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Objective: The purpose of this study is to evaluate the workload in the posture of
raising the arm above the shoulder, which is the cause of musculoskeletal disorders.

Background: The modern industrial structure is becoming automation due to the
development of science and technology. However, many works in the manufacturing
sector such as the shipbuilding industry, heavy industry, and automobile assembly
are still working in the posture of raising the arm above the shoulder for a long
time. Muscle fatigue from these works can be lead to severe symptoms such as
musculoskeletal disorders over time.

Method: Seven healthy males without musculoskeletal disorders participated in the
experiment. We measured the muscle activity of the deltoid muscle, trapezius muscle,
and biceps according to changes in the angle of arm and weight in the posture of
raising the arm above the shoulder. In addition, fatigue measures included subjective
discomfort ratings through the Borg's CR-10 scale. ANOVA was used to analyze the
influence of the angle of arm and weight.

Results: ANOVA showed that the weight factors of the deltoid muscle, trapezius
muscle, and biceps were statistically significant on EMG and subjective discomfort.
In addition, only the arm angle factors of the deltoid muscle, except the trapezius
muscle and biceps, were statistically significant on EMG and subjective discomfort.
When we measured the EMG and subjective discomfort according to each muscle
part in the posture of raising the arm above the shoulder, it was found that the
deltoid muscle had the highest workload.

Conclusion: In this study, muscle activity and subjective discomfort were measured
according to changes in the angle of arm and weight in the posture of raising the
arm above the shoulder. It was found that the average value of %MVC and Borg's
scale were the highest on the deltoid muscle. This result means that a deltoid muscle
could be easily exposed to musculoskeletal disorders than trapezius muscle and
biceps. Further research should be conducted considering the characteristics such
as working time, gender, and age.

Application: These results can contribute to preventing musculoskeletal disorders
and improving work efficiency at industrial sites, and can be used as basic data for
research on the upper extremity.
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1. Introduction
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2. Method

2.1 Participants
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Table 1. Independent variable and dependent variable

Division Contents

Angle of arms
- 0° 30°, 60°, 90°
Weight
- Okg, Tkg, 2kg, 3kg
%MVC value of electromyogram (EMG)

Independent variable

Dependent variable

Scale value of subjective discomfort ratings (Borg's CR-10 Scale)

o o op7f 280 Ot 23X E HO|HE TS| st 372l 2&MAZ, 22, O|F)0 BEH M32 2SR 28 A
& Al AtEOCH 7|2 X o2 289l Xto|7t Q7| IR0 JHIXtE il ér 67| flsiM Hrizt apgo| Eastoh EretE e %MVC
US olOjstH, %MVC 2 2 M2 S 7ot 2Ho| 2HE S A0 2HY mo| 2HE o= LMo AESIQICE X 28
A Mol 2FE Zte 28 ¥E J4212 maximum EMGE 5X7 *é"o*ﬁ}%"i O| A 3% HAIStH 7HaF %|CHY ol 23 gt ALE
StALC

Ao 471X Ho| ZHZ(0°, 30°, 60°, 90°)2 471X| Ot ol B (Okg, 1kg, 2kg, 3kg)S HEHOZ MHEI0] MA|SHA 2D, Figure 11+ 20|
%2 KHMOIM 3t £02 ofEg E1 127 FXSIRACE 122 X 20| ZF 250]| CHol F2A EHE B7HBorg's scale)S HASH
ULt

Angle of arm 0° Angle of arm 30°
hegc

' !

N Pia

Angle of arm 60’ Angle of arm 90’

Figure 1. Experimental posture in the course of measuring EMG
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2.3 Analysis method

A Oishd A CfotRdol 22, SES, O|F20 et 2= 580 F2Y SHE 58 HO|HE AL8sto & Z=9f ofF
of FAH0f WE Hato oSt Feks LOHET| Qo 2AEM S HAGIRULEL SAZS Rl #F2 0052 AL Fo/=E 40| |2
=& 05t W SASH oz ofn|7t ALt SAEM2 Minitab 18 T2 S AFESIAC

3. Results

3.1 Analysis of muscular activity using EMG

THES A0 7ot 44T, S22, 0IF22 %MVC &= 248t 21t Table 29F 20| &fZ129| %MVC ¢t Bxwo| 2, O|F
O B3 7t 37 LIEtRTE Ol= B2 O ?I= 22|= AMOIMel A Al CHE 2|00 Hish o220 Zdsts Rt 7+
Attes RS € 5 ALt

Table 2. %MVC for deltoid muscle, trapezius muscle, biceps

Average SD
Deltoid muscle 16.66 344
Trapezius muscle 13.25 432
Biceps 5.86 2.20

3.1.1 Deltoid muscle

o>

FZE20f| CHSH %MVC 240 Ba it EEEAE Table 31t ZCh 2HEE 0|8310] T3t 412429] %MVC 7t Bro| BAHEA Zat 2
o b0l F @it EAMOR Qo3 bt LIEFKTHp<0.05). Hagberg (1981y= /T 22{0] OF 15.20%E AB3}E Xl

X_|+010| AI-'é'LA-|o|E|. .ﬁLK-IEsHoEq oladz (2018)E 9%MVC a}to| 15% o|-<‘5|.%l [[H9| x+012 x-|7|—5 KFOi o=z 7}7(_‘_"%':. [[E|.A-1 %
OflA= %MVC Ztel oY T 71E S 15%2 MESIACE 222 0kgel 2AME 90°, Tkgel SAHMME 60°2F 20°0A I
JO2 LIEIGOH, 2kglt 3kge| FH M E ZE ZE0A IS A2 LIEIRCE Ol 2 O 912 2 JEjoA 2kg O
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Table 3. %MVC for deltoid muscle

Weight”
Angle’
Okg 1kg 2kg 3kg
0° 7.03 (1.80) 10.72 (1.46) 15.24 (2.66) 19.91 (2.74)
30° 10.21 (1.19) 14.04 (1.56) 18.64 (3.49) 22.03 (4.61)
60° 12.33 (1.87) 15.20 (1.17) 2048 (3.72) 26.02 (6.41)
90° 15.30 (4.73) 17.50 (5.03) 19.94 (5.64) 21.70 (6.88)

Average (SD)
[1: Average value of %MVC more than 15%.
*p<.05
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3.1.2 Trapezius muscle
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O] %MVC gt o 2424 Zat
2 Zp7t LIEFSCHp> 0.0
Zzof

HEELO| TS FEH‘- LiEFGt,
Tkg Ol3te| =57 ALE5H0]
=44

Weight”
Angle
Okg 1kg 2kg 3kg
0° 6.63 (1.87) 9.58 (2.71) 14.54 (5.65) 20.62 (7.56)
30° 749 (2.10) 10.82 (3.52) 16.62 (5.03) 22.44 (8.99)
60° 899 (1.77) 11.31 (3.06) 15.24 (4.06) 20.82 (5.87)
90° 9.64 (2.29) 11.45 (4.49) 11.86 (4.52) 14.37 (5.55)
Average (SD)
[1: Average value of %MVC more than 15%.
*p<.05
3.1.3 Biceps
O| 20| CHH %MVC 2t 0|83t9 BMVC 2t BHo| EAtEAM At

o B B
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Aol F &I ANz go

FHA= Table 52 2Lt 2HEE
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{7} LIEFRX|2Hp<005), Z4ES| F Rite & 2 217} LIEFRCHp>005). Ol ==
o BA ZE 9 XM ECH ZR% 2010[2tn HEFEICE O|FZ22 SAMLE X0|= ARUX|T %MVC 442 B0l 2F 15%
O[2Ho|U7| WEZ0| &Y Al ZE2ZA-e0| Ylg 7Hs4do| Mg A= MELtE
Table 5. %MVC for biceps
Weight”
Angle
Okg 1kg 2kg 3kg

0° 1.84 (0.76) 430 (1.11) 7.74 (2.80) 10.15 (3.01)

30° 230 (0.77) 468 (1.03) 8.57 (4.07) 10.39 (2.94)

60° 265 (1.02) 449 (1.08) 7.85 (2.96) 10.10 (3.50)

90° 316 (1.77) 401 (2.18) 5.30 (2.60) 6.23 (3.61)
Average (SD)

*p<.05
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3.2 Subjective discomfort

M3, 523, 0130 TN SHE B LMY AT, Table 67 20| 42A30| FUH EWE B 323, 0|20 bl
7 A UENHLE Ol HH ZHYE & W CE 22501 HisH o220 st SHEF 74 Alhs A2 & = ULk
Table 6. Subjective discomfort for deltoid muscle, trapezius muscle, biceps
Average SD
Deltoid muscle 392 1.04
Trapezius muscle 322 1.02
Biceps 1.75 0.75

3.2.1 Deltoid muscle

HZZ0f oist 2N SHE You BEEEHAE Table 70t 220, Z42to| H4H SHE L= Figure 22+ 2L o220 st =
Table 7. Subjective discomfort for deltoid muscle
. Weight”
Angle
Okg 1kg 2kg 3kg
0° 143 (0.53) 2.29 (0.95) 3.86 (1.07) 543 (0.53)
30° 1.86 (0.90) 3.14 (1.07) 4.86 (1.35) 6.14 (1.07)
60° 229 (1.11) 3.57 (1.40) 529 (1.11) 6.71 (0.76)
90° 243 (1.13) 343 (1.27) 4.57 (0.98) 543 (1.40)
Average (SD)
[[1: Average value of '3' or higher is risk work.
*p<.05
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Figure 2. Average value of subjective discomfort for deltoid muscle
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4N FHE Hoo oA 2 2ot 4R F Bite SAMQE ROl8 At LIEHRCHp<0.05). FEHE 2HE 2 Kim
and Jung (2003)2 Kong and Sohn (2010)2] 1719t 20| '3' O|&t2 UH XYY, 5 OledS 19H HYo 2 FRSIAUCE ez ol Fat
N ZHE i 242 I, okgl FAOME Z=0f 4250] ok 3H:f-7‘- LEEHSED, 1kgel FAHOIAE 30°, 60°, 90°0IA & =Y
O LIEFCE 2kgol FAH A E 07, 30, 90 0l M I XHe, 60°0IME 19E EYo 2 LIEHHOD, 3kgol FAMAME 2E ZZ0f
M _‘°|$4 Yo LIEIHCE Ol 4220 2% T2 o /12 28 HEoME 1kg 0142 +=3TE ASE 2% =0 &
O j#&2 SHES L= A & £+ AL

3.2.2 Trapezius muscle

SE20 ofet =8N SHE Hdo BEEHAIE Table 81t 220, Z4Z40| Had SHE L= Figure 32+ 2Ly 220 st =
Y SHEo FAEYM i B9 F mile %ﬁl’ﬁﬁi folst ZIt LIEFEX|BHp<005), Zt=2| F Zite ROISH| %2 Z
A7h LR EHp>005). Ol a2 A7t Zte 2| AMMEL S28t 2010[2tn HEHEL, S220 =Y SHE: o 2%
= [, Okgtt kgl FAOM = ZE=0f &2RL0] E—'nz— QFMSICHD LIEFHCE 2kgll RAOM = 2E Z4E0M 2 ZYo=Z LIEHR
o, 3kgel FAHOIAE 90°0lM KUE ZHY, 07, 30°, 60°0IA LYIH Ao LIEHHTE SRZE Tkg Ol5te] +37E AHEsI0| ZHed
g ZR0= 2 2HE0| YUX|T 2kg 0|42 =37 E AI8Y 4R0= 2= AL0M EHEE s A2 € 5 ULt
Table 8. Subjective discomfort for trapezius muscle
Weight”
Angle
Okg 1kg 2kg 3kg
0° 1.29 (049) 2.00 (1.15) 343 (1.27) 5.57 (1.40)
30° 1.57 (0.79) 2.14 (1.35) 4.29 (1.11) 6.14 (0.90)
60° 1.57 (0.79) 2.14 (1.35) 4.14 (1.21) 6.00 (1.00)
90° 1.57 (0.79) 2.29 (0.76) 3.29 (1.11) 4.00 (0.82)
Average (SD)
[]: Average value of '3' or higher is risk work.
*p<.05
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Figure 3. Average value of subjective discomfort for trapezius muscle
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3.2.3 Biceps
O|FZ20f T3t FAY SHE Bl EXEHAE Table 92 2100, ZtZto| B4 2HE T & Figure 491 ZCt O[FZ20] LSt F
Y SHES 2MEM A BAH 9 F 2uts SANMSE Rofot 2t LIEHRK|BH(p<005), 4E2| F mit= FOSH| @2 2
A7F LIEFAEHp>005). Ol a2 47 2 52| MAEL SR8t 2210/2tn HE Eltf O|F29 &Y 2HE Fds B
S [ Okg, Tkg, 2kg2l 2N E Zt=0f A2Hgio] QPHsICtD LIEHET, 3kgel SAHOIME 0°, 30°, 60°2] ZH=0fA 9I¥ Afglo= Lt
EtRCE O|F22 32 Rs TN SHE Ea0| 39 0|T2=2 LtELL} QFHSICHE AS & &+ AUAX[T 3kg 0|2 #3575 AL
5tof el FR0l= 2HES B2 4 UKD TEHEITH
Table 9. Subjective discomfort for biceps
Weight'
Angle
Okg 1kg 2kg 3kg
0° 0.29 (0.27) 1.00 (0.50) 2.14 (0.69) 343 (1.13)
30° 043 (0.35) 093 (0.19) 2.71 (0.98) 3.57 (1.13)
60° 0.57 (0.35) 1.00 (0.50) 2.57 (0.98) 343 (1.13)
90° 0.57 (0.35) 1.07 (0.73) 2.07 (1.02) 221 (1.22)
Average (SD)
[]: Average value of '3' or higher is risk work.
*p<.05
7
6
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Figure 4. Average value of subjective discomfort for biceps

4. Conclusion
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MZEEO %MVC 22 2A3H 2t 90°8 MQlstne T2 22l Z=0f| [t %MVC 20| & LIEHKCE Kim (2018)9] S ZtE
DS IS £ 22| S o BEO| 28 Z=It SIHSHA &0 0°0f HI6H 30°9F 60°0fl A AtZtZo| Z0|7} ThEE AEf2
7| 20 O 52 %MVC 20| LIEHt 4oz MZIEICH 90°0|A] %MVC 20| ZA8H 0|Q= To| Zt=J} 90°0f| 7p7ky E4
£ [HE 2]SE 0| 24|47 MEQl 2422 HO|H, Kronberg et al. (1990)9I oA ZnoME 222 257ts 87t 3ot
of w2t 2ENEIF mAH LIERLCE 9070 7t A2 Ste o1el0| LIEFRCE FN SHE Ao 42422 522 0|

A Ao HIE0| &2 A2 L2 = W, S o RIE 22l XM0IM ZHUS & 42 20l 71 2 S

SR %MVC gtE Mt 21t 4= 52| MMEL £33 72 s H I3A Ze A= LEHDE FA2] 32 Okglt 1kg
OlME QFEBICID LIEFRR|T 2kg Ol4fo] £S5 AHEE ZR0l= 90°8 M3t iR 2| ZZo|M IS o2 LIEIRCE T2t
o E2HE: Z0E dEHEH SEI2 Okglt kgl FAMAME =0 280 QFHBIEID LIEtROLYE, 2kg Ol 575 ALY
B? 2RE A=0M Y MYz LERDE S2 :‘°| B2 ES oY RI= 22 MMM MY Al =R 279 g O 3
A 7] 20 £55 £0|7] oM XME =57| Ehts 570 88t H 28 Y A2z mEEL,

O|FZ2| %MVC g5 =AMt 21t 2= 52| AMEL; #37 42 s O I Y= A= LIEKTL OF22 FAH0f CHaj
SAXM2Z KO|7t QUCH LIEHSX|RE %MVC &t Bde 2= O 25 15% 0|Te2 LIERT| I20 22 o ?|2 =2 KA
oM Xt Al ZdstE 91 Ras He A2z HEHEM F2Y SHE Z0E 4HEH Okg, kg, 2kg2| FAUME =0 &2
o] QHHsITt LEEFR|GE, 3kgll RAHOIA 90°S Melstie 25 ¥ AYo @ LIEHRT 0|F2e 22 2HE EN0ME 2

0>'—.—§\.|

o
£ R0 SHHSITED LIERERIBE D20 ChsiAs FEEOE 2SS LD 97| 20 o RHEE WHesE 240| B
g 7oz motEr

2 ZHZ(EMG)E ARSI HI7FSt %MVC 2t Borg's CR-10 Scale 242 AFESI0] HIIsH oA EHE ZItE 298 HO|
Ch A0S MHEH MZH2(1kg - 60°, 90%), (2kg, 3kg - 0°, 30°, 60°, 90°), SE22(2kg - 30", 60°), 3kg - 0", 30°, 60")IA %MVC 243t

Table 10. Classification of risk work through EMG and subjective discomfort assessment

Weight
Okg 1kg 2kg 3kg

Muscle Angle

Oo

Deltoid muscle

OO0 0|0

[ > I > I > I > B > B > >

w

(@)
°

(@]

ool NoRNoNNORNONNG)

[ > I = > B > = Y > > > B > >

Trapezius muscle

Biceps

O: Risk work (%MVC value more than 15%)
A: Risk work (Borg's scale average value of '3' or higher)
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TN SHEI BF QI AYCE LIEHRICE O] ZHOIM HYZS T 40| L27} Wo|H, 2E4AH Eeto| wle 7ts4o| =2
o2 HTHEICE MZt22 kgl FAIQF 90° ZH=0IA %MVC 20| E ZPo= LIEHtoLL S2H0| st £E0| {0 FaXo
2 L= gHsle gl= o2 WLEICE AZ22(1kg - 30°), SE22(kg - 0°, 907, (kg - 90%), OIF22(3kg - 0°, 30°, 60°)0]
M %MVC gt QHMSICID LigtoLt e EHEE 2y AYCRE LIERCH Ol 2XE #M2 oFMsICtn LIEFRX| T =2
oz FHES L1 7| 20 o FHEQl MNASY ZAL F7t2 T Zi0|2t TEHEIC

2 A70ME 2SZAYNTE s 200 HAL CiEHE S iSRS CHACE Foll Tl B A AZtE M8dty HRE TIdst
QUCE SEX|ZE AA Aol CHsh Mt ol AYRE0| EXWSIH, 2SS ZA|ZH0| ZX O|FO0{X|1 QUCH w2t %
o AlZtat HlE, maeXte| JEat d 3o EHES 1o gv Y Aoz WEhEICt
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