http://dx.doi.org/10.5392/JKCA.2013.13.02.348

- ; ; 1 (=]

OlxSstx MBEE 0|8t AFE OIRA AREO| HX|e 23]
TENE, ZH4HE, FRH S0 OlRls S

Effects of the Ergonomic Lap Board for Computer Mouse Padding on Upper Limb

Movements, Myoelectric Activities, Task Performance, and Subjective Discomfort
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Abstract

This study aimed to investigate the effect of a lap board that was developed to prevent
musculoskeletal disorders caused by the use of a computer mouse. Study participants were 10
college students in their 20s who did not have any musculoskeletal symptoms. We analyzed the
difference in upper limb movements, electromyographic activity, task performance, and
subjective discomfort between 2 conditions: use of a mouse with the lap board and use of a
mouse placed on a desk. Results of behavior analysis showed that there was a significant
difference between the 2 conditions in terms of the average angle of shoulder flexion, shoulder
internal rotation, and forearm pronation(p< 0.05). However, electromyographic activity, task
performance, and subjective discomfort showed no significant differences between the 2
conditions. When subjects used the mouse with the lap board, their upper extremity was located
much closer to the torso than when they used the mouse placed on the desk. Six of 10
participating students preferred the lap board. We expect that advanced research on prevention
of musculoskeletal disorders due to the use of the computer mouse will be conducted in the near
future.
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Disorder |

T £ d7E SR DA TeE Aol sd = A&
HEHS - #130117-003
MR 2018 012 172

=

Att2 el 1 20134 018 25¢
MAX}: O|EE e-mall : relizion@hanseo.ac.kr

El o= 0



QS YEHES 0ot AFE OiPA ALZ0| HX|2| S22

Sod AFH Ve Hor U2 TN 4
Q AFEE ARSshaL glow, ZTH
~E%M Sias] *é% H& s vl

AFEH AFES
o AFH XL‘ﬁ’\]ﬂﬂr 3*@‘ A Ag G e
/do] Baso|girH3]. FFE AHEo = Qe Za A
A3HS AR Aol A AFE AHEAES A ¢
AIZFe] T5% o3& HAFH <ol gkel glom[4][5], ¢
5 A5 A5G FAARE glo] 3AZE o)
o] AFE Aol a7H 7% grH6l AFEHE AT
o] g AA|e} A &AQ0 F) w2 vHEgow <l
3 53} o] FF, E5Ed F5wrolu DeQuervain's
TETI e A LEFAA A3 BA 7o) =t
[7-9].

AFE Ads 93 YEAARE 7B} vhe-2Tt
FEARGET H2 28 QlEHo] 2o HFow 7
FH vy EQET} 22 ¥0E = AMEe] F
7¥eta ATH10]. ool HFH S8x=aslo] A
Al o] &AITF] 609601 N4 -2 E ARE-SEAL 9lo
w1, 2eg ZR2adow ZE g nhe= ALE
= A 66~70%7H] 87HE o 1w {eI2]

ool wet AFH whe-2 ARBALEONAl A B
Al Agho] F7ksh= FAloltH13][14]. 7AFE mt
220] A2 RS HARAN G} o}t 5o A&H 2
sheb Ao} ItH1b)[16]. vh-2E AR w9

W (abduction) ¥ 1[13], £%5 H(extension) ¥
[ (ulnar  deviation)o]  FHEE7]  wlEo]

[17](18], <5

g
oo
Y
1o
}L
o>‘
L
Hn
me
o
it
-
g I

OO

Iz

uk
)

o
l"lO e >'

N

0743 925 Faei Karlgvist S{17]
& vhg-2 AL} u14&z}~ H) AL Ao, 155
ool A%A AL WA vlg2 AREAIREe] 649%0]

A bbb, 305 o] A7 A2A 93 30%
Foleha wastgr FFE vheaE AT B

olgZo] A (pronation)® AAAA ZdslE Ao

#eH19]

A A PR AHGOE QR Al 24
HuA kg QRIS oleld 284 AR
ayelr] g Wete £t £50) FYHel A
FAE 5 Qe BFE Folol £AY vheaE )

o
FE ALGA RS o] 45 AU vh92E ALES)
o glen], 1E Qg 2EAA) da el fgol
A8 vk
s

I
gils

=

AFE ARBAY B3} o) FFol gk A3
218 Larsson 51912 AFE AFgA}e] &

S oar] 918t %xﬂ oAl AF e
7Fe Tl ANEE S
Akt Ming -‘g— 21]% AFH
| Aol T3k mHATFIA 1}

-
fjt
rulo

A= 22
2
=
o}m
ON

>
=2
o =
o ot
of o

tlo
Y
tlo

>~
=

[¥ oo &Y
>
1o,
ox
N
I
M
N

u

N Ho
il
>
>

e 2 T
o
e
i,
of\
=
&
B
il
Ho
B
of
ol
rir
s,
o

2
o
Bl
il op
oy 1
o

2 ot
oo
o
2
i
=
o
[
L
incs
(o
fitl
rO

krt
Jt

o
P
o
o
I
QL

ot
r
T
)
X
i)
e
o
2
ol
ol
o,

M
)
T
)
S
n)
)
e o
i
[
Al
=
re
-4
it
rlo
N
fftl
rlo

lo
[
2
ind
o
rlet
o
=2
X
o
J :[o
i)
r o)
T
to
ro
it
2

Aol ALH22IZ3] 9%
120 590 20,
=8 ol48 4% 477 A% S 9
27 A o] 28

olet,

o og

rlroof ol
2R ol ol

_10" it
mz Og o
R0
A i
n; o
—~ o
2 :%
O:
L 1
ot

(o
R >
S
(o3
K=

A7) 2

-z

.\

e

ol
48
e
-
rlr
=
o

o

=2

ﬁr}mmgr

SR

B np-2 ARE-O 2 Qg
WS s AET e mololA mhg-
o] & FME=(lap board)
2HE Yotz st weba] 2

Je Yo Bk AL s} Ay

2

[
M 2

S~
-
I, oo
29

r

[
30,
ol
o
>
[

+

2
ny
ol
—_

r
-
1o
fo



>
)
i)

ol

E5)

8o oy

E=)

il
o
o2

il

o
36

v

o Lo

o ool

=2

r

N
oo
i e

N

o 1o

Aol A Fit AL
& FA = 1734eme] 2L o3 &}b+= 158 6¢m,
A2k 734kg, A= Sldkgel ATHAE 11.

o,

. ARt L £4(N=10)(Mean(SD))

)
p

N
— T

gy rlr o2
sl

i

ox
Lo
i

o

ol
[o
jg.—ﬂﬁ

;‘é il
i)

B < VA< O O o0
ol

=

n
=
3

AR} FEFH Agls A AGE wje} sds}
Al 60cnz= 2738kl et. FeAR}7E 2 A of vh-2 A
g0l &R EE 10 o] AFARME AT +
w299 LEFAA AnE A8

A F THE ARE QY] At LEE ) 25
o] Jegt FAA M S o} A& FAstL o] A}
F A9S APsgnh PR ol Hado M nhe- 2
o] £AME R Aot 24 A9 24 5zt
A9E FFES sHATh Aol TRHWE 5%
PAFE gelsta CR-10 A== 34 EdE 34
stk ZF 2k Alojol = 1087e] FA1S A8+,
vx]gte]] Zp Z8o i3 MVC(maximum voluntary
contraction)& A3tk RE A4S v & dn

e

X
lo

[> 1 oot o
ox 1o

i
ne
2
>
o
QL
2
£
&b
5,
[¢)
O
%’r
o)
o
&l
fr
N
o oZ
rlo
Jo o
fru

of 0.75%nk} thE Aol el 288 nf

sl Traoz 58 74008 YRS F o
ATH28). o] el 9= Fakgloln, ezl
AIZE el A x5 FYajor deR dFH
=7 4004 Foll 3607%(90% 5 o1 53 49l
g AEE AgoR AR g FHe 2 A
ol A ALE3 ZFE ~ae Tl XSS A
3L, HEES] A7)E 27 em x 27 emTh

A es vheae 5RES 4Es 293 3
T2 A5z Ykl Aog B A= 557k &
o] B F FHol FAFSITH

FheliEtell A 148k 1 9139k ARE Aol A%
s AAIE T ¢4, S FUoE 6rle] 49

=
o H3 wAL 9



N —
2ol 7he|E}E XAt} TS0 &2 Vicon MX 7]
= Az} E Al (global coordinate) S
A48ttt FEFZ 5 (sampling rate)S 150 Hz2 8}
ol

e
f

53 X = daA Hu(Tth Cervical vertebra),
AN Sw(10th Thoracic vertebra), &4 3|
(suprasternal notch), ZH=7](xiphoid process), 2.&%
o]7l(in the end part acromion), 22Z o7
(scapular), 912w o]
719 2 79-4-§7] (lateral humeral epicondyle), £ &%
= o] F(center of radius), LB &5 o I
& 7](styloid process of radius)®} A F-=7](styloid
process of ulna), Z8]3l Q8% 9] &3 EriE
(3rd metacarpophalangeal joint)©] 1t} o= &4+
2 Alzglo] A de] 220]E ‘Plug-in Gait marker set’
S WE Zlojth BAAE BF LEFK &2 AL 7
HA7E B 2 2E A wiTelth

P27 FH HE A 91X fApe] PLeE st
Vicon MX oA &&= ‘Subject Calibration'<
AXAA AE FHE v

9 center of humerus), 2%

THE AJAH
GAEE SA4s7] S8l 74 Ao 39
HAEA9 TeleMyo 2400T G2(Noraxon U.S.A. Inc.)
&3kl eh =2 22 Noraxon USA. Inc.9] ©]
=¥ H A= (biopolar surface electrode)S A3}
o AEo] lom, A= 7] HA0] 2omith REFE
E(sampling rate)< 1500HzZ A AR L cut-off T
T7F 500Hz8! A9t &3 FE(low pass filten) &
AFEEEA T 51 B SAE ZHE ANFE o] A
£ 300ms ¥ E RMS(Root Mean Square)E Z&}o]
AR FAE REGA sk 4 o SSm
q

T =
MVC ZHEE S48k o)df gt %MVCe] 5% 1t

2.3

)J—;(

H
rl I'_'E‘.
>

E

e
c

>
R

>

EHupper trapezius),
74l OWHH]—‘?—L(rmddle delto1d), 7k #@e
(extensor digitorum), 121 AFZELEEH (extensor
carpi ulnaris)®] & 47} <& ZASIATE A59 7
29X FEIHE AgdTte] s guit
(281030103124 11.

Aoz Qe EHEE BorgZb /MEd CR-10
Rating scale . CR-10 Rating scale2 H|
EHEZA S5 Alol] &ALt THest T
g BAEAT Ay B3 7Fssieh Borg's CR-10
Rating scale “0" “4% §l&" 5, Adlddl +& wj<}
o Aol HFEHA kS wWo] =& ovlsta, ‘107
‘A7) A& A AE"E oveti{32].

B AF A AR ol M| A 2 o]

% CR-10 scale o|-&3lo] F3-4 %{E—g‘ A5t
t}. CR-10 scaledl] we} o7, ¢
5, &7 Z 65910l digk T34 EREE AR V)
E3 5 SHTH33] weh BE Aol Ry oF
T 7 A F AEsks 2 ol el dis)

EREEE]

O
o
oo
of
ol
32
o

2.5 AR HEE
AFE A o &3] Uehs 53 o7 289



352 $2EEHXSH5|=2X| '13 Vol. 13 No. 2

ARE AT, ZA A Harm board)7F 24 o]
SAtH= Rempel {34]3F 21 #ke] 24 o] (arm rest) AHS-
A BAE B8 Marcus 53619 ol Zetsle] 2
FETE B2 Ao A Wk 3}0\32 -’F 3%‘ -’F
A2e YRES et w3
°o]7] §18l ol FAelA 7}—.~E 76‘*b—7}1
AAsA) B 29S8 A7 A= 05
Aol ot AHANARE, AA Aol= 50em, F-2 20cm, 7
71 15" o)A 2" 2],

mlo o,

= 3o
Mo 4 Xt mN ol

_&
)
i)
o,
[z
Ol

O 2. ZAE MEES niRA(YH)

3.5 O0IRA
w223 bluetooth WAle] FA  X|Elo|A
(digitizer)?] Graphire(Wacom, U.S.A)¢} o]ol] <153
FA w25 ARSI A 23 9] v)E v)
G2BE FYE HAE Fristel e g @A) e
A3 Alafet 0] 91X)7F Ut v AEE A
t}. o= Ado] Aste e A4 24 Arolth

oy

Ao A P49 OBl S AT FAT T
of vlal FAT & AA7F HAH L A|E vpgs A
B9 A4S AT 2, el 29

H
2 20.88 x 1508 cmo]aL, »}-9-2= 7)== o] 114 cn,
ot 19

Lﬂ‘ﬂl 6.1cm, =°] 37cnE Yy k9~ AE

AXEE Yare gz e 958 SPSS 120
S AHESFAT

. & Zat
1. SAEA Hat
& 2GS Sl AR A=} Ao A v 2
A% 2E Ak Sk B A 5] e
= 32 o AT HREA 2] Al o g e
Hat e -1121°, AdelA 685° 2 SAAQ 2ol
CHp< 0.00). o17f de] Ft 7l FH=
oA} 2422, Aol A 2810° 2 = AREA], o) |
] WR7E Ha 1o} SAHCR FeletAE &

oth o7l =] Pt AEE BRI A 21.69°,
Aol -056° %2 A o= Fo 7 2po] 7} Lyttt
(p<0.05).

I, ofell QlRe] Wt e fE oA 3945°, A
ol 42520 = A Sl B R E|M F |l
o 7 2R Yebdthip<0.05).

19 i e 5, &5 AEAS-H ] H
T AEs A HelM B iR oA et SUhe
dEFE Holo, SAHE FAsHA et

H 2. HHCQ} A 9 OfRA XY A AX[Q] SEY H|w
(G Ztz, mean(SD))
Movement
(Right side) Lap board Table t p
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ulnaris
p<0.05
3. RJASE v, o
Ao e it PRI} 38407, PR =olA - ]
Qe AL AFYH BFe Sz S 7
A=} p i L o i=
= - o)o i)
SJsE EATE 4) Age QAT B9, A2 A% TeEzea
o] ghgo] F7letA] nh-2 ARRAIRTE FA3] &
H 4, BECol HA 9| Kef A| 0IPA EOIEIKIl0] 43 ]
: L 2ot} ey upS-s 2L ubH o Z
S(Ctel: H, Mean(SD)) ofubE= FAlolth Tt vhe-2 A dybE o ® v
Z 22| A o] F]x Do) &AE EZo] 019
L2 board Table " . FTHAANA o] FoAX] 7] Wil =5 TF FHE
. o E5S

Performance | 375.7(10.2) | 378.4(9.8) | 0.572 | 0.574
p<0.05

=
A AR A, AREE S

1}
5e & EZRY oh]e o3} o) 5 YA
277

e Ht -11.21°2 Ao A vlg-AE AR ue]
6.85°9F Hlwste] f-o3k AolE LERNRITHp <0.05).




354 s@IEIXSE=2X 13 Vol. 13 No. 2

FII:I

o
i

9] Apol= YEEE F5 ol SHFL A
, A Slell vk} Sl=E FaL AL
3l OWH“ °F 11° A= HulaL, opefEat
ol o 77ke]l 1A FHAES o] F
£ w59 Aol 7 AAATIE AL
o Z& e o] A0 mjrn &0
oA T T2 AR FHFATH3I. o7 HEe
= Ao A nteAE AFRS u) Wt 4° A% T
7| el b of B RS S
el ZleiAE shatEs S7H7IRE(19),
Zlo] vz sttt
PEEAA vhe-2E AR o Aol A AL
g wjol] H]af Hat 22° A% o) HEEEE AAVF U
B thp<0.05). o7fe] HHEHL fRETE H g
Hlal] ol o 7h7ko] $1A13 A3z welt) = <4
Plg2g e SR A nd) BEel o 2% 9
Aol QA #rk. o]2]gh ZpAe] Msinto® giw =

18 =T S glo A B FAd 2h

52 o
N
2 W
Ao
)

QL

o 2 rfr oo op

1-rl off = 2 rlo %
>
o
R

N
=)

T

rr

o BRI
B
I

o
SO

rr

i)

9] o2 y}a Ack l§° =

EAAR0 Aol e Bskor, clae A4l
AAG ) W oFke] E 31} Ho] A1

Jou} BE o] ut)H o] YERIT) Straker S[40]2)
TR wETY, rhys TR @ £g AMgE
MEAQ AL BE HY e S Z vk 1
dEe 93]e AEolnr) e At o AE of
A7) vl o) JFE £ 5 Aokn AlRE,
o)

Cook {411 <&

9] Aol e gken, vlaE Al d
B £ Ho) 2wt 3P o olehn sjeir). &
Aol &5 o) WHrhes} AsolA of o4,
Aol of 195 ekt Cook Sld1le] AFelA 2
o &5 e st Fohu z}ﬁxlf o) it 7
= Cook 5[4119] ATl 2 10704 Hef arz

UEbsk=], 2 AelA R o 18°9F A oF 75°
2 frAkg Eol ) g, Szeto$) Lin[42] &5e

A% A 9HE 2 AN 2BA 51

o ol ws) A e ST Bk £53} £
BRI o8 olF HL, vpes 2Y e
e ¥ Aa, 29 95 o A9k wasd, o
5 A3 ARE A0 A% 2BAA A8 v}
S22 AL Al WG AE 3150] kS T A B
ek o2} 71554 ASE 2R AL FAIA
Fe Aolth

L
o
i

<

e

>0

(o

L

ol-ﬂ :lo
[
=]

N

1
o
2
al
)
2
=
Y
1 o
fu
=2
(o3
C
flo 2
}4
FN
o
A
I
)
ol

B
i

B2 @2 dd fd & 0

S133]¢] ?i:rLoﬂ’ﬂ URM whg-2 A4 Al A
o] 1263 %MVCE YR Ao} vl s,
T-o] Aol A 1027 %XMVC #Ho 2 E uf ALl AL
Azol‘ii‘:} g §lol Al w225 o] FAI A &}
ol o7 T 9] 2 B Ao
F Jensen 5[13]9] A9} flSAHIETL
Al YeRt f3A4[28]¢] Ao} &, &
*o—/‘ﬂEELQJ TEEETE QERES Ao B
Atk o= %LOV}QJ 21 Aol ”L7ﬂ 249 A

;
e

k)

2ol e
4o 2
=2 ox L

b

N

)

.

L HH‘ o, r—{

—(ﬂ
Worr

AAFd e HRE IBTHAART FAfolA
SAHOE O} koL, FI% Aol LehA o
gtk ol F4el 90%el sjahs 3604 oS mE
Folrt d5sel ¥ Aixdlo] FYwolE F%S

FA AStES vt



QIXZeIN MEHEE 0|5 ZFE OiRA ARZ0| MX[2| 22/ Y 2, Ziedlie, M SHEN Okl S 355
AW vk ARGA] FHE EREE ofgfdo] 259 AR FE 2 AFH B8, 2012
Hom /M a1 &5 & 9 o/, 2EA £o= [3] C. Jensen, L. Finsen, K. Sggaard, and H.
=9tk B AT AL o]} AN AFE YRS Christensen, “Musculoskeletal symptoms and
o, oA FHH EAEE E50] 27BH0E M duration of computer and mouse,” International
=3, o, & o7, Y, BEA Fo|th R Journal of Industrial Ergonomics, Vol.30,
ol M= wsek A Bl No.4-5, pp.265-275, 2002.

MNIE ZAPN A AREE AEs H 9= s 3 [4] B. M. Blatter and P. M. Bongers, “Duration of
RE7F AAET o]7) vrol o)) 9] ¥ 27} djri= computer use and mouse use in relation to
Ao) 3, A Aelst B9 Hah WS AMsE musculoskeletal disorders of neck or upper
Rol Qaalal o}l &S XA & 4= glo] o Aol limb,” International Journal of Industrial
= 9Ao] st oldy 2L ATAYE 29k, Ergonomics, Vol.30, No.4-5, pp.295-306, 2002.
AE b2 ZY Al 2T F Qe A 3 [5] A. Toomingas and D. Gavhed, “Workstation
< oiatr] sl A AAR fJrEE A3 ozt layout and work postures at call centers in
FolE A Ao gt Z¢dskeE 9ol vl F sweden in relation to national law,
2AAze] A5 FEol 7MEA fIAAIRIE a2y 2 EU-directives and ISO-standards, and to
AT Y A FHE SH A= 2pel 7} operators’ comfort and  symptoms,”
EbA] ek oktk International Journal of Industrial Ergonomics,

ol AHEE A 5
Fob 1 Aol AL
& vk ARkl Aol A AAE A T
o ARAe] Aol AW A, FheaE ALgoe

A AHgRE el st o

=
>
ol
ol
2
~
>,
R
4
i
)
=

[1] S. Haynes, “Effects of positioning optimization
in an alternative computer workstation for
people with and without low back pain,”
International Journal of Industrial Ergonomics,
Vol.39, No.5, pp.719-727, 2000.

[2] http://www.index.gokr/ e-UEHA] . SlE|ylo]-&
ABEACPEEANLS D THUAF), T}

Vol.38, No.11-12, pp.1051-1061, 2008.

L. Karlgvist, E. W. Torngvist, M. Hagberg, M
“Self-reported
working conditions of VDU operators and

[6]
Hagman, and A. Toomingas,

associations with musculoskeletal symptoms: a
cross— sectional study focussing on gender
differences,” International Journal of Industrial
Ergonomics, Vol.30, No.4-5, pp.277-294, 2002.

A. Hedge and ]J. R. Powers, “Wrist postures
while keyboarding: effects of a negative slop

(7]

keyboard system and full motion forearm

supports,” Ergonomics, Vol.38, No.3, pp.508-517,

1995.

D. Rempel, P. Tittiranonda, S. Burastero, M.

Hudes, and Y. So, “Effect of keyboard

keyswitch design on hand pain,” Journal of

Occupational Environmental Medicine, Vol.4l,

No.2, pp.111-119, 1999.

[9] B. Larsson, K. Sggaard, and L. Rosendal, “Work
related neck -
magnitude, risk factors, biochemical characteristics,

(8]

shoulder pain: a review on



356 &H=2EEX8H5|=2X| '13 Vol. 13 No. 2

clinical picture and preventive interventions,”
Best Practice & Research Clinical Rheumatology,
Vol.21, No.3, pp.447-463, 2007.

[10] M. Fogleman, G. Brogmus, “Computer mouse
use and cumulative trauma disorders of upper
extremities,”  Ergonomics, Vol.38, No.12
PD.2465-2475, 1995.

[11] R. Harvey and E. Peper, “Surface
electromyography and mouse use position,”
Ergonomics, Vol.40, No.8, pp.781-789, 1997.

[12] P. J. Keir, J. M. Bach, and D. Rempel, “Effects
of computer mouse design and task on carpal
tunnel pressure,” Ergonomics, Vol42, No.10,
pp.1350-1360. 1999.

[13] C. Jensen, V. Borg, L. Finsen, K. Hansen, B.
Juul-Kristensen and H. Christensen, “Job
demands, muscle activity and musculoskeletal
symptoms in relation to work with the
computer mouse,” Scandinavian Journal of
Work Environment Health, Vol24, Nob,
pp.418-424. 1998.

[14] M. H Liao and C. G. Drury, “Posture,
discomfort and performance in a VDT task,”
Ergonomics, Vol.43, No.3, pp.345-359, 2000.

[15] L. Karlgvist, M. Hagberg, M. Koster, M.
Wenemark, and R. Anell, “Musculo- skeletal
symptoms among computer assisted design
(CAD) operators and evaluation of self-
assessment questionnaire,” International Journal
of Occupational Environmental Health, Vol.2,
No.3, pp.185-194, 19%.

[16] A. Cooper, and L. Straker, “Mouse versus
keyboard use: A comparison of shoulder muscle
load,” International Journal of Industrial
Ergonomics, Vol.22, No.4-5, pp.351-357, 1998.

[17] L. Karlgvist, M. Hagberg, and A. Selin,
“Variation in upper limb posture and movement

during word processing with and without

mouse use,” Ergonomics, Vol37, No.7,
pp.1261-1267, 1994.

[18] J. Wahlstromn, J. Svensson, M. Hagberg, and
P. Johnson, “Differences between work methods
and gender in computer mouse use,’
Scandinavian Journal of Work, Environment
and Health, Vol.26, No.5, pp.390-397, 2000.

[19] M. Fagarasanu, and S. Kumar, “Carpal tunnel
syndrome due to keyboarding and mouse tasks:
a review,” International Journal of Industrial
Ergonomics, Vol.31, No.2, pp.119-136, 2003.

[20] E. Gustafsson and M. Hagberg, “Computer
mouse use in two different hand positions:
exposure, comfort, exertion and productivity,”
Applied Ergonomics, Vol.34, No.2, ppl07-113,
2003.

[21] Z. Ming and N. Zaproudina, “Computer use
related upper limb musculoskeletal (ComRULM)
disorders,”  Pathophysiology, Vol9, No.3,
pp.155-160, 2003.

[22] B, 243 o|53h "ol IA Mgl wih
Soll dolAMe] AA Fel It A2HA S o

gkl o g3l A, A1, Al2E, pp.141-150, 1989.

(23] FH, ol&+, A3, EAY, $AH, "2

H- 24 AHVD T2 AN o 37k el 242t 5
’d TAagT B 2]l #sE A ?L e
83]7), A9H, A%, pp.85-93, 1997.

[24] o]FS, "dFAS F - 15T FEAEA]
ML AFH ARgo] ZFEAA S/l 7
B 7H e 3s| %
2002.

[25] 97, WA 8, o9, s, A5, )
A @A) At A o] 1ol
A QR s, A2, A2
<, pp.61-70, 2004.

[26] %, ¥, AN, “Thake G5 D7)
QoA ] SEst Saol5A, oaa
AR 583] %], A134, A2E, pp.4l-49, 2005.

oN‘

>
83
=
>
>
P
€
G
S
P
2



OIRfBaIR| HHCE 0183 HHE| 024 AIO| Axlo] 8%

[27] 93, AR PA] JEAFZ
4, Asishal AALeRel=E, 1998,

(28] 784, ZirE] PReof ESE ALE A9
HEop =g b, AN R A3 g sk
AR =1, 2007,

[29] P. Tebbutt, J. Wood, and M. King, The Vicon
Manual, Oxford, England: Vicon Motion
Systems, 2005.

[30] J. R. Cram, G. S. Kasman, and ]. Holtz
Introduction to surface electro-myography,
Maryland, MD: An Aspen Pub., 1998.

Bl A& =47 d8 oS 93 nfe= Y

o =2 ATy A, FFAE %D A
=

) 5]
4

1%1, s 2t g 2] 5 stol tet ol
3} %

gk by o]_r,H Sty A A].zﬂ—_r] =1, 2010.

= 4

=3 =24, pp.410-413, 2007.

[34] D. M. Rempel, N. Krause, R. Goldberg, D
Benner, M. Hurdes, and G. U. Goldner, "A
randomised controlled trial evaluating the
effects od workstation interventions on upper

musculoskeletal

body pain and incident

disorders  among  computer  operators,”
Occupational and Environmental Medicine,
Vol.63, No.5, pp.300-306, 2006.

[35] M. Marcus, F. Gerr, C. Monteilh, D. J. Ortiz, E.
Gentry, and S. Cohen, "A prospective study of
computer users: II. Postural risk factors for
musculoskeletal symptoms and disorders,”
American Journal of Industrial Medicine, Vol.41,
No.4, pp.236-249, 2002.

[36] C. Cook, R. Burgess-Limerick and S. Chang,
"The prevalence of neck and upper extremity
musculoskeletal symptoms in computer mouse

users,” International Journal of Industrial

Ergonomics, Vol.26, No.3 pp.347-356, 2000.

[37] R. Burgess-Limerick, J. Shemmell, R. Scadden,
and A. Plooy, "Wrist posture during computer
pointing device use,” Clinical Biomechanics,
Vol.14, No.4, pp.280-286, 1999.

[38] M. Hagberg, "ABC of work related disorders:
British Medical
Journal, Vol.313, No.7054, pp.419-422, 199%.
[39] A3k b, H43), 27, ZAR, 9, &

o, 2Hfge]gl, A=A, 2010.
[40] L. Straker, R. Burgess—Limerick, C. Pollock,
and B. Maslen, "The effect of forearm support

neck and arm disorders,”

on children’s head, neck and upper limb posture
and muscle activity during computer use,”
Journal of Electromyography and Kinesiology,
Vol.19, No.5, pp.965-974, 2009,

[41] C. Cook, R Burgess-Limerick, and S. Papalia,
“The effect of wrist rests and forearm support
during keyboard and mouse use,” International
Journal of Industrial Ergonomics, Vol.33, No.5,
pp.463-472, 2004.

[42] G. P. Szeto and J. K. Lin, “A study of forearm
muscle activity and wrist kinematics in
symptomatic  office  workers  performing

mouse—clicking tasks with different precision

and speed demands,” Journal of Electromyography

and Kinesiology, Vol.21, No.l, pp.59-66, 2011.

A, oled, &8 “VDT%}%.MW FAA

[43]



I'-II:I

358 sI=IEIXSS|=2X| '13 Vol. 13 No. 2

X Xt A

¥}k 4 ¥(So-Yeon Park) 5|

+ 1993 29 & AA st AL}
I (R}

=1997d 84 @ AA gt BT
gt A4 9 gk (B
A AH)

= 2000 84 : 7FEY et tf &t
A BASIH R AL

20009 39 ~ A sAUE L J x| 2Ek)

FARE> - ZFAARYA R, AL, Azt

10

al

N g
g B

ot

o] & %(Taek-Young Lee)

= 1986 29 AA st
T} (AAD

1999 29 @ Al st
AU S) b S Y XGOS DA B

L2007 24+ A hSk A} 2}
3} (o] 8hkA})

20004 3¢ ~ A : A Yk 2R Bty g

<TAROE 1 wolZd R m0EA w-0l%E =

ok

= od
Ton
& i

o] % E(JinBock Yi) 3|8

B - 1998 29 AAdisha A gst
3} (A

= 20009 89 @ AAtiEtw o] &H
A skt (FetAh

= 20039 29 : AAYEtn 97T

‘ s JEA (J2FFAD

20124 29 AAHE R o F 3t} (FEPakAL

003 39 ~ A4 sAMUEtn A Eely) &)

O~
L=

<HA RS ¢ }\gx‘]@_ldfﬂ— A&3sr Bz e)e




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


