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Investigation on Perceived Discomfort Depending on External
Load, Upper Limb Postures and their Duration

Dohyung Kee

Department of Industrial and Systems Engineering, Keimyung University, Taegu, 704-701

This study aimed to empirically investigate perceived discomfort depending upon external load, upper limb
postures and their holding time. Discomfort was obtained through an experiment, in which external load, wrist
flexion/extension, elbow flexion, shoulder flexion and adduction/abduction were used as experimental variables.
The subjects were instructed to hold given postures for 60s and to rate their subjective discomfort scores at 5s,
20s, 40s and 60s by using the free modulus method of magnitude estimation. The results showed that while only
external load and elbow flexion were statistically significant at the holding time of 5s at a=0.05 or 0.10, external
load and upper limb postures excluding shoulder adduction/abduction significantly affected discomfort ratings at
20s, 40s and 60s at a=0.01 or 0.05. Discomfort scores were also significantly different between four posture
holding times at a=0.01. The effects of external load and holding time were much larger than those of upper
limb postures. Based on the results of this study, it is recommended that external load and holding time as well
as working postures be taken into consideration to precisely quantify postural load in industry.

Keywords: discomfort, postural load, posture holding time, external load
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1. A

A B9l EH-L 5Z(pain, soreness), A H/F7HZH(numb-
ness), 74 Z(stiffness) 5= ke B4 ZF=(joint angle), o
59 = 4 B 59 A 98HF(biomechanical) 2913}
A=) o] QITHZhang ef al., 1996). 023t EH L 335 e
T A TF, o= A3 sl 5 AX(precursor) E &
on, Aol AHH F3HE SHEA U F e o=
424 THCorlett and Bishop, 1976). 1211, &4 A<}
(physical constraint) & A|Ast EHE A3 SHH F=4A
A%l 93PS Y 4 e Ao s IthDul et al,
1994; Putz-Anderson and Galinsky, 1993). 2}¢] ¥-8} & &
AA A #2919 Y FES ABH R, 2 A
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ARA, A F-sl,
QLAY 2H 59 Ay #4E 2
Z(physical condition), 21 52| 743134 &
3208 Agste] wshe o ® A ot
(MacLeod, 1999). 9]¢} 22 o2] 820& F U7HEst
Me g, BA-e A 59 adlo] Ay F3F S
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et al., 1977), RULA(McAtamney and Corlett, 1992), REBA
(Hignett and McAtamney, 2000)9} 22 A}A| -3} 7} A7
(posture classification scheme)E©] YWt 0 2 ALL-E 11 &=
), o] WHELS AHA| F-3K(postural stress)2] H7toll 4
o] g0l A qlof 7k 3, whE, 2|4 A7 (duration) T2 A ¢
7 =)o} 9] ekth OWAS, RULA, REBA 5¢] Wl <)
B 1319l 37]7} RULAS REBA G| & A4 A]7ko] ¥k w0
Ao 1 zre] A AA AN Dojve Fate A7
£ A2 G7tstA] Zshat ek

S=AA Ao ik 917} AA F-94 o] EHTE dose-
response VA 7F ZEAA A ool Tad sl A=
7bE & o, AR Fgs BAE g A A doH
olA g AL ] 7] flste F, AAl, vHE T ZEAA A
o] i A QRlo] FoA ERH A& G tig A
-7} o] F0] A $ktk(Carey et al., 2002). Bousenna et al.(1982)&
A7 B FEH A A 7hs ARt FES rRE o
33, Lin¥} Radwin(1997, 1998)& =% z}A 9} BHE 4=530]) u}
2 BHS 24353t Carey ef al.(2002)S £ 244, 244
B Z(pace) 9} 713 3] A7) ME EAHS S5, 7
3, A, Bx T AR GRS A vXvka Byt

AA Y g e S TS BE AME-she AA7Y
Bol oo gt A7} Basht, $lolA] A upel 2o o]
wobell gt A7 F55 Aotk webA, B AT
AR AA, A A& A 7Y, 95 Bl external load) 7} X7 &
Ao A= G| 27|18 AP S Foto] AFH o= v}
st} gt} 2 A Ade JYgAEel A9 T e
AE =Y F UAEE A4 52 AHAS ALA S AY A=
o] AAlsh= Hl 712 A5 2 &8 5o, H 50 A ok &
opo| A 2 BAZE HaL e FFAA A8 o] dXE

2.1 J487

BT B 24 AFde 44 8% 59 244
Agke e o] Qle 1A FAt e 10 o] Fofstglon,
JHAFAAEY A S8 Y B B FFAAE tat 2
oF (1) A7 - 24.7 £ 0.54]; (2) A1 - 1743 £ 4.3¢em; (3) AT -
68.5 + 10.4kg. B I ol A A7 Holl 49 W& £
S Ansta AF oo g X A SRS o3
omj Ay A7kl vl EHAl S A F st AT

22 AFAE

AP G A L 9% $3E 57 WFE sl 34

AZdel e A7 BAE 77

PApe] FHA A7 BHEE SA3h o7|A, A A4
= €5 Z3/A H(flexion/extension), T3] =, o7 =,
o017l W 2/2) A (adduction/abduction) F2+e] 2o 7 WA
Ak =9 WY W& 7L tha <Table 1> 2= o]
AT A AA| o} o] - Fsl 5o HY WG] FE2 4 |
o] A A, A Al tHRoAE FEHEY A, dAA L
2 AP AT = d= AN AT 5 = FA
#lste] Gtk AA ) & Fate] FES
of PR 2B S G R ou] AH S 59
2R P e £ g2 10°2 F A0
7t WA 2 S 7 gl7] Witoldth A7|A, &5, &
H2 AAE Murrell(1969), ©17) &A= Chaffin®} Anderson
(1991)9] B <& w5tk

Table 1. Experimental variables and their levels

Experimental variable Levels

-25°(extension), 0°, 20°, 30°
0°, 30°, 60°, 100°

10°, 45° 90°, 140°
-30°(adduction), 0°, 30°, 60°
0.0, 1.5, 3.0, 5.0 kg

Wrist flexion/extension
Elbow flexion
Shoulder flexion

Shoulder adduction/abduction

External load

<Table 1> ¢} 3= 5§ G0} 3o thste] 282l
A Z ¥ (full factorial design) .2 A A& 3H, 1 A3 3
F7F 1,0243]7} o] d4A oz AHPS Fa5t7]71 o HA
Ao} mehA, B A e 59 Mo BE 8919 a9E
FEg F oo Ay 78§73 02 &Y & e Au
Hl & # (orthogonal array) S AHE-3FATE & Aol A= L32 4
WH GRS 285} <Table 1>9] 5 WFE 317) Lo v
At 71E AT A9} F Ato]o] WEAE-S fr
of&tA] e Aoz LA lof(Carey et al.,, 2002; Kim and
Fernandez, 1993; Lin and Radwin, 1998), 2 oM & o] &
w2} =8 I (main effect) T 2] ] & 3t of] v F &} o)

2.3 Rating W3] 2 Ay A4}

Z} A% A A(treatment)ol] th3k 2|2t BHEE ol 4 EF
813 (psychophysical) % F magnitude estimationS ©]-8-35}¢]
=73tk magnitude estimationS A1 &2 WY Fol A

&o] AFE-5 3L Q= category scaling®l| B8}, ratio scale
JARE DS F ol thFst AFA FA £A o] 7hssitt
S
A

judgment 2] magnitude estimation2] A}=-2] 2715 H7}5h=
W 2 94 2} A4 2 scale 2 A=) 7] 5 H7LSh= free
modulus methodZ &3} oM, TAAAE o]E o] &3}
FolX A AA| o thgt BAEE AR HelA et
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magnitude estimation .2 EHEE Z43}17] Mol A3
i3t 143 A7} magnitude estimation2 348 52 o] 9l
A5 7173} calibration testE WA AAISFSAT. calibration
testol| A= AL} A(line) Q] ZolZ A=S ZF 10704 A A g
T A AT A Zolg, A Al AR @ebA &t
At A3 AHRE log S F 242k AFo A A 3] A7
RS AAsE, 712719 99% A1F] o] 1.0S XA
£ 7173k 349 217} magnitude estimationS 43§ 4= 3l
=4 IaFA tHGescheider, 1986). calibration testol] = 127
P71skd e 109 o] St stk
(main) A lM= AP Aol met 4P A=
A Foizl A AAo] ;e AAE Hsta, theoE At
7F Ad|FE 9B RaHE ol etk AP AT FoIR A
A& 12 2 A, A Ao et 52, 20%, 402,
60%o 47 F34 EHY A7) AR g AT &
= TR AA ol ME M E AT F S HER PE
= JAGE F9E F ASS AF Mol JAFA=A
Aok gk A3 AA| o gk A3 o] FUH 52 o] {4
AlZhE FA 32709 A9 A5 7 9424 Aec) random
SHAl A Ak om, ¢ AP Abe] A2 3Uol AA 7ol
e

o]

e

e

q

ol

3. 23

B 59 =Ho| magnitude estimation®] free modulus
method & ©]-&-3te] 7t 2| A3 Apwich ALE-ghscale©] B}, &
Aof ghA] o] & FYUste ¥ A o] 7T E AFA
E o) M F max-min WES Qg st on, o]9) 4L o

T
<Table 2> 4] H= ule} Fo] 202l X = 94 H-3}¢} 24|
Z3o] fo) £ 10% olstel A o FE By on, 20% o
A o WS AQg BE AF wFEo] f9
gH UEPITE 52004 402 74R) = A|7ko] A G2 7 W
£ F948 9 A=t AAE A0E Ye o, 60Z A=
&5 A, BEA 227 o) 2349 frolAo] L8]
Z) ST 60204 9] F-31] F values 4030] B3t A
o) Auk w2 7H 3k th204.90 4 114.0 0.2 7H48H32).

EAEE 9 23l 9 A A& A|7te] mEt A9 AEF
© 2 Z7hHS B ti<Figure 1>). <Figure 1>0A4] X nfs}
o] A& A|7te] W2 EAE =719 xfo]7} R Hate] 2
717} ARGE o] Z71EHS R 9F Fat §le e
A& ARkl e B o] Aol 7} A4 o, 9 F-at
7}5.0kg Y WE A& AlZbel| W& Apo] 7} FE1gh 2fo] & e}
AT} (p<0.01). F, )3 33k} 24A) 2 & A7E ALo)ol) nE 2
£0] o] A|Fke] A= o] H3lo] o] Atk &
& 3Tk

g3 2t} 2 AR P2 MBAS oJEstel ARHRF T o
7 A9 AA ekl RE HARA) B Tole] o] B £8 Fhe| o] 2 AH A A7 BE LT
A ol AE-sFl Tk + <Figure 2> V}e} 3101, <Figure 2>l A K= njo} o]
TH AA(ET T2 A0 0721 AA A HAGFE, & =
wgpe ey VG T HAERAE L % 5e 44 Bo) A LSS w0l S/HE Holw Ytk
A 2o - 2 BUE AR AN B FRHY 25 IA Ueso, F &
2} ko) & Aol Kol x| = gttt
Table 2. Results of ANOVA
P value
Factor
5s 20s 40s 60s
External load <0.000%* <0.000%** <0.000%** <0.000%**
Wrist flexion/extension 0.102 0.024** 0.002%** 0.046%*
Elbow flexion 0.059* 0.017** 0.003*** 0.053*
Shoulder flexion 0.323 0.012%* 0.001*** 0.002%**
Shoulder adduction/abduction 0.270 0.658 0.807 0.697

*: significant at ¢=0.10; **: significant at a=0.05; ***: significant at a=0.01.
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34 BEX 52

A A g Al7be] 52D W E Al9jstale SEA] F3o]
2 BA 532 T AAAA 30° 25744 257 ST
7} A Zadhe FAE BTk 9hE, ZA| A& A 7te] 5
d W= 23 ol SUH met BEHEF o gAES

80

eI (<Figure 3>). 2|4 A7k #AIS]

ol A &2 7 23kt (p<0.05).

35 A 5%

o WHAME 2F3 WA T A
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40

Discomfort

20

0 1.5
External load(kg)

Figure 1. Discomfort for external loads by posture holding time.
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Figure 2. Discomfort for wrist motions by posture holding time.
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Figure 3. Discomfort for elbow motions by posture holding time.
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Ao}, <Table 1>9] FAHEA o] A W29 A F2h2 B9 4
Foll o TS nHA Be AR YE q7)dME
A SHATE AA A& A 7o) 20-602 Y WE 23 2 5
Fo] 10°el14 90°7HA= B 0] F7Fsttrt, 90° o)l
Me 5 ashs 202 YET (<Figure 4>). A& A
o] 524 toll= ==ol A wel EUELE o] T7}s)
Atk ZF30] 10°8 WOl E¥ 2 YA 35450 st
Fo5HA 2gko (p<0.05), 90°2k 100°0 A <] BHE M E &
oJgt 2po] & Kol 7| gokrh

3.6 A A& A2

A A At B EHEE <Figure 5> U} gloH,
A 7ro] ZAngto] wpe} B 7o) Ao vx SIS
Btk A8 39 EAX R gro] AY 1.0S B A4 A
& A BHEI} e o A B0 JeS & 5 e
B, 712715 0.572 YeEh} 2|4 A7 1o w2 B R

¢}
F717h 2 BaT, 2 A% A7 BUEE AR 495 2

o7} e A2 EAHH T (p<0.000)

4. E 9

4.1 23R A

2 AFNME FAY &5 F/A A, BEA =3, o =
, o WA/ 58 5 A MEE 3t o5 AA
] 3ol thai M= <Figure 2-4>0 A Ao B GO m, T4
oA A& A 7Eo] 20% o) 750l 30° =Y W =
7Vttt oAl aste FAIE AT (<Figure 3>).
= RULAS}REBA A Z553] 223 60-100°2 0-60°, 100°
17 59 277F 0 2 st 230] 90° 521 60-10090 4]
A Fap7 A2 Ao s BFS AR st AHFS He
Aolg}t & 4= It} B3 Hsiao 9} Keyserling(1991)2] 3--ol A
A B3] F2F9] neutral range(45-110°)F= IA|3t= A

.2 Yyt

O ol X opm 1l

o

50
e X
40
t /
[¢) N A A —e— 55
<= 30
g /- —— 20s
o —4&— 40s
g 20 //\. 60s
10 r / * —
O |
10 45 90 140
Shoulder flexion(®)
Figure 4. Discomfort for shoulder flexion by posture holding time.
50
40 | =0.5718x + 5.9542
R*=0.999
5
= 30
3
©L 20 r
o
10 r
0
0 20 40 60

Posture holding time(s)

Figure 5. Discomfort for posture holding time.
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ol =3 AN A A A& AlTEo] 52U W E Al 9jstar

3 0] 90°°l| o] & W7AA = Aol STt 90° o]
e Bl Ahdte A o F30] 140°Y frt
90°d w7} EHo| Z& HYTh<Figure 4>). Lt} RULA,
REBAG| X o7 Z=o] AAGF= A Félw &z St
T Ao E BRI glo] & A9 Ale]E Kol Qi) o]y
S AS ATRA 02 AR E Y] 95t wl= mAZE g 8ol A
7}4k8k 3DSSPP(3-dimensional static strength prediction program)
S o]&3td, AN E A e HHL Tl o &4
©5.0kg9] 9 FotE EA 3 F, o) #AE90°9 140° 2
23w 9] L5/S12] compressive force S AlAFslo] Bkt A4k
A3} 90° A= 1,254N, 140°91 4= 939N E LtEfL} 140°0]
71 90°Q1 73-%-of Hlske] oF 25% Q) BEgh F Aol A
ol #H o] Hal5 e = A= HH(population) o] HlE-
BT 99%= zto] 7k gt riIA R, E AT T $HA
A el o] F3ro] 90°9) 140°Y W o] B 9] A}
= frolotA] Gtk webA, o2 Abd S A e 1 A}

& A 7ol e A7 2AE 81

ol A FA o7l o] 140°Y W7} 90°¢] B¢-EHT B
Hol 255 Kl B 479 237k e of slvtar shalTh

12 9% F39 A% A7 G

<Table 2>} &4+ £A oA FoAo] 7HE 2 ALE Het
o O 1o} 2| 2)& A7) JEFS F T AAAIsHA B4
at7] flated, BAF E4 X9 ZF QS F valueE AHA] A
& A7t whe} A B QkeK(<Figures 6 and 7>). 9] 5 F-8}9}F <&
B2, B3R 23, o 2349 AA MFE9 F value
T 5204 402714 F7F87t o] o= ZHAstGiTh o] 9
2] BAF 22 ol A error2] mean square value= 720] 530l A
0027 A&HH 0.2 S/t 01, 402 o] Foll= FAY T
7HE BA ol gk #4422 A& Alzto] 602 Y o €]
R R A R i R = I S B R et 3 M R Rl e 4
s

250
200 |
8 150
©
>
w 100 r
50 |
0
5 20 40 60
Posture holding time(s)
Figure 6. F value of external load by posture holding time.
60
—e—wrist flexion
50 —m—elbow flexion /
40 —a—shoulder flexion
g —¢—efrror
S 30 r
L
20
10
0 L L L
5 20 40 60

Posture holding time(s)

Figure 7. F value of wrist, elbow and shoulder flexion by posture holding time.

(error: mean square value)
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A9 ol o] Fasklthal sjAjstofof & AL
€} o= 402 o] AY WFEY FoA e HAa
error®] FEo] FASHA Sk AHAIA 2 iy
, O A Azto] AL E, 58] 402 o] Fol & A
9 ol e 47 s Hsto] FHoz 7
A Aol & 5 Qltk F, A A& A7o] B &
o)A H A|Zte] B GFe] 2771 348 ST
itk whehA, 24A) R85k B8] Hotety) sl e
, A AT} TEo] ARl A4 AJte] ar o]
3] A4 2145 A|7b0] 4025 29 9 A& A
7%%%ﬂﬁﬂ£ﬂﬂuimcﬂ+ﬁﬂﬂﬁﬂﬁ
& A3 vIFolE wf ApA| 2|4 A|Zko] e F o 9
AHRHE 1 73 Fo] 2 iR 71E
E2(RULAS A% 18-S BAZ TR
297kt Jlokar sl Tk

<A 0=
(g

SHE B R
o
A o
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|
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djo
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>
=
—111
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4.3 AA| A& A7

B AT 5F, 20%, 402, 602] AFA] A& A7t w
EEH TS SH 0}91‘4- <Table 2>9] &AF 4] ol 4] 202
o] %of| = o7} qu/ﬂ;ﬁﬁ A e)gh 95 Faf, &5 25/ A,
A =3, oA 23 TY B AF ‘i‘i"ﬁ b9 5 1%
S 5% BH FEo QS vAE A0E YEgon,

S5ZAAE o Ftet FEA =% 4 FE 5% T
10% AA FHE B A A& At we} o3 A3
T7F Rt FEA 239 o 234 BE B FEE
.LQ} 20-60% 7hol] 25 T2 Z8S B AT (<Figures 3-4>).
Z, A A A A& Alzte] 52 Wl BHET}
23 7ol wet A&HoE Fhde AYS HAo,
20-60Z M= 30° Fol A 25 S7IHATI Hadhs 5
Al BT =3 A 9] Y 2FF(raw data) I M= 52 Y wlj =
BE A3 gt BoAQ A oE B
PA7F o Ao, olg gk A A A& Azl AR
o utet =AU O]b AlZrol ZH-s e P @Al F

Z 270l gt E7 s
& Agto] ARTFE %?19] NEE
&4 e Zlolgt & 4 At webA, 5
A7) A AL G A A A =302 o3 Bt
= AAStE Ao] vidsita & & Jlow, 5 A

A Z4A A& AZHE AR ete o 2 AsTE
2l
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eN
=
—Z
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fo roh X pN et Ip
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Z Ueston, o Fahe] o] 71 2 Aoz A H
o Ao M FH HEE S0 SAE FRAT BN 2
B npe} o] A4 A& A7) G = A Yerstth uhet
A, - Frahut 24| Al AIZHS BESkaL 914 7Y rough
A vkl sla QlE 71E A BF AAE S A4 RS 3
agrtsta glom, 35 A 2o] 2 &7 AAE 7HEE v
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