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Objective: The aim of this study is to develop and validate an evaluation tool that can
evaluate trapezius muscle workloads to prevent musculoskeletal disorders (MSDs) in
workers.

Background: The number of musculoskeletal disorders among workers in industrial
sites is increasing every year, and it is necessary to develop an assessment tool for
evaluating muscle workloads to reduce MSDs.

Method: Ten adult men who had no musculoskeletal disorders were recruited and
performed drilling tasks for six working heights. The EMG was attached to the upper
trapezius (UT), and the EMG data was used to extract 50%- and 90%-iles values for
the six working heights to derive the amplitude probability distribution function
(APDF) ranges, then, an assessment tool was developed to evaluate muscle loads
using the APDF ranges. To validate the evaluation tool, it was applied to industrial
sites in two ways; (1) Comparison of muscle loads by difficulty level, (2) Comparison
of muscle loads in different ways of working with the same difficulty level.

Results: An evaluation tool has been developed to evaluate muscle loads at four
workload levels (low-, medium-, high-, and very high-risk levels) of APDF-50 and
APDF-90, respectively. The final muscle loads were divided into four levels: Level 1-
good; Level 2- ‘normal; Level 3- ‘caution; and Level 4- Trisk’ The results of the
validation study showed that when evaluating the muscle loads for different levels
of difficulties, the muscle load score of the overhead working height task was higher
than that of the chest height task. In addition, when evaluating different work methods
with the same difficulty levels, the muscle load score without the exoskeleton task
was higher than that of with exoskeleton task.

Conclusion: An assessment tool for evaluating muscle loads with a range of APDF-
50 and 90 by workload levels was developed and validated based on the different
levels of working difficulty as well as the working method in this study.
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Application: The results of this study are expected to understand and prevent
musculoskeletal disorders by enabling a comparative evaluation of workers' muscle
load by workload level.

Keywords: Muscle load, Musculoskeletal Disorders (MSDs), Electromyography
(EMG), Amplitude Probability Distribution Function (APDF), Workload level

1. Introduction

MY AFOM Ldshe HYRE 2E24A a2 0l B715te FME 20| AUCHKIm et al, 2008). S5, 4X|QF 52| £L/0 &
=47 o FHEO| HIHSIA Hdst Qu, ol2fet Y2 BAAS KM, HEXOl 2 £ w2t Tl 3 2& 2zt
&5 IE1t &M (Punnett and Wegman, 2004; Kim et al, 2009; Da Costa and Vieira, 2010), MH& =4, & =, 24 52 2
Qo] 5oz WS LIEHHTHLee et al, 2005). TLHOIM= CIAT MY 2ot SASIL QU= ZYURIS| 2544 e Ld
2olof ot gtet S2|X S Alz|d2|™ Q400 ot 2EAA e ZAE =AE[0] EX|2HBongers et al, 1993; Devereux et al,
2002; Kim et al, 2004; Choi et al, 2012), O[O Tt 2191 AR O|RO{X| 1 RS &, 254 Zete| 22Xl ool 25t A= H]
X 2E=5H AFO|CH

Aol ZEAA Het o#E ol 2HE A=E V|BteR ZHRZEE FHE Y AlQ] BIIE mofsts WHoR IF
(@amplitude) &A1t Fota=(frequency) &A1H0| UCH ZL|22 240] S3| A&Ste Fhte EMYE Mol FEH0| BHERUS
M AHEO| 7ts5tn, &M At sjM Al Fo|7F BRdICh= A FO| RUCHBlanco et al, 1995; Cho and Kim, 2010). BtH, 2= 2A1H
2 YHHoZ ALE5ts W2 OfLX[DL 2 e Moo RS 245ts YRR 3T 252 ATYHQ o5 LiEle HEo|H,
AlZto] 2 28 At2Eko| Bt BAO0| JHsSICH RS 21 QICHLee et al, 2019). B HAROME= FZ EMEHS 0|23 Amplitude
Probability Distribution Function (APDF)2 £46t0] 2§ £& HIt ZE Jygto| 28Xt otct

APDFE 28 = 4 % O|85t0] 2ty R +=F & A 2 AlZh 3¢ L2st 2lo| 37| g2 LEts REE2 202z o= 8
£740| 7}3@3 10| Ct(Jonsson, 1982). Figure 11} Z0|, 252| M7|& A=0f Cist RMS (Root mean square) 22| TIE2HE (amplitude

probability)y2 37| =MOUE 2|HAA FH = X'%Q%E LIE} 2~ QICKOh et al, 2012). APDF= load level &, FA| = A2t 5 3
Yole 2 £FECR FEE = AU=0|, APDF-102 AlZt S0 7|2 & HH(static) =52 2T, APDF-502

= 1 e
50%MVCE &7t =&, APDF-902 90%MVCE Z| EH 59| 2HMEZ FOlEICHJonsson, 1982).

0
0 50 100 0 50 100
%MVC %MVC
(60, 0.5) means, 60%MVC for
half of the total working time
Figure 1. The process of APDF Graph
7|E 2229l APDFO]| CHot A= O £2{0f Tl TAL0f, o7 220 T 25 &3 & #A7t TSt =EE 2E =l
gt 4 o, A LHOo|= 7t CHE RHI0f Cfst Hlw M2 =2 5| 0(Lariviere et al, 2005; Schleifer et al, 2008, Motamedzade et
al, 2014) CHFeh 2 Qfof| CHSH 25 S H7IE MNASH(of Hate 22 AtRECL CIEh 7|1&E 2912 8o =2 MY #2382 2
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| g5 00| i3 Hel a2 oY H%ol| HiE HEst7|ojes SHATO| Ao K B, 25 25 E Hel 30| ALK %1 F
b7t olg{2 S8 77t e F8Es 70| EXfSY Bt =10 7HROWI ofg@cta E* CHEICE Winkel and Westgaard (1992)2
=22 7|He g 157kX] 2olg 2l

ZAtet ZilTable 1), 25 £& &

Z|CH 36%MVCIER|Of CHSHAMTE EE LT, Q| Ato] SH = FX|= Uss Y RACHHagberg, 1979; Bjelle et al,
1981; Hagberg et al, 1983; Winkel et al,, 1983a, b; Christensen, 1986; Hagberg and Sundelin, 1986,' Westgaard et al., 1986; Aaras and
Westgaard, 1987; Winkel and Gard, 1988; Jgrgensen et al, 1989; Veiersted et al, 1990; Winkle, 1990; Waersted and Westgaard, 1991).
FHMZE 7|E =2 ¥ Y| gt0| Ct27| {2 0l|(Grandjean, 1988; Jonsson, 1988), At H&0| Hzstst 2 MHO| of2{f EIt
=70 HEdt7| OfFCt THEHEICH(Table 2).
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Table 1. APDF Ranges derived from the literature survey

Low-risk Medium-risk High-risk
APDF-10 (%MVC) 2~3 3~10 8~12
APDF-50 (%MVQ) 4~8 10~15 12~25
APDF-90 (%MVC) 8~12 18~35 26~36

Table 2. Range of %MVC of a literature survey

APDF10 APDF50 ‘ APDF90
Grandjean, 1988 8~15%MVC < 30%MVC
Jonsson, 1988 2~5%MVC 10~14%MVC 50~70%MVC

Wetd, £ @7 BX2 Cheat 20| £ JHX[0[Ch & BN, &gl HEt +F ¥ AR S@ 30| APDF WSS HofBlm, 0| 283
Of A ST ME JH53 08 HE BT TE JUSAR SHTh 5 WY, MY HE MG JH5AS BOIE| s Cret ol
S0 M2 25 S H@Y SY LO|T0) CfE CHFeH Xiel WAlG| 2 28 HE 8IS S8 Ble s ZESNK St

2. Methods
2.1 Participants

= g7E T 2E4A ol glE Hget 42 HY 1082 YLz Moo, naxtel gF, F, MESat e FE
—
—

Table 3. Anthropometric data of the participants (mean + standard deviation)

Age (years) Height (cm) Weight (kg)
24.2+1.2 176.2+3.7 73.5+10.2

2.2 Experimental conditions

A ASA ZEEtele] 11178 HYSS AT 2 of2| o X & S HYS Aot 32| =01234%)2t HE| ¢ =0l

L
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Figure 2. Task working heights in the automotive assembly line. [waist-height task (left) vs. overhead-height task (right)]

Size Korea 7t Anthropometric data (20~59A| 50%ile) 7|4t 49| 5j2| 7|&M =0|2t K| ¢ W FH =0|= ZtZ 110ecmt
205ecmO|Ao, &i2| 7|EM &O0|E A4, M| 9 #e FH £0|= A} £0|2 Holot £, & &0| A0|E 67IX] £FE2E LIF0
2 #0|8§ MHESIRICEL 1 Aot 15:=F0M 6=EMX|2| 2 &0[& 110, 130, 150, 170, 190, 205cmE
O] ==0f mat & T2 Figure 37+ 20| HAH % Iﬂ’%r?'; o, 7F =2 27kX](190, 205cm) e
S3BAD O 2| 47FK| £0](110, 130, 150, 170cm)= SH XM 2 XS 383t

% HHEIIC MHE &

Z+2} =
2 overhead XHM|2 =S

110cm

130cm ‘ 150cm ’ 170cm ‘ 190cm 205cm

= Mool A HEOl = HAUHE Rl dnllmg TaskE +HGAMH, ST2E TS EZ(AYA IMD-150)2 AHESIRICE HE =82
FAE M RSk =2 1117 HYAM AFESH = S EEC Bo FA(1.7kg)k FAMEH 15kgS AFESHAILE

2.3 Apparatus
2.3.1 Electromyography (EMG)

MESE 2 (Upper Trapezius, UT)Q| 2 M T H|OJH &2 QoiA, & AF0M= M 2HE HA TeleMyo 2400 DTS System (Noraxon,
Arizona, USA)S AF28}ICE SENIAM (Surface Electromyography for the Non-Invasive Assessment of Muscle)2| 7H0|=2t2l0f 27{3}0f

oH

&7 S CHetQIZHE et 3| A|
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ZE OYxe AES2 20| thsh A &(Maximum Voluntary Contraction, MVQ)S 2r3]8}0] 0| 524 & 23] Tdsion], ¢ 5

X2 Holst B7 3x0| Hags A0 Toz M0 S0 AFHESICHHermens et al, 1999; Johansen et al, 2013; Kong et al,
2023). 2™ = H|O|E{&= 1,500HzE =&t 2M, band-pass filtering (20~400Hz) =, electrocardiogram (ECG) ZE{E AtE5t0] MZE &
9| 2AE AOiot HAHSIALt +=F&El 2N T O|0|Ef{(raw EMG data)= MATLAB R2021b (Mathworks Inc, Natick, Massachusetts, USA)
Z2OAMZ ALESI0] APDF-501t 90 242 =ESIUCE HIO|E & mEAte| FHE 20 siYste 75220 oM 245 TS
Ron, FHE B2 NV e EEHE AMEY B2 2 FHoSHRICt

= —

2.3.2 Amplitude Probability Distribution Function (APDF)

APDFE 2 A2 E 0|83 %Y BY & & TAH Y Al St 22et 2o 37| ¢S UEles ZR32 202= 30|
7tset 1982). &, 282 OYst 4 £ +=0M 282 22 =& 2MYC2N 3iEss 212 T2EE

APDFE &2 7|4 =20 Ci$t RMS (root mean square) 22| TIZ2HE(amplitude probability)g 37| &AMMZ 2 A +HE

XZE2 LIEPE = AUCKOh et al, 2012). APDFOA] & EEHexposure level)O|2F Q10| 0|25 SS510 X, F, 1-2Eo=
EF0I M-/ 22 VDT 2 Yat 20| Y2ok A SHAA BI0tA 20| JhsE AY, F-9l® AY2 olF S Zo| St

.

3

A2 SHE FF HYSZ HOIBkWinkel and Westgaard, 1992). =3, 2§ Z-&(load level)O|

2t A XY AlZE B olYsle 2EHE =FS S50, APDF-102 10%MVCE & A7t S0t 7|1Z & FX(static) T2 2EYE,

5 =t A 02 90%MVCE Z[Cf =Fo| 2&H =2 O3 tJonsson, 1982). [2tA, Figure 42+ 20|

APDF T12{Zo| RY0| QLEROE XR&LE g2 2EYEQ 80| HS2 K310 ZLZET =2 YE ZYZoletn sfMg

== ACHJonsson, 1982). & ¢ 1 250] &1, SAXNOE [OISHX| 27| MR O|E HQITH APDF-50, 90 #f2 At
o WIt=TE JHYst 0t Sk

Low-risk Medium-risk High-risk

P10

0.0

0 50 100

Figure 4. Exposure levels associated with the APDF
%MVC

types

2.4 Experimental procedure

HedS AES|Of A, TIHAOA del SHI EX St 22 A YES AUSIACE O = TR MM A=Y, AUF,
HE S)E FEoten, 2T dAM 2% £ Hods THHSIRACt
= 7= MY oI FARE 2ES 75| 2l CHEet =0l0f it Z2 s EXI5HY] driling taskE +doHULE TS =2
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YRS FHEZ ALESIEE SRS, driiling taske 122 F7|2 40X HY+H, 20X FAIS BHESH0] T
2 247 3024 golo] =M= A 1

driling Task o +AAIZH403seq)S HHYSIACL 2] T2: FS X487
SHAL

2.5 Statistical analysis

EAH 242 SPSS 20 (SPSS Inc, Chicago, llinois, USA)2 0|83t 2AsI¥on, 2t 0|0 W2
A(One-way Analysis of Variance, One-way ANOVA)2 2 =35I, Tukey HSD2t Duncang AtE

89| =F2 0052 HYIAULt S M= 2 =0|(110, 130, 150, 170, 190, 205cm), T4 HE 2HZO%MVQ)
500t 909 2 [|O|E £AM8 TIsHISICt

3. Results
3.1 Analysis of electromyography

& =0[0f CH$t APDF-501F 900 Bt 2E == EHMCRE [O[5IUCHp<0.05). APDF-50 Z1t =2 &Y =0| 1901t 205cmO

z ST (25, 262%MVO)E E QI BHH EHQ =0[(110, 130cm)0ilA 7HY 2 2P0, 60%MVCO)E E Lt APDF-90
O| ZAu} S APDF-501F FAFSH AES 2L F, 205ecmOilA 75.0%MVCE 29I BHH, 110, 130cmAf A& 242 B2 224 =0l
57, 11.8%MVCE ERiCHTable 4). YHHOE & =07} OIFO| W2} 252 EHE s & =0 4TS EQUCt

I

Table 4. Mean values of APDF-50 and 90 for working heights

110cm 130cm 150cm 170cm
APDF-50 2.0¢ 6.0¢ 15.18 21.0n8
APDF-90 5.7° 11.8P 31.2¢ 47 38¢

FHE ZHE HOHE 7|8teg 28 BE HII=FE ot J2f=& Figure 59 20| LIEHRLCE &Y =07} Itd+E F, &
A+HE st SEZ2O 2HHET 245, APDF AYZE QEZOZ XK= ZTO| LIEtLHE BHH EHQ =0|7F HuN 2
110cm £ 130cm@| 29| dAefZ& 74E AH0]| X(SHACH
1.0 110cm
............................................................................ b
150cm
170cm
190cm
205cm
0.0
¢ 1w 20 3 4 S0 6 70 8 % 100 Figure 5. APDF trends for working
Muscle activity (%MVC) heights
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3.2 Development of an evaluation tool for muscle loads

Step 1. Y 2° +F Ho|

APDF-50 &gk O|O|E 7|4t Y 0| & &Y RE £F(H0|x)Z &Ft7| 23t AlZ&24 A1}, 2054cm (26.2%MVC), 190%cm
(22.5%MVC), 170"cm (21.0%MVC), 1508cm (15.1%MVC), 130cm (6.0%MVC), 110°%cm R.0%MVOE EZE|FOH, 0| 7|8toz W2
o28EE =92 110cm& 130cmeE K (low-risk-level), 150cme= & 2/& (medium-risk-level), 170cm= 12| (high-risk-level), 190,

205cme E| 2| (very high-risk-leve) 22 & 4749| 2E =Fo2 2R YUCHFigure 6, left).

APDF-90 Z&d&= HlO[F 7[gh &Y =0| & XY RE +=FE2 &/ st MFEM A1 205%cm (75.0%MV0), 190%cm
(504%MVC), 1708%cm (47.3%MVC), 150¢cm (31.2%MVC), 130°cm (11.8%MVC), 110°cm (5.7%MVOE EZE|QJCMH, 0| 7|HeZ W2
2EHE =292 110ecm@t 130cme= K 2IE (low-risk-level), 150cmE & & (medium-risk-level), 170cm&t 190cme 12| (high-risk-
level), 205cmE A/ 12| (very high-risk-leve) 22 & 47)9] £& +=Fo2 E28IUCtFigure 6, right).

m APDF50 = APDF90 very
100 10 high-risk-
—~ ~ level
g 80 S &0 high-risk-level — 75.04
= =
X X
< 60 : < 60 B
> ) high- o ) sc 504
s low-risk-level risk-glevel very high-risk-level ‘g low-risk-level 47.3
s 40 i 8 40 3120
2 g 210 2 BANNEC2 2
2 20 15.1 S 20 11.8°
= 20C 6.0 = 5.70
5 oLm W
110 130 150 170 190 205 110 130 150 170 190 205
The heights of the task (cm) The heights of the task (cm)

Figure 6. Classifications of risk levels for working heights (APDF-50, left; APDF-90, right)

Step 2. Xt¢! HE == H APDF H9| H9|

Step 20{Al=, Step 10fA F2|ot APDF-501F APDF-902| %t =0| H A HEet =F (X, §/ 1/ A1 /)2 7|Ht2 = APDF |

FIE B2 ACL.

Step 101M MQIE TS APDF-501F 90 25 110, 130cmE EFEQUCEZ, XM £F APDF-509 7H0|E2FRIL, 0.0~6.0%MVC,
APDF-902| 7t0|=2}212 0.0~11.8%MVCZ FlSIRACt ST HAl, APDF-501F 90 27 150cmz FOIEHLB2, J9Y &
APDF-509| 7}0|E2I2I2 6.0~15.1%MVC, APDF-902| 7t0|E2t212 11.8~312%MVCE =E3IQUCE 1[E £o AP, APDF-502

170cmZE, APDF-902 170cmet 190cmZ Ho|Z|ACBE, 1NQH =F APDF-502| 7}0|E2t212 15.1~21.0%MVCI} APDF-902| 7t0]

Table 5. APDF-50 & 90 ranges for the risk levels

Low-risk-level Medium-risk-level High-risk-level Very high-risk-level
APDF-50 (%MVC) 0~6.0 6.0~15.1 15.1~21.0 21.0~100
APDF-90 (%MVC) 0~11.8 11.8~31.2 31.2~504 50.4~100

http://jesk.or.kr
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E2}012 312~504%MVCE 22t HO|8IQULt 222 Aol AR, APDF-502 190cmet 205cmE, APDF-902 205cmE ||
ooz % 1QE =& APDF-502| 7}0|E2}2I2 21.1~100%MVC, APDF-902| 7t0|E2}2I2 50.4~100%MVCE HO|8 & CH(Table 5).

Step 3. =5 #& H7| Table

Step 20iM Ho|=l APDF #Q|E X &8I0 APDF-501F 902 =302 O|R0{%l 28 HEg HIISHE =112 Table 62 M QHs}RICH
o

2% 2E W WL o8 2T

PRl o= 85 =2 Y82 34 F 71K 242 =&t

8 o b @M, W7t 2892 APDF-50%2 APDF-90%MVCs
HOIHE Z BE 2=F Y(low-, medium-, high-, and very high-risk-level) 7t0|E2}012

HoR B £F(1-44F) B SIS 242

OlE =0, s YRt HA A7t S2F FHEE 2EHE At APDF-500] 13.0%MVC 12|10 APDF-900| 44.0%MVCEFH, X}

o 2§ HE HI} Table 3041 APDF-502 medium-risk-level (6.0~15.1%MVC)0|22 FE&E =& 2, APDF-902 high-risk-level (31.2~

504%MVO0] £35tE22 2E +F 30| sjYoICh g AR, =5 F i RE +E S H 52 5 RE 22 25 2% 7
3

B £FEo= TEOILL F YA HR APDF-50: =& 2, APDF-90: =F 30|22, & HYo| AT 2 +=F2 3+=F22 HI/I5H

2 4-level2 LHF| AL, level-12 Y2, level-2= EE, level-32 F£9|, 2|2 level-4
Zt leveld]| 2 =X =FECEE level-1(¥2)2 ' XM §X| 7ts, level-2(E2&)2 o XM FX| 7HsStLt il
level-3(F0)2 'l XM B 0248, MAES XtHZ HZE LR/, level-4( )2 'SA| HES XM 2 MY L2 M 4 QUL

»orr
A
rot
Rl
P
o Hu

Table 6. Assessment table of risk levels

APDF-90
Low-risk-level Medium-risk-level High-risk-level Very high-risk-level
(0~11.8%MVC) (11.8~31.2%MVC) (31.2~50.4%MVC) (50.4~100%MVC)
1 2 3
Low-risk-level
(0~6.0%MVC) 1 1 2 J
Medium-risk-level
(60~151%MVO) | 2 2 2 J
APDF-50 T
igh-risk-leve
(151~210%MVC) | > . 3 J

Very high-risk-level
(21.0~100%MVC)

3.3 Validation of the assessment tool

320N ==& E7t=T(Table 6)5 ASOH7| fIdH, MY Al XA QI M 2YS HESHAULE 200 Hd 1082 O

o
o
o= FUotRln, ChEat 20| 27kK| WS st

® Application 1: HHO|=7t &0|3H & HATHS =0| A vs. 2| 9| =0 X0l CHs 2 ARl 2gd =t 28 FE H= Hu

ot
ol
-+
oln
i
_(')_I-
ro
>
ok
A%
Tor
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£ TSI, M2 CHE Ho|= ZEUo| St oot kst XIE 245

* Application 2: THO|=7} SUoh 0| CHol XS +Ast= YH@ES DIEE vs. HB)0f Ofeh, =4 & o2 IHE 2
FEH 37 2o oist Bt kst A€ A5

Ho

Application 1. HO|= E 2§ & H WIS =0 MY vs. H2| ¢ =0 HY)

OEAE 7tE =0| &t 02| 9| =0| HYES Figure 71t 20| 22} 308 ¢ st &=, S22 Ha APDF-501t 902| CiO|H

of chst 24 ZiH= Figure 81+ ZHCH.

- 7t& =0I0IM2| drilling task =& Al ZREEE Fo 20 4FSE29 B APDF-501F 902 2t 17.2%MVCet 40.2%MVC
7t EEE|QICE Ol Table 601 M2l APDF-502 90 25 3+F02 xF BHEtFE 302(H XM §A| O34, HES AIMZ HY
Q) Bt AC

- BHH 2| @ =O0[0|AM Q| driling task =3 A| 2EMHEZE FHETH A, 4RS5220 Hi APDF-502 902 22} 22.8%MVCet
654%MVC7t =& &ALt O|= Table 60| 2t APDF-501f 90 25 4+F2 2 X e
HItE|Of, 7k& &O0I0|M Q| drilling taske| ZHY0|, 2| @ =O|0fAS] XYLt 5229

Figure 7. Drilling tasks for chest height drilling task (left) and overhead height drilling task (right)

APDF-90
low-risk-level medum-risk-level high-risk-level very high-risk-level
(0~11.8%MVC) (11.8~31.2%MVC) 31 .2~5‘0_4%MVC) (50.4~100%MVC)
1 2 (z2) 4
low-risk-level T
1 1 2
(0~6.0%MVC)
medum-risk-level
2 2 2
APDF (6.0~15.1%MVC)
-50 high-risk-level ‘
(15.1~21.0%MVC)

very high-risk-level
(21.0~100%MVC)

Figure 8. Assessment of risk levels for chest height (blue circle) vs. overhead height (red circle) tasks
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Application 2. SYTH Z 0| LSt 2|ZZ A& 0% (w/o EXO vs. w/ EXO)0l 2 2§ T HR

= o2l ¢ =0l XYS Figure 99 Z0| JA| ASH(CEX) A& DIAE HYUS 42 30z S 8 2, S229 o

APDF-501t 902| Ci|O|E{0f CHot &4 Zlb= Figure 101k ZCt.

- 9E4 EXCTE XX %0 TAS S MRAXte| Z2EAHE FHY Zn MESRZO HF APDF-501F 902
22.8%MVCet 654%MVC7t ZEE|QUCE O|= Table 601 [H2}, APDF-501f 90 25 44FC0 2 AE E +F 4Z(SA| MBS XA
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Figure 9. Overhead height drilling task without EXO (left) vs. with EXO (right)
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Figure 10. Assessment of risk levels for w/ EXO (blue circle) vs. w/o EXO (red circle) tasks
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