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Psychophysical and Physiological Study on
Various Lifting Tasks
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ABSTRACT

The muscular-skeletal disorders(MSDs) that have become a major issue recently in Korean industrial safety area are
mainly caused by manual material handling task. The objective of this study is to provide scientific data for the establishment
of work safety standard for Korean workers through the experiments of lifting task under various conditions, in order to
prevent the muscular-skeletal disorders in the industrial work site. Eight male college students were recruited as participants.
Three different lifting frequencies(1, 3, 5 lifts/min) and three twisting angles(including the sagittal plane and two asymmetric
angles; i.e., 0°, 45°, 90°) for symmetric and asymmetric tasks, respectively, with three lifting range from floor to knuckle
height, knuckle to shoulder, floor to shoulder height for one hour's work shift using free style lifting technique were studied.
The maximum acceptable weight of load(MAWL) was determined under the different task conditions, and the oxygen
consumption, heart rate, and RPE were measured or recorded while subjects were lifting their MAWLSs. The results showed
that: (1) The MAWLs were significantly decreased as the task frequency and task angle increased.; (2) The heart rate,
oxygen consumption, RPE significantly increased with an increase in lifting frequency although maximum acceptable
weight of lift decreased.; (3) The highest heart rate and oxygen consumption was recorded at the lifting range of floor to
shoulder, followed by floor to knuckle and knuckle to shoulder.; (4) The RPE value showed that subjects perceived more
exertion at the high frequency rate of lifting task and lifting range of floor to shoulder height. (5) The modeling for MAWL
using isometric strength, task angle and lifting frequency were developed. It is expected that use of the results provided in
this study may prove helpful in reducing MMH hazards, especially from lifting tasks for Korean, and can be used as a basis
for pre-employment screening.
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o] BE o]F 1 Q) 53] Az EF(EF) okl
Zidlolo] MERRE XA olF, e &
20 HATAIE 7] SAl-5S Q3= FEEAFHT
(Manual Materials Handling: MMH) o] o]#3] o]&38F &=
whol] gle Aot

FesaAFFol# ofH EAE el 95l 5o &
A gAY UAY G7IAY 24k 9)5e] 8t Ao

L

A9 E
= 2, Aol A= vk (spool) & ©ls3shk= 2,
Fdo] Hdlel w8k s =
)AL HEE Zzto] 23
vt A, HE FEAA
Disorders : MSDs) 2.2 <13t ¢
E} ool gt TAlo] l"“o}x] SlE=d], 20033 A A
ZAbell gabd, A Jid AR 8,640 F 51%°
EO]'T: 4,439 0] ZF=AA @%OE A Glom o]=
20022 1,839ef nlal] 2u) o]ifo] Frhek 22914,
olget T A A7 oF 80% 7}t RHgEo|y st T
2te] st Ao 2 YeRITtH2003W ARdAlE Q1A o]
23k WHEEao|u Hriel Fas @ 7ok A dii-E
o] FEEAFT Aoy, I FollA &7 Aol P &
Fis At ok & 4 gl 58] vgiE &4
(Asymmetric lifting) & 3125 H]Eo] E1S 5o &80k
stE 2 3 2] (Symmetric lifting) Rtk @4 o 93
Aor dejA Qv olelst 7] A 23t E5EAk
AT Yo sto] ZEAA A3 b= N of
Het Z14ovt 57ke] AAA E4E 7E A Ha, v=5e]
ZAg-olli= F=AA Agke] 7P & dlolat & < Q= ¥
et B2k R Qs Azt oF $10 billion JE7F FHLES]
Al g0 7 &= Aoz FAME S Annual report
of scientific activity, 2002).
uj=ro] A A e s A+ W (Psychophysical
approach) & ©]&3ato] H|thd 7] &g x33 o] 7}
A z2elM 2] E7] Aol dish B2 A7) o]Fo] Hon,
ol W AeklS aro R AEE 7] ulitel & wat
Aokl 7l R 3 Akgel & 4 glok(Mital and Mani—

Hﬂxm FEe) o

i—J

vasagan, 1983; Mital and Fard, 1986; Garg and Badger,
1986; Garg and Banaag, 1988; Mital, 1992). -%-&u}+9]
735, A e RSkl 57] ZdelA HlE
=2 (Maximum Acceptable Weight of Load; MAWL)
of T3t A9} dt=elo] FA1A 2% Y (Physical Work
Capacity; PWC) ol thst 2k=7t AR A8 o= wjn)sh
AAdoln (7171, 1997; BHAF 5, 1996; &8, 1997; 4
gt 1%7], 1997), &3] d=ds EH%EE I
2ol gk A= A9 o] FolxA] ¢kl gl Aolth
Al ek A9 271 Zdel disk kA 7
NIOSHE] 7I5=& AHg-akaL AL, o]t 7]s=e] §h=<19]

H=

B

e At ok 71EdA ] gt A7t 53 Aol
w o]F FREE] fleiAE & U B2 A7t ZEE ook
sk oz AYztET

2 AFelA e AN A7 WS AMEste]
=T A9 F vl JAgs 23 57] 299 o
Az stolld A Aoz FAgs 5 e A %
= Hdjsl 8 ol wE AR (Oxygen con—
sumption), A8FE=(Heart rate), 534 £ % (Ratings
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Hatol % A} vl

)\Ehg 75;]. UJ x%x%:LEﬂ

of Perceived Exertion; RPE) & &
o 2As Bl ekglor,
(Isometric strength)& o] &3t] Hus| x2S =4
T 0= A et stk Ao AdE Satke]
SEvkEr A9Ake] 271 2R S AdliekA] gk Al
Aol #E 718HA] ok ks Ae] V1Es Fohed &
wo] ¥} it
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A= gt vo] ZAHE o] &8 BAAR TRE
ato] =4 X} FolAd HYAa 2 sy ZFol o]l
9 AR At A, AZ, AANEAS

| A7kst 8“3,] Uz} tehle AAsknh Als
A=Al A7 A FETE A EA] 4l

30 OHTI

N

A e 2 548 Agsty] Yal 71840 JASA, 4
2129 (Isometric strength) @ &7 2952 (PWC)
S F3%r9 o, olo] W3 A5 % 1o BojFa gtk

AR Ao SAA AYsES AdA o=amy
(Bicycle ergometer) ol &3t ©HAIF-517]% (Sub—maximal
technique) & ©]8-3Fo] 57315129 (Astrand and Rodahl,
1986), d& ¥ (Isometric strength)2 Ayoub et al
(1978) ¥} Chaffin(1975)©] AHE-$F Wil wat 57433l
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o} ALY Hyt AL 22,74, Ht A 173.0cm,
A ASE 72.4kgol o, HaAAR ZH(Max. oxygen
consumption)-> H¢ 2.97 /min, &, 32, o7, vz, &
sty e 747} 33.7kg, 69.4kg, 39.3kg, 105.9kg, 101.9kg
oltt. o= 71E8] tE A= A AolE HolA ¢
I ASE < 5 A(FE7, 1997, &8, 1997; e
I 71871, 1997).

Variables Mean S.D
Age(yr) 22.7 1.3
Weight (Kg) 72.4 7.8
Height (cm) 173.0 3.4
Knuckle Height (cm) 74.5 1.9
Physical Work Capacity (I/min) 2.97 0.34
Isometric Strength: Arm (kg) 33.7 6.9
Isometric Strength: Back (kg) 69.4 8.8
Isometric Strength: Composite (kg) 101.9 154
Isometric Strength: Shoulder (kg) 39.3 7.6
Isometric Strength: Leg (kg) 105.9 6.1
2.2 77|

2 AT AR AFI7]e] 74 FAEA] A
AAREY AukE —5,‘—7@ 371 Y8iA CORTEX*]’Q
METAMAX °l|=] Al 574715 AH83ka, Belshs]
AAsgs A3 HEiA FskaA ixéo] ol
CATEYE ERGOCISE EC—-1200& AHg3toitt. +853<
QallA= Jackson ZEHH7FAAE (Jackson strength eval—
uation) & ARESISITE E7] 29 Al AREE AR ANE A
AN A AFEEHOIA L Q= 7FR 45em X A 45
cmx Eo] 21em®] EopAE Adrtoln], &xdolof gt A&
g5 Fo|7] Aall AL AAE Agsiglon] 7]Ee]
FT AR FEHE WskskA gt I ARk A
shtz gglom ol FARTE ARHTE 571 2y Al
A3219] coupling A Bl Good, Fair, Poor2 & oj#]+=
], 3 AtellA AR dAte] &3to] A= NIOSH Gui—
deline®] 7129 2314 Poor?] Aejo|t}. o= AA| 2]
Ao 2 A 7S Eol AREE Y] wiEolth

Ade & APE Al AE As =71 gr] 24

A139717] (Automatic lifting machine)'= /‘}%0}0”&— A, =71

-

zl—cd ]94 X]—CQH ‘:'/-‘[:, A]Z—] o] Z:?H OEO] XI—C{:-]];H ]Z;f_i

Tl AR wa Q9N Ee) 8 ABow JAz
o] 7Fsshes wo] gk WA AASH L nrEl

AASAol717F AHEH AT 1 9] s 8FTFMAWL) &

gal7] flal dFvlEd, = 5o A E 4] FAS

2 AqtoM 9] E3 M (Independent variable) 25 2}
S8 LE—’F(Llftmg frequency) &} 2925 (Twisting angle),
Eo] &)= W9 (Range of lifting) 7} A% 91ck 2414l
SE @A gol A1 gl AN ESFE A
T OESE 7)ES] AT =EES Faste] 9 18], 39, 5
319 271 A4S xR, A9aE= sl HEd
Aol wek i el 0° Bt #9457, 90°= &
7] A& AAEHATE 59 S8 W9 A9dEd 9 7]
L9 AT =S FHAE 3t HieelA 76cm =ol, &
71k #d=0] (Floor to knuckle height)', vFeoll A o7
=] (Floor to shoulder)', 71 A o7l=o] (Knu—
ckle to shoulder)' & 37} H$19] 24& AABHAT

:Loﬂ w2 F<45 (Dependent variable) 25 Hd] €

2 (Maximum Acceptable Weight of Loads; MAWL),
A 8ksS (Heart rate), A2 F % (Oxygen consumption:
Vo2), 874 EH% (Ratings of perceived exertion) &
43tk 57] AGAIRES 84S FGAIZE il 1AIRE
AAE 7o R sl ol & AFelM g 2 =71
21 A9 1A 719 &Yoo) ahpel HdF o o]
= A7 Z&gadelA o gol dod 5= g7 wiEeldl
th ZF 94 A= 2739 27) AdE A AR AY
stglom, afFel s &7] AYRks stES Bk, ok ¥
o 57 AY ¥ FHA4e a7 F4 & FEF SSIth

B ATelM= o, vt E71 #E #A48] lsto]
randomized complete block factorial designs AFHE-3}3
om SASEZ 713 (SAS v8, SAS Institute, Inc) & A3}k
o BAAY 9 2AFE a3k
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=71 2 AFel oA A AAAL At 715 EFe

71EAR QAAAFE S T, AP et {2 AE

Adratar AgFugel disf wﬂﬂ AAAF L A A A

o 2mEl 9} META MAX dlu#] tirlgd Z4715 A8t

of Autpgl AARARES S8t AAPAEY SAF

259, & P traEES A3t (Astrand and
7+ X

Rodahl, 1986). 2 &x}e] =82 7F AlA] -9 (F,

sel, o, e, BRee) = 354 Sek] 1 ol 7}
4 2 2gAg 1 el 2gow AdssrkAyoub et
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al, 1978; Chaffin, 1975; Yoon, 1999). AiE ® 20 Qoksle] HojFa it FHule8-5He A
9 A¥ A} 247+ A=A, 28=4 W PWC =4o] ¢ T A4 %, AAEY 2 AR giE B fost
28 3 120 Eol 7] 2o tet vjAlalxte] Aosd 2po]2 BATHK0.05). ARUES A inek RPES] 7
7 7177ef "8l A58 4 Qe en RS 713 (familiariza— o= AARiESset AR, A4z dEite BT
tion session)©] FoJF o, o] Al7|eAE & S 9l oIt 2ol BATH(p<0.05). ZF FHH o] M7

= X“?Jﬂ Al o] 74A) 57] 23 9 57] Wl w9 neAge B {od AjolE HolA] ¢b= o' v
STHAIE 7HRTE WY 20~30% HE 7] thE SHp>0.1).

7] 2 (Rl gl A]izn=o) sl gl A el R

1ol X o] o] 7hA] o2 zslel dial] 258 A== 22

r rulrl r1m
m>¢ ~ _1>4

O
P

M

o MAWL, AlZEES s, AaAREE RPEO
AN

_I
CHEH ANOVA 22(Pr>F) (N=8)

sglov, E e ol gzt AF Fol F4 Yold 9t
b Aparel] ofgh JMFJTFJ 2 gl il fgolqlth Variable MAWL Hrzzt cog;ynfsgon RPE
9]-012]}-7‘;] ]ﬂ]—i:— 2—;—ﬂ63§;62;j_i; 3T ;Z; :O] Frequency <0.0001  <0.0001 <0.0001  <0.0001
o7 % 2739 ’%7] Aol A FAL S7] 2270 Range 0.0126  <0.0001 <0.0001 0.0122
AN A 7 S AEAp M make] Zeale] o)3] AAlH Angle <0.0001 0.0291 0.0034 0.0287
oy, B A8 AlZ A 9A7E ool B s AFE0] S Frequency#*Range 0.1777 0.9331 0.1803 0.7986
2ol AL} T, 2S AVbEE shelrt. Frequency*Angle 0.9859 0.9902 0.9198 0.4831
AAAEC 7k AAxA o)A 147F Eok DL 3t Angle*Range 0.5191 0.4813 0.6911 0.1050
The F dtel ARlol W B E U DAL B g 09798 09996 09881 07389
o ool A ek WLl wielld Hdigte] = Q= A
5 AAst=E Spgit ZF Aol #]lo] AlEhE,
A 256~30%7H Arke] 94 Aus e A9s] 3.1 AUHESH
fate]l 571 A} Foll AAEA o] FAE T
UES ok, AT AT % H A3tttk Aol ZF Az whE AAdgAe] Hls]8-Fel uigt
el AR e B9 JPAE oF 10~16%4 AQlshe @ EEUAE E 30 BolFy Uk Zunse 2
5 Shgiel, ol ohS} 10802] B3 e (Steady State) 7T A2kl GIgief R 217091 Aol 5o (¢
oM He Tas Raslo] AasrdE AGUESS 00001, ASMESe AL} EAREE HojE 8
SAste] 715k s siglvk A3o] ¥ ¥ Borg scaleo] W sk Zlo® YERITE AdNIESe A9z 7}
& T AEAEE 2, slE, Z, o F9lel RPEA Zho] 8 SNK (Student—Newman—Keuls) EHAE 23}
2 B3 SR aolth @A) mieto® A4 & % 48 3 50 BolFaL Stk Grouping®llA &upulo]

= =

T = =

3 TS 1 Adxdel g AYEESHEoR 7= AR o8 S 7 OF e AR {4 Aot s
of 2 A3 nE AYxae san % #olbias)E HERAT (p0.05), Euplo] ME e A1 11 T15F (bl
= | +
o

W Folzl & HARE BAHCR I8 Uitk AYuEsT) 13
oA 33)/50 7 Zylste] wlel HuE gL oF 15%

fo
ki
[\
w
@]
I+
w
o
37

=
fASG Aol B ¥ Hojs s

4Aoy 9 K et 3”4 13)/32A 53)/FE o7 Z7HS o= oF
o8] 7Hx] WSE o]t AU EETFEE G 9T 21929 HAE Bk A9 A vdd 571 A
T Q= 2S stepwise regression techniques E3) -3 AdaE 7]"r 90° F9EW S T A% gF FA g4
Bzt skl 71 009 ARt oF 10% FEo) HUs&5% Has

B3+, o]+ Garg and Bannag(1988) 2 A3}(21%) X
o ohA A ARe BolFa Qlvh ZjiRlflel webA=
3. 41} & J=Ek floor to shoulderd 7% 7V A& FAE £31° floor
to knuckle ¥} knuckle to shoulder®] 7-$-oll= FAIH =2
FeakE HolA &= TR 6).
7+ 271 AdxzeM e A A dolHes AR
(Analysis of variance) & &3l &A4o% #A=o] 1
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H 3. o JHA| =t HYAE, HY
Z|ti518SHatkg

HeAoM 2 B

H 7.0 JHX gzt HHZE, HAHANAMS B A
S (bp m) (N=8)

IS Floor to Knuckle Knuckle to Shoulder Floor to Shoulder

18/ 33/ 53/ 18/ 33/ 53/ 18/ 338/ 53/

A=) =] iE] iE] B =] =] =] iE]
A A A A A A A A A

N
HIU_E

HIEF Floor to Knuckle

Knuckle to Shoulder Floor to Shoulder

2 18/ 38/ 53/ 1%/ 33/ 53/ 13/ 33/ 53/

7}\: A=} H A=} A=} H H H A=} A=}
= pUS s pUS pUS AU s A A pUS

° 255 206 18.4 232 204 18.6 212 19.6 184
(4.43) (4.41) (344) (257 (2.26) (1.94) (3.3) (2.83) (2.18)

o 906 103.1 1164 870 101.8 114.6
(105 (12.8) (11.0) (9.6) (83) (85  (6.8) (12.0) 8.3

93.2 110.1 123.3

o 230 191 175 221 190 176 214 189 183
(3.13) (2.77) (254) (2.55) (2.56) (2.44) (2.16) (1.65) (2.27)

o 900 106.6 1209 90,5 106.0 119.8 98.7 1179 129.1
(10.7) (10.6) (17.4) (13.4) (15.5) (149 (1.5 (11.7) (16.1)

o 228 188 173 214 188 17.0 19.7 169 15.3
(1.98) (2.67) (3.07) (257) (2.71) (1.93) (3.11) (3.13) (2.01)

. 925 1084 119.6 904 1029 1159 102.2 120.4 135.5
(13.00 (9.3) (13.4) (17.00 (155 (13.0)0 (13.6) (16.1) (13.3)

B 4. vlz40] OE 2 cisiE52at(kg)oll CHEH SNK test 21t E 8. AYHI=0| OE MEES(opm)ofl THEH SNK test Zat
(N=72 (N=72
Grouping Mean N Frequency Grouping Mean N Frequency
A 22.3 72 1/min A 121.7 72 5/min
B 19.0 72 3/min B 108.6 72 3/min
C 17.6 72 5/min C 92.8 72 1/min

E 5. AT OE iS5 at(kg)oll CHEH SNK test 21t

E 9. RAZtzof| W2 AZFEFE 4 (bpm)of| CHEF SNK test 21}

(N=72) (N=72)
Grouping Mean N Angle Grouping Mean N Angle
A 20.7 72 0° A 109.8 72 90°
B 19.7 72 45° A 108.8 72 45°
C 18.6 72 90° C 104.4 72 0°

B 6. MUHR0| mE zchsi 8524t (kg)oll THEH SNK test 21t B 10. ZYZHof mME MFEESS(bpm)oll CiEH SNK test
(N=72) ZAIHN=72)
Grouping Mean N Range Grouping Mean N Range
A 20.2 72 floor to knuckle A 114.5 72 floor to shoulder
A 19.8 72 knuckle to shoulder B 105.3 72 floor to knuckle
B 18.8 72 floor to shoulder B 103.2 72 knuckle to shoulder
32 MFIsS % el folAE HolA) RUTHE 9). Al 2
<9 9A] floor to shoulder7} 7P & AHEE HoHY
7} 2z Ao whE yASxte] Ao gt Aot knuckle to shoulder7} 7F¢ ZH& Aub=2 ®ojFEa Qtt

K
o
M
2 e

2 3 7 BolFa gl & 7oA B ukgl
WEF7F S7Hs Aduksre S78hs 5440
SAACRE ot Aol &
of ik SNK HI~E AyE %
1547} 13]/32elA 338]/E2%

% 17% A= S7¥eklon, 135]/3-14 53/
73% AHEE oF 30% F7HE Btk
7l oAM= i 2t vl 24 7kl
AR = 723t zFo]E B O (p<0.05), 455= %}

N
N
O

f
¥Q N
o
_EL

f
ia's

L

8ol BojF1
D

(i
oy
-1>

T

=
N

offt ~
B
rlr n‘.R

[l

oy
N
sk

2 |0 o | r2

TR R R
)
X
2 o

oft

B ATHp<0.0001).

X 10).

7 Aol e 3 ABAY Ahangel te 3
RS 116 ol v s}
1

TR AR o] QoI T AANiEss
fol& ®ITh(p<0.0001). & 129 oshd
2N E=7) 13]/7e A 33]/F 07 FI18E A kR

=
e
o

[¢]
Jzi
rO
N
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e of 37%9] Z7HE WPOH, 15)/HelA 55/R0R  HolFw k. Aeiulng Aeizhe, Auslel ojs) £
AANESTE K A5 o 68%7F T7h Stk AU Al AolE WATH(p<0.05). AUNES, AT, A

59 A5 i #AdH vt A9 7elle FoE Aol
Hlou v 2y el SAIMCE {2t AfolE X1

¥ 13). AW 4% floor to shoulder &+
?Jo] 7pg At rgro] wWko ™ knuckle to shoulder 2
A Al AbnaRFo] 7P HUTHE 14).

B 11, 0f2f 71X WESS NAAE, NANIAM BT Lo
D2(/m) (N=8)

flell gt SNK HAE Ads % 1 ~18°ﬂ B 3l
=, 2N ES71 53]/mind A "gE0 (hard)"1 =

221 33]/min, 18]/min o]tk Bl 29 1kl &
AR 22t glo] "oj= A% 3=tk (somewhat hard)"

I =73 YT

E 15. 03] JHX| oot AYZE, HYHRI0|MS| B RPERL
(N=8)
FIR=ea

HIES Floor to Knuckle Knuckle to Shoulder Floor to Shoulder
Ean 1]/ 33l/ 53/ 13/ 33/ 531/ 1]/ 33l 53/
Ean = = b b b = = = b

=7 Floor to Knuckle Knuckle to Shoulder Floor to Shoulder

18/ 33/ 53/ 13/ 33/ 53/ 18/ 33/ 53/

= i = = = i i T =

2

N

o 0.63 086 1.11 0.62 0.83 1.06 073 1.05 1.28
(0.06) (0.12) (0.13) (0.06) (0.09) (0.19) (0.10) (0.12) (0.09)

o 111 123 141 12.3 136 145 11.3 125 141
(1.0) (1.03) (1.25) (1.03) (1.41) (1.6) (1.48) (1.20) (1.46)

o 070 092 118 0.65 092 1.07 0.79 113 1.30
0.10) (0.11) (0.12) (0.08) (0.15) (0.19) (0.06) (0.08) (0.13)

45° 115 139 144 124 138 145 126 136 144
Y092 (135 106 (15) (1.16) (1.93) (14D (1.19) (2.13)

. 074 093 1.15 0.64 0.86 1.10 0.84 1.16 1.38
(0.14) (0.15) (0.12) (0.1 (0.20) (0.17) (0.14) (0.18) (0.18)

, 120 123 139 124 135 144 125 13.6 158
0.76) (1.83) (1.13) (1.5 (107 1.3 (20 (213 07D

H 12, Y=o ME MaA22K1/m)oll THE SNK test 22t

(N=72)
Grouping Mean N Frequency
A 1.18 72 5/min
B 0.96 72 3/min
C 0.70 72 1/min

E 16. ZYUI=0l THE RPEZLO| CHE SNK test ZXHN=72)

Grouping Mean N Frequency
A 14.4 72 5/min
B 13.2 72 3/min
C 12.0 72 1/min

B 17. 2YZH=of mE RPEZION CHEF SNK test ZIHN=72)

H 13. 2HZ=0| T2 AAADREE(/m)o| CHEF SNK test A1} -
(N=72) Grouping Mean N Angle
Grouping Mean N Angle A 13.4 vz 45
A 097 7 90° A 13.3 72 90
A 0.96 72 45° B 12.9 2 0
B 0.91 72 0°
X 18, ZAH0f E RPEZ CHEF SNK test ZZHN=72)
E 14, BHO0of 2 AAADEE/m)o]| O3 SNK test A1} Grouping Mean N Range
(N=72) A 13.5 72 knuckle to shoulder
Grouping Mean N Range A 13.4 72 floor to shoulder
A 1.07 72 floor to shoulder C 12.8 72 floor to knuckle
B 0.91 72 floor to knuckle
C 0.86 72 knuckle to shoulder
3.5 meg
3.4 X0 ZHE EHE(RPE) s ofel b 1 A A g s

Lﬁ 57'] Oﬂ [q-_— _,L])ﬂ 3] 11_7]_ 1__7]] A ;(Lg 9] A i‘ﬂ;ﬁl (?l
AE(RPE value) o] o8t H#3 TFPAJE ¥ 159

3=
=]

(i J}L

ZAzFe] A AL (isometric strength), ZIHIES 2]
2ke] 71, wRAE A F9E F LS 3] ]5} ASR=IA

25 wHEo] Bk Atk o] e ATt (Wu, 1993; Jiang
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et al, 1986) X = =2]% ute} o] Hdjs]| gz A5
isokinetic strength(5%4 %)Y isoinertial strength
= %31 3749] isometirc strength(5HA 28; FA29)
Hik= £ 9 £2 2498 48 7 ok sEveke A
AAEA] JAFEE Tk AU 5] FAE A7HA
FIEE, B AFtelr= ol 7R A7) sAA
o7 Q3§ FATHWE A I HUlsE5EFS FA
Bz} stk # 199 stepwise regression technique<
B3l 2 57] Aol s EsHE F5k= A

.
& A3 Qi) ol BAREE 23 o B doly
9 972 Fa webo] 5 Row AzHT,

35.1 2Y A0l e ZS(validation)

B 19, M3, AT, MAYELS 0|83 05 Y4

Range Model R—square
(model 1)
Mawl = 8.30 —0.0246 x Angle — 1.4989  0.6344
x PFR + 0.2525 x back
Floor to
Knuckle (model 2)
Ln(Mawl) = 2.4456 — 0.0015 x Angle
+ 0.0067 x Comp - 0.6494
0.0456 x PFR
(model 1)
Mawl = 14.4565 — 0.0185 x Angle + 0.7596
0.2431 x Shd — 1.1167 x PFR
Knuckle to
Shoulder (model 2)
Ln(Mawl) = 2.7253 — 0.0001 x Angle 0.7702
+ 0.0118 x Shd — 0.0562 x '
PFR
(model 1)
Mawl = 10.2097 — 0.0272 x Angle + 0.6630
0.1052 x Comp + 0.044 x Shd — ’
Floor to 0.8615 x PFR
Shoulder (model 2)
- = [~ — 1=
Ln(Mawl) = 2.4456 — 0.0015 x Angle 0.6494

+ 0.0067 x Comp — 0.0456 x
PFR

PFR = 5: &% ¥1%47} 53]/min

3: 2] ¥IE47} 33)/min

1: A Mx47) 18)/min
Angle: tasking angle
Shd : Isometric strength for shoulder
Comp: Isometric strength for composite
Back : Isometric strength for back

B FJAHAE AlEo] MAgste] A3t 3 207 %
21° 2dl 13 »d 2 Zbze) st 2789 v43EA 574
dlojele} 2o o3 F4E e HuAE HolFn
Stk

3 209 2419 Hu§g5E 794 At} Al A
< &3l Tzl HieEEF e Afoli= floorellA knuckle
T-7roll A 0.8~4.7kg, knuckleollA] shoulder 7+7rellA 0.4
~2.1kg, floorolA] shoulder 7T-7FollA= 0.1~2.7kge] W9
£ Hola it} olg] Hl&S Y 7 A IHPA} floor
olX knuckle FZtollA WIZ=47F 29 53], 905 H|UA
A Al oF 23%°] Afol® T E AfolE Bilow, 3 W
A A2 A flooroll A shoulder T-3tollA WlE<=
53], 90% |t #9de] A9 0.6%<] ztolvks Hlrk
219 B4 29 HU§ &5 F44 A9 AA AF
B3l TR HojE AL AolE oY HEE HW,
floorelAl knuckle F-3rellAl Zu] 11.89%, 4 6.08%,
knuckle®|4] shoulder T-3rllA= &l 1.33%, A 0%,
floorellAl shoulder T-{tellAd= Hdl 5.81%, H2A 0%2
ztolg HAlth AAAew & o & 199 2t 44| R-
squaregkoll A= B ¢ 9lo] BEl 2 F44o] Hhs] &
FTHE ASshed B 19 FAR0 25 o YEE
o)

1 HelFa gut.

S

o ke

0

dlo
o
=

4. 82 £

B ATE QAN PHE Abgatel ultly 571 4
E3% ole) 7H £7] 4
F o] gt

o

¢l (Asymmetric lifting task) & 3
Z7lelA 1AIZE 2k A9 Hfie
7, AbhaRg 9 A0 A AR dist FHE HE
& T8l Bzt stk & AFeA Q] Are) 7] A
A7E B3l v 22 AES 45 F AdTh

A, e SsEFE 271 F
Wwong AANESTL 7SS s EsEdS 1t
otk ARIESTE SThske] e & AT A
AguEE, Abran s RPE g2 S718

A, HSETH 27w Wsle] JFS gong
vl 241 457t S7istd Huls] 5% Atk
SARE At AR RPE Rt 21 v
O3 ZY Atolol= EAF o R F93k xlo]E YehfA| vt
Hlt 2y 2relle SAA SR Zfol& HolA] Sk

AR, AbaiB#gET} AEksa= vkl o147k (Floor
to shoulder) 8] ¢ Eololx 71 =A Yepston, 1
t5o] ulebell A 712k BA744] (Floor to knuckle), €7}

> od o 1%
n
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H 20. 22 1 Aoj chet 5|2t o5 Hl

Task Range ange) TS U vaedw Bror APsgneer
1 28.8 29.7 0.9 3.22
0 24.7 26.7 2.0 8.22
5 20.8 23.7 2.9 14.1
1 26.6 27.4 0.8 2.96
90 3 21.6 24.4 2.8 12.91
Floor to 5 20.6 21.4 0.8 3.84
knuckle 1 25.4 24.2 -1.2 4.63
0 3 22.8 21.2 -16 6.90
5 20.2 18.2 -2.0 9.53
1 25.6 21.9 -3.7 14.52
90 3 21.7 18.9 -2.8 12.97
5 20.6 15.8 -47 22.87
1 24.5 23.6 -0.9 3.86
0 90 21.8 21.3 -0.5 2.20
5 18.7 19.1 0.4 2.07
1 23.7 21.9 -1.8 7.64
90 3 21 19.7 -1.3 6.40
Knuckle to 5 19.5 17.4 -21 10.65
shoulder 1 22.3 21.6 -0.7 3.10
0 3 19.1 19.4 0.3 1.70
5 16.8 17.1 0.3 2.03
1 20.6 19.9 -0.7 3.19
90 3 19.5 17.7 -1.8 9.18
5 16.7 15.5 -1.2 7.32
1 26.2 23.5 -2.7 10.28
0 3 22.3 21.8 -0.5 2.32
5 20.8 20.1 -0.7 3.56
1 23.6 21.1 -25 10.77
90 3 21.0 19.3 -1.7 7.93
Floor to 5 175 17.6 0.1 0.63
shoulder 1 25.3 23.5 -1.8 7.24
0 3 20.5 21.7 1.2 6.07
5 19.8 20.0 0.2 1.12
1 21.5 21.0 -0.5 2.23
90 3 20.0 19.3 -0.7 3.51
15.3 17.5 2.2 14.86

+error = (predicted value — measured value), **absolute error = | error|/| measured value| X 100

g w1

2t A oA oJ7)7kA] (Knuckle to shoulder) <=°% YE}l

Wk

A, 499 PE
A =Aow, AhEglolA: niEtelA o717 (Floor to

-
e A

A =57}

O A~
lr'f’r—j“l‘%

shoulder) & Z1¥H 71 744

1k
AN

5]

EA e Ao

A, AT FATY 8 A2 Bl

5] &FF7HS isoinertial strengthtt 554
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B 21. 22 2 Ao tfg SYRIL o FX| B2

Task Range  Subject  Angle(°) Fr((e/?;liir;cy Ln(Mawl) Prj;iligéed Error’ Absoé;;ewe rror
1 3.36 2.98 -0.37 11.23
0 3 3.20 2.89 -0.31 9.82
5 3.03 2.80 -0.23 7.73
! 1 3.28 2.84 -0.44 13.19
90 3 3.07 2.75 -0.32 10.28
Floor to 5 3.02 2.66 -0.36 11.89
knuckle 1 3.23 3.00 -0.23 7.16
0 3 3.12 2.91 -0.21 6.87
5 3.00 2.82 -0.18 6.08
2 1 3.24 2.86 -0.37 11.55
90 3 3.07 2.77 -0.30 9.76
5 3.02 2.68 -0.34 11.22
1 3.19 3.16 -0.03 1.06
0 90 3.08 3.05 -0.03 0.96
5 2.92 2.93 0.01 0.38
! 1 3.16 3.15 -0.01 0.30
90 3 3.04 3.04 0 0
Knuckle to 5 2.97 2.93 -0.04 1.33
shoulder 1 3.10 3.07 -0.03 1.10
0 3 2.94 2.95 0.01 0.36
5 5 2.82 2.84 0.02 0.85
1 3.02 3.06 0.04 1.19
90 3 2.97 2.94 -0.03 0.72
5 2.82 2.83 0.01 0.74
1 3.26 3.18 -0.08 2.50
0 3 3.10 3.09 -0.01 0.38
. 5 3.03 3.00 -0.03 1.10
1 3.16 3.04 -0.12 3.55
90 3 3.04 2.95 -0.09 2.85
Floor to 5 2.86 2.86 0 0
shoulder 1 3.23 3.20 -0.03 0.83
0 3 3.02 3.11 0.09 3.05
) 5 2.98 3.02 0.04 1.20
1 3.06 3.07 0.01 0.03
90 3 2.99 2.98 -0.01 0.59
5 2.72 2.88 0.16 5.81

xerror = (predicted value — measured value), #**absolute error = | error|/| measured value| X 100

2 5ol #4 wold guth gage] WolE Re %o ATE ¥ AT Avele] Aol el YA
AolAu ¥ ATE Afow o & o AU EEE ATl A o2 7B 2B (R A7), WU
Gl R e FAT S Y WY Aol AHNE B4, Az, 498G 5ol /1 e ATER A
o, gs) A3 7] wEel = AP A9H Aohs 8
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oiet QLA S A} go] olFold Arhsl
A57} gort, olF felvete] Ausl AuHow
Pl 7 EA 0w AYRES) AR Fol 2 23 2
w7k 98 Aotk B A oka7ia 57] Aol o
& QLA A Q7h o] o] ol QA Ak §-
ufetsl SRe) A9 D AT o) FolA 3

1997; 747338, A&7], 1997; Wu, 2000). A3 &<l

g

=
=
A%5] AR ot A vl A 5 YA, A

.

|y

L T

et Sk, 5ol vEe BlRe Morel 3% B2 4
==

5

v

)

H8FFUS 2 FRN0ZA F50| Atel vl
ohE, 2 Qo] s gEeel g Agxdeln Fat
A ARzl (W, 2000), ol F Q15 7o) 4
AT QA e AL MESle] B 7 4B A9l

S5 AT, g Bolole BTk Al A

A =3, F3AQL Q8loMFE AEA]l QQ7] dA

s gromz felulelel 2% FPUC ARE 4F 9

o] ARz A= ATE ZlsloF & Aow A7bev Td
A=) [e) A=

j
-
o BT, B ATel B4 Fol shin @ 5 9
H}

Apdelsa] el gk A Rl #dztwert H s
ST Aol mAle dFS AR daks V1= v

AT Arkel dAFS RoiFa ik (Mital and Fard, 1986;
Garg and Banaag, 1998; Wu, 2000). &, Zduizs=e} 2+
AA=7 7S A S dasiths 495 2
AT AeME & T AUUTE £ ATelA 2] AgnHlESell
e AT E AR &Y A9 88 Thse A
& B¢l 120~130beat/mins FA &1 o (AIHA
Technical Committee, 1971), ZAN =57} F7FeE 4
Feksg st SRSt 7120 AT ERE 22 AnE
RHoJF 1 QtH(Garg and Banaag, 1988; Wu, 2000). 2H]
A= Aol wE AAPAES T84 HE(RPE) ] 4
AN ET7E 7S Y AT FARCE {9
sHAl STkt eH ol 7|Ee] thE A9 Fds A9E
B G tHGarg and Banaag, 1998; Wu, 2000).

2 AFele FAPAke] dAde] 20012 gy ow gt
AEAL, PR e FEA] ok AE T W 2
A A7t dA =19 571 AsEs 1
ZlellE REAETa B 4 AR oleld AT ES v
o7 gh=el APAEe] 7] Aol eqH= S =
o ZALe] ekl g LRl ARIASE ooz A
FAPor Qe =7 W 7|4 FEE Fola 7Y
o] AA Zrglel Ao VS ERE e 7
g ok 2 AFellA A3 E Hdls]gSFolv dEo]
71E M Amel S0 AR AfolE Hola= AN

459 B =EAG] B FASHE YA 93

$ Lo

[‘_8{.'4

U dge nee PR ATE B4 g 7
2] £7] A4z shmele] obd V)ES AHER
gol Mo @ Roz AL,

N

457, EBAAT AF 3ol @ A 2B el

71-345)8] %], 16(3), 23-36, 1997.

o
U 057, A2, G480l uhe AP Asee) W)
WA g)ehe) 71-34518]%), 15(2), 89-98, 1996.
g

t24re]
£, &2 ARt wAy, fere/ 71352
ZA ]3] =7, 95-99,1997.
A, ke, A3 A 7] A9l s &5t
= AR Hgo| w3 A, fgrel7FE el S]], 14(2), 17,

4%, A7), "dE=AFHTA Al uhE A A
Avfal g el WA, Jeelasta ] #A e
39-49, 1997
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