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Objective: This study aims to investigate validity of perceived discomfort as postural
load scale based on maximum holding time (MHT), and to develop two regression
models for MHT and perceived discomfort depending varying postures and external
load.

Background: Although many postural load-relevant studies were based on perceived
discomfort, research dealing with validity of perceived discomfort as postural stress
is seldom found.

Method: An experiment for measuring MHT and perceived discomfort according
to various postures and external load was performed, in which hand position, trunk
rotation and external load were used as independent variables. The hand position
was determined by two relative parameters: the percentage of shoulder height (hand
height) and the percentage of arm reach (hand distance). Eight healthy male graduate
students without histories of musculoskeletal disorders participated in the experiment,
whose demographic data were as follows: Age - 24.6 + 1.75 years; Stature - 177.2 +
3.12cm; Body weight - 70.3 + 5.65kg; Shoulder height - 144.3 + 3.52cm; and Arm
reach - 73.5 + 2.45cm.

Results: ANOVA showed that all the simple factors of hand height, hand distance,
trunk rotation and external load were statistically significant on MHT and discomfort
at a = 0.01. The effect of hand distance for MHT or that of external load for discomfort
was much larger, compared to other independent variables. The MHT and discomfort
was strongly inversely related, which suggested that discomfort can be used as postural
load scale. Based on the experimental results, two regression models depending on
postures and external load for MHT and discomfort were developed, which showed
reasonably high R? values.

Conclusion: The study investigated the possibility of perceived discomfort as a
measure of postural stress, and developed two regression models for MHT and
discomfort.
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Application: The results of this study provided a reasonable ground on many existing
studies based on discomfort as well as future researches adopting discomfort as
postural stress scale.

Keywords: Hand position, External load, Postural load, Perceived discomfort, Maximum
holding time
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2. Method
2.1 Participants
ob At Thet

A =
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2.2 Experimental design

2 ono| MYON SYHALE & 9K, BS AN 9 Hol2, FHHAE MHT X T X7 2HEZ o9 & Kl
Miedema et al. (1997)2] E2|E Wt & 7HX| B, 5 O 0|2t & Mo} obA HEE2 FIIALE O =0l = HEZ M KA
A BEEFOIA Of R (acromion)HXI] +%) 72|12, & Tiot 7l OIS 90" 23okn B2 27| B AEolM 52 Hof Y0 =
HE2 M REMOIA oA 27t 25 R (knuckle)7HX|Q| AT =B 2|2 FOo|EICHFigure 1). AT HIQL 20| FEHS & Xl
OP7ff =0l0f ot MR &2 HAE|E & $% &0|(hand height)2t & It} obA| HEE2 LIEHX|= & +F Hel(hand distance)2
Foto] Lt SRS £E2 & 5 50| 457, & 78 72| 37F, 58 T2 2522 5t 1 E2 Table 10f Lt U
Ch. AR 0% AtMlE RHAAEX| R5H0] A 2 Y AFOM HO| LOfLIX| B2 A2 FFE|0 HQASIRACE. Armstrong et al. (1989)0]
ot AtSkt ZE HYOM AMBEE ST B2 =72 FAIZ 3kg 0[5tZ LM U0|, 2F £oto| A0 FAE kg2 2 27t
‘120
100 % shoulder height
65
30
40 70 100
% arm reach
Figure 1. Experimental postures
Table 1. Experimental independent variables and levels
SH 40%
. SH 70%
Hand height
SH 100%
Hand position SH 120%
AR 40%
Hand distance AR 70%
AR 100%
Trunk rotation 0,30°
External load 1.5, 3kg
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ALt ¥ A7IE F0/7] 2loto] 2|f 257t gl= AME HelotA2H QF 2312 OfdS AR a2 AHao=Es
MEHSIO] 2470 AHA|, 21F B3t 29F 2| &8 4871l X K(treatment)Of| CHSH HelS +&SIACE ZE HE M|z e OXER 7

el =MZ HAIERAC

2.3 Experimental procedure

Y ¥ M| 2= Y ORI Y =Y, 2A U Y £F 24 + As Y 220 et 2¥S ot SoE oI
e =3 A MR M2 XME K& + gL dof flede B2 42 2RE dEs Y + ARF S

e HoX= Off AT/LHO| LOILA| RER REES O 2RI FAD A[YH Joff YXAIZ|L, dE2 S| XALEA
=0ICt O] HEHOA & BOX7E =0T e MX|of THE AHME AMALEA FotH dedXizt d FHOA REE0 27 255
FO|ECE A MX|of T2 XMZH FRIEE XIS 2ol57| fIsto dAtrt EH ZQIHE o F fof 5 Y 70| fIAIA|ZIC
Y HoRtE 7hsotd Aot 22 S FOT AME FAIE 2HATE 60EE Y2 dH HOZ= AME 60x S FAI
Mol X[z} 2HE 375 Borg CR1022 F3t1, HedXt= 0| 7|Eotct. Ad HOAL XM /XIS Z7[5HA L =0 &A XM E
HHALE B2 He 0| LEILE 2¥S STAZ|L, MK IM FX| AlZts 2 Ol MHTZ 7|3ttt 2E dY HOX
OAE & 2+ 22 3AIZE Ol R4 AlZtE RO, O|2 RS 223t57| 9lst0] st 2~374 HE XMA[of Cieh ATt
TASHRUCE. 2t e FOX= 202 2 2o Ho{StAn o A Bt Ay +A0l| of 20420 2L E[ACE

2.4 Discomfort rating

60 7t FX|E 29| =X

FAlOf CiSt 8HE= Borg CR1I022 ZH3HRChBorg, 1998). A% AOI X0 A Borg CR10S A& Hoj
o]
AN

X
Aol d8 £F 299 32 A2 g=x¢ =

.I
A StRICE Borg CR10 M= Table 20i| Lt ACH

Table 2. Borg CR 10 scale and %MHT

Scale Verbal anchor Holding time (%MHT)"

0 Nothing at all 0%
0.5 Extremely light discomfort (just noticeable)
1 Very light discomfort 10%
2 Light discomfort 20%
3 Moderate discomfort 30%
4 40%
5 Strong discomfort (heavy) 50%
6 60%
7 Very strong discomfort 70%
8 80%
9 90%
10 Extremely strong discomfort (almost max) 100%
Maximal Absolute maximum (highest possible)

* Manencia (1986), Miedema et al. (1997)
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3. Results

3.1 ANOVA

S & 23 20|, & £H A2, 25 W} o8 2|7t FHeix MHT U X2 EHE0| 0K Fgo] =2 2M3817| ¢
5t0) EAEAMS HAISHRICKTable 3). T 201, & & 3 £0|, & 8 72|, B5 3™ % Q& ot ZF MHT § X4 28
o fol+== 1%0A Rolst &2 O|X|= A= LIEtHCE Al SE#S § & T 72|17} MHTO, 2|8 £17t x|zt 2= 0|
K& G0l 714 ZiCh & T 72|ot Ct2 A S W & 25 50[9 9 e} 7t DSEE2 Qo+F 1%0M, & 3 =
o2t B8 3™, 55 3™} o|F B} 7t WSEE2 [OFE 5%0|M MHTO RISUCH & =T Ha|et & %] 0|, &
HE|et Q|8 28}, & 2| £0|9t 9B B3l 7t NSAEL Q0|4+F 1%0M X|Zt EHZ0| {ol3t LS O|X|= Ao R LIEIGS
LE & 25 A2/t 25 3, 25 3™ Ch2 N T 290! 7F I5EE2 X|ZH 8HE0 fost dEs O|XX| Y Aoz 24
T|QACE Table 30il= E7|SHK| ZUCLt SRS 7F 3% WS B2 IE QO[SIX| UotCt

Table 3. ANOVA results

Source MHT Discomfort
Fvalue Pr>F Fvalue Pr>F

Hand distance (D) 220.7 <001 114 <001

Hand height (H) 37.52 < 001 55.13 <0071

Trunk rotation (R) 27.66 <001 29.76 <001

External load (EL) 176.1 < 001 136.99 < 001"

D X H 30.99 < 0071 777 < 001"

D X R 17.23 < 001" 3.03 0.08

D X EL 57.13 < 001 19.96 <0071

H <R 4.09 0.02” 2.63 0.08

H < EL 33.52 < 0071 14.96 < 001"

R < EL 5.79 0.05" 147 0.26

* significant at a=0.01; **: significant at a=0.05
3.2 Post-hoc analysis for MHT
F&EHS MHTO| CHet SR g 37| 3 ZAT2 Figure 20] LIt AUCH & =8 H2|0| W2t MHTE Aol MyXoz ZAd}
£ FME 21, SNK A (Student-Newman-Keuls test)Ofl Al S FH2 A 1522 LI X ChHFigure 2(). & £ &0[0f

CHohM= SH 70%2 W MHTZF 7+ 243 0|8 7|&ERE & =0|7F RALL ZOHX|H MHTZF dA5HR4, SNK BEAM= (SH 70%),
(SH 40%, SH 100%), (SH 120%)2t Z0| Al 2§22 A% ACHFigure 2(b). & 3™ 0| LUME+E MHTZL ZABT SNK
AFOM & IFLE 0N CHFigure 2(c). =& 2Tt 20| QI 357t ZIISHH MHTZF 2450 1 Xto[7F 3| LIEtReH,
SNK AN & 2F22 LHRO{FChFigure 2(d)).

http://jesk.or.kr
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Figure 2. Effects of independent variables on MHT

3.3 Post-hoc analysis for discomfort
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2 B7KIAN, SNK HHM Sfs =FEE M 1822 L0 CHFigure 3(). X1 8HEE & % 07t 3710 w2t
= O A (SH 40%, SH 70%), (SH 100%), (SH 120%)2| Al JE22 F=&|RAChFigure 3(b). &&
M 70| Bt met SHEZF B7H6t, SNK 2HME SR =FEE £ 1808 IETE[UC}

Discomfort
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(a) Hand distance
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Figure 3. Effects of independent variables on discomfort
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3.4 Relationship between MHT and discomfort
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ZF A MX[of CfSt MHTRE S HE Eedt BEEHAE SHE 37| 22 Falst A&7} Figure 40 MA|Z|0f UCE O{7|M, X[2H =
= M3 HX|of ME XM E 60= RXI3H 20| Borg CR1022 FAH Z40|Ch MHT EEHANE MHT B 0| Z0tX|H 37 4
SOl EHE EEEANE EHE 379 2A Q0| D2AH EZSIFCE MHTI SHE 7+ ZHl& Figure 500 LIQF 20, MHTZt
ZOJX|H X[Zt 2HETL ZAsHE ME B[ AAE 20|10 AUCE HHA MHTE 75~1,751X, EHEE 1.36~869 At0|Q 22
EQICE B3 ZAE M=lst7| fI510] 1/MHTL EHE 7t BAHE BASIYCH, 2ot MY HAE ERUCHFigure 6). Figure 601 T
& 2|FA0] HI|Z[0 20 R? 20| 0.96 0|42 EUC.
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Figure 4. Mean and standard deviation of discomfort and MHT in the ranked order of the discomfort
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Figure 5. Relationship between MHT and discomfort

3.5 Regression models for MHT and discomfort

A=

Figure 6. Relationship between 1/MHT and discomfort
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SAEMOIM ROfSHA LiEtH SRMp J & £ 20|, & 3 72|, 58 2 ¥ F FE ZESRICE MHT FH 28
& % =0[0f 2 MHTZt ZEMH RS = & B2 FI18IQ ChFigure 3(b). 25 3HS

| =7t Fol=F 1%0M F2l8ta, R? 20| MHT 2¥0|M =063 =HE =8 2= 0832 ERACt Durbin-
PlaEA =7 2HE ZHOME 174, MHT 2Y0|M= 1738 %1, Shapiro-Wik 874 A™M 2HE S MHT ¥
oM A™ SAHZO| -50 (p<0.6132), -129 (p<0.1887)2 LIEILL F 2HO| TA7t FR2EE GES ERICH 20| e el S2E

Loy X

=i
el
ro
>
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|0

2o AREAE RE Qs AR BAMEALE ESH MHT FH ZHOAM & % 0|2t O H& H+E Helst & M ZE
H=0| A WA 9 Ql(variance inflation factors)2 10 0|2t {8 Z(tolerance)= 0.1 ECt & Ao = LiEtL; XEE S&Hs 7t OHE
3M40| gi32 EQUCt

Table 4. Regression models for MHT and discomfort

Dependent variable Model R? Remark
11.99 - 0.124*hand distance + 0.354*hand height - Coefficients of trunk rotation
MHT (m) 0.003hand height2 - 0.062*trunk rotation - 0.63 for MHT and discomfort are
2.733%xternal load significant at a=0.05 or 0.10,
respectively, and those of
. -401 + 0.045*hand distance + 0.026*hand height + remaining variables are at
Discomfort 0.018*trunk rotation + 1.280*external load 083 a=0.01.

4. Discussion

2 Ao KtA U QF Botof mal FHS MHTZF ZOHX|H BEEHEAZL 3 E0E0 Hd &Kt 7t MHTZL Ao EX|Ee &

R (Figure 4), Ol= MHT7t & Mg Ol Ziolgt & = QL =

A Tt 7H XI0|E 2O FY E4E UEHHQICE 0|22 EH B2
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THEMON &= +F 27} MHTO| 7+E 2 Sefs O|X|1 B2z 9F 7o}, & 2% =0 58 =2 =22 1 S0| 34 Lt
EFRICE MHTE 8 72|17t S7t80f Aol 8N Za FHE ERACHFigure 2(a). Ol= MHTE 8 H2|7F S7te I MHTZL Z2

SICHE Miedema et al. (1997)2] ¢ 719F X|SHCL

2 A0|A Borg CRI0CZ EHt EHEE FHSIE 3|7 ZES HAISHIILE Borg CR10 & CEX EHE M40 Cish verbal
anchorZb HA|Z|0f AUAH(OG: 2 - weak (light) discomfort, Table 2 &%), 2o|o| XbM0f CHet 2H HEE T

HHUOCEZ siMY 4= U7 BT F, FOT XML F 2ot FEE 2|7 20| LW SHE ot MEED SHE
Borg CR102| verbal anchor®t H|wst®H 2H HE S FHE 4 UCL 0|S 01, AR 40%, SH 100%, 88 2/ 30°, 2% 3t 3kgO
SHE Mg 9 4770 £, 0|2 Table 20f Lot QU= verbal anchor@t H|mstH "2k A (strong) = EHeH REM|Of i 2H=lCt.

MHT =3 2|7 2F1} Manencia (1986)2+ Miedema et al. (1997)0] HA|8+ Borg CR10 H==2F %MHT 2+ EtA|(Table 2 &ZX)E 0|83}

M, ool XMof TSt FOE SHER FAE = A AMIE FEE = ULL 0 S0, 712 XM= 27 ZYS 083t]

'

http://jesk.or.kr



240 Dohyung Kee, et al. J Ergon Soc Korea

MHTE A ArsHH oF 73720| |0, O] XtMIE F$t = st EHRHE)S SA e |X| AlZH 737/5 = 14720 ElCkTable 20
A 280 SiEStE %MHTZt 20%0|E2 MHTE 52 L),

£ 37 2¥0| £Ho| Yt
XX 0t 2T 2= 0|2
mEn £ SHYN Y

£ £0[7] 9lst0] 2HEMOIM FOISHA LIEIHE W2A8S FItot0] EAOLE, R? g0 34 et
% o ARE S 2ol RVF RA| B0 T FEE
=

HE 3 DHO| Lhwx| g2 %os H

g

SICh oj&oM At Hiet ZHo| 2 TN KA MHT = 2 T XA R e 2atof Thst MHT %
EHE 37| FH#® oLz} 2H HEE A2 0jE HEHOZ giME £ D FOjT EH FEZ KNS SR £ As AlZH FH
= 7}SSHA B

2 A7t & £3 50| W £H A22 A¥EE & YAKE S0 2 AN HEE= HY FY (RES ZESHA 2O (Figure
1) 28 WS S HAIMTE XMt o 268 ZEste & A0 AIMH XtAof TSt MHTE CHE 7|E S70f H|sto] T
SHRICH g 4= QUCh gLt AE 37|E E017| «Usto] kHESt S0 +=F2 Mot g8 AHoL FH 23 %2 X
%S ZHTEO| AUCE 2 A7 At SN ALt 0|8 ZL of2fet WS nE{H Fo7t T ELCE

5. Conclusion

2 dF0Me & X, 88 ™ W QF 2o ME MHTY S HEE ZHse AE2 s¥otn, 1 ZnE HEeR Fas ¥
Q0 SHEE XA Bt M2 AL8Y = ASS ERACE 0|2t B FOT XAl W Q[F Fotof IE MHT R 2HEE =¥ ¢
UAe 2H BYE SRt 2 A7 At X2 2HE0 7|8st B2 7|E RbM 2ot A AFo| EfEYE HMASY D, =5 &
Ao It HHIE QAL FFO0| 022 AEN =2 MelX ¥ il & o ZHES X4 SHEE ASE £ Us T
2 MBIt 2 AFoME B8 S5 F 234 2| SEUE ZEsoL 2 AT Znte| & O AN HadE 2=st7| ¢
siMeE AF W BH =2 52 ZET F O CHYS AA0f chst A7t Q=T
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