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Proposal of a Movable Armrest for Preventing the
Musculoskeletal Disorders
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ABSTRACT

In spite of the rapid increase of computer use in our everyday life, not much effort is undertaken to take measures to
prevent Musculoskeletal Disorders(MSDs). In this paper, we suggest a movable armrest which would lower the exposure to
the MSDs, especially on the vicinity of arm. The aim of this study is to determine whether there are differences in wrist
angle variations, forearm muscular loads, comfort and normal performance between the invented movable armrest and a
conventional armrest when using a computer mouse. Eight experienced VDU workers performed a standardized simple task
set which consists of 15 detailed tasks with each armrest. The wrist angle variations in the right arm were registered by
electrogoniometer and the muscle activities in the shoulder, deltoid and two extensors in the forearm were also registered by
electromyograph. The subjects rated perceived comfort while performing the tasks with each armrest. Working with the
invented armrest, compared to general, gave significantly decreased wrist angle variations at most of the detailed tasks of
both biaxial movements. Moreover, as the distance of targets increased, the difference of muscle activities in two different
situations trend to be increasing. At the same time, in work with invented armrest, the subjects rated more comfort and they
showed decreased normal performances in 8 detailed tasks which were mainly caused by macro moving time.
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2 B4 20/ LS FUY ABABISE
o5 VDTBASI JeRARA 748 Bo] olgut  nok 2 AR 2wl 49 4 QS s,

Ae AWESG vhgoln, AFEE WLRFE vhee]  £5) £rhe AGS Foln MAHT 7Ee] B Ax

diet oEmst @4 obdska Atk Cooper etal, 1998). TR Hol /19 5 QES 29 W HRe] # A %

Wlo] Qo] wEw WIFE vhe olgol Aol U 2 X A SHow vk

He 284 A8 o] rkw olerldta Qlom  mak (13 119 ofehE Feak PEAS Ak B A4

(Armstring et al., 1994; Rempel et al., 1994), 4#29] &
F-&t(muscle load) T3t ZZAA] Agha} o] Qlrkal o]
op7|8kaL th(Karlgvist et al., 1996; Jensen et al., 1998;
Cooper and Straker, 1998). t<o] AEFAA vle-Ae 5
2 &8-S o] g FH oA Hol gl o9k 2 A&A
o] RHRARl FARE 2] o) 44 el (Cumulative Trauma
Disorders, CTDs) & 718 A& AU Qi AA=
247 ¢ VDU-workerg<& oz A g 7o) u}
29 BE JAHAENA 7| RERT nhe-2oA o &
=39 (ulnar deviation) 7} WEFsITHKarlgvist et al., 1994).
& HzE ol AAIRE wEEW ARl A F 8t
UQl %% (Tenosynovitis) ol ¥ H&do] F7tskal, As)

W A4 (Tendinitis) 0.2 B4g 4 vk =gk HHEAQ]
£59] F (flexion) B A7 (extension) & Fo-¢ S35
(Carpal tunnel syndrome) & ©F7|Al7]+= olo @ <A
Atk
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Aste], o]& Folar o3t = QA ] 98 = ul¢-
w)u] st AA ot}

ole] wet & AT HHL A F 7HAolth WA

VDT % QuHAel B AAhE ol §sto] vheg A}
8T A ol e U % $AUS IyskE
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g3l7) Xiz*E]M.Tl electrogonlometer =3 &5 7
o] WsglE e, fotdl F /e AdE SAP3Act Tt
EMG (electromyograph) & 53 2% oj7] 4 Zo] 25
55 vl 59 (upper trapezius, anterior deltoid, exten—
sor digitorum, extensor carpi ulnaris; ©]s} UT, AD, ED,
ECUZ 7)) oA 73kt

mpAEto ® A AHAES ZF AR AETE B wnit
bipolar scale (—4%E +4)Z FA4E F84 #HAkS H-¢]
Hz 249t (Karlqvist et al., 1995).

JB 2. /1% 9IRE X2 2 IH 1-3, ¥ 2-3, 2H 3-3,
2HH| 4-3, 2HH| 5-3 34 57 4y

34.1 25 25

—

a9 312 19 1559 37 el thgk oAfot. of

ol FA3} 4 Alole] AT E 120pixel, 240pixel, 480 £ 7 A9l =4S 93] Twin axis electrogoniom—
pixel@ 247} 1, 2, 35S A3t eter9} data logger (DA100C, MP100A; BIOPAC Systems,
Inc.)7} AFEERITE o8 &3l &89 235/3 3 (radial/

ulnar) #|x}F 2D F3/A1% (flexion/extension) & 7] =383
t}. Goniometert vlwdel wel Q8% Ho| &5 Wk
of aLgAIF T

AT U S S B A s

g0l 2AHAI, 25, slokdl 27t 20°0F £H

ol A o] Fkso) ]%E]Oﬁ scaling® 2t} Sampling rate

I8 3. 2ZTE K22 AR 11, A 1-2, 26 1-3 16Hz0] 1, data™= =74 A]2~8lo]A] PC (Pentium 4~1.8G,

512RAM) & 774 3 Acknowledge 3.8.12}= AZE
dAE S8l A=A
9] Al A B2 A 3028 g 3025 ALE 2% 5

foi

olef ulg} TAQ] HrE goq IFHI-FF=W
(ex 3—-2: 31FY 2= ¥7Isty, 1574 22

(o

7}
componentE< 'A% A, g Experimental unitol] ¥3+ Qk 715% datas 0.5Hz~2HzZE band pass filtering = %
¥+ 157 component=2] HeSS A A T A I, RMSWIEHS: 8t 7 peak#hse] o5 10%+ &=olet 7F
2 A= F skl slo] AAsIAL, L83 cycled] Het 5 7+ wW3lako)
AA A 742 2 AT A 3R, HA) A L A= T
A A Atolell 5% 18] FAE & FHE F 46% 15 o=
) ] } ) 3.4.2 2|]55}]
Z(BEX 1541 FA+52x153) 5 3 NEZ slo] v
B0] so] U & 8719 T AEZ THSAT A= EMG (EMG 100C,MP100A; BIOPAC Systems, inc.) &
o] AR 34 =M= ddebA Aekeich 53 @2% 2 UT, AD, ED, ECU H] ¥-9]¢] &5 20|
S =t
3.3 A HAl AFL 5 Atele] A77F 20mme! EMG A8 H=(EL
504, BIOPAC Systems, inc.) = A3} 1, HEd nl2
v AEx = 0" 87l HA AE S AdeE 142 FA AFE 4I3E FOo8 T H, AR TPEA EAE &
£ balanced® WY A= wgkE - x|t} Uuk 2 | A2 A=Z gol Wyl &y Fe) Fasitt,
At Z¥zholl A A9 vl Ay e L7 ) A A R A 3028 e 30%E Al9eh 27 &



4 B4 ED|H - QA - KU KEAMT2E
O]'.J /\]:Q‘_E E*‘] Oﬂ /\]—-g—o]— al, Sampling r‘ate% 1024Hz H 1. Paired T-Tests £2| &5 %2 S22 HA1} 95%
- o A2 F7H 3 p-value(n=8)

olu], 20Hz~500Hz2] band pass filtering¥ UT<2} ADS]

7% RVC(Reference voluntary contraction)&, EDS} 24 ﬂ‘{(i;éif oyl Wt 95% CI p—value

ECU9] A$¢+= MVC Maximum voluntary contraction) = lower  upper

=7 3to] Aarstel o] 88tk (Gustafsson et al., 2003; 1-1 918611 1029029 -4.19 640 0.6371

Cook et al., 2004). RVCE ZA& UTS| 49 2.5ked| 1-2 14.15970 17.83115 -4.36 1171 0.3158

22 wmaz @ A 94 90°9] ZEw 2Mow Soley  1-3 1646103 2463264 085 1549 00335
524 23] ZAs19T, ADS] A4S UTS 2o Ale] = -1 876057 10.66657 -126 507 0.1972

2 gux=2 ¥ A 22 90°9 Z5g 22 HAs oA 2-2  8.21257 15.89817 2.93 1244 0.0065"
A7 AR 1524 23] =439 Cook et al,, 2004). 1 - 9.81157  20.98573 3.97 18.38  0.0080"

23, EDS} ECUS] 79 zhzb &9] ofgox] 9Zo7 & 3—1 5.82272 796642 —0.37 4.65  0.0832°

o] QoA ©B& WO T 527 254 B o] static | -2 371017 806380 096 775  0.0191°

Ao A 2] MVCEHS T-8Hth(Gustafsson et al., 2003). 3—-3  6.23448 12.11018 3.59 8.16  0.0005"

o]Z B3] GRVC i GMVCE 2}z Aaratt. 4-1 810896  9.88201 ~-254 608 0.3630

4-2  5.08615 8.88033 0.94 6.65 0.0164™
=™ o5k

343 &R Heky 4-3 7.23230 10.84835 —0.77 8.00  0.0920"
AFAEL 7} AES Ado] BY u ult} & o], 5-1 5.90864 7.39585 —0.95 3.92 0.1915

Sl g 2Em 4 dvlel EA4 Helst % ghelm 52 807053 1269806 270 656  0.0008”

5—-3 7.02962 14.59167 3.67 11.45 0.0025"

o] Bipolar scale® —4(very poor comfort)olA 4
Hojato] Ao o]-g-a}

(extremely comfort) 7}4] AFE

Atk (Karlqvist et al., 1995).

3.4.4 Normal performance

FAd Al vle-A AT FUE £ BAE A
S v 7 AR IA HE 3R ok FYEs FYHIFE V)
2]7] Normal performance'g} 2|5}l o]& AlF A &H

2 gk 9 3.k & AA oA 22 S s3It gt [4]
1]1ell ¢4 Normal performance ratio(NP ratio) 3t= T+
3 Hkt)

z}
=

29 B AA o] FE3]5

vF 8 AJxhje] 83

NP ratio = X100

e

[4] 1] Normal performance ratio

*significant at 0.1 level; **significant at 0.05 level

4.1.2 &= ?lokf =2

A A 3 20049 o] A4 27 AN A F
® 2. Paired T-Tests =2 &5 (of2f S2 B2t 95%
A7z L p-value(n=8)

THA ek gt At G 95% Cl p—value
() lower  upper
1-1 2.65240 4.23270 —1.49 4.09 0.3063
1-2 4.97346 5.76382 0.05 2.71 0.0434™
- 5.59160 7.71718 0.66 5.09 0.0108™
-1 4.98426 6.63081 —0.84 4.14 0.1619
- 4.97316 8.55912 0.21 6.96 0.0403"
- 5.06298 8.60675 0.39 6.70  0.0327"
3—1 5.72877 9.20587 0.81 6.14 0.0177"
3—2 4.79190 8.14149 0.41 6.29 0.0311™
3—3 5.03915 11.22213 2.05 10.31 0.0095™
4—1 4.38483 6.62422 —0.73 5.21 0.1182
4-2  3.33402 6.50668 0.42 5.93 0.0295"
4-3  4.92600 12.47444 3.58 11.52 0.0028"
5-1 3.63968 5.65805 —1.01 5.05  0.1589
5—2 3.53570 7.11147 0.24 6.91 0.0390™
5—-3 4.30011 9.73323 1.59 9.27 0.0123™

*significant at 0.1 level; **significant at 0.05 level



$25%, B2k, 2006. 5. 31
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2 & XX Het

5

[1-2, 1-3], [2-2, 2-3], [3-1, 3-2, 3-3], [4-2,
4=31, [6-2, 5=3]°IM gk & AHrje] 9] ofel] &5
7 wistko] Avh= folt Aol Ehhglth

4.2 255}
4.2.1 2% £2Z(Upper trapezius)

A A3 3elA g é‘ol 2t 2] Al A F
[2-3], [3=3], [4=3], [6—=3]°llA 2]k & AAtf o] 5
Halrh agths, ol e XFO] e L 3lek

H 3. Paired T-Tests ¥ & 52229 %RVC B2} 95%
MEFZE Y p—value(n=8)
0} ¥ } 95% CI
i}’ﬂ] v 1—1" OE]‘:l]_ jciﬁ — p—value
(%)

lower upper

1-1 1442331 14.12224 —4.24 3.64 0.8619

1-2 23.61063 23.42803 -9.06 8.69  0.9625

1-3 36.77178 33.48946 —27.62 21.06 0.7591

2—1 22.84375 22.51026 -3.07 240  0.7817

2—-2 33.92200 36.31740 —-6.45 11.24 0.5423

2—-3 41.16540 48.80280 —0.09 1536  0.0520
3—1 23.32742  25.57363 -6.72 7.21  0.9357

3—-2 3573663 41.03033 -8.99 16.33 0.5152

3—3 62.26437 91.46221 3.95 5445 0.0292"
4-1 27.20508  27.22476 —3.46 3.50  0.9897

4-2 36.26017  36.56009 -6.73 7.33 0.9224

4-3 5293232 76.41922 0.02 46.95 0.0499™
5-1 18.45317 19.69839 —2.50 499  0.4577

5-2 26.53922 28.75842 —1.46 590  0.1965

5-3 36.81755 41.61908 143 11.42  0.0691

+significant at 0.1 level; #*significant at 0.05 level

4.2.2 2% M2 (Anterior deltoid)

AY AT E 4el4} Dol 7 2R AN A F
[2-3], [3-3], [4=3], [5-3]1A] ek & AR r)e]
S5} ghadtehs, o8 Aol % Uehia gt

B 4. Paired T-Tests & &% &2 %RVC B2t 95%
AE77E L p—value(n=8)
A i‘(} ;g& AR Hot 95% Cl p—value
lower upper

1-1 395131 3.86516  —0.50 0.33 0.6360
1-2  6.10167 7.32248 —0.35 2.79 0.1090
1- 8.69080 9.48181 —1.50 5.08 0.2384

- 4.54044 5.03922 -2.11 2.85 0.7321

- 7.87097 7.77924  —2.58 2.39  0.9329
2-3  9.77923 12.9685 0.17 6.21 0.0412"
3—1 5.24331 6.10631 —-1.74 3.47 0.4591
3—-2 9.07363 9.74056 —-0.84 2.17 0.3303
3—-3 11.98275 17.97471 0.37 11.62 0.0399"
4—1  5.09829 5.34899 —-2.33 2.83 0.8246
4-2  7.43543 8.89099 —-1.35 4.26 0.2589
4—-3  9.58228 13.86764 0.63 7.94 0.0275"
5-1 5.00594 5.55647 —1.43 2.53 0.5321
5-2  6.69207 7.21286 —1.84 2.88 0.6180
5-3 9.55613 1246205 -0.04 5.85 0.0526"

*significant at 0.1 level; **significant at 0.05 level

B 5. Paired T-Tests & X|
MEFZE Y p—value(n=7)

29| %MVC

o 95%

A 1%{7?& At 95% C1 p—value
o lower  upper
1-1  8.76539 8.94305 —0.54 0.89 0.5664
1-2 10.05731 11.13441 0.09 2.07 0.0372"
1-3 10.82177 13.73258 0.21 5.16 0.0386"
-1 9.23007 9.37535 —=0.77 1.06 0.7100
2—¢ 9.78256  11.91027 1.12 3.13 0.0020™
2—3 10.77635 14.55625 1.75 5.81 0.0039™
3—1 8.13493 8.04283 —0.80 0.61 0.7597
3—2 8.87849 10.78445 0.14 3.67 0.0386"
3—-3 9.53684 14.30840 2.35 7.19 0.0029"
4—1  8.52288 8.31342 -0.57 0.15 0.2023
4-2 9.82880 11.68711 —0.32 4.04 0.0821"
4-3 10.70415 13.98485 1.78 4.78 0.0017"
5—1 9.80560 10.17001 —-0.42 1.15 0.2991
5—-2 10.85786 12.39944 -0.27 3.35 0.0825"
5-3 11.95177 15.50177 0.95 6.15 0.0157"

*significant at 0.1 level; **significant at 0.05 level
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6 B4 B0l AN EAUH RBABTSE
[1-2, 1-3], [2—-1, 2-2, 2— 3], [3— —-31, [4-3l, woom, I ugor sy A Bl & oA, H(E

[5-3]1ellA 2t T XA u)Q] 853l
& ApolE ek aL gl

WA AS) w02 Bt A7k Lhepdek

4.4 Normal performance

¥ 6. Paired T-Tests ¥ MELI 2L %MVC 2 95%
HE72E 3 p-value(n=8) A A ® 8eAg ol 7 aF AR A F
10k 7 95% CI 1-3], [2—2, 2-3], [4—2, 4— -1,5-2,5-3] |~
R S e 1781 12-2,2-81, 3], [5-1, 5-2, 5-3] 1A
¢ lower  upper Rk # AA|He] FY3|TE Avhs, {23k 2lels vEh
1-1 16.26515 17.03716 —0.99 2,53 0.3341 RTAN= X
1-2 21.68725 23.61693 —0.14  4.00 0.0637
. H 8. Paired T—Tests & normal performance 0 CHet EH
1-3 2827754 31.82075 -0.10  7.19  0.0551 T
(E@E H3t 95% M2 77t p—value L NP ratio(n=8)
2-1 22.09233 25.18353 069 549 0.0187"
JQHEE)  AHHER) 95% CI
2-2 2711183 31.96424 164 806  0.0090" Al AEEAs  mases pvae P
e s ti
2-3 3458015 4085673 344 911 00012" (FFWA)  (@FAap  lower upper e
3-1 2344341 2454480 -2.13  4.33  0.4469 -1 (25362.64) (24389.24) 1445 9836 04674 9747935
3-2 3058876 33.06367 038 457  0.0269" 50 oc
3-3 3694439 4541740 321 1373  0.0066" =2 269 Gog) 639 2955 01715 9474125
4-1 2059325 2050014 —1.68 150 0.8939 -3 <1'508k>6> (1?7175) 184 3320 00157 89.28988
4-2 2361855 25.67784 —2.06 6.18  0.2760 2322 2‘42'6
4-3 3267542 36.38672 031 711  0.0365" 271 (508 (g4 292 2371 01073 9571434
5-1 2210794 21.71004 -3.39 259  0.7620 s (1‘37896(; (240445 192 4673 0.0223" 87.39002
5-2 2777029 29.89944 —1.16 542  0.1697 1‘44'? oo
5-3 37.05279 4320071 -076 13.06 0.0734° 273 (976 (34.8) 422 4060 00226" 86.56027
*significant at 0.1 level; **significant at 0.05 level 3-1 (261525?; (25279'55) —11.42 45.85 0.1981 92.49817
3-2 127;'1 13834L2 —-6.71 29.03 0.1834 93.97394
4.3 ZTHs THOKEH S E——
3-3 (26 ;L) (307 '1) —10.76 24.68 0.3841 95.38368
&) 5 ro] =LA o] Holdk Ho] ul
ST 70””‘19} ol Tzl Askgro] 74-9] Bl 4-1 (24862é5> (234535 —-6.22 27.82 0.1772 95.61719
B QA BFelA ek = x| th7) o Beksiths, /2% : :
180.8 201.4 .
2012 HA=Y 1 voﬂlﬂ_-_ E3| &EoA 71 & 2po) = 4-2 47.6) (32.8) 1.47 39.79 0.0383" 89.75562
4-3 (12428$ (12605'21) 6.89 36.53 0.0105" 86.85070
H 7. Paired T—Tests % F2H Hokato| Xjo|(mQH-Yhof 9150 9961
st A(EZEHXP) I 95% AMZ| F#7F 3 p—value(n:8) 5-1 35 b) (30 é) 1.76 20.52 0.0262" 95.74626
He Aol B 95% C1 p—value 5-2 (127885 (1%917'77) 195 3715 00341 90.11325
o ‘_x}—) lower HUpper 14(; 1 160 4
= 0625(0.85695)  —0.14 139  0.0950° 573 (983) 24.6) 1.68 58.95 003667 87.53693
o7 1.5 (1.32288) 0.32 2.68 0.0199™ xsignificant at 0.1 level; *xsignificant at 0.05 level
Ak 2.125(2.52178) -0.13 438  0.0610°
S 2.25 (2.53722) -0.02 452  0.0514
&5 475 (1.85405) 309 641  0.0003" 5. 7} Ald
& 1.625(0.69597) 1.00 225  0.0005"
&7 1.75 (1.63935) 028 322  0.0256"
EAA 2 (1.65831) 0.52 3.48 0.0153" Normal performance?] &4 Ay} 3 15719 A% |

*significant at 0.1 level; **significant at 0.05 level

%= 8709 A% FA oA normal performance”} Goj &&=
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VOTEHUAMS 222K 28 oeS 915 ME22 Z XX mMet 7

o7 ggelxr}. oo w} normal performance?] 7+
A AAE F o AAE] Lolry] Y3 UM ow AYE
AT

A8l (17 4]
ZA 58S 0.5cycle ©ollA )5

Normal performance?t42] €215 37|
oAl o] AlF-
Kk

Detecting area

lcon -~ : 1~

i —"N 7

. @ Macro movement @ Micro detection

18 4. Total movement2| =3
o] JAo®E FARE FEI o] WA Detecting
area's A 9J5l9 =1, Detecting areat o}o]&ES FH O
£ olo]|Z 719 I, A= 247} 3ui7) HaF 9 AR
ol Holx| oA AAE T o]F o]&3dte], gk ofo]E &
g & th5 ofe]29] Detecting areadll =23H17b4] 9] &
21918 "Macro movement, T@3 ZFHE ojo|2g Ze
sk uj71x] 9] A Y-S Micro detection'© & FE3Fo] 7}
7}Fe] o]ZA|7HS 'Macro moving time MMT)'Z ‘Micro
detecting time (MDT)'©.2 H2|3}git}. o]o] wlz} FHyro)
ZA17F(Average of moving time)-& MMT¥ ¥ MDT®H
o] FoF vepd 4= gt
F7F ARE 4] 2 A WHRER olFoRa, HAle
normal performance®lA] -2J3t xFo]7} W 8702 Al
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