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T glo] el st} Sol&er
WA @AY @717 2l ofato]
gk gaolA ThE AAE olFAlTIE &
A W FEEARES o] 7
2JeHg stollA sk, s =9
Agieol] Rk o® FolgdEl= A9,
FAE A w= A4, #4de] A
A HH(spool) & ©lEshs A9, 1%
o] Aol w7l s Fol&Ee
A9 & 8leEE wel A HIEE F40
EE= A} soltk

n]=e] A AR B 5 7P Rl
AspA 2AskaA (A9 36%), 7FE
nlgo] wo] S (KA 189 35%) &
o] e T 2o (Leamon and
Murphy, 1994,; Murphy and Courtney,
1996; Dempsey and Hashemi, 1999), ©] &
M= 7] 29 (lifting)S T5-EA
7 A T 40%E 2L Sl (Ciriello
et al, 1999).

Ty Aol H2 A
212} (Muscular Skeletal Disorders: MSDs)
o Qg 4N AP} 5l w
gt ojol] thgt o] obA|a =), A
A= 2001 AFIAe A=Al 2fahd,
AA Q5 AR 421785 3%l 2
Sh= 1,384780] LA Ao R AL
E.0m 0] 200050l H]3l 28.6%7}
7k FAjoln) olelet = AA Ag
o] oF 80%7} HHEgou Feet F2
off gt Aoz vERt=t] (2001 AF]
AHLJAZAD, of2fet whEg2fol 3}
ot w2 eehs A%1e] diEol
TFEEAEE Aol 1 FelM 271
2je] 7V & HE= ApAlskaL olot &
T Qit} ot FEAA A3k Tk
ZHQIERE ofe} 7]do ]y %7ke] Z3Al4
Eds 7T eA Ha, v Afele
T4 Agke] 7Hg 2 dglofgt & ¢
e et FFo R Q18 gk oF $10
billion =7t FHAEC gt A3in]&
o7 AEHe ZoE AESH
(Liberty Mutual Research Institute for
Safety, 2002).

TeEARE Al lolA keEt
o= A 471 A7ERe] AeE 1

Atk A WAl ATl s
S4% Aok 984 A7 (Epide-
miological Approach), 7 WA= Al
= Aqd el et Aoy 5571
& AIAS] AZIA} U A] 28] 7]
Z=2 ok AJg|g- A (Physiological
Approach), Al RIAE QA 53] Q540
571 452 (Compressive Force), &
©F(Shear Force)s2] AA H315 o]
Sl AlAl|98HA] 15 (Biomechanical
Approcach), 12|11 vpx|Eto 2 Froi7] 2}
HzzdstelA ket SolEE 7 Sl
HAdeds 24 o v A3ls Fat
of Z} 7§Q1 AAt Aslelksely A
WS A ) whe} 248k 1A
284 A5 (Psychophysical ~ Appro-
ach)°] Slck.

=71 AelA Bl 2 (Asymme-
tric lifting)- &12]E HlEo] EU& &
ook SR thA 2R} (Symmetric
lifting) HT}F ER o] ek Ao &
24 Sltk AR deld 571 Ae &
m 7hsahd vt A}l shA] oS
W& A7) sk QAL ARA L
AT A 5ot A9
gz ow Qlslo] o = glo] ¢
S HlEofoF sk vt As et
of 3 797} vk, 53] A gito] &
e oMol e A - F1z]ie]
A<l ezt 3 4 Al

n=0] 79 AR A S
ol gste] Bty =71 A}l EE of
2] 7H] 2049 571 Aol st @
& A7} o] Fo] Flou; o] BF A%
e WdoZ AsiSl7] whitel A=
TSt MRS 7o o Akne) & 4
2Tt (Mital and Manivasagan, 1983; Mital
and Fard, 1986;, Garg and Badger, 1986;
Garg and Banaag, 1988; Mital, 1992). $-2]
Wele] 29, AR P A
ato] 571 Aelx FH ]85 Maxi-
mum Acceptable Weight of Lift; MAWL)ol|
ch A7 @19 ARl A
(Physical Work Capacity; PWC)®ll tht =}
27} QAR A 0 = mujgh AFo]H
(FE871, 1997; B 5, 1996; -8,

r

1997; o]¥HA7} Bt3]A] 1995, Adta
4871, 1997), 53] d=Qs dfdow
sk 2ol dist A= AL o] F
oA)A] o1 Q= Aotk |4 s-2vt
2ol 75 571 Aol dist ok 7=
u]=29] NIOSHS] 7158 AMEslal QA
gk o]gfgh 7o) 1] EAJel A
5k QP 71ER1A el thg A HEet
st o] 5 Fsly] fletoiA= &
U] W& A7) leslojop & Zlo® A
ZHet,

2 A= AR S A
ARgE] AT A F Bld
Hs 23 =7] 299 oy 24
stolM At Az A4
A 5% = Hois 52 10

¥9 BN o flo
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RS AMAEEF (Oxygen consumption),
s T(Heart rate), THAEHE

(Ratings of Perceived Exertion; RPE)E =
gato] Al nidEAS Wl
4 sj91om o] Bate] Seluket 4]
Ae] £7] AN AES ANA &
I A #E 7FskA] ok sk A
Fo) 7S Wkl B3] HaAt g
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¥ AgA= gt o] IAHE o] &
F3NAQ FRE Foto] YAt Fo

WA 9 s 25l ool §
H ARS AlQekar A, Al AAE
< ek A A%t 6189 gt o
S AT Aol Fejst 9 4
A=Al AdFofu7E A=
7] ARt AlA e 9 543 et
7] 913l 712491 QAISA, & (Isome-
tric strength) 2! AJ2]eH4 24952 (PWC)
< S4selomH, ol tigt A7 w1
off BojF=a1 Qlrt. 9] AEA} Z7ke] A
g A ES ARA  EamH
(bicycle ergometer)oll ©]3F WHAF-E17H
(sub-maximal technique)& ©]8-8t] =74
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519101 (Astrand and Rodahl, 1986), %34
E(isometric  strength)<>  Ayoub et
al.(1978)%} Chaffin(1975)0] AR&-3t W<
neh Sl ¥ APk B 9
< 2374, Bt A% 173.7en, Ht A
69.5kgolgl oM, HTAARE (Max.
oxygen consumption)<> 83t 2.76 /min, Z,
2], o7, thel, 3t 22 29.9%g,
65.1kg, 31.9kg, 107.3kg, 97.1kgo12ltk. ©]
= 71E8 " A=t Al HolA
o e & AT (HE711997; &

T8, 1997, 48t 2471, 1997).
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B oAqtolq Akgg Asl7)7]9] AL
A0 AR e ks =4
a7 al-] CORTEXAFS] METAMAX
uA] dikg 54715 ARS8, A
2ghy AQd5ES S5k SleiA st
A 249] 7}53F CATEYE ERGOCISE
EC-1200< AMEQIT 854S S8l
A= Jackson THH7FAAEL (Jackson
Strength Evaluation)= ARESISITE =71
Q] Al AR AR 719 <lAlE]
SHA QdTol|A] o] ARSEoIA AL Gl
7} 46cm x AJZ 30cm x 0] 30eme] &=
o7k Dl LdAlolH, MAWL
S S Yt dFulEy, = 59
B2 909 FAE Fhjeiith &
ot &3} AE] 2 (Styrofoam) S ©]-8-319
FAL) FAle] dAre] FAell oA 39
o}, A= 712 180em X AIE 80em X
90| 76em (floor to knuckle =°1)¢] 24
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2 Aol 9] =W E (independent
variable)= 2RI = lifting frequency) 2}
27 S (twisting angle)7F AREE S0,
AN 2 13, 33, 5319 =71
As Akl AgAEE 5l
FEH Y5l wht 0°(thE), 90°(RIthd
A2 =71 AYs Bt ol
& FTEH9(dependent variable) == F Ul
585 % AtET, AR T
AEHEE S48tk 271 A ¥
9] (lifting range)= HFEellA] 76cm (floor
to 76cm) = S} 01, o]i= UHFA o7 At
Aq&gelx 7 de] 2hol= Al
FolE 7IEoE g AoEA, dnkd e
2 &1 9] (knuckle height)E 7]
o= gk ol 7] APAITES 84
ZH] AAAIZE A 1A A S VNS
= 3l ol & Al s FE =
71 A4l A9 1Ak 7129 Ao st
ol 7182 07 dofuh= 97 A
oM ol dofid 7 Q7] whizo| itk
7k 9] AgAk= 6319 =71 A8ls 74
9 AR A siglon, slel| gl
=7 ASintks skeF o, d e 57
A9 3 Hask of e FA dE TR
apoict Adale] B 2= 2224 C,
AUF L 45-55% 2 A3k B9ttt

£ AFelME o, i =71 44
& +4517] $15F] randomized complete

Table 1. Summary of the characteristics of the subjects (N=6)

block factorial designs ARE-3F .M,
SASZ T3(SAS v8, SAS Institute, Inc)
= AHEste] FAAEE SSith

7] A4 Aol ekA 9] AR 7
A} 715 23t 712AR1 IR =
S T, Ao Bt 79 ARRS AP
afal AUl disl Fs] AAAIA
o WA ARA o2 a1v]E| g META-
MAX olUA] tiAkg S4715 ARg-stol
ko) ARA RS S7d0lo] 9] A
A=9] A Asd, S Hf Aka
A2 RES 39351300 (Astrand and Rodahl,
1986). ¥ AAzke] A Lee 7k AlA
91 (Z, 82, o, v, B E
339 SAsto] 1 oA 7 & 2
I 399 fgow MuEssitt
(Ayoub et al, 1978; Chaffin, 1975; Yoon
and Smith, 1999).
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Fxpz0] 7] Aol A53EE )
9Jekod 7k 3] AR 25l A F 63
(18] 1A17h ] F57|7ke 7H 0, o]
717k 2] WIare} Zbe] wE ofe
7 271 A9e A8dE i AF At
of tiaf oJsel A%=S 3iSirk

Sook (1978)¢] ARg-st QA4 A
T ARESte] 1] AAkeol 7 &
7] A 27014 1A17FE3E Aehe B
oF FalaiAY, ¥ ZaHA] ¢kt vl
76em AATh7HA] WHEste] 5o &Y
e Ao Eads AYtes st

A=

Variables Mean SD
Age (yr) 237 712
Weight (Kg) 69.5 6.4
Height (cm) 173.7 28
Knuckle Height (cm) 75.0 1.9
Physical Work Capacity (I/min) 2.8 0.3
[sometric Strength : Arm (kg) 29.9 1.5
Isometric Strength : Back (kg) 65.1 8.9
[sometric Strength : Composite (kg) 97.1 10.6
Isometric Strength : Shoulder (kg) 319 3.6
Isometric Strength : Leg (kg) 107.3 132
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3ﬂ 2, 53] ¢k T} vtk 2kl
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1ol Aglo] 3 oF 45emE 418k
E5 Adakseldl FAAR Szl
AR 289 AT Bz 23l
Hie QX2 o) FAIA ST B
<& 7t 9] AdA 242t Ae = 7 9l
= WS ARESHES SIS (free style).
7] 247 271 FAlE A} okl
FAR T olgate] o= JPEA
SHAY 52 FAA st 3] APt &
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= 20|14} sigltk 7 Aol =
7] A Az w9 A 30 SR
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oJE& AREA](analysis of variance)<

Fl FAHOE EAFo 1 AWE 3

of Qoksto] KHojFal gtk s &%
o] 734 A7t e} AQIRl o] tiE]
B gt 2folE Bl (p<0.005). 4
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Table 2. Summarv analysis of variance with MAWL, heart rate, oxygen consumption and RPE as the dependent variables

(Pr>F) (N=)
Variable MAWL Hear rate oxygen consumption RPE
Frequency 0.0001" 0.0001° 0.0001" 0.0001"
Angle 0.003 0.92 0.85 0.43
Frequency*Angle 0.88 0.98 0.68 0.90
* Significant at 0.01
Table 3. Mean maximum acceptable weight of lift (kg) at various frequencies and angles (N=6)
Frequency (lifts/min) Twisting angle (deg)
0 90
Mean S.D Mean S.D.
1 30.6 597 253 3.04
3 25.7 3.04 22 2.44
5 229 2.56 19.9 3.36
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Table 4. Duncan Test for maximum acceplable weight(kg) by frequency(N=18)
Grouping Mean N Frequency

A 278 18 1/min

B 24.0 18 3/min

C 218 18 5/min

Table 5. Duncan Test for maximum acceptable weight(kg) by angle(N=18)

Grouping Mean N angle
A 264 18 0°
B 24 18 90°
9. A% kg oA Akt (p>0.9).
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7kehE FAIE Hlom BAACRE BT vk A% Bkersl miErA
93k 2ol & BT (p<0.0001). AL 2 ARARE] Qo Ze] W]
ol tf$t Duncan BIAE AdE 370 ofsh 9020l Aols RO (p<
ROl Qe Z WEgr) 188 0.0001), 2 2] uhE Aol 5414
oM 3802 Z7Ie A AEEs o2 fofst Aol Holx|  ositt
T 13% A SISO, 182l (p>0.5). 37 ol ek 2¢] RIS} 13]
A 58AEo R S7F A9 AT ARelA 38R R SN A Ak &
°F25% 7 BOITh sHARE AQ4E BERE °0B2% 2] S7HE Balon, 13)4
o] Z7kell JloiAe] MAIHQ Ak oA 530 E ARG ST A
o] WM3h= SAFCE Fogt AolE - <k6d%7t S skt

kT

4. 2] g Aol ik T4
2He

7} 2k 270l Wk RPE Fholl ot 3
3} FFHAE F6o] HolFa 9tk
AAA o7 AN L7} S713ke| ule}
RPE #t9] $71H5 & 4~ glom FA1%L
2T I3 2Jo]E BT} (p<0.001). ¥7
9] Duncan H|AE Aol oJahd, 13]/%
ol o y]A8zke] RPE gk 12.1, 33)/4
Auf 13.1, 588 A 14.6 olztaL o
ool ol 18%d A% 18 A2
A e FdYolgtas WA dgkon,
33)3e) A9 A o= A= P &
% (somewhat hard)”, 53)/%-29] ¢« &
=24 (hard)” ©]Th= Zb& on|sittst
Ak 2] 2ol whE Wtell= B
3 A9 75t 4] v HORPE 7t
& 7RI o BAIAH 0 2= o3t A}
ol& Mol ookt (p>0.5).
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Table 6. Mean heart rate, oxygen consumption and ratings of perceived exertion when lifting MAWL at various frequencies and

angles (N=6)
Heart Rate (beats/min) Oxygen Consumption (ml/min) Ratings of Perceived Exertion
Frequency n 0 0 0 0 0
o 0 90 0 90 0 90
(lifts/min)
Mean SD Mean SD Mean SD Mean SD Mean S.D Mean SD
| 100.7 43 101.2 94 655 44 718 165 12.0 8.9 12.2 0.8
1134 8.7 111.8 114 898 158 895 165 12.7 0.8 132 1.0
5 127.5 6.8 124.8 109 1175 142 1070 112 143 0.5 14.8 12

Table 7. Duncan Test for heart rate, oxygen consumption and ratings of perceived exertion by frequence (N=18)

. Heart Rate Oxygen Consumption . . .
Grouping (beats/min) (m/min) Ratings of Perceived Exertion Frequency
Mean Mean Mean
A 126.2 1126.7 14.6 18 5/min
B 113.4 909.4 13.1 18 3/min
C 1275 688.9 12.1 18 1/min




of A&7t wor, o= vt A%
s} A 0w vlwspels 71EA 0w
AR A Al Qls) & 9
n7b QL& Aolth FY1e 75 obd7t
A 57] Aol digt QlAdeEry AT
7} ol o]FofA| 1L A= EANE -]
kel 5= A 2 At o)Fo]
A gk (1E7), 1997, A8k 7187),
1997; Wu, 2000). A3 Q<lEo] 4
UA|EHA] kot HEet vl E 5

=

A9 Hje] §5% ahs 2> T
ZA T Avs} vlws] 2ohd, H38
oAl Biznke} o] 2 Al Hojs| -
o] e AAxhoIN T A7
2] oF 80% JEE HATH (Wu, 2000).
ol T A7 7] AP dAEHA
o2 AE wFEte] ¥ 7] gt

Aol AA| 21 B8 F314
2 QQloAHE AEA Q7]
Aok gkoms feetel FAe

o531 §It} (Mital and Fard, 1986; Garg
and Banaag, 1998; Wu, 2000). =, <] 8l
E=eh A9 ATt SrHEEE s
SFE fache AE L AT 2
P ME & 5 AT

2 oA e] Al srol
ke AR AR 9 818 T et A
ks W 9191 120-130 beat/minE HA]
31 2191 (AIHA Technical Committee,
1971), 2] WIS} Z7Veke= 24 up
& TS SRR 7)) ATeEds
2L AYE BT Yk (Garg and
Banaag, 1988; Wu, 2000). SFAI%E Garg
and Banaag (1988)] Jatd 2H9] 747t
S7/kepd Ak E FAN R 1o
Al TR silon, Aol
AR Skl digk SAARL
A2 AT 5 glodek ] A
Sl gt Aol dAjskal
=l (Wu, 2000), o218t zjol= ofe
7 AR 23] Afelof wE A
WAL o] Tt A|£4]Q1 A7t 2

=
£ 4

o] T4 EHE(RPE)Y] 49 24 HIE
T7h 7S s AUt SAA R
ToJsHAl F7FetS o o] 71| v
A} gt 7S BT (Garg and
Banaag, 1998; Wu, 2000). 7]&S] A&
W= A 7L REE B8] 5
7l S T AoE EEeH
(Garg and Banaag, 1998), H|th %12
2 hEA Bt SA4cR ¥ ds

Table 8. Comparison between present and past studies

Al =2k ¥ AR ke B
w21t} (Mital and Fard, 1986). 3HA/qF &
AoM= RPE ] frelet AlolE
At Ftole, ol & A7 A
AP Wsks W] 0°9F90° F 7HA
THE At 71918 Aol opdr) A7t
Hrk o] HEgk A|&AQl A Feek A

V.d &

B A Qe WS A
of HI =71 A (asymmetric lifting
wl & Qe of2) 714 57 24l 22
o4 1412 A91A18] Hekel 85 2 1
o] APEES, AR T A
3= Ao dist T34 EAEE T8
Wk Sk £ TNl Asksl 7]
= 7o) Ase B vhow go AR

1
2 98 % 3k

A, A 8RS 5] s
o) visjoll Q- Yo TR AR}
5% Alel e 3e A 4

W} Z7he] sl g5 1)
2% ATE AR AreRd
RPE 4he %71t

S, AU 49 2wl W
sjoll Qe worz wgg A9 7}
b e ArlslgEe Adt
SPARE AR, AR RPE 2
& 2]z Qe WA sl 3

RE71ES v el At Bt

Present study (n=6)

China study (n=13)"

Fr]giclle?i , Twisting angle (deg) Fr];itl?ngc ; Twisting angle (deg)
(lifts/min) 0 %0 (lifts/min) 0 %0
Mean (S.D) Mean (S.D) Mean (S.D) Mean (S.D)
1 30.6 (5.97) 25.3 (3.04) 1 38.19 (7.55) 33.17 (6.15)
3 25.7 (3.04) 22.2 (2.44) 4* 31.62 (5.16) 27.49 (5.16)
5 22.9 (2.56) 19.9 (3.56) M 49.28 (7.87) 43.45 (6.76)
FWu, 2000

* One-time maximum



o} o) wlth 57 4] A) 23] Zhee)
F7he A A5 g 714
9 Fa 29 39 shieh B
RiME qF & Aojtt (Garg and
Banaag, 1988; Marras and Mirka, 1989a;
Marras and Mirka, 1989b).
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