AAY W JYSs} EohA:
o) oss oy | w [EC 9F I, FE A= A Fokhigh

static load), S5 A B8 4.
SEE 25 A2 Fe71 =2 9, 49 2
WHE R el o A&

Fe/2EA| 108 o4
Ae/EE 1 108 oY
&g 2008 o] ¢

R R R




ZAdAtol 23 AT FAY WER Ao R FAPAte]E(cycle
time)o] 30Z& oJWio]AY o] AtojE oJue] FIF FA o] 50%°]4
& AAE A9 nRtRo R Aogirt @2 wrEo|TF HAYPAlo]Fo] 30
oA 2&7kA)eln] FY FZo] 50 o3tE At T FHYLE s
12 g HRodgers 1986, Silverstein 5 1987).

ZiAtol ol 714 AT 2 EAE JHEer] ARe &8 H o
AJES dA AlFstE £374R 9 Azbo]l AFANA &3] AHEste
Al E AlZtelt 22 A4 FZol & Y AtelE oA o
HEHE AL £9 Y= Aot F “ 713 FYAo]E (Technical
Working Cycle L” 2 o &7/09] “&FA}e]E(Kinetic Cycle)"2 FA @,
A71A 71Ee] HeE AL F Alo]Feolth AgAlolEo] HE3| FEH
A geod 713 FAPAolEE AAFez & 5 Ao (299 AFS
1998:1 22 AAZ &L g AT A).

BEZFAYe] EF 208 23 HS 1¥E (Carey and Gallwey
(2002), Yen and Radwin (2000)2.2 A3t} 7|g} RULA %713l A
T B9 43 ol FL wNtEo® Aot Hrimd HE"H A$e
HrtR vit}h 7lEol th2A ALH 3 Y.

71k 433 FAZA FEAAAABAGT2AME FHES A9
s EE A 799 vEAQ &7 dZE FYTE =448
of g FAE LA RN Bernard$} Fine, 1997). ¥18 =& & 7=3 1,

Ao FAAY AV LA 16719 AFE FolA 1174 a4F
7t AR E 9% @A Aol HIHAT

Ohlsson 5(1995)2 &2 & FAB0x o) =¥ 8299 A4
Y 2228 649 BHE A x=&d Ho| gl UERIY vjayd.
AFZEFTFETY Odds vlE 36 (95% A3 F+7H15-88), 28 o7AF

r 1



Fo(de ZHA HEY A9, 24d, ABAFFEF)Y Odds HlE 50
(9596 A&7k 2.2-11.0). Silverstein $(1987)2 ZAME FZRZFIEF
(CTS)& AF3tEA /Mol BF B2 AFd H3 1x9 §/1x9
e 7b7 A Eel Odds HlE 155 (95% A8 3k 1.7-142)9 )
Silverstein (1985)2 22t Azt 22248 didez g dFoA ¥
A AFE F A BT e
ul

T =28 Hoj& FFH vun. ArA oA ARG HPA #
H

o
oo
X

i

-3

k
tio
ol
s
rk
|
oX,
tio

i

&E/EF 99 Odds H1 & 29732 23 gz ¢A

AEH FAF FAZAME 1951'd Speringe] AH419 £71FHE A&
oli, HEHA &F, 28 A st HFoZ =EAFY BEE
FadAM, =28 A 79 FAE &% Az R77F AZG a8Ea o
FE9 FddAM, 25 &71gd 297 Y FAYPE gt o] F
BEL FNET AEHJY. Speringe A &4 G4 &40 T 9
olx, @i, wEHQ Rl o3 FddE 4 At AE W

AP H 22, Hagberg (1981)% 1AIZF &<2te) wEEAQ] o7 24 &5
o] §4 ol Age]l Fud & QL2 FHA. o 7AA dFAE
2 Z¥ g9 A4 &7 T o oA 2§ &4 ada/EE 5F
9] F71& YA P (Odenrich 5 1988, Ohlsson 5 1989).
€ AdUdAERFH Rt BEZ Hristed ol gdE BT
t1, 483 FAE BYIA 957 &S AJBE ZS2AARAE
110 AN AFH AFEY REL old #A BESF )

d
A& T
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L olE

E o
Ay d7EL FoHY AT FH(EY, =29 =8 FAn)H
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AFFeA FAHoZ FAHY &4 N9 HF Aoy AF #AAE F
3 t}H(Snook 5 1978, Herrin & 1986).

ol dFES ¥ o8 JhA FEAAETY APUAE, B3 ¥H
FAGEEHE AATY dadBdS FHIAY. 2984, o8 7R
AlA# 9 FARE7ZE BES Adad SSAAAEY Aol AeA
#A715,

) £4 AHEAY FE F)

NIOSHO| A= o] 2819 sy E AFsHA] &
F AT A FHA AXSe| B RE] FAE 28 &4t
HaiA FAH ok FEA2HA FAL EDS =€ HA9H &R
S E71FPA f8F59 UHd fFdoz rAti(Magora®t Schwartz,

.E.

22AARBAN FHY

o

1976). Marras®} Schoenmarklin (1993)2 &

L

>
o
i
O
i
u
offt
o
ro
re
Y
i
_\;..
rL
e,
do
o
2
=
=
)
°->:4-'
i
A
o
ro,

AE Fg2zd B3 ZAY T Marras$ Granata: t2 3 7181

£ gues ude ¢ 3W PR} 957 Ad 239 $E% 7}
5o #AYE FFAY
My AEE 9%e 378 AY% Avd BA £F SHSAE

JFE vAHMarras 5., 1993). $E9} SR ZRE & = £ 4
§3tel B4e BoledE B9 BT ¥
54 ARAE Al BYE e B AL d$ HI Yol 22



HAAAZS Te digh F3HA 2EHE FLeAEF AHY 95H
a8n 4348 FAY FAe MRARZ A, g2 JEAAE F
A4S & ZAEFRE YA

aHY AR dFELS 7o HYA A@Honz goz ¢ @
< @7t Bosit et 2EAARS A 4 4B BAE Adgx
& 5 gl

vl) 4 Compression)

Fubel @R EHE A4 AR WA Hew
9% ghure =T &3pol, FAY 2A, A BN, 2R Ao &
B JANY PP =S @A mAATS AAY FL R

el &8 FEdd. o] HEELSL A28 AL FYAY E =
Zo] &S WEE 429§ AFE 5 AHKeyderling 5 1991).

et 2EHAAEY Y BHEAQA i &3 £2og. o EH,
7HE A&Ho g AGEE &7k 9duy A7 F
dut ZZAADHLS w3 AY, FEA a3 oA HHAY 4 9

o

AL AM, A AAH, 2P/EE L & EE &L SR
<59 4 oA yHEFozZ dutd = Ud. 48 59, AR i
Ao ARG ofyel, AR 9 73§ 9 A (Abduction) B AW A}



2t 25 (Scalene Muscle)#d ©2 Ry F2EEY AS4NF9 o
& ¢ & Ao o] k2 AR aglu/EEs dHdd &4 F 5
AL, ol & ANAT o i A e e AR £4L oY
T At

W3 gk e AUSE glom, B o BAdA AW de
AYAAEe] =2Ho2 A% oRH FHE ). 4L ol 2
o 3 554 A7l 2% U 49 (ot 23 £3A 2499
YUEL PuEE 7 Adolth Br Y AR 48 239
B3 BN $Fo2 A% Yol dr} 2o ok ojde W 4

;
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rlo
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2
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2
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2
off
X
b
~]

B 94¥S WA= FEAH AEes ydd Fx9 F¢, A% 9%

2HY A2 Fyse YA £8o] Hu, 133
dad A7d BT ABY JE e FoE, FRYPYEy A4
& 23 2T dSF ASe) Yk AAIANAN BALE FE@
AAAF A7t =P sl 8F ANY WAZER 59
Aozt gl 9 5 glo] AH ¥4 WAk 2397 9
=3

Azl A =E2HDL Ae FL T XY FE $¥o] Y=d



AAET} &-F FLAF] 20T JADEL AURe) Falo] A

gu Qu¥oz FYAe] ERU Feo] T X E Belo] WEol A
298 £-8 FALUTE &3} B BN AN F2 £27E 4

3 FAAEAA dehvdz Ao

(1) A AF

Yo
al
4

Al bk A
S225E Hg FRES HIFE Y9 #A, EF 44, 29z AF
Helol=9] W3S E I oH(Brinckmann, Wilder, 223 Pope, 1996,
Friden® Lieber, 1994, Hasson¥ Holm, 1991, Seidel, 1988). x4l =

E, 55 RA9 IF, 2 8F AFe wwy dasgo] glth(Damkot
S, 1984, Frymoyer %., 1983, Kelsey% hardy, 1975, Bernard¢} Fine,
1997, Troup, 1988). o3& 7}A] 7]AE9o] A¢tE o gt} o8& FZFL&H
AA HAHEd, d3dEY F524, A5 FEEY 71AHA FARE s}
A%, 283 FF-F2% AZHeo=E IFF A W 4
HFAAd2 §F HLAFAEY 27x3 W3ES ¥ (Hansson,
Kefler, Holm, 1987, Hirano ., 1988, Kazarian, 1975, Keller,

O

Spengler, Hansson, 1987, McLain®} Weinstein, 1994, Pope %. 1984,
Seidel® Heide, 1986, Seroussi, Wilder, Pope, 1989).

WAMAEE agla HE A HEtEe] AN AFo &9 A oA
NA LHAHUL(Frymoyer F., 1980, 1983 Kelsey, 1975, Pope %.,
1991, Wilder ., 1982). Christ®} Dupuis (1996)5 E9EH FAHAIES v



ANGH 8% 2738 B7HAh
A Akl Frhgel meh WAL 9 FHEE e
o old 700A1ZFlNE $HsHE SBAFES] 61%, T 700-1200 AlZH
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A A7, 85 A$] FA a3 259 WALASHA o]dAlold FA}
3t ABAE B3} (Fishbein® Salter, 1950, Seidel®} Heide, 1986). ©l
Fol Z4, 84 #4Z, 3 FE 2 F(Spondylosis), Schmorl 23,

=
283 YA ZF(Spondylolisthesis)?] 274 E0] & HlxE=2 ¥y

E, B2 FAE P LAARET EY LAAEL & A, g2 T

A (Kyphotic), AE7], 283 AN A AP F023d 2E
d2g F7HA7IE B2 9 #7180 AAEY =259 H(Dupuis,
1994). o] &o] olnl o]E ZEAENA HYAH d2a A 7| @

S A9E & Ao

A2 A A 239 AAHQ FH(resonance) THFE 4-65
HzA}o] o]t} (Magnusson 5., 1990, Wilder, Pope, Frymoyer, 1982). o]+
B2 A5 599 IF 5} KA.

A AFL QA AFo FF(impact), ¥7]7)(translation), 2131
3] A (rotation)®} &L o7 71 5L 7Hed. AAHA FHS5 EY
el A, @712 FES AW 7€ JF22 A% 23 (g3 &4
3 Hd™o] 2-3 S + Y& T P (Hansson F, 1987).



AAHL FR5olq AFL2 AT HE Balo o] e Fohe w

1975, Magnusson &
0-15 Hz WolA Fst57t F715d we, {5 F2EF9 A4
A% A7 AFASAM s LAHAH(Wilder, Pope, 11
Frymoyer, 1982). &7t SRo 2 AE AAHZE o]lF3le A2 dAlH o
2 AAL FRAFAT, o] AAE AFFHY BEE 289 yze 2
Z 71AAHQ Eo]eg& FH(Wilder, Pope, Frymoyer, 1982).
Brinckmann $(1987, 1988)2 A9 43S T3, U39 FaA¢
28 BHEAHQ HFA g ¢ FIe EFY FxE F2ADS
AT 282 2R HFA FHY FHo] UFo EAE v
4 4% 859 715 ZIdeId ok At
AFL o & 254714 534 HJ2E Holt FHF7]dZ(erector
spinae muscle)oll F7FH<¢ F3-E 7FA 3 QltH(Seidel®w Heide, 1986,
Seroussi, Wilder, Pope, 1989,Wilder, Pope, Frymoyer, 1982).
Johanning (1991)2 A 83 £dAEl 1A ¢ A AF
3 F 5% 25 928 Zd3d Pope 5(1984)2 =3 HFF9 2§,
Jdl, 283 daa9 s AL 159 =57 #d4 &
T J2e FHZ] JFFRES HIF
T THE AFIY. 25 WEo] AT 4 AolE BY = F7}

A HF Rt =F Y 4 dH(Seroussi, Wilder, 28] pope,

rr
Pk
jo
il
)
32
£
N,
@
2
rO
ry



AN EFY =& d&71F22 v]=9 ACGIH ( American Conference
of Government Industrial Hygienists)®] E# 3zt A3 = &-2
8] =47 % 9 TLV(Threshold Limit Values)@& ofejelA A Al uvlg}
Zol A& 7€ <A 3-3) # g

(¥ 3-3> ACGIH d3¥x2 @AZIE

=& 34 &g
g2 F AU L& NHZA2 TLV (threshold Limit values)
&SIt (m/s?) g
4A2F Ol A ~8Al2E OOt 4 0.40
2AI2H O] A ~4A12F DO 6 0.61
1AI2F Ol &AH~2Al2F D| Ot 8 0.81
1AI2H OIot 12 1.22

718 HEo tig J|Ee2E AT FIFT AHE FAAAA UE
g e 84 AFFEY Y42 F(Vibration-induced White Finger;
T WY &% F4AAFA =€ P BE &

Al (white-finger syndrome)2til &z Aoz <
FTH AA & Ee &5y TEAY AR} =2

AL
2

O
[o
5,
9,
rir

5, W, AHE ¥HEANF F Jon AF A2
FFE & % Ut o)Yd AHAE FAHoE &-F IFLAFFEL
(Hand-Arm Vibration Syndrome ; HAVS)Z &3A Ut} E£3 VWFE
538 Aol £o] xEHE A 432 F e ALE d#A U4
- FA2AFoE AT FFEL AT B ALFHE 93y AF

o F9¥ FAt 24 JHe¥ 1A%Y 292 FUY V)5S X



e AFHEL o JAFoE QY ZAAIRFE YxHoz B
s34 715& Ayt

1986'3°l = #7] & 8t7] *(International Standard Organization: 1SO):
Ades SASL o] =88 Zdste WYL 2IEAY - ISO 5349
(1986). °] H2 HYPEL v T 723 Y3 (American National Standards
Institute: B|=FHFI)ANA AHHAG(FEF Y3 S3.34, 1986). o]
A AgE FAE AT FZL & E79 IF HIAL 5433= A&
2 7hsAdE wtgste Aot

A& (Vibration)& & (Oscillation)?] F34 Exges g0z =49
o WEL AEL(Oscillation)®] W, &%= 714 g8z 2 28 Zr)=2
2dd €09, & 99 H99@E7) sz FAHY  AoKStarckst
Pyko 1986, Maeda & 1996). o€ Z &3 SASL E3] &udx
ENMFERT ohg, T o THREZE oY ARJANE HAF 5 9
22 &43% #EE 71X 3 Qi
& AF9 BoklM, =& FHH E538 AF HAYS uo
gata, WYPH ez AAL, 22u 7)&HoZ AEE YL wE
o &t o5& AWARA AY AY EHelEs 259 #AF Wyo] g

d

FE.

cft

1
-8 IFY A9 23 AL9¥ &71g 39 T+ Raynaud
AT 2L PR AT FFEYS T4 BEAE FAAIEY JxE F
Atk AP oste] MFRQl Alice Hamilton® uZoA Z7|¢geT
(Air-Powered Too)& Al43t+ Indiana A4% ZZAA o] HAL
Hger 71 Hamilton, 1918). 1960744 407 ol4te] ATEo]
2 ¥ 5 1 tHCherniack, 1999).

TYNAGARAATAE 198095} 1997 9] 75§ Astaa(Z P

k)



Atd R A T4, 1989, Bernard®} Fine, 1997, E 3 26-1)2 A 93tgdxn
AFs =%9 7|7 Fx9 FHH RaynaudB (R EYHFExFToz &
el B A7) Atele] ZAE &#F AL Qg WE AHE FAE
ARG A2 A A T AU H R Folle £ AT
A= 2] 2 (Vibration White-Finger : VWF)¢ E3 Eo|t},

dF dTEANME, =Fd AHHY 710%7F FA Y &AM TAF
! 9o F%39 A4S Y, dEE 33 S AL AgAd
&7 7] A &g 229 A S FAHFoZ A o] FoH
t}(Bovenzi, 1993). H| & 2 FF28d &< % (Vibration-induced
Vasospasm)®] F83 7]AHL F4FQA A&AAH HFH(Gemne, 1994,
Ekenvall®} Lindblad, 1986)2.2 Ro|xer © dutstd FA|-o|%
(Co-Morbid) & ¥l £33 & 47 7| 5FqdxE 7[93.

Fad AFd A3 =28 ZEAEY &HEELS 448 94y
&4 AT E BoFH(Takeuchi 5 1986).

sOA8A &89 AAAL FUrE AH BdzE A4S FohE
Leukotriene B4+ & =29 HFEo|thLau, O'Dowd, 181 Belch,
1992). AAH o2 ZAUA Raynaud 39 w2 g)& HAesd =2
42 387 dEd

AE =59 A2 &-8 FF FSF7T(Hand-Arm  Vibration
Syndrome: HAVS)o| A4 &7ter 83 A3 22 A4 A/ &40 $4
F2 AAA & Fa AR A% dFE5E A AL oY
tt. &7]17F% 7] *&(Pneumatic Tools)& AM&-3te ZEAENA L& #
HEd SFTEE A 53] £28F3FTL A4 H $tth(Koskimies 5
1990, Chatterjee 1992).
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dHAY 7199 A3 E4E A5 F e AF) dE olxqHY He
BEH £ A B EFAPol EATY dE Y, &1
E2ToA 25 FAHET ol FEINAE AAHE ZAE FIE
Z AAET oiYzt Fo e FH AAE g3 FFS e 5
J}.

ol UE U718 IHEY9 2L 7] 7T BN FEHo AF
°j99 Fd AAHYH =&& VEY W Y (Freivaldsst Eklund,
1993, Radwin, VanBergeijk 7183 Armstrong, 1989). o] Ab3tol A, o}

, Y BRI #EE A4, 223 JHEUES] 77 2L F713
A AAFTHY 1P Fo] BRI IHEY FAW JFE v Yuh
(Rohmert &., 1989).

Sostd EL BFHA 8o Hon 237 SPH 7EAAE

TEAAZEI B dBHE Ado.

=]

of) ¥y £z AA(Modifying Factors)

st FBEL 1 AAZE AYARAEol ohdth AW oL SR
A9ARE) JFL AL gloenz BE AUHozE ofd ABA

o

(1) 7 =(Intensity) =¥ =.7]|(magnitude)
ZE EE A7E 4 A8AAY A7E 2AdE Aot} FHo] o-

AR, AN AFA Roluh Y7l BAY 5 EE shEo]
s 2 o)A, gutem AR YL o= FEAs}, AE S|



sl 271 52 sebahe Aot

(2) 717+ (Duration)

712 dutd e VIZkE S HdAAd =E2HYREvLE A R
°lth. ol FHY-FolAHA FAelH 59 717o] AHEH gtk & ¢
A5 Aol FPEFE F9 7|7k o AA

De Krom 5(1990)& xZ9 Al7tEo] A2y n, ZAH &2 7
A%t FIBSFLCTY B ES /AL HARY. Hagberg 5
(1990)2 AT =T U 7NW/TTFAZE d8L Z9d
Kourinka®} Forcier (1995)% 3% 2 Tt dATLY =% A7} x=
% AJAE 224AEAE Ale] dBAY AVE FAANNYGE A =
™ 3.

Q) 2Ed £ 38 A= (A =27 38 N2 FH)

1z APAAES) SHAAEL FEo} 7] g5 WA o] Ao
87 87 5o & Re ALt H8 YL 24 27} shsa
Az e dwEol Atk med AFE & 2Fe AYAREo|
Akl weh g welsiol stk BEE A Fash R
& Faol dAZRY UFE 2AN BTE 4 5 dE A% A
g wstol 2k,

wEe] FHUE A 27U 24 =29Iold 228 4 Yo 4
EW, 4 A2t 29 =% sizte] 299 3% 8AT Ao Eagw
8ol ¥W 4 A w2BHE 498 G2 A% dFE AL Rl



Kourinka®} Forcier (1995)E ZEH A EA (YA H Z29)d] o} 9
8o i ojof I} FH o}

o FolZ AT B A GFH(AT, Q, F

o Y w89 55 22 FBRA0] e o WE =
e Aol ug

o FHHA FH Azte) 2

o wojs}t Y AY
(4) A<(Cold Temperature)

ALE AE-dadge] dyels F Lz 43 Qo sE9
Ags &4& A Bw ofdz, AL §AL 289 18
E4EE o8 M €84 aga A3EH 28
< 7YY obvt: A 29 JHY £F AdE ARAAUREE FhA
7l &9 JINE S FHAAY A o EgsA @ £
APdAE Zad goz Qs oz @ And o ¥ oz s
2 A7 W, 24, dFz24, #HES ¢5Hol A =294 B
.
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313 AAYFTHYE AdAA AA

$4¢ 48y Ay g UF x2o 9E FTAALRAIE
A58 & WA FYsn A&Hoz AN T AF} = Aol B
BTt 22AALRY AAL AS8 Aotekn 4L AT AT Yo
Ae, &40, 238 3% A71D ot 54 99 AnHe o
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7o 33 A Fvo] nHEE Byt E ¥y
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AT EEFH AF JAS ZTEALEG B AAES Atole) Ay
€ Y38 et

wetA, v AANY 22Ae] TFHALY 24 54250 7}
T ERE she AAFEAE o174(0249%), £ (0.192%), &/EE(CTS, 1A%
¥, s (0169%), BEX(0.112%), 318 (0.169%)9) 4oln o] &M
F)ARFE SIAALE 2AR 273 FP9e97e] A
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(E 2-8) o AoE (F 34 2347438 T4 294 8929
#e] AFAAA(NIOSH, 19979 dYAARH HEHoz2 (E 3-5) 3
(E3-6) o BH4g AX Y8 ¥ 78D E 3D 9 ARE @
ok AHZA ABTHY dPAA] W Laey Axsl ww
(35%), 224 (30%), B (20 %), AF (15%)] o= ARHo] vhe
.

22, o HE MEE a0z YAET HEAA s YEAEY
&8 Ze F7H49 JRAR Ex f@ase Bgerz Hgas
£0AA4 2R, AP, 2EA2H ARG w23 B A
2o gH), AL Fol BRI 8T 5 Yorm2 FGH DU
202 B8 ¥ % Ao



(£ 3-4> 984 zA 23] o2 JAFAE a4 234

3 ¥ a8a4
= =3
== o mA EE A% | .
SR b B G I PN
23} B/oll| 40 | ++ | v+ | o+ | 40 | ()
Sk >0 | 0 | Y R e
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T2 >30 ++ +/0 ++ ++ +++
&/aE Adg 8 ++ ++ ++ (--) +++
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(X 3-5) TEAAAS 243 B33 FJasto
137} & A (NIOSH, 1997)

AT HE Al derygol ety E5ET s
(XS UMRHYE SUELE) WL SGE) | UBGH) | A28y |58 B
k- z2to] v 0.576
] v 0.676
= (0.192)
=LA % 0.96
A% V 0.192
ol7249) AR M 0.747
3] v 0.249
BBz} o) v 0.747
A% v 0.249
BE2](0.112) ez Y 0.112
3 \% 0.224
g}ﬁx}ﬂ] vV 0.112
B33 89 v
E/ERCTS)  [uteay v 0.338
(0.169) 3] \ 0.338
Q) A} A v 0.169
qE v 0.338
534 29 v
R \% 0.338
3% &ER2D |3 v 0.338
(0.169) A Z}A| A% 0.338
583 82 v
EREE(RF23)
A% v 0.845
(0.169)
g0l &g/
g, Y 0.845
R v 0.507
32 (0.169)  |yegxagy v 0.507
AN E v 0.845
A2 AA v 0.169




(E 3-6) 22AAZS 2AG 2294 Fgadde
A aA Hg

AH2AY A2 HA2No| oty | BEEE# =
(MXIYS AxE el SA348) PYS(5E)| USGH) | HBHUE) | F8 4
uhE 2} Y% 0.576
2 \4 0.576
= (0.192) A v 0.96
A % 0.192
o70249) ([HUAA v 0.747
3 \Y% 0.249
B 2103 \% 0.747
2E Y 0.249
BEAO112) (BRI v 0.112
3 v 0.224
2} 2} A Y% 0.112
234 29 v
s/eECTs, B3 vV 0.338
A28 A5 3 \AY 0.338
e 2 A A % v 0.254
(0.169) AL \V A\ 0.596
23 o vV

(E 3-7> 9889 AdAE 715x AR

AEadd F& (A¥84ad FHIY |HT A 7S # (%)
lg 2.392 35
g 1.39 20
2] A} A 2.073 30
AF 1.037 15
A 6.892 100




Aoz ARAEY A FYS54L FHAEARY dde A4
A W AALGF FASRE 22AS] AME s AEZA 2B
g Fmshe] YA}

AAQEY A4 A9 Aoz mot AA W AgH wHHY
dol 9 F At

AHggold we o)FHA Fu AP 2E AAY Y4B
Hoz ALgSAY ohud A AME FAFUN AASE 59 7
g e dRER drdAd FHAD e Ao Fefolx, v A
de vy BFH FAFrol™ F29 W Honl nHY A4
b okl A Azt MAL $AYo] aTHE Fe] Yot

Ty 24} 23E HW 00 Axe] 2EA o F4BF Ao
W@ Age T Al Yol st 4EE AW GeH ge Ao
A7t T8 &, 2002).

(E 3-8 ol <J3d AHAAY A% AY=Ts, WAL 2 Do)
o 2A4eLe AW wgon W FYAYe A 8RH 2w
agoly exe AN 27HT FA FLE BAAYL 72 %7}
FARZ o2 Ugou v AATAL 2%l RZo SSAT 1
oz, 42 F43 S @A 39¢ B2A F45n Brhetse 22
Age) AHLFAGH BHaLst e Hold FUYH HH A
3 Az vl AYFYS WASTY FJA42 FrhA

aelm, 2EAARLLY A9add BE 54 eta] s Yy
d YR = R Y, T W, G A, A5, AL, BE 229
z, 7l FAEYHH 82 ol UF TEH DL B4 AAYZo
23 @ ZEAAYEG 992902 22a90n o7A Ao HolEE
Aol oy 22AAARe A9 7z A2 FLAYC
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(E 3-8 34 A4t MAA e
AR 2FAVY ¥

N8+ &5 BH A i
(BEREF Z=¥) | (HIAF =9, 249

Y27, AuAY 27 % 19 %
Agd 2 #AE3 24 % 16 %
ex 17 % 21 %
2 15 % 22 %
2wy 8 % 6 %
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FHFE 72% 42 %
A% Ao 54% 2%

22, ASAEE 2l meste] YT A VEE, U9 SUE,
39599 oS, FYol NG YE =7, HAAY A Dol R 2
A, Agel dF AR, FALEBFCIAA 2, 43FA, TLA, 7]
B dd¥oz 458 Mas BEE 49, A48 (M4 9, 1Y, B
4 2 5), 39 AFYE Fo| 373 w9y £ A vk

32 AALEL AL ANTH 994 WET AP

ATl NPT AT HH A¥AH W £7Y AL ARG E
A b ge REe sasts AXd O PrE WYE Assao
Ag7tA 2% dotd AuAde FnE SPod =R 2he =
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1 AZseE fgPasd da FEF 2 HYrizro EE Jdky
B7h A3 2APAe BRI A L] A 2 vy Ho YEehvn
ARFFHEY =2AHEE UeE)E 325 AS & A 22X
o BEHEAAS 1 EAFoRE AN AT Aol 2 F Ao,
metx, FdA =Ed ZF AAYFTHE AT AEAAY ¥
FAAS diF AAFAE 7A€ nHFA 719 o7 7HA] Hrt

FT 5 A 2789 AAYTY AFHFI AdA FHE M Mg
=7} ¥-& KOSHA-A(KOSHA CODE H-28-2002)& 24 = 3o HzA
AFT8E 98U AR AASE GFA HUF A=F 48w 2
g3l g L& (E 3-9 4A 2EHA H7F (Upper Limb
Strain Assessment)& 7|&3F 4t}

NS ¢3 Fug FrlETES B =59 AALFE A2 "o
A€ SI, RULA, KOSHA-A, ANSI ¥4t o}y Ergonomic Risk
Assessment: Preliminary guidelines For Analysis of Repetition, Force
and Posture ( AM Genaid, A. Al-Shedi. and R. L. Shell, J. Human
Ergol, 22: 45-55, 1993914 wHE3 o Aelo] i 7ES Fasse
3, Rapid Upper Limb Assessment (EN. Corlett, University of
Nottingham )9 A Ao W3 71FL F 139 11, The Development of
Action Levels for The ’'Quick Exposure Check’(QEC)system (Robert
Brown and Guangyan Li, University of Sunderland)olA] o}&j¢} 2
A8 2EHQ HIIRE ALIAT. EF FIAAY FAHAYELS
Score Sheet for Ergonomic Survey (EHSP-007 2, Rev.0)e] ¥J7}EE
FaLst .



(E 3-9 4A19] 24 HZIE (Upper Limb Strain Assessment)

4 A BT ZadA% (1)
Gh.haal A/AF cm, kg |[FAFF (2)
FAA R Exper) Z2 4% (3)
a A% 599 | b xedzcl A% AF |c E2A] d
o9 2 A1 ZE L ES s AzlHS
el A¥AR 712 2 [,,] 4 b
h M| N axed ax3d  |F5|bx2|bx3[bxC
u]q_} < o]z\ol- A4t
A |1 Ee weagasz MwE| 1| 2 | 4 s\
T A%a ewadsAac el 1| 3 1
%(“;q 50%] AH/14} o] &) :
01;':12-) 3. awd waagEaneel| 1
77 95060] /14F0] B)
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¥ AA/15% | BAN58
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&ol =2l 42 2 32/15% | BA/158
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- R 15002 ©] 4 | 20003] ] 41
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C. ° A2 /158 | H=/158
A4 16 Ar Ztxr} 60°-100° 8 05| 1 5 5% o)A | 108 o4 i
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(Upper Limb Strain Assessment)-A <
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[0 RAPID UPPER LIMB ASSESSMENT (RULA)
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O &Y 23 %= AE (Job Strain Index)
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. duration ZpA| &x
Rating (Zx) (Efforts/ . per day
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1 oFgH(light) <10 < 4 o] &-F & w43 <1
1 05 05 1 1 0.25
i 35 10~29 4~8 =5 =9 1~2
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1 1 1 1 05
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13 3 3 3 2 15
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[1 ANSI Z-365, Quick check
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0 1 2

0 ] 2
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ABSTRACT

A Study on the Evaluation of Ergonomic Risk Factors in

Musculoskeletal Disorders at Electronics Manufacturers

Lee, Dong-Kyung

Major in Ergonomics

Dept. of Industrial Engineering
Graduate School of

Hansung University

Work-related musculoskeletal injuries, which could result in
disabilitites, have been a common health problem in industries. The
full scope of the problem, however, is not defined. Few studies on
the quantitative assessment of ergonomic risk factors are available.

The purpose of this study is to develop a new ergonomic
evaluation tool for electronics manufacturers in Korea. The new tool
1s essential to evaluate ergonomic risk factors associated with the
development of upper extremity cumulative trauma disorders from the
repetitive work environment

In this study, the occurrence of work-related musculo-skeletal
diseases (WMSDs) was investigated by using questionnaires and
interviews for 385 subjects. Then, the jobs from which workers were

identified as WMSDs symptoms were analyzed with ergonomic risk
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assessment tools including Strain Index (SI), Rapid Upper Limb
Assessment (RULA), ANSI Z-365, KOSHA-A Code. The relevance of
pain and discomfort to work postures, forces, static exertions and
frequency of motion was examined through the comparison of a
body-part discomfort survey and ergonomic risk assessment.

The results of the relationship revealed some limitations of these evaluation
tools to the electronics companies. Therefore, a new tool for evaluation of
ergonomic risk factors is required.

Upper Limb Strain Assessment (ULSA), a new tool, was devised
through the examination of the relationship between the result of
body-part discomfort survey and ergonomic assessment tools such as
SI, RULA, KOSHA-A, ANSI, and other quantitative ergonomic
assessments including Ergonomic Risk Assessment : Preliminary
Guidelines for Analysis of Repetition, Rapid Upper Limb Assessment,
the Development of Action Levels for The ‘Quick Exposure Check’
(QEC) system, Score Sheet for Ergonomic Survey. The ULSA was
tested at 10 industrial assembly jobs in 5 industries and was proved

its potential efficiency of application to industries.
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