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— Abstract —

Assessing Muscle Tensions During VDT Works with Surface Electromyography
Sanghyuk Yim, Heesok Park"”, Hyunwook Kim”

Department of Occupational & Environmental Medicine, Wonjin Hospital
Department of Industrial Engineering, Hongik University"
Graduate School of Occupational Health, The Catholic University”

Objects : This study was designed to assess muscle tensions while working at a VDT
workstation with surface electromyography (sEMGQG).

Methods @ Variables tested were desk height, monitor position on the desk, distance
from edge of the desk to the keyboard. Eleven female volunteers working in the tele-com-
munication company were seated at an ergonomically adjusted workstation. They were
assigned to a task of typing for 5 minutes and were given a 10 minutes resting with hands
in their lap. For the initial experiment, the desk height was fixed to standard desk height
(65.0 cm) recommended by ANSI and latter adjusted to a higher desk height (72.8 m) for
this study such that the subjects experienced slight elevation of shoulders. The monitor
position initially at the center on the desk and latter left site of the desk(450 from monitor-
neck axis). The keyboard was positioned to an optimal distance(15 cm from the desk edge)
and an abnormal distance(30 cm). Five muscle groups(paraspinal muscles, upper trapezius
muscle, supraspinatus muscle, infraspinatus muscle, and rhomboid muscle) were selected
for the study. The data of sSEMG were analyzed by 2X2x2x5 mixed factorial design.

Results : The results were as follows:

1. sEMG activity recorded from the paraspinal muscles were significantly higher when
the angle of the monitor adjusted to 45 degree from the center of the desk..

2. sEMG activity recorded from the upper trapezius/supraspinatus/infraspinatus muscles
were significantly higher when the hight of the desk was elevated from the recommended
height.

3. sEMG activity from the rhomboid muscle showed no significantiy difference in all
test conditions.

Conclusions : The results of this study confirm that the height of a VDT workstation and
the angle of the monitor are risk factors of upper extremity cumulative trauma disorders.
Also skMG would be useful for measuring muscle activities during workstation assessment.

Key Words @ Surface electromyography, VDT worker, Desk height, Monitor position,
Keyboard distance.
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Table 1. Function of superficial neck & shoulder muscles.

Name

Fuction

Paraspinal muscles
Upper trapezius muscle
Supraspinatus muscle
Infraspinatus muscle
Rhomboid muscle

Bending & rotating of cervical vertebral column
Scapula elevation

Abdution of humerus, deltoid musle assistants
Lateral rotation of humerus

Scapula adduction
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(Ferner$} Staubesand 1986)
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F9Z(paraspinal muscles), A% $2Z
(upper trapezius muscle), =& (supraspinatus 3) 24 gy
muscle), =32 (infraspinatus muscle), &< FHTHAES] HeolH #4& AR Eo| 2¥F,
o] 2§, 71H =9 Al 2Hg, o]

(rhomboid muscle)] &% % 10712 255 2% =EUH 4% ,
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1.54, & FA 28 25.3+4.71€, VDT 2
7482 28.2+11.071¢, 21732 160.5+1.0 cmo]|}
HTable 3).

rlo r

Fig. 1. VDT worker with electrodes of sSEMG.

Table 2. Experimental Workstation Design

Contents Standard workstation Abnormal workstation

Desk height 65.0 cm 72.8 cm

Seat height 44.5 cm 44.5 cm
Monitor height 38.0 cm 38.0 cm
Keyboard height(home key) 3.1cm 3.1cm
Keyboard angle 10.0° 10.0°

Monitor position 0° 45°
Keyboard distance from the desk edge 15 cem 30 cm
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(ms)

Paraspinal
muscles

Upper Trapezi
muscle

Supraspinat
muscle

Infraspinatu
muscle

j Deltoid
muscle

Rhomboid
muscle

Fig. 2. Raw sEMG signal activity in 5 muscle groups with abnormal desk, normal
monitor, and normal keyboard workstations.

Table 3. General characteristics of the subjects

Contents Subl Sub2 Sub3 Sub4 Sub5 Sub6 Sub7 Sub8 Sub9 Subl0 Subll Means=SD*

Age (yrs)
Employment
duration

22 26 25 23 23 25 22 2 25 24 25 24.2+1.5

20 21 36 20 22 27 20 21 25 27 27 25.3+4.7

(months)
Present work

duration 20 21 36 20 22 27 20 27 25 217 27 25.3+4.7

(months)
VDT use

20 21 60 28 2 27 20 27 2 27 27 28.2+11.0

(months)
Standing height

160.2 162.4 161.0 160.5 159.5 160.8 160.1 160. 159.4 161.8 159.2 160.5+1.0

(cm)
Sitting height

84.0 84.3 84.2 85.0 85.1 83.2 84.0 81.9 823 858 84.7 84.1+1.2

(cm)
Popliteal height,
sitting (cm)
Eye height,
sitting (cm)
Elbow height,

42.5 43.2 42,5 40.5 41.0 41.0 45.0 44.1 426 40.4 40.9 42.2+1.5

73.2 75.0 745 74.0 73.8 749 73.4 742 749 750 73.2 74.2%0.7

26.2 272 289 285 26.1 26.8 264 27.0 27.8 28.0 26.9 27.3+x0.9

sitting (cm)

*:standard deviation
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~
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3
227
[t

A Eo], 7= 94, BUH 4%)% 57 H At/
o AMEEE FALE FIYHUY. O HAIes AAIIEE FY 7 =2 A/E AR E He
Table 49} 2T}, THU AR o] A Eekth(Table 5).

1) Paraspinal muscles 2) Upper trapezius muscle

Paraspinal muscles®] THIHE 32 Ad=x4 Upper trapezius muscle?] TRAIHE g o
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Table 4. Means and standard deviations in #V for sEMG levels of five shoulder muscles in video display

terminal workstations (n=11)

Mus

Work
cles

stations

Paraspinal

Trapezius

Supra
spinatus

Infra
spinatus

Rhom
boideus

N-D"
NfMHJ
N-K”
A-D?
N-M
N-K
N-D
A-M"
N-K
A-D
A-M
N-K
N-D
A-M
AfKG)
A-D
A-M
A-K
N-D
N-M
A-K
A-D
N-M
A-K

6.028+1.785

6.899+4.738

6.801+4.602

6.706+2.895

7.954+3.315

6.754+3.049

6.154+2.878

5.493+1.586

4.791+1.542

8.466+3.171

4.987+1.543

8.365+3.147

5.385+1.729

7.573+3.667

6.278+3.479

7.272+3.146

7.095+3.208

10.643+4.325

7.737+£4.027

11.404+7.496

7.591+3.472

9.678+5.107

8.204+3.756

9.898+4.399

4.274+1.755

4.802+2.061

4.251+1.652

5.461+2.476

4.516+1.996

4.610+1.510

4.163£1.263

4.667+1.649

6.454+3.000

7.326+3.591

5.963+3.215

6.957+2.964

6.809+3.064

8.969+4.058

6.373+2.027

7.339+4.085

1) Normal desk : Desk height is 65.0 cm
2) Abnormal desk : Desk height is 72.8 em
3) Normal monitor : Center on the desk(0°)

4) Abnormal monitor :

Left site on the desk(450 from monitor-neck axis)

5) Normal keyboard : Keyboard distance from the desk edge is 15 cm

6) Abnormal keyboard : Keyboard distance from the desk edge is 30 cm

upper trapezius muscle®]

o] gytolol oJef WstEE & 5 3UUTHTable 6).

3) Supraspinatus muscle

Supraspinatus muscle®] ZHAZH
Zxlo] g A/ H /718 E A

/5 RY/7NHE B THE B

Ve B 2ol w2 AY/E A

T Ee AR AR de PR

/E)].

/715

=
o, we 3

3/% AYANEE B Tol B A% 573/
HE G4 2 e AR HYHINE de TR
oh e Bg/= PYFNE el 2ol B A
2 GgpRs 34 Fud $ARoR ofu g

ok} (Table 7).

4) Infraspinatus muscle

Infraspinatus muscle®] W <AT 3t
WA/ 5 BN RE B+, e
e ZF o, 9 AY/E FA/71RE He
S AY/E AA/TIRE FY TR

o
3/% A

g A4

1

WL
rlo

R3S
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Table 5. P Values for sEMG levels by paraspinal muscles in video display terminal workstations

H 4 3 20004

Work
stations

N-D
A-M?
N-K

A-D

A-M

N-K

N-D
A-M
A-K®

A-D
A-M
A-K

N-D
N-M
A-K

A-D
N-M
A-K

N-D”
Nme
NfKS)
AfDZ)
N-M
N-K
N-D
A-M"
N-K
A-D
A-M
N-K
N-D
A-M
A-K”
A-D
A-M
A-K
N-D
N-M
A-K
A-D
N-M
A-K

.542

.959

321

.916

.933

111

.369

.341

.325

.404

.935

.976

957

.349

.874

.168

.476

.526

.145

.529

.229

.161

.306

.102

.032**

047"

.287

1) Normal desk ' Desk height is 65.0 cm.
2) Abnormal desk : Desk height is 72.8 cm.

3) Normal monitor :
4) Abnormal monitor :

Center on the desk(0”).
Left site on the desk(450 from monitor-neck axis).

5) Normal keyboard : Keyboard distance from the desk edge is 15 cm.
6) Abnormal keyboard : Keyboard distance from the desk edge is 30 cm.

*:p<0.1, **:p<0.05
o A

5) Rhomboid muscle

2UE ] $x¢} 7|BE=e] ATt 2 7d°ﬂ/‘1
ol w2} EHIHE grol A

U BAA 9= gl

7‘<_]|J}\]-g] lr;o

259 FZ%(muscle fatigue)=
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Aol e AAAR 4 Ee ZFF(muscle
contraction)ell €3 &&8A A3 (vascular con-
striction) 2 <13 tAME (metabolites) & 22
2 Fl¥lo] M (Chaffin & Andersson, 1991).
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Table 6. P Values for s€MG levels by upper trapezius muscle in video display terminal workstations

A-D?
N-M
N-K

N_Dl)
N_MB)
N-K”

N-D
A-M?
N-K

Work
stations

A-D
A-M
N-K

N-D
A-M
A-K”

A-D
A-M
A-K

N-D
N-M
A-K

A-D
N-M
A-K

N-D”

N-M” -
NfKi)

AfD 2)

N-M -
N-K

N-D

A-M" -
N-K

A-D

A-M

N-K

N-D

A-M

Ame

A-D

A-M

A-K

N-D

N-M

A-K

A-D

N-M

A-K

.001* .780

.001*

.001*

.894

.006"

.164 .022%* 126 .022%*

.001* .388 .025™ .206

.428 .022" 193 .007*

- .001* .436 .049** .206

- .028™" .285 .043™*

- .025" .680

- 129

1) Normal desk : Desk height is 65.0 cm

2) Abnormal desk @ Desk height is 72.8 em
Center on the desk(0°)
4) Abnormal monitor :

3) Normal monitor :

Left site on the desk(450 from monitor-neck axis)

5) Normal keyboard : Keyboard distance from the desk edge is 15 cm
6) Abnormal keyboard : Keyboard distance from the desk edge is 30 cm

*p<0.1, **:p<0.05

£ AT Z(needle EMG) 2= 22 33 EHo
AEe] A (patch) & F2 3] APtz 3]
TWhE 257 AAbsta, 99 ZSov AR
50| Ao dFS vA= H’g"] et e
T EFetn, I3y 8=t Eohe A, At
ofd ThE AE/P} ol 4d 5= e A 5om B

o] A= 3 Itk (Gradjean, 1980).
Qulad o g J.D:]:L;e]t:E o]ﬁ_ﬁ, :_gr _J_]Evl‘_/] é_

=2 w1 —

e A F38 X (Maximal Voluntary Contrac-
tion, MVO)E Z33taL Ziollxe] 28xE T4

2 B2 JehiAY(Hagberg, 1981), <832 W
3lee S BAY(Harvey & Peper, 1997),
ALz 3t FukE(median frequency)] 3

Bl SHste WHE ](a@’“ 5. 1996) %

19 Azt 5Ee 9

%L
P "dgli Xés“"fq o2 A+ (Hagberg, 1981:
T 5. 1996: Harvey& Peper, 1997)ex=
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Table 7. P Values for s€MG levels by levator scapularis muscle in video display terminal workstations

N-D” A-D? N-D A-D N-D A-D N-D A-D
N-M” N-M A-MY A-M A-M A-M N-M N-M
N-K” N-K N-K N-K A-K? A-K A-K A-K

Work
stations

NfDl)

N-M? - .022* .467 .086 .579 157 .287 .062
NfKS)

AfDZ)

N-M - .009* .552 L0117 .180 .018™ .276
N-K

N-D

A-M" - .052 .832 .178 541 .043™
N-K

A-D

A-M - .073 .130 .097 271
N-K

N-D

A-M - 157 .436 .018**
Ame

A-D

A-M - .233 .828
A-K

N-D

N-M - 122
A-K

A-D

N-M -
A-K

1) Normal desk : Desk height is 65.0 cm

2) Abnormal desk : Desk height is 72.8 cem

3) Normal monitor : Center on the desk(0°)

4) Abnormal monitor : Left site on the desk(45" from monitor-neck axis)
5) Normal keyboard : Keyboard distance from the desk edge is 15 cm

6) Abnormal keyboard : Keyboard distance from the desk edge is 30 cm
*p<0.1, **:p<0.05

AFz20F AGAe TEolA 50874 492 4 2 JAWste 2%EZ(Hagberg, 1981: Kilbom,
stttk E3 B AFoMel 3 EA|ZH(recovery  1994: $E4 %, 1997) paraspinal musclesZ A
time)& 10% & & 3L 25 AEEE A A UE ZHELS T2 AME A (elevation)Al
o] ¥ Fol= dollg 4 UA(ANSI, 1996) 7le 715< dvtn dHA AoH(Clement, 1986).
FET FEAE o OF AP 2= gl Paraspmal musclese F2 A5 A=, A
baseline¥ ¥x|st== s17] 93|t &3t 35

5 7% BE 575 S "Hee o 2550
AL Folm golgl A BE 259 1FEd het ﬂo%o% 2oi9l EEEELXJEEE =R o 28
ats wiAIE] sl 879 FdzHe ME HE 5 flo] B4 AdE A8k
F29] FZ(random sampling) 3+t Hagberg(1981)+ &4 1 @

AT AR 2552 BARD AdelA F 0 9 o o 9 FAHe] 28A H
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Table 8. P Values for sEMG levels by infraspinatus muscle in video display terminal workstations

A-D?
N-M
N-K

N-D"
N-M?
N-K”

N-D
A-M?
N-K

Work
stations

A-D
A-M
N-K

N-D
A-M
A-K®

A-D
A-M
A-K

N-D
N-M
A-K

A-D
N-M
A-K

N-D"

N-M” -
N-K”

A-D?

N-M -
N-K

N-D

A-M" -
N-K

A-D

A-M

N-K

N-D

A-M

AfKG)

A-D

A-M

A-K

N-D

N-M

A-K

A-D

N-M

A-K

.207 1929

.282

.028*

.059

.049*

.586 .430 .661 .453

.646 .726 135 .752

.270 .215 .708 .339

- .145 .143 .021** 117

- 723 .343 739

- .080 .868

- .196

1) Normal desk : Desk height is 65.0 cm
2) Abnormal desk : Desk height is 72.8 em
3) Normal monitor : Center on the desk(0°)

4) Abnormal monitor :

Left site on the desk(450 from monitor-neck axis)

5) Normal keyboard : Keyboard distance from the desk edge is 15 cm
6) Abnormal keyboard : Keyboard distance from the desk edge is 30 cm
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Table 9. P Values for sEMG levels by Rhomboid muscle in video display terminal workstations

A-D?
N-M
N-K

N-D”
N-M”
N_KCﬁ

N-D
A-M?
N-K

Work
stations

N-D
N-M
A-K

A-D
N-M
A-K

A-D
A-M
N-K

N-D
A-M
A-K®

A-D
A-M
A-K

N-D”

Nme _
NfKS)

AfDZ)

N-M -
N-K

N-D

A-M" -
N-K

A-D

A-M

N-K

N-D

A-M

A-K”

A-D

A-M

A-K

N-D

N-M

A-K

A-D

N-M

A-K

125 475

199

.506 .630 113 .894 .304

.499 .613 297 .250 .991

.388 .094 111 .551 .055

- .882 .224 .368 770

- .266 .389 .604

- .136 .348

- .385

1) Normal desk : Desk height is 65.0 cm
2) Abnormal desk : Desk height is 72.8 cem

3) Normal monitor : Center on the desk(0")

4) Abnormal monitor : Left site on the desk(450 from monitor-neck axis)
5) Normal keyboard : Keyboard distance from the desk edge is 15 cm
6) Abnormal keyboard : Keyboard distance from the desk edge is 30 cm
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