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Prediction of Whole Body Discomfort on the
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Objective: The purpose of this study is to develop linear models for predicting whole
body discomfort and a new external load classification scheme depending upon hand
position and external load.

Background: Although quantification of whole body discomfort is useful for assessing
physical workload, study on whole body discomfort is seldom found. The classification
schemes of external load adopted in the existing posture classification methods such
as OWAS, RULA, REBA etc. reflect just quantity of external load without considering
their locations in the real work postures, which results in inaccurate work stress.

Method: An experiment for measuring whole body discomfort was conducted, in
which hand position and external load were used as independent variables. The hand
position was determined by using percentages of shoulder height and arm distance.
Fifteen healthy male college students without histories of musculoskeletal disorders
participated in the experiment, whose demographic data are as follows: Age - 21.3
+ 1.80 years; Stature - 175.3 + 5.88cm; Body weight - 75.5 + 12.31kg.

Results: ANOVA revealed that hand position, i.e. hand vertical height and horizontal
distance, external load and their interaction effects are statistically significant on the
whole body discomfort at o = 0.1 or 0.01. The effect of external load is the highest,
followed by hand horizontal distance, and vertical height. Based on the experimental
results, three types of linear models predicting whole body discomfort were proposed,
which was classified by independent variables used in the models: hand position and
external; angles of joint motions measured for experimental postures; and ROM
transformed ratios for angles of joint motions. A new classification scheme of external
load reflecting quantity of external load as well as its position was also developed.

Conclusion: The study developed three linear modes for predicting whole body
discomfort and a new classification scheme of external load.

Application: The results of this study are useful for predicting whole body discomfort
depending on hand position and external load, and for more precisely assessing work
load according to external load.

Keywords: Hand position, External load, Whole body discomfort, External load
classification scheme
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1. Introduction

ApR|st SO (Ministry of Employment and Labor,

=
=

M2 2E4A

Tt

2Ea of

CHPutz-Anderson, 1988). A XY

ZotE

o
ujo

RACHDUI et al., 1994; Milner, 1985; Nag, 1991; Putz-Anderson and Galinsky, 1993; Zhang et al, 1996).

Z Corlett and Bishop

£ HtEge

CH(Corlett and Bishop, 1976). O|

i

m
Thu

KI
=

f=k
=

& IM(strata of equal discomfort)

o

gl

HIAISIRCE. Carey and Gallwey (1999)= HH2E &

Lin et al. (1997)2 & %l(exertion), &=

=
[

SL AL} Carey and Gallwey (2002)

A

oju

A
~

g SEI Fah Ao GE 2EE

x|

O, 2 (extreme)

ol

1

<

{

Ch. ot HEO =251 5= ©

3l

b
q

I

F &Zksimple type of deviation)f| H|sl0o| 2

1R He

=
=

=25 40| .f

AeMollMel QI Fo 22 &5, ZEX|, o St 5

oto
X

SEH2{(range of motion: ROM)O]|

Genaidy and Karwowski (1993)&

= HWZ(ranking) AIAEES |
B 3|2|(supination)/s £H =

2 F8317| 215t0] Genaidy et al. (19942 M A}

#g.0
OFSHICE, O[] 2B YFO| QT M A

2|(lower back), ¥H0|, £&

SOA 7+ Fot7t =11, 480l =5, #

|

ﬂ
2 55

~
(=]

zl

/
Hr

12| (lower back)-2

+
(e}

aX, o St

<

z
=
KIr
i)

<

mOo

7
ujd

=

L
EHEE sl 27| /I8t Kee and Karwowski

155k 0|2t g 4= UCE Lt QAMoA 2oLt

oto] Te

Al2Eof B

%ol 3

1

A

HE

.
[}
[

F

o
[l

A

ol

I
K
7

7l

7l

(2003)2+ Kee (2005)= QIM[O|A OjLtE 7ol

ol
|

Z|ofM gtolt, S 7HK] SHA

)
xr
IH
_||_
%0
KIr
ujn

=0

]
2 T0j| A

M, Carey and Gallwey (2002 &5 &

=
=

X8 elR £t

oF
g

A
[

=
[

=
(=

o o

tofl 275t0] EH=O| 7t

=

i

Hog J|ty=ict

of 7|X XAt22

=
=

EXEM F3t of

2. Method

2.1 Participants

!

OlXtOI A= O AlZhof it

=y



28 Feb, 2019; 38(1): Prediction of Whole Body Discomfort on the basis of Hand Position and External Load 15

2.2 Experimental design
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Figure 1. Experimental postures

Table 1. Experimental independent variables and levels

SH 30%
SH 65%

SH 100%
Hand position SH 120%

Hand height

AR 40%
Hand distance AR 70%

AR 100%
External load 0, 1, 3, 5kg
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2.3 Experimental procedure
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Figure 2. An experimental posture
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HE HEE Table 22t 220 A3 Tof| Hd HOX0A SAIAIZICH, d =5 Eod 32 $AIZ =g + U St

Table 2. Borg CR 10 scale

Scale Verbal anchor

0 OFR AL =IHX|X| %S (Nothing at all)

0.5 SEE SHGHK| S (Extremely weak (just noticeable))

1 02 SHSIX| ES(Very weak)

2 =HSIK| Y-S (Weak (light))

3 HE(Moderate)

4

5 = H&H(Strong (heavy))

6

7 0§ =HEH(Very strong)

8

9

10 J 2 E2HEH(Extremely strong (almost max))

Maximal Z| i (Absolute maximum (highest possible))
3. Results
3.1 ANOVA
HEOM S&H2 Fot HY MXJof e Y SHE0| 0Kl SZ¥e & 2K, § & £3 50| ¥ £8 722t QF £
gds 2MGL7| Aot BAEM S sHGRICM, O Ak Table 30 F2|X|0] AL Table 30|M 2 Htot 20| ZEHEE ot
& $3 20|, & =¥ AZ|, 7 F5 ZF Y SHZN F2A+E 1%0M Rolet S¢S OjXls HE 24T M =EHS,
T A% F5to| 0| M 2ol & 8 7|, & £ 0| £o=2 Feo| A7|7t HA| LEIGCL S ¢ uSHE: B
RotACH, & % 0| X =¥ AH2| 7to| uS AL [OYFE 10%0M FISIRACE & +2 0| W =¥ He|Qt oF £t 7t
Table 3. ANOVA results

Source DF Mean square Fvalue Pr>F

Hand vertical height 3 9.28 105.15 < 0.0001

Hand horizontal distance 2 11.55 130.84 < 0.0001

External load 3 87.22 987.77 < 0.0001

Hand vertical height * Hand horizontal distance 6 0.20 2.27 0.08

Hand vertical height height * External load 9 253 28.62 < 0.0001

Hand horizontal distance * External load 6 1.11 12.57 < 0.0001

Error 18 1.59

http://jesk.or.kr
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Figure 5. Effect of hand horizontal distance
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3.3 Hand horizontal distance
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3.4 External load
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Figure 6. Effect of external load

3.5 Interaction effects
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3.6 Prediction of whole body discomfort

He ZUE HE2Z 3 7| WM 2HE 0|5 ZES MASCE HA, 2MEM0M FolE 1%0A F2ISHA LtEH 371 =&
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(a) Hand vertical height and external load
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Figure 7. Interaction effect between hand vertical height/horizontal distance and external load
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Table 4. Linear regression equations for predicting whole body discomfort

. . Model >
Independent variables Equation significance R Note
Discomfort = -1.9481 + 0.0204*SH% +
SH%, AR%, external load 0.0283*AR% + 1.2156%xternal load < 0.0001 0.89
Discomfort = 0.5620 + 0.0028%lbow + M selbowelt
Joint angles, external load 0.0268*shoulder N 0'09 10*back - < 0.0001 0.89 70°<back<180°,
0.0435*knee - 0.0978*ankle + 100° <knee<180°
*, 1
1.2179*external load 60° <ankle<115°
Discomfort = -2.1518 - 0.0036*elbow + ?10 ijslﬁgm;lfg1’70°
ROM transformed joint 0.0548*shoulder + 0.0022*back - o o '
" . < 0.0001 0.89 70 <back<180",
angles, external load 0.0580*knee + 0.0511*ankle + 100° <knee<180°
1.2196*external load o o'
60 <ankle<115

3.7 Classification scheme of external load

9% 2ot £7 HAS o] AS0] B, & 3 F0l2t B A2 Tzt 127} 2 ZgolA &

Table 5. Effect of unit external load on whole body discomfort

H H X
- T©°

tel Thel FAZF MY =

Hand vertical height

SH 30% SH 65% SH 100% SH 120%

AR 40% 045 (1.0) 0.86 (2.0) 1.10 (2.5) 141 (3.0)

Hand horizontal distance AR 70% 0.68 (1.5) 1.25 (3.0) 1.48 (3.0) 1.71 (4.0)
AR 100% 0.92 (2.0) 131 (3.0) 1.70 (4.0) 1.71 (4.0)

.120
40! 40

10{ 15! 20
100

40 70
% arm reach

3.0;
O\/ ----- - 9100% shoulder height

Figure 8. Classification scheme of external load
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