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— Abstract —

Risk Factor Assessment Using Surface Electromyography and Electr ogoniometer
among Automobile Part Manufacturers

Dongmug Kang, Cheol Ho Yee”, Y ong Chul Shin?, Eun A Kim?,
J Hoon Woo, Byung Mann Cho, Su lll Lee

Department of Preventive and Occupational Medicine, College of Medicine, Pusan National University, Department of
Occupational Medicine, Masan Samsung Hospital?, Department of Occupational Health and Safety Engineering, Inje
University?, Korea Occupational Safety and Health Agency, Occupational Safety and Health Research Institute?

Objectives: As automobile part manufacturing is characterized by high speed and high repetition,
observation methods which are usually utilized for static posture are inappropriate to evaluate muscu-
loskeleatal risk factors. This study quantified the risk factors of musculoskeletal disorders on the forearm
and suggested exposure limits by estimating the risk factors using surface electromyography (EMG) and
electrogoniometer.

M ethods: Ten percent of the total workers at 3 automobile part manufacturing factories were randomly
selected, and 99 male workers were recruited as study subjects. The study was conducted during May
2003 to September 2004. The workers were equipped with el ectrogoniometers on the wrist and the
elbow, surface EMGs on the skin of the flexor digitorum superficiais (FDS) and extensor carpi radialis
(ECR) muscles, and the heart beat recorder during work as indicators of joint movement, local muscle
tension and physical work load, respectively.

Results: After controlling for age, body mass index and job stress, wrist flexion maximum angle, FDS
relative activity (RA) and ECR RA were significantly associated with forearm muscul oskeletal symp-
toms. The odds ratios of the forearm were 5.0(95% CI: 1.1-22.7), 14.0(95% CI: 1.5-128.8) and 7.3(95%
Cl: 1.1-49.4) for wrist flexion maximum angle more than 76°, FDS RA more than 2.8%, and ECR RA
more than 3.5%, respectively.

Conclusions: Joint angle and focal muscle activity were associated with forearm muscul oskel etal
symptoms. To reduce forearm musculoskeletal symptoms among automobile part manufacturers, the
wrist flexion angle, and FDS and ECR activity need to be reduced below the guidelines recommended in
this study.

Key Words: Automobile, Muscul oskeletal disorders, Surface electromyography, Electrogoniometer
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o000 o000 004 (work-related musculoskele-
tal disorders: WMSDs)O 0000 000 000 O
0.00000 000 0000 o000 oo oo
000 0000 O0O0O0O0(Yoon & Lee, 1999;
Kim, 2001; Kim et al, 2001; Kim et al, 2002;
Nelson et al, 1992; Engstrom, 1999; Punnett et
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WMSDd4] 00000 00000 0000 ooo o
000 0000 000(Li & Buckle, 1999), 00O O
OO0 OO DOO0O Rapid Upper Limb Assessment
(RULA) (McAtamney & Corlett, 1993)0 00O O
00000 0000. 000000 o000 ooo oo
000 OO0 00 00O OO0 00. Burdorf(1992,
1995)] OO0 OOOO OO0 OO O OO0 OO
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(optical scanning system), 00 00O (sonic sys-
tem), 000 00O (electromagnetic system) 0 00
000 000 00 (accelerometer-based system) O
0 O00(Li & Buckle, 1999).
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0000000 Job Content Questionnaire
(Karasek 0O, 1988)0 OO0 OOOO OOOO O
000 00O oo@oo, 20000 oOoOO0 ooOoo
0.0 0000 oOooooo s0 0o, o0oooo 9
0od,don0ooonsuoodd ooogo.ooo 4
O Likert OO0 OOOO, OO0 OO oOOO 300
00 00000 Karasek 0(1988)y OO0 OO0 OO
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(National Institute of Occupational Safety and
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000 OO0 Pre-amplifier (type no. SX230
Datalogll, Biometrics Ltd, Gwent, UK)O 00
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Relative Activity = (Task EMG - Rest EMG) /
(Maximum EMG - Rest EMG)

00 000 000 @maximum voluntary contrac-
tion: MVC)D 0000 OO0 OO0 OO oOoO, O
00 0000 (isometric contraction)d 30 00000
0000000000 000000000 oooo
OO000. 0000 000 O@EV)O root mean square
(RMS)Y 0000 OO0O0OO.00 0O 1000000
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1993; Luke et al, 1997; Strath et al, 2000;
Rennie et al, 2001). 00 O0O0O0O OO OOOOO
000 00 00 00000 00 00 oooo ooo
(Polar Electro Co, Finnland, S810Y0 0O000O0O.
000 00 OO0 0O 00000 00 ooo0 godgo
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00000 00 0000 OO0 0ooo O oooo
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000 OO0 0O000O ooo oooo oo o, oo
0 o0oodoodoudnD bob bobo ooo oo
0O OO0 O0O0OD00 DOO0OOO (relative heart ratio:
RHRY] 00O0O0O.

RHR (%) = [(HRwork - HRrest)/(HRmax -
HRrest)] x 100

RHR : relative heart ratio

HRmax : maximum heart rate

HRwork : heart rate at work

HRrest : heart rate at rest
RHRO 000 00O OOO OO0OO0OO, 0000
U0 obodobdo oodbo bbo Oobo obob oobao
oo.
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NIOSHI 00O OO0 00O Oooboo ~gboog-do
0O 000 000 NIOSH OO0 (intensified NIOSH
criteria 0 O0O0O. 000 OOOO OO OOOO
uooog 00 00O oooo0O0 ooboo booo O
O 0Ooooboob oboboo.oo bbb bbb oo
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U0 obob 0oo0o 0ooo oobo oooo ooo,
000 000 000 ooooboo 0ooo 000 oo
o0 oooob 00O Oobobobobo oobooo,
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0 000 00000. 000 000 oooo ooo
good ooo, oo oob obdo ogo o od
000 000 000000 OO OO0 00 ooOo oo
0 00 obobododb booboo. oo ooboo
00 1° 0000, 00 000000 000 0.1% 00
U0 oo oobbdod oodb ooobo ooo
00 cut off pointd OO0 OO0 cut off point O
oo 00 goboo obo odgb, oooog od
0000 00 0000 cut off pointd 00000 O
OD00. 000 DO00O0O00 000 Jonsson(1978)
O Sjogaard 0(1986) OO0 100 OOO OO O
0000 5% 0, 10 000 00 Jonsson(1978) O
000 Rapid Upper Limb Assessment (McAta-
mney & Corlett, 1993)00 OO0 00000 2%0
000 Aaras(1999) 000 1% 000 OO0OOODO.

O a
1. 000000 000 bd

oooooo oo ooo 37r.e1, OO0 OoooO oo
0 23.2kg/n?, 00 OOOO 13.30, 00 OO O
0000 58.1 00000 (Table 1).

2. 00 OO,000 0 000 oog

0000 00 00 OO0 000 000 50.7, OO0
00 OO0 000 000 42.5, 000 000 00 O
00 3.6°000, OO0 OO OO0 OO 15
(freq/min) 00 . 0000 000 00 000 000
63.5, 00 00 000 OO0 64.5, 0000 OO
000 00 6.7000, 000 00/00 000 OO
21.8 (freg/min)000. 000 00 00 000 OO

Table 1. Characteristics of study subjects (N=99)

Variables Mean SD.
Age (yrs) 37.6 7.2
Body massindex (kg/m?) 232 2.6
Work year (yrs) 13.3 6.2
Work hour/week (hrs) 58.1 6.7




uoo b0o- oboobOo boooob oob Oobo 00 obobo oobo bo

0 103.2, 000 000 00O 38.r000, 000
00 000 17.4(freg/mi)00. 00000 00O
000 5.4%000, 0000000 000000
6.4%000. 00 O OO 000 0000 4.9
Kcal/min, 00 000000 19.5%] 00 (Table 2).

3. 000 O0O0bO OO oo

O 0000 NIosH U000 0 gooo oo oo
OO0 54.6%100. NIOSH OO0 00O OO0 OO
oOooDO 0 000 NIosH 00040 o0o oo oo

Table 2. Joint movement, muscle activity and energy consumption results estimated by el ectrogoniometer, electromyography and

heart rate monitor (N=99)
Variables Mean SD.
Wrist ulnar deviation maximum (°) 50.7 12.6
Wrist radial deviation maximum (°) 425 15.1
Wrist deviation mean (°) 36 6.9
Wrist deviation frequency (frequency/min) 15.0 6.1
Wrist flexion maximum (°) 63.5 136
Wrist extension maximum (°) 64.5 129
Wrist flexion mean (°) 6.7* 9.3
Wrist flexion frequency (frequency/min) 21.8 7.4
Elbow flexion maximum (°) 103.2 20.2
Elbow flexion mean (°) 381 12.6
Elbow flexion frequency (frequency/min) 174 6.8
Flexor digitorum superficialis muscle relative activity (%) 54 4.6
Extensor carpi radialis muscle relative activity (%) 6.4 6.7
Energy expenditure at work (Kcal/min) 4.9 0.7
Relative heart ratio 195 104
* minus means extension
Table 3. Odds ratios of risk factors of musculoskeletal symptoms on forearm (N=99)

Risk factors O.R. 95% C..

Age (yrs) 1.039 0.963 1121
Body massindex (kg/m?)** 1.307 1.040 1.642
Work year (yrs) 1.010 0.925 1.104
Work hour/week (hrs)** 1.096 1.005 1.196
Job demand score 1.044 0.950 1.148
Job control score 0.999 0.952 1.049
Socia support score 1.004 0.870 1.157
Wrist ulnar deviation maximum (°) 1.006 0.962 1.052
Wrist radia deviation maximum (°) 1.011 0.975 1.049
Wrist deviation mean (°) 0.969 0.886 1.060
Wrist deviation frequency (frequency/min)* 0.884 0.770 1.015
Wrist flexion maximum (°)** 1.062 1.010 1.116
Wrist extension maximum (°)* 0.956 0.909 1.004
Wrist flexion mean (°)** 1.076 1.008 1.149
Wrist flexion frequency (frequency/min)* 0.917 0.831 1.013
Elbow flexion maximum (°) 0.992 0.968 1017
Elbow flexion mean (°) 0.975 0.936 1.016
Elbow flexion frequency (frequency/min)* 0.904 0.811 1.006
Flexor digitorum superficialis muscle relative activity (%)** 1.147 1.033 1.273
Extensor carpi radialis muscle relative activity (%)** 1.082 1.001 1.170
Energy expenditure at work (Kcal/min) 1.708 0.775 3.765

* p< 0.1, ** p< 0.05
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0000 000 00 000 000 000 0000
0000 000 00000. 000 0000 0000
000 000 000 00,00 0000, 000 00
000, 000 000 00, 0000 00000, 00
0000 000000 00000 000 0000 00
0000 00000 (Table 3).

00 00 000 000 0 00 0000 000 O
0,0000 D000 000 000 00 000 00
O000(Table 4). 000 000 000 000 model
I000 000 00 000(@O0: 1.1), 0000 O
0000@O0: 1.2)0 000 0000 000 000
00 0000 000 000. 00,000 00, 00
000, 00000 0 00000 0 000000 00
00 000 model NOOO OO0 OO0 0OO@O
0:1.1), 0000 0O0000(@O0: 1.2)0 000
000 00000@OO0: 1.1)0 000 0000 00
0 00000 0000 000 0O00.

5. 000 0000 0ob 0obbd obo ogo
oo ob oo

ooo ooo oo o booo ooo ogo oo

(Model DO OODO OO0 OO O OOODO OO0 O
000000 000 OO0Model IDCO OO0 OO0
0 000000 o000 00 000 ooobooo oo
o0 0 gooboooo oobobo oo oooo o
OO0 00 00000 ooboo oo ooo ooooo.
OO0 Oooo 000 10 oobo oo o ooo o
ooood 0.19% 0000 OO0 00 00 oo oo
O ooooo, 00 0oo0o ooo oo oo o
0 0000000 Ooo0o ooooo oooo og
oboo ooooo.

Model IO 1100 000 O0O0OO0 OO ODOO OO
o0 0oooob oboo v OO0 OO ODOO O
0 4.3(95% CI; 1.1-17.4)0 5.0(95% CI; 1.1-12.7)
goog, oooobo oooogD 2.8% 000 OO
0000 OO0 9.8(95% CI; 1.2-80.5)0 14.0(95%
Cl; 1.5-128.8)000, 0 0000 OOOOO OO0
o0 oooooo ooo.

0000000 0000 Model ID00 DODOOOO
3.8% 000 OO0 5.9(95% CI; 1.0-34.3) 000,
Model 11000 000000 3.5% 000 OO
7.3(95% ClI; 1.1-49.4)00 OO0 000, 00000
O 0000 0000 ooobobo oboobobo Ooooo
O(Table 5). 000 OO0 0O0O0O0O 900 ODOO OOO
o0oD 000000 2.7% 000 0000 0000
00 00(999.999), 95% 00000 00 00000
(<0.001->999.999), OO0 OO0OO O0OO OO0O O

Table 4. Odds ratios of risk factors of musculoskeletal symptoms on forearm after adjusting variables

Risk factors Mode 12 Model 11°

O.R. 95% Cl. O.R. 95% Cl.
Work year (yrs) 0.9 0.8 11 0.9 0.8 11
Work hour/week (hrs) 11 10 12 11 1.0 12
Ulnar wrist deviation maximum (°) 1.0 1.0 11 1.0 1.0 11
Radial wrist deviation maximum (°) 1.0 1.0 11 1.0 1.0 11
Wrist deviation mean (°) 1.0 0.9 11 1.0 0.9 11
Wrist deviation frequency (frequency/min) 0.9* 0.7 10 0.9%* 0.7 1.0
Wrist flexion maximum (°) 1.1** 1.0 11 1.1%* 1.0 11
Wrist extension maximum (°) 1.0 0.9 1.0 1.0 0.9 1.0
Wrist flexion mean (°) 11* 1.0 11 1.1* 1.0 12
Wrist flexion frequency (frequency/min) 0.9 0.8 1.0 0.9 0.8 1.0
Elbow flexion maximum (°) 1.0 1.0 1.0 1.0 1.0 1.0
Elbow flexion mean (°) 1.0 0.9 1.0 1.0 0.9 1.0
Elbow flexion frequency (frequency/min) 0.9 0.8 1.0 0.9 0.8 1.0
Flexor digitorum superficialis muscle relative activity (%) 1.2%** 1.0 13 1.2%** 11 14
Extensor carpi radialis muscle relative activity (%) 1.1* 1.0 12 1.1%* 1.0 12
Energy expenditure at work (Kcal/min) 16 0.7 37 1.7 0.7 4.0

2 after adjusting age and body mass index, ° after adjusting age, body mass index and job stress factors including job demand, job

control and social support, * p<0.1, ** p<0.05, ***p<0.01
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(Table 6). OO0 OO OO0 O0OOO O0OOO O
U 0o0oo oooo OO0 0000 s4.6e%J00. O
0000 00000 0000 0 Kim(zo001y OOO
0O 000 30.9%] 00O 29.5%, Punnet(2004)C

000 OO0 000 000 000 00 25.5%1 OO0
OO0 OO0 18.4% 0 Engstrom(1999) OO0 OOO
000000 0000 0O 0000 00 oooo oo
0 41% 000 00, Yoon & Lee(1999)00 OO0 O
OO0 0OO0OoOoOoo 50.9%0 OO0 COoOOOo,
Johansson(1994)] OO0 OOOO OO OOOO
65% 000 00 000O00.0 000 00 o000
00000 OO0 000 00 Engstrom(1999) O
00 000 000000 0000 0 oo oo o
000 000 000 000000 000 000 oo
00 00000 000 0000 ooooo oooo
00000 000 000 0000. 00 oooooo
000 000 0000 000 o000 ooo ooo
00 00 00 0000 oooo, 0000 ooo o
0 00000 00000 o000 00 O oOo oo

Table 5. Forearm symptom? odds ratios of risk factors categorized by high and low group according to cut off point after adjusting

age and body mass index (N=99)
Risk factors cut off point  Model I° O.R. 95% C.I. Model I1°O.R. 95% C.I.
lower upper lower upper
Wrist flexion maximum (°): 60 24 0.6 9.9 24 0.6 10.2
high vslow 70 12 0.3 4.3 12 0.3 4.4
74 21 0.6 7.9 22 0.6 83
75 31 0.8 12.1 3.4* 0.8 145
76% 4.3** 11 174 5.0%* 11 22.7
77 4.9%* 12 20.9 5.6%* 12 257
78 6.3** 14 291 7.0%* 14 337
80 10.4*** 21 52.3 13.7%** 24 78.7
0 >999.999 <0.001 >999.999 >999.999 <0.001 >999.999
Flexor digitorum superficialis 20 >999.999 <0.001 >999.999 >999.999 <0.001 >999.999
muscle relative activity (%): 25 >999.999 <0.001 >999.999 >999.999 <0.001 >999.999
high vslow 2.7 >0999.999 <0.001 >0999.999 >0999.999 <0.001 >099.999
2.8 9.8** 12 80.5 14.0** 15 128.8
29 9.8** 12 80.5 14.0%* 15 128.8
30 13.7** 1.6 114.4 31.0x** 29 3329
35 17.8*** 21 150.5 35.3x** 33 3735
40 15.5%** 25 96.5 37.6x** 39 365.8
5.0 5.5%** 15 19.6 8.3%** 18 37.6
Extensor carpi radialis muscle 20 34 04 29.9 3.6 04 32.0
relative activity (%): highvslow 3.0 5.0* 0.9 28.3 8.1* 0.9 73.0
35° 6.5* 0.8 55.3 7.3** 11 49.4
3.6 5.0* 09 28.3 7.3** 11 49.4
37 5.8* 1.0 34.2 7.7%* 11 52.1
3.8 5.9%* 1.0 34.3 8.2x* 12 54.7
39 6.3** 11 359 9.0** 14 59.4
4.0 6.4%* 11 359 9.0** 14 58.9
5.0 4.2x* 1.0 16.9 6.3** 13 309

2 NIOSH criteria intensified by symptom above medium intensity, ° after adjusting age and body mass index, °© after adjusting age,
body mass index and job stress factors including job, ¢ suggested limit value by Model |, © sugested limit value by Model 11 job
demand, job control and social support, * p<0.1, ** p<0.05, ***p<0.01
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Table 6. Comparison of prevalence of musculo-skeletal symptom on the forearm among studies

Yoon & Engstrom Johansson
Data source Kim(2001) Punnet (2004)
Lee (1999) (1999) (1994)
Task car truck Seat stamping engine car truck
assembly assembly assembly plant plant assembly assembly
Criteria NIOSH= NIOSH# NIOSH= Questionnaire” Questionnaire’ NMEF NMQ*
Hand/wrist 30.9 29.5 50.9 255 184 41 65

aNational Institute of Occupational Health and Safety in U.S.A.
® compatible with NIOSH criteria
¢ standardized Nordic Questionnaire by Kuorinka (1987)
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