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— Abstract —

The Ergonomic Evaluation of Low Back
Pain of the Manual Lifting Workers

Ji-Yong Kim

Department of Preventive Medicine, Dongguk University College of Medicine

A cross-sectional study was conducted in the manufacturing welding metal company.
The questionnaire survey was performed on 361 workers to investigate the status of low
back pain(LBP), and 101 lifting jobs were ergonomically analyzed to evaluate the rela-
tionship between LBP and the exposure. Questionnaire survey was performed repeatedly
for reliability test and the information in the questionnaire was compared to the absence
record for validity test.

There were significant differences in tenure and job titles between groups with LBP
and without LBP, but not in general characteristics such as age, tenure, marriage status,
blood pressure and liver function test.

One hundred and one lifting jobs were analyzed by the physiological, psychophysical
and biomechanical ergonomic methods. In logistic regression analysis, the lumbar disc
compression force and the lifting frequency were the risk factors of the LBP. As the
weight load over the action limit was the risk factor in the group of sudden LBP onset,
50 were the vertebral disc compression force and lifting frequency in the group of insidi-
ous LBP onset.

Therefore the author concluded that ergonomic analysis may be a useful preventive tool
of the LLBP. Further prospective epidemiological study will be needed to identify the risk
factors of LBP by the ergonomic method.

Key Words : Low back pain, Manual material handling worker. Ergonomics
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f: frequency of lifting, lifts/min

L AlalEsl =R u (psychophysical method)

A AN AYaEe] A FdH, 3Ad B
2 AY Nxg 5% 45T 9 olF 7122 1081d
u] 3 ARAPA R AA T (NIOSH) ol A Al AR 38
715 (action limit, AL)E A &g
(NIOSH, 1981). && 71 & vy 41 & o4
sted AEstEon, HAF FHEY 2HE(over-
load)& A4Al S2A7 HFdhs %8 %S
5& 71FAE Y ghez e

AL=40(2 ) (1-0.004V-75]) (0.7+7. 5D) (12—
H Fuax

Overload=Weight of the load (k)

Action Limit (k)

H: F9A=], &8 3 HANFE £7x9
A (cm)

Vw3 AY, AR zRE £4X9 A2l(m)

D : 4 A¥A ()

F o E4g Sl =@/
FMAX : B3 & Sol&2= HuMlER og =
Ao wet 24
AdAHhr)  BAY $49H0) B FMAX (lifts/min)
V)15 V<5
1 18 15
8 15 12

o} oA A& u (biomechanical method)

27 7FsEad 10199 22450 uig =& &
4 3 EY Ang APate] AAAFE o] 431
ZAFE 243 (3D SSPP, 3-Dimensional Static
Strength Prediction Program ver 2.0: Uni-
versity of Michigan)& &e24 2} Z¢xzle &
FRALS/SD Aee ¢8-S 4&a9.

o] AFE Ruzy Tz Ate] £IAE
F A, FHEL FA L 2GR e A=A
o wet 8% 7 B Aele 4T A3 A
A Qgy »d ZzayPelct v @Al 3D
SSPP Z2ade Adaprl Ads) $Fole RAe
7Hgsted 32U A 2t A B 23K
e FEE dFske FEon, 44 APAEL
FFE AT 2 Al vhekdt o] AARA, T
29 AAe 2%5& Hing o 3D SSPP RY=
Ao g Felekel] wE 83 4HE R
d &ty dlye $HAIZE Qlvh wheld AdEF B4
da A #H8 71Z(action limite) & 7 o &
w8 2] AAE A3 AN AR 4 22
A ¥ 239 AYANE dEHoR H e,
A3 A D FAde 2FEQ FAs 4 A4
Az FAE AMgstgch. T2aRE APt o

— 346 —



HAAe] AA Zp gERHol F3ls= 4Fe odF
WA} AdEEe dEE SHE F a0 =
L5/810] Arle tEE duste] 24 o] 434
th o] W Y ojo} sk ZH L 02 height,
weight, sex, hand position (horizontal, ver-
right. left) (cm),
hand orientation(supine, prone, semiprone),

tical, lateral distance -

trunk status (flexion, axial rotation, lateral
bending) (degrece), posture (ankle, hips,
elbow), weight of the load (ke), force vector
(N) oleh,

oo age A9 T AR g6 @ A
el wdalo] oAlE i Aoluh A WA A

4) BHE AMeldry

THE Asd SHE ZE ARE SPSS/PCrel
g T 7t g EXAHE 4924 test
of goodness® ettt Kappadtd ol-&akd 1
b AR gt 22 AR dATE FomA
Al 99 MIRE Kken uzke SolvE
ol g3t GFUNET IV B dAEE FIA
e S99 BHEES AHESD 88 e T
T 880] gy wite] vlme HA WFs H-test

' Fig. 1. Photography of the work-
or lifting the spinning

3DSSPP Copyright U. Mich., 1993
Task: Kwan-Chu(Lift)

Hominoid Flesh
Surface Solid
Hand  Opened

Color Print

Objoct Sphere
Height 15

Barrfer None
Length 51
Radius 51

Seat Invisihle

Width 4@

Width 30
Elev 9%  fAzimuth &
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Radius 320
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Return: F10 Redraw: F3

Fig. 2. Computer modelling to
evaluate the L5/31 disc
compression force by 3D
SSPP program for the
above lifting worker
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Table 1. The result of reproducibility in the 4 items about back pain between two ques-

tionnaires

Status of

First questionnaire

back pain no past intermittent suspending total
Second no 10 2 0 0 12
question past 4 6 1 0 11
-naire intermittent 2 3 34 1 40
suspending 0 1 0 20 21
total 16 12 35 21 84

Observed agreement : 0.83
Kappa coefficient : 0.76

. kA W3 student s t-tests AAlstg o,
P e 0.05 F3elia #2E /J mahiek. w3l
T PL?li]' agne #EYE 1) ASA logis-

tic regression analysisE °] %‘ﬂ?&q.
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2 w2ge] AAACE e Z718 Helgon
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&

WA AL A
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7L =ak

2 A 7 (excellent) ©]

Kappazxj= 0.762.1
FArH(lable 1).
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Chance cxpected agreement @ 0.31

Table 2. The result of reproducibility in the 2 items
about back pain between two question-

naires
Status of  First questionnaire
S — total
back pain no yes
Second no 22 1 23
questionnaire yes 6 5% 61

total 28 56 84

Observed agreement : 0.92
Chance expected agreement : 0.58
Kappa coefficient : 0.80

& ol EA Eo FTo 2FF B gl
oz gtm, M wAeh W A AR ¥t
3 gd 2 ?‘i}'é}@l HA 88g Fadle 7o
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W AL A 28 e 2 Frrskein v A 8%
& 323y 2L 22 564, 61H LR FrlEiH
T ool gk £ AR W8e] dAXE Table 29
Zsgrem of o Kappa®i= 0.80 ¢|it}.
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o] ggEE dolRy] Hsid, F‘Jﬂ gt S
43 HAh 2359 AS ARAME 2 Axe)
A ‘E‘Pi’iﬂri

th, E2H gFo® g AEE
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olglew o} AEXAY 94 8For HET
Ho| qivhal SHE AFEL 345% 0.2 HFZAL]
224 g Folx= 99.1 % ©l|AvHTable 3).

Table 3. The result of validity about absence due
to back pain between questionnaire and
absence record

Absence record

Status of absence ~ total
yes no
Question yes 13 3 16
-naire no 0 345 45
total 13 48 361
Sensitivity: questionnaire(+)/record(+)(%)=13/13x
100100
Specificity: questionnaire(-)/record(-)(%)=345/348
x100=99.1

2. A7 CHMXte) B

1) Z=AF ChA) 2| ats S4 dn

AEzAME @A 7HEY #2)7) of=AV Alg o}
iy @3 P& 28 Iadla YJE F LR
A& sel7t of=A AV A ofE AL UA
o} @Al ol Y ojitel glkm & T& ‘8F
& TAA Y F or AA F FoR TR
vl B4 E AAskTh

Table 4% A} 4 2248 8% E4d o
TR ¥ T ¢ Uvks B4 vug RAer)
ZAF U 223 84 85F 348y gle Y
ZA U4} 3619 % 160H 22 44.3 %9 54
Bgon AA 8% L I4dw Je TF 8
T3 g F4 4=, A%, As
W AAAFERE BAFHLR fF Aolg HolR
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Table 4, Comparison of general characteristics between group without and

with back pain

Group without Group with
back pain back pain
(N=201) (%) (N=160)(%) Frvalue
Mean+3D Mean+S8D
Age(years)
34.8+£7.8 33.2+8.2 0.072*
<30 66(32.8) 70(43.8) 0.104™
30-39 88(43.8) 59(36.9)
40 < 47(23.4) 31(19.3)
Height (cm) 170.6+5.0 170.6+ 9.5 0.988"
Weight (ke) 65.5+9.2 63.6+10.5 0.067"
BMI' (ke/m?) 22.5+2.9 21,9t 3.5 0.089*
Marriage
yes 148(73.6) 114(71.3) 0.614*
no 53(26.4) 46(18.7)
Blood pressure (mmHg)
systolic 119.0+12.1 118.3+11.8 0.586*
diastolic 77.5+ 8.6 76.8+ 8.8 0.447*
SGPT ('
= 40 179(89.1) 143(89.4) 0.923"*
40 < 22(10.9) 17(10.6)

t : BMI (body mass index)

; weight.(kg) / height(m)2

1 : SGPT . Serum Glutamate Pyruvate Transaminase
* by t-test between group without and with back pain
** by x2-test between group without and with back pain
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AHEY FEFES AV ve e e A%
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Table 5. Comparison of job characteristics bet-
ween group without and with back pain

Group without  Group with

back pain back pain Pvalue
(N=201)(%) (N=160)(%)
Mean+8D Mean+8D
Tenure (month) 101.9474.0  82.9+£73.7  0.016"
<4 51(25.4) 62(38.8) 0.007*
25-48 16( 8.0 18(11.3)
49-12 18( 9.0) 6( 3.9)
73 < 116(57.6) 74(46.0)
Major job content
nolift or pull  85(42.3) 19(11.9) 0.000**
lift 63(31.3) 65(40.6)
pull 42(20.9) 53(33.1)
both(lift & pull) 11( 5.5) 23(14.4)

* by t-test between group without and with
back pain

** | by Fischer's exact test or x*-test between
group without and with back pain

ol& Elthm & 4= UHP < 0.01).
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AL 2 o] A9 E Aol 2A g4 Al
9 A% 63 ARY YA TEAE ez 8F
oo digk AR A 2 B3RS B 85 A
At g o) 2FA] tiE QIAE AjdiEld
g4 WF 25A7F 6] de ¢ 6d o8t
Q¥ ¥ vz vrdet. 2 A% 2$EL Y
2 AR e A fEjAg Puy 23 2
Aol A% gargA] 6de] Yy Fol 6d ol
3kl wEh oF 2017 3wl wEEAM TR uikd
BEXE Ho|m i}, old wh| Fu FHEEL F
oz #HFgsn v AM, Wy 9 xR A
Exohe B2 6do] e 2R 64 ol
Q1 wrol <f vl 7tek W BXE Holm UArh.

fu U

ko)

3) RE Tare 53

Table 78 85% 548 223159 8% o
I EHNS AW B Aol

LS Fh3e 160MF YAIE 19 <t EE
o] Mztkn & Alghe 499 (30.6 %)olRer 29
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Table 6. Distribution of study population of the department by the tenure

Group with tenure

Group with tenure

T
< 6 year (%) > 6 year (%) otal
Productive manager 13(39.4) 20(60.6) 33(100.0
Maintenance 25(34.7) 47(65.3) 72(100.0)
Mix & pretreatment 22(25.9) 63(74.1) 85(100.0)
Spinning & packing 111(64.9) 60(35.1) 171(100.0)
Total 171(47.4) 190(52.6) 361(100.0)
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Table 7. Distribution of the subjects with back pain by
the general characteristics

Number of subject

Characteristics (N=160) %
Onset time after
employment (yr)
<1 49 30.6
2-5 42 26.3
6 < 69 431
Cause of back pain
at, work 129 80.6
at homework 5 31
at exercise 9 5.6
other 17 10.6
Duration (year)
=1 85 53.1
1< % 46.9
Onset type
sudden 50 31.3
insidious 110 68.7
Beverity (Disability)
minimal 125 88.1
moderate 35 21.9
severe 0 0.0
severely disabled 0 0.0
Treatment,
no 91 56.9
drug 12 7.5
acupuncture 13 8.1
physiotheraphy 44 275
Other musculoskeletal
problem
no 63 39.4
yes 97 60.6
Physical finding
negative 110 68.8
suspicious 47 29.4
definite 3 1.9
B ths Abgo] 509 (31.3 %)Yl vl M3 A
AR ez BAsATt 3 Abge]l 1109 (68.7
%)z o @3lrd 8% °F QYo PH=E

Am Ryl 5 Bt 125%(88.1 %) .82 71 &
5 At 357 (21.9 %9 el 1
d % Ay e AR ARE & PEY F
%EH\‘L T 2= QAT 8% dig A8 3
HE AT AR ARG 34 G2 Aotz $

L ofy % ;9,
k..‘l'
% off

Table 8. Comparison and distribution of energy
expenditure between group without anc
with back pain

Group without ~ Group with Povalue
back pain back pain
Energy expenditure’ ) 7005 731098 0478
{kcal/min)
(2.2 47( 97.9) 50( 94.3) {.351*
22% 2.1 3 5.7
Total 48(100.0) 53(100.0)

# : mean % standard deviation

* I by t-test between group without and with
back pain

* : by Fischer's exact test between group with-
out and with back pain

Tt Algdo] 917(56.9 %) 28 7 Bk &4
8 447(27.5 %), TEA & 13%8(8.1 %), =4
& 12%(7.5 %)9 €olAtt. 8% 92 & =%
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£ Helg AFE EF ¢ 208 i o
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22 =& AY(ifting work)™e 3= 10192
ez Fguidel i qANTHEF FIPPE
23 285400 BRGE ARt}

ALZEH Hw7t

;

i

1) M2iE g (physiological method)

Garg7l d¥A ez A& F4(Garg, 19792
o] &5le] FHEEL ] Wag ¥ EFe A
23] 2579 BUAHE AW BT

855 3hdte o FHES =ud Bag ]
w9 B YA hRFo] RFE TAEA Y=
o) BAd e gghe A2 fof a2
o]7} Bojz] et} (Table 8) (P = 0.473). =3 v
= AASHBRAZ(NIOSH) oA dAxskn e 7]
Zol % 2.2 keal® 71202 Wro] AnE o

28% Zadtn Qe Tol FhehA] o= 2o
Aol & B 7 YAHNIOSH, 1981)(P = 0.351).
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Table 9. Comparison of energy expenditure by onset type of back pain

Group without Group with Group with
back pain sudden onset insidious onset
(N=48) (N=17) (N=36)
Energy expenditure
1.70£0.25 1.68+0.26 1.75%0.29

(kcal/min)

P> 0.05 by ANOVA

Table 10. Comparison and distribution of action limit and overload between group

without and with back pain

Group without Group with Povalue
back pain back pain
Action Limit (ke) * 17.4+1.4 17.2+1.2 0.504"
Overload'’ 1.6+0.5 1.9+1.5 0.005*
(1.0 18( 37.5) 9 17.0) 0.017*
1.0-3.0 30( 62.5) 40( 75.5)
3.0(=MPL"") ¢ 0 0.0) 4( 1.5)
Total 48(100.0) 53(100.0)

# : mean * standard deviation

t: Overload = weight of the load(ke) + action limit(ke)

t ¥: MPL{(maximum permissible limit) = AL x 3

* ! by t-test between group without and with back pain

** . by Fischer's exact test between group without and with back pain

o8 9Fe LAY wet FEoo] vud 2
3 A B EARQ Ay HolA @yt
(Table 9)(P > 0.05).

2) HalEelgH 4 (psychophysical method)

U= At RAZ(NIOSH) Y 34 5§ 715
(AL, action limit)®} ojol| tig HF FHE =7
A% (overload) S 8% ojFel @A S AR}
tHTable 10).

8%-& Zhde 9 A L J1ES 172 ke
o2 8%E %A e 9 A HE 7EA
9l 17.4 ke$} Apo]7t Viehdz] FATHP =0.504).
a3 4 AR dAZ AFse FFEY A
& 2 AR Aubyel 2 & JEA 2
Fo] 2HEA 8B A4 ¥ T T 1.6
o] FHEE HFse WA 888 Iddte TR
B 1. QHIH FHES gl FAHLE fYst
A & 228 EYHP =0.005). 38 71EA =
the} RHEL FHFdle TEAE 4FE FhEHF

e TolAE 184 (37.5 %)<ld] vl 2885 34
e Fo A% 99(17.0 %)d Ex5ct, =g u
T ARHBAATRANNIOSH) M A 3¢
71ER9] 3u) o) =y AR she AS 2559
AE 9o BEo] Arvkn 3o HW 4 JF
% (MPL, maximum permissible limit)® %
1 glo] 8% FAogel |UENS dv B F4d,
25 & 34dE Eﬂ%" 4%9(7.5 %)o] o]§ Z3}
#x Yo 8BS ThehA ¥ ToMe e
A gFo} %—lﬂ’—‘iﬂ.i ®g AelE RAHP
=(,017).

g 7ER9} 23 FUE AF A=E 85 &
A HHE Y] AuBEY, 843 8% T
HA &4 71EA 9 2,199 FHEE FFEA 8
2 H3Aae 1.6 vlsl BAHoR folsHA
=¢4tHTable 11)(P ( 0.01). ¥d Ax14 g% 4@
AT HA B 71EA ] 1.809 FHEE HF
o] 2% AT BE EFJAAT FAHA Aol
= HolA] %P ) 0.05).
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w3 E9E 9% e 179 AY(100 %)l
HA &8 72NS 29 YRS FIY 0d
ARA 8F TAFE 278 (15 %)ol, g%. H];@C
T 30 (62.5 %)o] AA HEANEXNE 23
F2E FHFstn AP € 0.01).

ofi B oo

3) ¢l «4&H gt (biomechanical method)

&4 7hatRd 101389 S22 dg 2t
4 23 B4 AR AR AAAFE o] 83t
AFe 293 (3D SSPP, 3-Dimensional Static
Strength Prediction Program ver 2.0,
University of Michigan)& #e=zM z} gz
o] FHE HFgA {FH(LE/SD dele 99
£ HEFdld 8% side] dHEAE AFEgi
(Table 12).

L5 3aste 222 5384 U 13 $HE

AG Aoz Q& adfFo Ae AL HF
4060.5 N(Newton)olgle™ HA &4 A= 4
A FAQ 3400 N& 2@atgci(Table 12). ¥HH
85& 3434 v o 13 FHE Y A
A 85 e 3334.0 Ne2 HA &4 3
AXQ 3400 NET} 22 428 Bgon QL
TAdhs e vjE) BA¥ez felatd $es &
4= AYTHP =0.001). EF wlz AdetHrA 4
FhelA Hdn de A 54 FAAA 3400
Neg usge] F #1ke] Aol AMEW, 8% &
T4 s T FAIA] o)ite] 38W(71.7 %)L
2 RES 4%y YA v T 19%(39.6 %)l
us] FAHez {3t Aolgd BEYHP =0.001)
(Table 12).

FR99 kb HA &8 @A AAE
S5 WY ey o] duEd §d3F 8% v

Table 11. Comparison and distribution of overload by onset type of back pain

Group without, Group with Group with
back pain sudden onset, insidious onset,
Overload t * # 1.6+0.5 2.1+0.2 1.8+0.6
(1.0* 18( 37.5) oC 0.0 9( 25.0)
1.0-3.0 30( 62.5) 16( 94.1) 24( 66.7)
3.0¢ 0 0.0) 1( 5.9 3C 8.3)
Total 48(100.0) 17(100.0) 36(100.0)

# : mean % standard deviation

T : Overload = weight of the load + action limit

* 1 P<0.01 by t-test between group without back pain and with sudden onset
* + P {0.01 by Fischer s exact test between group without back pain and with sud-
den onset

Table 12. Comparison and distribution of L5/S1 disc compression force between
group without and with back pain

Group without Group with

back pain back pain Prvalue
L5/51 Disc Compression 3334.0+476.0 4060.5:+1310.1 0.001*
Force # (Newton)
{ 3400 29( 60.4) 15( 28.3) 0.001**
3400 < 19( 39.6) 38( 71.7)
Total 48(100.0) 53(100.0)

# : mean * standard deviation
* ! by t-test between group without and with back pain
**! by x2-test between group without and with back pain



AFe] 8% e e 4109.5 N, 474 8% AT
o} 8% ¢t¥e 4013.9 NoZ H|RE TAF9)
3334.0 N < ¥3lxE 25 FAHc §98H
EUATHP € 0.01) ¥ 24 ¥e) T3] #2)3 2
o] Rolx| %UTHP ) 0.05)(Table 13). &% 7|
= AR EY dpdeA Fndtn Jde A 3§
£ FAAQ 400N B o] zle]d AWwm,
94 a% HATe AL 139 (76.5 %), AXF
8F W] A9 4% (66.7 %)o| 58 FARE
e gele] aFRed Ay gled v 2% v
FTATY A5 199(39.5 %)o] =2HE g0 Zx
53 9o}, 2¢3 2% AT Y 10H 8% ¥
Aol viagel Bd foldA BAWHP (
0.01) % w4 #e) w7te] R Zole BolR|
FtHP ) 0.05)(Table 13).

(4) AU PPS BT LF B AR 7Y
72 AnEAA PES 56 TE AWEY 2%
yze BARE Avs) A A 297

L, aFd Aele oY, 38 78] 23 vg,
AU £5H= AR o 189 FHEL =
ATE SHHFR, 859 34 dRE T4
3o RA2E ARG o]Rdtd EMsiyrt
(Table 14. 15, 16).

AANAQ] 8% TaAP HELLFE Fow
2R 28 AEME I 43 8F FHo) Z
Aol AL mAZE 10.020]191, 189 5%
S T ol Uig malE 8.4224, 85389
o] Zale ¢tde] 10 N Z713) we} £ 1829
FTHES =e ¥4 18 SR we) 2% W
Ao] zbz} 10.02809 8428 M-S & & Ut
(Table 14). = 5tof 9%, &A% AF $%8
Zg, qHR] A% Fo| Wiyl a%9 Hyst
o] Y& & 4 Uk

EuAog A7 8% g 8 2908 dolr
7] flEkd 8% wEATE 0 22 39 (coding)st
I FAR 2% WYL ALF 2¢H 2% dA
TUE T2 3gdstd 2x28 RS AQs

‘{]‘-_“
2

L

Table 13. Comparison and distribution of L5/S1 disc compression force by onset type of

back pain

Group without

back pain

Group with
sudden onset

Group with
insidious onset

L5/81 disc compression
force (Newton)*’

< 3400 ** 29( 60.4)
3400 =< 19( 39.6)
Total 48(100.0)

3334.0+476.0

4109.56+1108.6 4013.9+1414.7

4( 23.5) 12( 33.3)
13( 76.5) 24( 66.7)
17(100.0) 36(100.0)

# . mean = standard deviation

*: P<0.01 by t-test between group without back pain and other groups
** . P {0.01 by Fischer' s exact test or x2-test between group without back pain and other

groups

Table 14. Association with back pain in logistic regression analysis (N=101)

Coefficient S.E. P-value POR* 95% confidence interval
Age (year) 0.05 0.06 0.39 1.05 0.93 1.19
Tenure (year) -0.01 0.01 0.53 0.99 0.98 1.01
L5/S1 compression force{x10) (N) 0.01 0.01 0.01 10.02 10,01 10.03
Overload 0.12 0.18 0.51 1.12 0.79 1.59
Energy (keal) -1.41 1.26 0.26 0.25 0.02 2.88
Freq/min 2.13 0.99 0.03 8.42 1.21 58.69

* : POR : prevalence odds ratio



Table 15. Association with group of sudden onset with back pain in logistic regression analysis (N=65)

Variable Coefficient S.E, P-value POR' 95% confidence interval
Age (year) 0.08 0.12 0.49 1.08 0.86 1.37
Tenure (year) -0.01 0.01 0.48 0.99 0.97 1.02
L5/81 compression force(x10) (N) 0.01 0.03 0.12 10.04 9.99 10.10
Overload 2.67 1.24 0.02 14.48 1.28 163.95
Energy (kcal) -3.49 3.06 0.25 0.03 0.01 12.26
Freq/min 0.01 0.06 0.08 1.01 0.99 1.02

* . POR : prevalence odds ratio

Table 16. Association with group of insidious onset with back pain in logistic regression analysis (N“84)

Varlable Coefficient S.E. P-value POR* 95% confidence mterval
Age (year) 0.07 0.07 0.27 1.08 0.94 1.22
Tenure (year) -0.01 0.01 0.70 0.99 0.98 1.01
L5/S1 compression force(x10) (N) 0.01 0.02 0.01 10.04 10.01 10.08
Qverload -0.11 0.17 0.10 0.91 0.65 1.25
Energy (kcal) -2.64 1.99 0.18 0.07 0.01 3.54
Freg/min 0.01 0.01 0.05 1.01 1.00 1.02

* : POR : prevalence odds ratio

At 1 A HA HE NEAE 2T FEES
A A A2t 14,4824 AF FHE =23
&o| 1.0u) 2Tt wel 28] wado] oF 14.48
W S71EE & 4 UAH(Table 15). ¥R OE%’
ZEAE, a5 Hele 49, A Ln

T FEE S e Zul ng 3UA 3%4
BA F7ks BolA] grstct.

vl AAdez 447 2%d digt 3 gL
otolr 7] gl 88 W EAF S 0 o2 FWEn
243 87 DTS A9F 473 8% W4TrS
T2 3gsled A28 HALLS A58 Az
A 8% 347 ¥ZAEI] BFAYG vpRlA]
E 8% 799 dele 4 £ A% S5 o
T w7 242 10,04, 1.0184 242t Fo)
mel HAAR 8% P sledE Bde AL
& & UAH(Table 16).

Rl
w2t

o WyAoln A&H o P& o 2
o 2%, AU, A7) FNEB FuPthe
gol Ytk et olgid Aol dod

7Fsde]l de AAESE BE ZE2FHA Agd o
& A@Holm Wi r)FEeo] A Ho A §47)
el B daelA Afe] AW 7] sy
the dEolv B3R 58 Ful 2uHd B8 ANE
%ol ol g3tm Ut} )T EAML 2 B¢ A4
4 88 Tl g At AFE M9
AFANE & = Aok 1981332 H 1990744 4
Alg ZARG AT HelE AT AP ey,
Medlinedl AAE =% 7 AUA 85 q 9
g4 A7 F 818 F 4THE Z2 99 240
4ol A3 AlgH X J;J:"”’ﬂ UmA qeF 2
B7hE YEA 2T o] &7 o] 26W, HES FI
EZ gyt 58 v AP &3-S §3 ¥4
& 37 ERaittn #dRcHFrymoyer %,
1980). =3+ YEZALE o] &3 Aol 85 o)
F AHE ezt o] RojR|R] e AdHoA o]Fo)
Ae 7970 ggten, 4837 fgdS FAld 44
ated Ao @§ 8o HERE HoM Ay
9—]3}“"‘; AAAAG Aol dd ig 5 9

%Tte] da&& Byvin sutin s dEx
*}4 gery A2z AV NS ¢ 7 A
tHHagberg 5, 1982).
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£ dFdre 8802 g A 85T ¥
AT v wsy] 98 718 d3E) 95 4
FZALE o] £319ith 8.5 Ug 48 F 39
Algeted 1 AHEE spetslgon A of o o
2w e dA 2P AEE vn FEFe
A =g sefstna sk, o A9 13kek 23
AR i g2 Aol 12 thg 2zAE9
3 #BEatze]l F96 e Fol 93 §2 839
o8 @ gauA, 22 AEA gut Agie) W
3 AelolA gt 3o wgg RYdns B F
Atk EE 1xket 23k AR A4 7)12k9] Azt
glo] 1 Fekel 8% 44 Som A gL A
F Anedst B F AT F HEe & Aol
Holz] gkgir}. =3 AZRo] g MEe G§

A%7) T8 JERT 376 243 AL B
£ a%oz AZSHIT Hokort FAlelA Az

7b €7 kAU old] mWE AGME AEEA] %
2 Aol AV A& e gz ) wigejgn:
E 4 30S Aolvk, gy B A7) i AzE
of gl HT A 4] F2 ANE B o]F
9] ¥£4& Ayt odee] gev HEF 2%
7t FA %E 9 Ad AEA BAsol s AT
AINg FA 7] HeiA w3 a4t gl
aiM= A5H A7t dasitkn gAlch, £31
AFFe]l 8o Uit AT Peh a1 Fmof O
& Ba&AF 7] FolAA ¥ Aujo)se ARl
e FEAQ ol F5 dig MUAR FA
Aol g wAE7] $5 12 Bed gxle] Paio
At At

£ a7 A4n 24 did AR 253t 22
AE 44.3 % 7Y AL BA @A 9%S ThEkn
AN EH F2 QA FERAZA FFES FHId
' AYgd FAER e TEAECUY. ®
o e AMdE 858 FA%n e 1ol 8
28 3asn gA g o ¥ B 2F713%
o] BAXR RoEA guttes FHolth o=
FAtol] thet AL Table 62 58 & + sled
Y5 42 IR ge AN @Yy 3
v, A FBAe] T 22Ae] A4 FAM%
Hlgo] A7) &N T galst 24ty £
alolE HolA] @i= Wbl 2 2L FHFIe

AN, EPRAL 22ASY A% A AR

TEAE F7F gAY Fe 28 A YA 2=
el F7) A AgE Hojm vk, mA uls
HAe) Fao] HE vkd Ao} glan zb Fxj7he)
olgo] A flm Zt FATte FEAE] H| &l
vlgittn B o S2RES HFehe RAGM 2%
e 22AEY] A AVl EXE] ofE e
Z 9l o}7] Fo olfz2 ZANAA A 2%
the AME & 5 ok & FHES F2 HFE
= BMYSE 88 8t 3339 E By opdt
ol2 <&l o)A & &4 He A7t gol 857 2
2 Azp7le] Aoyt Aztin ¥ £ vt &
T4 Q47 A5E 8 58AY 0t gaHE olf
= A7 ol fE olA& FA Hol A% T2EA
A (healthy worker effect)?t veld zolalxn
B 5 9l Aolnk. e AAE dele B Ay
o e @ 2AME Brlwsy 33 HAE
S 73 kel glg Reld),

LETH v eETE FEstEd QoM AMEE
T e ez B a7 HEE 5 e U2
WHogyE a%d) F FHAAE wel FEdhs
W} ogta] AAMY ARE o] g3 wWe] A
Rolw] 2 9|2 WA 2AE ol &dhs whde] sl
£ Aotk (Rom, 1992).

A WA 85 % $F S5 YT T A=
2 Uro] viashe WS A B9 9A] F33
HW7lE 23 o gx AE] 9F 8% 87 T
Bl 2w 2o dANE 24 don & 4 gidh
ag o FEE w2 RS slod uagg = gl
the Aol M= Al Uvkn & 5 Ut &
AT E AR & T4 AT gF-E(88.1
%) A% Asleln YA (21.9 %)= 5= A3
B2A 55 A 2 A8l ARE & e 4
3 23 A & A= gk ol HolA Ag
viel npAiA R o A olde Ay FAAAH
AJ g &7 o9 FAE aNkre] 2EEAE vt
FAel 7] WEelgtnx & F gtk

5 5o e g o84 HAMG 4973 ¥4
T v|wahe ez 99 HEXE ol 88k
Hell vi3f % o Aol Whielgtn & 4 vk
v B g7 e ole] gREy AFEE ol
7] 98 Hhge] miEe] dA & AduE 4%
o AYPAF)x] Relgch. EE olEha FHabe] Wi g
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Table 17. Variables in lifting equation of each analysis method

Variables Physiological Psychophysical Biomechanical
method method method

sex (@)} @)

Worker factor height ©
weight © ©

Work condition  static @) ©
dynamic

Work intensity load @ © ©
frequency © ©

A o= 3 ZAAA FAelE tE AN &
Aolgle B HAMIM e T om Alsi e
olg{gt We] I BdAgde] v WEAA AFH
A e Aok, F B APdME o|8E HALE
A A2 A BLIAAT 1 FF FUHAT)
e A% 4 £79 38 VAL U 24
7 Azt 3 2 ApolA kg 7ol st
5AA Mg 37l 32 F=R Ao oty a4
E Aoz At vluwE Alms] BRI 9
Aol dig Jidelvt Helzb =2 gm @A
ojate} AEAH po]| SASHTHE FHAA A
E ANE = 9ezldn R}

A AR W o e WAL 27A L B3l A4
T3 uFYTe s TR vuE AP By
olth, ol Alxa= A& FTAES Yoz
8358 YA #4983 F FARzAA 859
WAl UL AHE AFM o] FolHAH
(Rom, 1992). =y} A3ZA7] 28d Q&8
Artell A Ag AFEelFg ALt HF o)iF
oli} TrEEH} 2L oA AAE Bl TEAIEIA
A H Ee 8% eSS Bk &8 g
1 e 8% 4TI HE AT Ateld bt
MAog fodA 2ET 4 e 2748 =3 A
gAolta Atk waty 852 Jdsieds 7
Hedo] "Wolz|A HuEz S2aEe] A (screen-
ing) AALEA 9] WAMY Hg& ujg-—Fazel &9
dNE 1 Bat SiEvta @ = Qi E Ay
i AR A9 F 6 AR A8A] A
AALE dle] gRo] oite] TFolax v LA
o] A% 8% FF 7FeAde] ¥4 ¥ 3k A%
= 37 gol gt B 6 dA oldd] YA 2

ZAEED PAA BFE B A4E ZEAE
AM 880 d TP TE 2A: B 2AIAE
o 4 At

% 88S UMD F jl= E2XE AHFe=
238l e AHolre] QRS o] &g ARG
A7 FAFES A gkl gloka Hel H2 Q)
A EMNE Bl AN LEXY F2E H
7V8taal e A=z} otghe]l Tabledlal AAE A
3 ol oz WM gdsiA ol FolA gt
(Waters 5, 1993).

Table 172 $%& FF& 3h=t] o] 2 £4
o] A whgel zo|l3 & F UEE ZH FAolA
AMEE T Qe WEE 2AA) Al £ Aelo
Z Zizke) whgoll A ARgEta Sl FAlelA #Est
T UE ATLE AR A, A% A, #
d ZAERIAAG S g 8 Agies &
7t 42 7HEEE ol gdteor derh), A 7
=(FFE9 87, Blx)e HelA nelstd i
Rolt}, Aelgd whgolrs APt 21F Y
3 A, FAAE Fo| wale] wE A g
ARFE &gz HId oft BIE 433
Aoz Beryd A Ay ol &
ol maEx ¥sith wEhd 4F & a9
g BERog o] P& o|&S o BAT AYH
At Adgel 24 AHS a7E 1 2A7
A €k, i AeEe st WHe olqF A
277 APz elMe nAdAAT 3Gt
8471 s v}, vix|whe] QA Jkd Wy
2 99 2 AEHL nsid diRie 84
Ao XA BAH ok F Fo siEn
2B rd) o3t Flge] FA|7} Eojof & RAR
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wol = Ae)eH(Astrand 2 Rodahl, 1986).
ol AR ¥ A7 ZAnE Ry A 9
A A7AN aFd HE gy Y S50
g E Te HEEAE 2943 FHEL F
HFETE 85 349 fo8 B S-S ¢
g Ut v AEjtE Wy o] 83 pA S
2 BRYE HolA sith o]F B8l & 479
it AgAe 2%E #AF S2A4E9 4% 8%
Aol Azl ot &gl FxRule= AP
A g 2o Adzdn) 44 Bl gl
S F 0 4E 4 F Ut ws FoEs AR
2 8% WA o] wa o fT 89 Xelz}t
Atke Aol F 859 ¥4 dejrt 48 4
% 88 71EA S bt 293 4B HFE
w7t mel dggche Aldelt}d, whde] 8% ¢
$A Hei7t AH A v FAL FRES
HAFRE7T obd BEg ZAgaMz ¢le] a3
Aol Al =) SRt widg 2 34 To
2 Q8] 8%c] fEHATE AL B & i &
SF g fle] A3 thekslr] mfBel o=
T AGAA FANE sloldld QB tiEt oA
S A UdelA mafsier & Ae) A2s weol
T FAlCl 548 gioh webd duE) 8%
d ¥ FEAH AL Afes AEY 8% &
A el BNE B3 AAZQ dae) Yol °
83 Aelth, 2 dre] 438 AR & o
T2AEe 8% B4 geprl oz dojuts
A7t B A Y A YR ¥AE
Folg Wyo] fHF R o]Fo|Rlel F=v] Wil
8% B4 vl dAA oz Yojute A4V B
AL FFEY FAZ obd Bty AYAAE n
Ao ra R0 Hie ¢HFE Foln A
ot 2o Y AEE Folae ko] $A4He
2 o] Rozof githis AMIS & F & Aol
et B Ao A= Z9irie] 28 Ay
wle]l =y AP (lifting) ol osle] B4l 4R
the A8Q 2bd 98 AHE e TEA =
FAA HE 4 e ¥4 YPEEA, vie A
(pushing) & dke 222ke] A9 F2 24 29
& sy ol dal ol WHES AL o
2l Fol qitkn & & Uk ZF HojA A8
Holr} o] & Fd ¥ A Mgy 4y 94

A AHgE S AT U2 FAAE A5 3
o dF ArFA FHZ WHeze o)F Zojok
g FAHe ¥on T gt (Waters &,
1993).

o3 AHARAF(NIOSH) ¢l E 19919 =
g8 zm #AA 19819% AAF 3L 7 FH
(action limit)¢] 7ido] #12] A 712 H= ¥hyS
ndleq FFE AF A3 ¥EX (recommended
weight level, RWL)E &&8he 34 & AAst4
tHWaters &, 1993). o] 342 274 34 7|&
28 AbEse Fd J[AAe vy, B4
HE A A B dg 225 HAA7 A
oz BAF ouj7} AT FHQ 849 TEE
o}zl n| &g Feholt(Waters 5, 1993). & d3
B AFPEHA o] FAxE A HgAH & Ax
19813 g o2 g 34 71EA o v|s) APs
W aFe FEe] B3 7IEAR AEHegs 2
2a49] Hzd ZWo|A AJgs) viasitin 8 £
Adaqek, B} 8%E FAFAY 32dA ge
FEo Agate] 1A 27 LEFE v sl B
A3, oE ZEA7 RS A FFES
FAgeln gnen ¥ F3te] o] oA A
= BAA0]l wAs. EE B A7 giatel Al
Fu} o] A9 4A FTFe BAL FFse A
Ao} A% o] HaAg HEsle] BuA oldte] 2
HFor A7) AdAE 71ed, AA4 o9
S ksl YA elE oEe Aol AR
Zojgtal Bz ALHQ HE APyt Lasich,
=3 6 padel & He 99 HT WY F 48
o8 whyolut gelstd Wiel o8 AFE E
thE AjAIY NIOSHY #HiEe A% 2 njxw
2o MFor ooty AMdeltH(Ayoub €
Mital, 1989). & ¥ L A (constant)
W} FE 71EA 9 ZAZ B 9290y FHUE
3 e AFClEE FAoR A& AHolng g
A7 2 FUAEANA A8 = U = g
Az o] o]FolAo} &ln] ol LB 2H S ¥
of ghhn Azt

2 dTe] Agye e 22 e 2o 4

A, B A7 ) TEAE HE ZALE
Z 84 8%5S F4de 23 ZasA g
2 o] vlsdk Holr}, #loA A28 ulgl o

g
S

[0_\1,_,.‘“-"1"
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HE2AL A7) FALAE Az Qo] & A4
B ARzANY NAEE FUMF)7) Ak whE 4
2o ABF Aw R & F3A o HE& =53
Atin 3x|ut EFolate AATE Pe FH/EH 84
EujAY = fivtn 2o & 55§ 34dge
Aol il A AA S g, AREA 54
Sd 98 2A gk & 4+ Aok 2y @
Ao A7 FE4 ol RAHCE AT e B
Wol LA Zat Aejelld FF ATl UM
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