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Evaluation of manual workload in repetitive wrist and
finger motion
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ABSTRACT

The purpose of this study was to evaluate the manual workload in repetitive wrist and
finger motion. To evaluate manual workload, angular displacement of the joint, EMG of
the muscle and subjective rating were studied. Both wrist motion and finger motion were
studied. A screw-driving task was used for the wrist motion experiment. A keyboard
typing task was used for the finger motion experiment. All finger joint angles and wrist
angles were measured by an angle-measuring glove(CyberGlove™, Virtual Technologies,
Inc.). Surface EMG was recorded from FCU muscle and FDS muscle simultaneously with
the angle measurement. Subjective ratings of exertion were also recorded using the
modified Borg's CR-10 scale. Repetition rates of 0.5, 1, 2 motions per second were used
with each task., As a result, manual workload increased with increasing repetitiveness.
Peak spectral magnitude and frequency components corresponded closely with joint
angular displacement amplitudes and repetition rates. Results of the correlation analysis
showed that there were significant correlation among EMG, frequency-weighted motion
and subjective measurement, Both EMG and frequency-weighted filtering showed
consistent workload estimation with increasing task frequency. Subjective ratings showed
slight over-estimation of the workload as the task frequency is increased.
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2 o7 Aokl A% 343 21
3 YeolE: Edtan, Ao nkE Ydg
Yl Mz Ao} dFY—lAe a4
< 99 PAn Y= AAeld, vz B¢ A
A ZAQdzLe] o 90%7F FFTE o]L% 2
o]&stz 9len(Yun,1994), 2 ZRYA
(Roboticg) 1+ 7M3E4 (VR Technology) &otel
M Ao {AE Fio] 10%71 Y& Aoz
g2 etk olAF FAYE F2 FPe A
HHZGNM F28 B e ujd DR =
2 H g9 £3 FAF FHE Fole Aot 4
A2 299 A g2 24 oM &7t
g, & &5o IHE Alnrt 32% dditin
Fch(Mital & Kilbom, 1992). o3& AJA
28 F 73944 (Cumulative trauma
disorders, CTDs)2 AlAle] yiEAQ) Zaolr}
A &JYer AF AWold, Carpal
tunnel syndrome(CTS) 2 &3 £E2%9 ) W
Ashe 71 4839 FRY4Yel, FH 4
WE U RS £E3 AR A e
T Al A3 o] AMgol} el @A
Y 223, FUH 29 2L WY 54 2
¥9e] 9t (Cannon et al., 1981; Putz-
Anderson, 1988). ©ld F ¥ (risk
factor) Q] WHEAY @ ATe YAl ¥
4 S},

old] B& B4 WS A YT Y
7bshed] AHEHOIALE Radwin & Lin(1993)
2 29EY £ (spectral analysis) & o] &3l
Ao g FHAE +AYE AF ddq,
Radwin et al. (1994)& ¥ &4-7153 d¥¥
(frequency-weighted filter) & AA3}e] Wi
A FARY) ANGER rE2E FPHo=
Brketgich £8 N8R Ay BHE B
A ~EHAE AFAH0Z 7o) o} Be ¥

o ANYEA dlolEE i metricez 744
Al AT,

AT, olF A7-E power gripolA 241913]
(neutral position) ZRES £E 24 o ¢
A=A w2, & grip AAY Ve &8
FRAAY AYPL A m;eigR] @sioh a7
3, Yt ¢Agje] &Eutog o]Fojz)A] gt}
€ Hg B &9 g BASY YF 13
Y UeARolzt & 4 9k, =P olF AFN
A4 HEF-713A BHe dA 24
(parameter) 2 B3Pzl F¢H BUEE A1
gttt #83 BEns FAH Axeh: 3%
Zore of AR AL E MAY 9o BE
o] flen, YE4s15a) WE AAWEY ¥
T neiste & garl g Aot olo) B ¢
o £3g goR3Y o3 2k

AR, AL 22 £AYY BaE Bl
o 2o £89 FA/AA Zx Helo] ohe} &
7t o] #de FH/AAE 45y &89 23/
AE BY Zxe W7 masol ke AA
FAUE &% - BN, B4, HEYL 2P
Zaf)e] 3718 Bkl sk 7@ dAd
NEf-7hgA Fee) dulzlog Qo) AEHE
HEHS Uele] ¥ey AIE wla - EAHT
AR, $EH9E 33§ £A919 Hrld Apsd
AHAQ A% (BAZE, EMQ) S 2349 3%
FHd g7h) 5% o83l 9 FAxE9 fo
A& v - FFea, Fuge ARdAsS 24
4=

2. O|EH Hig

AAGEH dlo|e)& FFgolvt RMSitez
Yehl & A& ¥E4(frequency) o] HE RS
goldcke A7 3tk ¥l $UF RMS
Y8 Z (input amplitude) & 7F A} (sine)
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THol AT UHE FHIW Wz4
(frequency) 7} Z7Hitel wet RMS &33E
(output amplitude)©] 7tk #AE BAL
&2 sich(Radwin et al., 1994). Acist 29
%% gee9 A Fo4(cut-off frequency)
71&7] (slope) 7} T B3 2EHA ¥Ig-E
7H& W%4 (frequency) 8 2 & (amplitude) 9}
U2 48 712 2o 94 (input)dl H3)
4 &9 (output) & AAYE 4 U, &9
RMS#e 48 823 242 £F7 YA¢
ZAoltt, oA @ /MdL 12404 RMS ¢4g2%
& A2eAT Wkgrt Frlkshe ARIFA 1
9% Ye§ s FYT RMS 283EL
7Re #AE =X (diagram) 2 ¥¥3ld vehy
1 gtk (Radwin et al., 1994).

W x4-7+3x ¥E (frequency-weighted
filter) € 98 +F9 EUERHS vjsishe

x
LA FAY Y

RMS

WA
A

¥z 2 (frequency) o & AAM41E (postural
signal) el di# 71EXE Fuz, HIE 45
HeolHe 39 iEAgS a2d JuiFd #3
T8 JEY (Lin & Radwin, 1998). Radwin
et al. (1994) & W=4-715% B HA A
¥ 24 (parameter) 2 W99 AE (amplitude)
7 W= (frequency) 7t THE HHE3R]C 2HH
9 F@H BUEE AR o] ¥kg-71E:
A EHe VHAQ ARl EEE AEHAE
7Fetsiom, ¥HEAID WYE aHT sivkel Ax
(metric) 2 AAHEH do|e] & LAA ATt
Raw Wel6& A F (rectification) & EMGH
olHe HEY HYE AR} ke, ol raw
dolee] EH U IS (noise) & AAZE
ety & dTdMe EMG HolEe 6
= 98 HEYE Y8R UHE s an,
288 Aldl dojd 4 e HU43°|% (phase

HMS

<

/—

=3
b
F‘"—
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High-Pass Filter

331 Frequency2 RMSE| #2| (Radwin et al., 1994)
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2 Frequency & amplitude® RMS2] 27 (Radwin et al., 1994)

shift) & WA387] s, 34 2x449H
(forward 2™ order filter)$} <*33F 231 Y¥]
(reverse 2 order filter) & ¥% e} & AHE-&
Aok, HEPe] B8 AQ FnE(cut-off
frequency) &€ o8 ¥l ¥8 AQE F3) 4%
At EMG AZe A95y 95HE AXA §
d &9 A3 WA n A9, Bd ¥
o] Yejo} Aet F34=(cut-off frequency) 7t 3
Asivtd d32 =%¥ Linear Envelope
profile® 2%%% (muscle tension)¥ ALY
Wot opjel AAR B2 ATdAM THAEY o
232 AMH-EAcH(Calvert & chapman, 1977;
Winter & Yack, 1987). 53], +37¢ &2
2 494E g2 T/ 28559 Adon
(Mital, 1986), 534 F2%3le EMGS &
£ 7] Alele] AT F Fe =] i},
&, 29 (muscle force) ¥ Linear envelope Ak

dele FAA F5E¢ 4T FAWAV EA

gt (Calvert & chapman, 1977; Winter &
Yack, 1987).

ge|g S A delHe AR T 24
el vimE 93t A3 (normalization) #73
¥ FH3dol Frf, ¥ AFlAM AEE EMG
Ade v f4E AH3 FAEAY. o
FHdAe EMGE At #5id Hdadg
€ 43¥ 9o EMG(max EMG) St 9¥elA
S 71eER] ga AAE AT W EMG (rest
EMG) 413& 233 AMg3igint

. EMG(t) - EMGrest

Normalized EMG(t) = MG~ EMGoms o))
where, Normalized EMG(t) = normalization
value

EMGmax = value at maximum condition

EMGret = value at rest condition

old], max EMGS} rest EMGe &&o=2¥%
B 323 2349 raw EMGAZE AFEEMG
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Az A3 A7 F 32 Foke] ¥Fg(mean
EMG) 22 ARsgc. F13d EMGe 353
©2 Root-mean-square(RMS) g3} A8ge =
E¥HE. Root-mean-square RMS) & A1
3 Yo T g FUFHOR FHE Ao
2 Az ANHQ] HHE FPN= AR
QA goR AMEHY, oz FHIW vhiy
2} (Basmajian et al., 1985),

RMSm(©)) = (A [me (00t @

I[EMGE 714 B8#Q EMG FA9 3hio]
o, linear envelope EMG ¥4 A48}, ¢
€ $402 FHIW o3 g,

Him())} = [[lm(e)ldt

£ g0 AHLE EMGulo|E2] AukAgl
A ¥ (signal processing) 4 & &
(flowchart) 2 Jepd o] @30},

F3A grh AL M UG 2 dgez
A A9 AGRE =g 2 FEE ¢ 9
the AA S ot 329 ATE
€ B9l E¥xy RPE(rating of perceived
exertion) & £33 F44 7 Wyoz
Borg's 10-point category scale(Borg, 1982)
€ F2 A998 (Johnson & Childress,
1988; Freivalds & Eklund, 1993), Modified

3
A

13
x

Raw signal

v

Offet shift

v

Rectified EMG signal

I
Lt

) I

Butter-worth low-pass filter

Levelo\ ]

y Control of cutoff frequency

Filtered EMG signal

v

Linear Envelope EMG

!

Normalized EMG signal

v

v

EMG RMS value

EMG Integration value

33 Flowchart of EMG signal processing
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10 Extremely strong(almost max)

9

8

7 Very strong

6

5 Strong

4

3 Moderate

2 Weak

1 Very weak
0.5 Extremely weak(just noticeable)
0 Nothing at all

184 Modified Borg's CR~10 rating scale (Borg, 1990)

Borg's CR-10 rating scale(Borg, 1990)% A}
£8 d31= I} (Kihlberg et al., 1993). ¥
AFeMe FHE Wyt A2 aY4e e
Modified Borg's CR-10 rating scale(Borg,
1990) & AH8-81%c},

3. g+ 4y

2 47 @ AdYPAe &3 2 5o @
B ¥Y0] 9x, F2 LE8EE AMShe WA
ey 9 Edd 6oz, JHee IS

< A8 oM, Screw-driver 5 &
TE AME Yol ATt HAYA 62 AA
§ ARE ¥iz g},

£ dFdMe Age wEAdE naE] d¢
of WEWESE (.5Hz, 1Hz, 2Hz2 24 23
o AP sYPiden, #H A4x9 2§
EMG 281, ARj¥sel g S84 Hopt &
AE, #39 Zx dolHe Zx 3 A~
& (Cyberglove™ system) & ]84350, €]
g A]]e] 4ol &iE@Ad o £ WA
HE A7 S8l ol 27|AMeMY #
A qxdoly &40 AUt EMGHE &

E A Dggx =

2417 1.33 22 26

173.5 5.47 169 181

62.5 5.67 54 67.5
18.37 0.83 17.1 19.6
10.52 0.57 9.7 1.2
3.28 0.10 3.1 34
5.02 0.15 4.8 5.2
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@ Keyboard typing task

® Wrist R/U deviation

® MCP & PIP joint(excluding thumb)
® Wrist F/E

® FCU(Flexor carpi ulnaris)

® FDS(Flexor digitorum superficialis)

0 0.0012 5 —0.0155 10 -0.0877 15 -0,0742 20 -0.0072
1 0.0009 6 -0.0272 1 —0.0967 16 -0.0582 21 -0.0023
2 0.0000 7 -0.0419 12 0.8987 17 -0.0419 22 -0.0000
3 -0.0023 8 -0.0582 13 -0.0967 18 -0.0272 23 0.0009
4 -0.0072 9 —-0.0724 14 -0.0877 19 -0.0155 24 0.0012

EMG &4 Al2#l(Polygraph system, NEC
San-el instruments, Ltd.)& o|83d 5A%}
Hqew, EMG A&9 FFHE A3 rest
EMG®} maximum EMG7t 24z $3=HS.
az, 4% Al 4 AAzlele A 1839 F
A& 7Hon, AR diF sl £
A g7 Y3t F2e &8 ¥ LT
Ay 307 BAgE ¢ EMG 24
298 vepdtt,

4¥E 53 239 4= doEHe vy Az
#3& 58 HF 3%5F RMSHS &84 &
o, £58&% 4¥0lAM9 2719 #4 Zx dlo]
B9} £71E45 Adeirg 9he #d4x dio]
He AR AgAPE AXA 9o, WA &5
% 449 4%, 2% $A (neutral position)
ZREHY ZAYE Agdnz 59U 2j
(calibration) T4 Be2 a4 ¥AH, &7}
ZEF AU Ae AYE 59 249 24
Ztx HolEH7l F1RE Elo]q Fle] Z7|AAY
ag Adgehs A€ Al 27144 H oy
o ¥ 23 (calibration) FFL FHA

o 344 4= volHe dd ~¥EY ¥
A (spectral analysis)& A3t Falo] HE
(Fourier Transform)& 339t 2 ¥ raw
diole] AA ZHAg A7)} J§ %S RMSZE o
ehiied, ol 43 Z ¥ Zx doHEY
RMS#t& ALY ¥ 1 §E9 o2 AA
RMS#HE Ataigich, 4k opuizt A ol 4

B 195 "HY fEE E=4E deHE
T E79 oz ¥HIS YIS AAA
£ Lin & Radwin(1997)¢] AAIE ¥x4-715
A ¥H AFE A g8, FHAe o
WA oz 717 wo| AMdhe HHYE HHS A}
£% "EYolr}, F3L B 79 AMRE NE
745 UH A4E Jgdd, o ¥ FF/
9 HEE AR HolHEL raw HolHg FUF
Bgoz AN RMS#E A4tsigdch, ay5e £
Aol AHEE FA4T dlolEe AHAYE &
M % (flowchart) & Vehd Zelt},
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Raw Angle Data |
for each Joint
Y
Data Calibration
for each Joint
y
Filtering for each Joint . .
(Frequency-weighted Filter) FFT Transform F(%ltc;tmeﬁ m ;l:l:‘:,l; ¢
(Radwin & Lin, 1994) for each Joint . .
(Spectral Analysis)
4 y
Calculate Filtered(T) RMS ’ Calculate Filtered(I) RMS
for each Joint Calculate Raw RMS for each Joint
l for each Joint l
Summation S - - Summation
of Filtered(T) RMS unmmation of Filtered(lT) RMS
of Raw RMS

135 Flowchart of joint angle data processing

4. A5 Hut
L2254y

£ Ao e 5% 4¥9 Screw-driving?t
95 53 339 #FEZ4x dolHe} EMG ¢}
B R F4H {rt vole Y HZ2AE N
o

I¥6e 2 AYdAMe Zx= dely HA3
Z 5849 2R/44 A% raw del€s}
FFT 9 248 A3tn vk 196 @)+ A
99 (time domain) oA ¥HB&To utg} 2g
F718} Z2bAsle Alolg HoFa jlen, (b
9499 (frequency domain) oA ¥HE& T
o2t 2] NEgd AYEhe TN g 2

Z (amplitude) & VeRiz gich meby, 2 4
HollA 5398 Screw-drivingZg € $9% 2%
o] ¥kBd] o3 FYHE YY) EAY dhELe
o A% F%e YA Jehin eSS 4 F
ek '

039 raw wole AHzsl vjEo] ¢y F
i UEd 27, ¥96%YE dols RMSIE
& HE&T we sdAaic} oz} g1l
g raw HolE9 Afde I AL e
Wz Y. & 4974 AH-E WEHYES "E9)
Age 229 ew, Ad Fue (cutoff
frequency)¥ 1Hz2 AA3¢c) e Ay
g o8¢ "HYA AT Fo (cutoff
frequency)9 9%& dolrnz ¢ Fis
(cutoff frequency)®& 1Hze]$lel 0.1Hz,
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(a) Time Domain(0.5Hz, 1Hz, 2Hz)

Bop_2 9L 5P Angie Femw Dot FF1- 2000 9H) T L LV FIE Angle e P imct 1) o OGN Arghe Py DA FFY-0 e (98

s w o B
- -

08 15 15 1] 3 23 [ ]
Froquancy(ri Froqarey) Fruanyiti)

(b} Frequency Domain{0.5Hz, 1Hz, 2Hz)
86 2225 A¥ F/E Raw Data Plot (OI:IAEXI6)

W S A ) S "j\ -

Screwdriving Task::Subj_6: :Butterworth filter

0.1Hz 0.5Hz 1Hz 2Hz 3Hz
Cutoff Frequency

[0~ 25ec(05) - Isec(l) e 0.5sec(?) |

27 222 A¥ Butterworth filtering XIHEDHE 2D} (0T LEXI6)

0.5Hz, 2Hz 3Hz S22 233d YHIS & 2AE H4¥Ae HFoz Jepd Ao, &
Aajgich, 1 AR, 2Y7o) deld vie} Zo] ¥k AYoIMe) raw RMSEE wHE&msl F7ie
¥&cd @2 RMSE 3719 ¥ Agde A e F7kshe 9eYE RMS#Te |l HES
o7} fidth o diF J%S LARZ 3ich

aY8e £53% d4e 4w doly A: E HdYdA 3" FCU(flexor carpi
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Screwdriving Task::Angle Data
0.8
0.7
- 0.6
g 05
g 0.4
03
2 0.2
0.1
00 Pl S e O = i
_R_RMS _F(T)_RMS _F(II)_RMS
B2% (05K 0.5854 0.0407 0.3175
B1=(1Hy) 05922 0.0471 0.3487
00522 He) 0.5210 0.0749 0.4683

T8 £2RE ME 2T RMS X2t

ulnaris) &% EMG Hl°o|H Hz]33& viehd
Aol a9eltt, 1¥99 (a)® 2AdolHY
raw HolH& Yein glen, (e (a)9
raw HeoH & &A AF (full-wave
rectification) A7) Z3olct, 1799 ()& AR
g dolelE HWEAE A9%3 2HE A
Qﬁi%% g A7Qd], B o) AlgE ¥H
o] Age 24FeH, Ad Fo4 (cutoff
frequency)t 3Hz= AR}, oW 3Hzzhe
At Foee U6Y A E 48 A FYE F
Y2l (smoothing) o 71 A scin Bade
Fur2 AFE Foltk, vhA%e® 1999 (d)
£ (@9 Hele & A7 Aoy,

deole AA3E Bd EMG HolHe 354
o2 shie goez ¥ sl RMS gt
AE g ol&s8l%el. o] BYE NP T
o2 Jepid o] 1§100]c}, wHEEEsl F71%
o wal EMG #e°] F71sl%.

33 H7t delde 4% doley EMG d)
oE gt Ee] dlolE AeiE AR A @

ot 211 £ A¥dA 238 A4zl
S0 Yt d3g Yoz AdEe] AP A
oty FuA W7} ZAME HEPE A% d
o¢] It EMG dlole] A} FUaA B
&7t S7Hel et o ghol AR E ¢+ 3l
o, ol& HAZ JA48L WEEET F7lge)
T o & FPdRe il ke AL 9|
Lig=

o9 o7 AHAE] W fejd A 49,
#A2 59 raw RMS#e] wE&wd fo3)
A gen, Unz AJEL BF fYFE
0.05¢ frel3tsich.

a3, o AAE Alole] wiE&Td oE
F7H vl2e 29124 el 21“—}. AAA =Y
raw FIo|E1E AT 7[et AREL 2] wiEsE
T oel 3 7S vehiz AT, F
B Y7o 718 oE HxEY F7el “l
& ZA et

Aoz & Ade] dig Azt ARuA
g 24% 2, F $Re 96y dely Ay
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o _-Bida_4 W Flm Dl (0 378

Bap_2:Subi 4 HWG R Dy Yo 1He} ' x2Sy 4 ENQ R Dl G.500c0HD
. | | . . s i i | } o8 li 1“['[1 ”l !
e BRI 2 LA RFRERTE AN T IR
(a) Raw Data (0.5Hz, 1Hz, 2Hz)

W Ep,, 7Sy ENK R O W] W4T}

] i

3 Ll

i
1

M ¥

[] 00 [ o 2000 b Wﬂ‘gw) "o b (] 500 Mmlﬁl 1R 000
(b) Riectified Data (0.5Hz, 1Hz, 2Hz)

o, B, &' END PO Comal A Ermna) Tl B

p_2 a4 0 Filbmrast it irmar Eiovmimpd . | ] 1HE)

Bup_ Tty Fiaieried DanmlLinea Envalope) 10.Saac )

o5

" \ ] by

. ' . WNEERESOWTY RN AN
M \1 Jiin
"ATRA b ol ‘

(c) Linear Envelope EMG (0.5Hz, 1Hz, 2Hz)

_“J‘“‘MMIWHD‘:WM

B2 TRALATEMG Pt L Nerhaktnd O 199t 1HO

Ep 2 Bukd_4 EMO P & Hormakzand Dl 0§40t

Apoldl #-<) (p=0.0001) 3 AAAA} UM,
ABATE 0.8867010tk. EMG HlolE8 A+
RMS#a £t Alel9] A@Ave 0.98742 =
A Jdehgen, p-value 94l 0,00012 Fol4E
0.01¢] Tl feldtA Jebgct F83 gt
AddMe #AZE NHA "EPE dolH 2

nn i u.. 1 ! A 1
2,2 f §or i H ;,,:Rl.l‘l, s s AR
¥old I! A I el b AT A T IR (HRE TR A
o i | | A a1 P TRV DA R
! I WA 1 1 T AL 3 1
WA S A LRI o ! -
o ; oV i
2] V000 1800 ;o0 0y 1000 10 o - 1000 000
T 17200 Ba) T 177800 ey Tirvow 17200 wac)
(d) Normalized EMG(0.5Hz, 1Hz, 2Hz)
9 2228 MY EMG XaloH (of:D{A#XH4)

Ik EMG RMS#, 223 EMG 4% @ o
8 0.8013, 0.6610, 0.7336¢] Z@A+E 4z
vehiien, olf p-valuew: 0.0001, 0.0028,
0.00052 fel42 0.01¢] thatd =5 fFol¥
Aoz veyth 4= T4 GEPE dof
g As 743 Bl Bde g ddwd
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Screwdriving Task::EMG Data
0.40
0.35
0.30
" 0.25
= 020
% 0.15
0.10
0.05
0.00 .
2 #&.(0.5Hz) 1z (1Hz) : 0.53 (2Hz)
-~ EMG_RMS 0.1252 0.1888 0.2589
=~ EMG_Int(sum) 184.7226 307.8067 4829164
HFE-4 % (Frequency)

JE10 2528 8 EMG Ma2|dnt

Subjective Rating(Screw—driving Task)

2%(0.5Hz) 12&(1Hz) 0.5&(2Hz)

JEN 2228 48 FuXEst dn
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Screwdriving Task(571)

A_RRMS A_F(I)RMS A_F(I)RMS EMG_RMS EMG_Int(sum) Subj_Rate

[ @22(05H)  W1x(H)  [(1053(2Hs) |

J312 £525 4% Zat 3712 Hin

Typing Task::Angle Data

A_R_RMS A_F(I)_RMS A_F(II)_RMS
B2% (0.5H) 0.9181 0.0584 0.3184
Bl Z(1H) 1.0818 0.0691 0.3861
00522 Hy) 1.3577 0.1088 0.5711

J13 27122E ME 2T RMS HalZt
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ARAMISA

e €7 HE RATE 0.01904 RelsAe &
AT, 0.5489 (p=0.0183)9] AHAAA A4S
A&,

LrleeE us

€ AdMe &712hF AgdA 239 o]
B HgA3E Mesich

£49 #4474 delHE ENE 43, ng
AN A9 G3e solH e HELE) St
el wE FAAF7I} L) Aolg MRy
on, Furggide] dolHe g W &
Fhe Fodedl B AEL ez Ui
E3, RMS#teld Uy E dolge] Age o
A@AG Zol7h UAAT, raw HolEHe 3¢
e gt A% vehdoh sAlg, 23134
A JeistEe] dA¥Ad Agdy) H7e dd
HOZ raw Hlo|e RMSHH ¥ FF9 ¥HY
® doJ8l RMSgto] WHE&To]| wa} fALE A
e A71W3E sl

2 d4¥% 53 &%3¥ FDS(flexor
digitorum superficialis) ©&¢ EMG dlolH
Aedde wE&nr ety wa EMG
RMS# 2 A& Az, F84 7} 43
Mz E&TI F7kde] w2t o gel AR
122
o Y£E e Fd4 AF FAE 6%
9 A3} 2F V&% e foeF 0,05904
#e3itke 2AE AEHAAY, FAAE raw
Helee] RMS#el e BAvin t-14 2 2
Z(0.5Hz) & 12(1Hz) e £33 #o8
o7l ke 298 &35

Zzte] wiEdd wg F7182 vay 4
o, FRA Yo} o] £5F 4R niR
72 B g Aigel vge 3A et
%o,

2 4¥e AAE P JRRAE E4F 2

3, $AZLE raw GlolH As}t T FHe W
FE dolg A% 437t FABAS F948 A
o2 vepdd, AdAsE ¥ 379 YHiyE
Holel Zz}Ato]7} 0, 8814 (p=0.0001) 421,
raw Hol8€l Z#+= 0,6236(p=0.0099),
0.6348 (p=0.0082)c]itt. EMG ®Hlo|¥ Aaql
RMS#a A Bk BAE #9 (p=0.0001) 3
A desten, 4@ASe 09638010t F84
H7ll dEMe #3Z4= ANA GePE "o
B 23} (p=0.0056) % EMG RMSg(p=0.0067),
azi EMG A% z(p=0.0034) <l W& &3}
A JvdEsen, FRASE 47 (.6584,
0.6475, 0.684601%ct. #AZE Twix e
€ dlole 279} F3F Wl Ase HE &
g4 0.0l RostA ggAT,
0.5314(p=0,0342) 8] BVBA ATE A&y
v 33 ZARA7} Brhe A& VeI

5. 28 A E9

£ dFdMe &5 9 &£7188% 43¢ §95
o $39 ¥4 dojss} EMG Heolg % F
#A g7} vlol8E AMREe MEAQ S3Q)L
H7ksict,

BAZE dely AgdMe BA ARYg
(time domain)el X9 raw Hlo|El7} Wi
of me FAAF7)e AN AjolF Hgrh
4@ Ae] wet wolE A" jo)E Holr)%
FAeH 53, £38% AYd v§ g @A
ol AHgEE &71Ees A ASdle o 2
Aol & BAY, 1 QP08 J|RE go|g zg
dMe &3=He BRE @] $Ald AlesER] @
ethe A# Screw-drivingZ9) e 9] H4Y
Aupt z2jn WHELEoi S5 F¢o] o
Eoke AL § 4 doh FHARe Fod ¥
(Fourier transform)el 9§ Fu¢gqy
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(frequency domain)delAe] raw dle|eis} 2
Y NEpd HFdte RN we AEE Y
B, ol 2¥E 7|9 Faee A
299 AED ESd SAFoR ARG
(Radwin & Lin, 1993)+ 97238 AAlsn
Act, AHAZ, FPE F F7 doly e
FM A ¥HY dae 2959 gee 7
T S8 FYHAUA G RMSES 2717 A
3 ZopA7] Wl 2 gtoll thElH EAHel
% AL Y8y Aol A@HY &L Y
gl dlo 471 dAch, ¥, HES gE
& Mg T4 UEEe 2959 e 7%
€ FE3 g3t

o] Ueie] 4AE A% AR Wy v
A ¥ WA 4 (non-recursive difference
equation) & AMEEen, A FHE(cutoff
frequency)= 1HzZ AR o+ Lin &
Radwin (1997)0] ¥lEF-7153] HHE A
o} FUY FHE AP Ao, A FolH 4
% vtet Zo] XEZ FH4 (sampling
frequency)7t 3838 2 ZA$ole Ad Fas
(cutoff frequency)] A A7 gt ot
Al DN HELTT} FAHE g g2 Fu
of #@dhs @Sl F/Pche AL Anlad 3
Aoz Be Fipd #HYdhe APunes
AAde] & AZ (amplitude) & 71X #EL
e ¥ B2 Y FA A oA
oz dole Ay F R4S HFAE A,
5% AY9 raw HolHE AY3tne RE
delege] Wwx&d g foldvhe A48
A2SPAT, £71EEF 489 raw HolE <]
A4% 2%(0.5H2) % 12(1Hz) 8 WhE&T 33
Fele FAF Aol7t fike ZAprt v
Radwin et al. (1994) % Lin & Radwin (1997,
1998) 8] APME HlES-715A] gHY A
4¥E 339 rawdlolHe TELE & &
o3 ggtAlEl, UegE dolHe HE&Rd

g8l foldiche 208 =25

ZeFoz2 AHZAE raw HolHA iF
RMS#e 2w WHAd] gt 2]i%eE H713}
719 AAsA ggkon, 19EH FHE o4
¥ %9 ey E Fid AYRE yra
o AFHEE dole FHUE FPY F Ui
Marras & Schenmarklin(1993) 9 w=% ¥
Bo] ¥ A3 AYPEl ¥ Y FAte=
AYAE Abolel &8 Zb% (wrist flexion)E &
A3t QTFEFHor Yot A, Z&4xel 4
MR F $8% %3 AX (dynamic measure)
o #2% zel7t glFed, o= CTDs risk®
&8 & (wrist flexion) 9 Z4xsl Z47i4w7t
freldltks uldty, E=F Silverstein et
al. (1986)& ®o](highly) ¥tEHE 2L 37
(less) RHEEE Fgo) va) F4E& 4oz 9%
o] o Am, WA wL& EWES(high
frequency) 8} $3e] dutdo =z o g3 o
Fol & wENlxs F&(high frequency
motions) & R WEWESL F3Z (low
frequency motions) ¢l ¥&) 71FAE F+v 2
%3 96§ o|4% BHHL geFolga s
ATZHAE LEIG AT 7 AREL £
Aol 2Bz YA3n gich

2 d7dA 9] EMG Hele & 384 linear
envelope EMGE °]83l¢] RMSat# AEge
2 REEAY. deoid Ae] Ay, £58% 4y
9] Screw-driving A3 &7184EF A¥e] 7)
RE Eo|j ¢ ¥ wELTrl Fuigl) w2t
RMS# @ F¥-gto] RejsiA F7Hee Bt

03 HYrtel FHAFME BLE T ul
1 o] F71Een ol £83%F d¥ &1
2% 439 35¥ 249k Freivalds &
Eklund(1993)¢] w=d 34 7t Wiz 2
e 2Ef2E &4sher] FEdtn AL
o, ¥HE&o] wel {3 W gho] Ak
A& Aol Yeojthe Z ez M,
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ey 4% dold Axs} EMG 23 2 F
4 H7h 498 FHHEY HESTs) FoM
of et AP} wrle FAYFt Advke
A& FHAFD 3.

olide] o] AAEe) HiELTd WE F&
T ARE) AFBAE BAY 47, 5%
AYa &71EEF AN FARE A3t ug
o AMAR FRH Yrie AE AT g
£9] AfgoN e WESEEs) ) - 4u) w2}
w2} 2v) - 48] F7kEAlE @Skth ole AAR 2
v WE AL sP{} s o] HFEh=
B8 BAANFA e AT, 2of YEokEn =
ke Aot} v W, AEES F#3 37}
oA @A Hrl AREr AYRHE s}
A Bk A%l Uit FHAZ &5%%F
AYe] FEZAT raw HolHE AYF BAL:
Holg Ateloly folg FRAAL UG &
3, &E4% 497 &1EeE A9 F 2F
o 4elgd ZIx djolg] Alole] A@FATE &5
+F A3 &=gEE 4ol 4z 0.8867
(p=0.0001) =} 0.8814(p=0.0001) = ¥A ekt
o}, =%, EMG RMS#IH AEZ Alod =
0.9874(p=0.0001) &} 0.9638(p=0.0001)°] *&
BEATE 71 fH ABEAE BJ A
o2 @A Wrio] uidt AJFA SlojAMe
235 Y &/19F AYPA FYEA
44z A Ee¥e dHeld Al EMG
RMSgt 28lz EMG AE Ftol o3 fosiA
vebgth #a4= AN dEHE ey 4%
9o BATE £E5EF A¥9 A+
0.8013(p=0.0001) 012l o, €7}&EE 4¥9
734 0.6584(p=0.0056) Fct, o)A GFEAN F
B4 Brdge ANA "ePe doly Axs
o B#AF7 Radwin et al. (1994)©]
0.75(p=0.0011), Lin & Radwin(1997)¢]
0.67(p=0.0025), Lin & Radwin(1998)°]
0.873(p=0.0063) 9] A#AAE R A} v w3

oy, £ dpdAe A" 3xzhe] Ajohd
AYP3te] Aoldx Bl L AAAAE 1}
Bl Zlolt}y, EY &£E23F AYe A@AS}
AR £ AL €HHPE o] IR
A A HEAQ Y FARY, ad W
B3 &5 23/4A YA T84 Bl
vl g} (Radwin et al., 1994+ AT7EHE
Avstn W st} 83 Hrkek EMGRE
el F/ATE BH &52F 4YU9 A%
RMSz A A& sl 244 0.6610(p=
0.0028), 0,7336(p=0.0005) ol e, &7}ete-
T AYe Al 0.6475(p=0.0067), 0.6846
(p=0. 0034) ©1x}.

Johnson & Childress(1988) ol W=2m F#3
Y7} A3k EMG 23 484w, F44 3
7hete] A= Ado] QI%ie}. whel Kihlberg
et al (1993 & F#4 Hr7is} EMGSY #A=
nf ¢ Bsie], F83 Yyl EMGE wEd
(reaction force)® ¥%(indicator)® @ &3
A wrEda gk 5, 2 AT 29Z o
Fo| 3 H7ke EMGS <3 4334 ¢
d#AE 72 9on, EMGS AR sE o
7Fgel slo] #-8% ¥ (indicator) & AHR-E 4
Ae Aojg wdAy, FaF HYrist A
FdA YeRHE A9 Ffdle ¥E fY5E
0.01°14 frefstAle ¥RAR, &E5LF 43U
EHEEE A¥AM 0.5489(p=0.0183) %
0.5314(p=0.0342) 9] ¥|1¥ F& 4AH{A AF
& A&

2 7oA Hu AH A e u
A &5 A} #at opat &7 AieM e
34 Fag U "HyE U9 #dde
o] HHE o|8dly PFH oz BN en, F
3 BuEdhe F83Y 3x9 EMGeERe 4%
22l JEE ol &3 AFIAT

£ 4794 5ol g8 AAEE o] 43
o AA A BAY 34 Aoy 7g 3
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A Al 8317 fAde g A AlE
o] F7t2 APHoo} & AHolg Azthrt.

A, 2 A7 &t HEAHAAY 7]
BE Eo|g Aol A4 AHE 2t #Ee 23/
2174 (Flexion/Extension) o] $%%& @tz 7t
A MCPEAEY W3/ %(Adduction/
Abduction) ¥ %Y &EqHde HUY
(Deviation) +%°l whejre eiapr] st
AL, Alge] &71ete] 334 &5-& s A
gde A& AXY o MCPHAEQ] /A%
(Adduction/ Abduction) Zt=\ &ERAY] ¥
% (Deviation) Zx=el di@ aH= FaE oo}
@ Aolrh 53], J|RE o]y A4 ARdle
71859 el 9 2P wjRge] o 7RR] £A
Aoz Q& MCP#EY 98 (Abduction) 2
T £E@A9 3F " (Ulnar Deviation)
st A4 EAFEeE dEHL e 4%
123

A, #3499 FHAHQ aA98d E4E 9
A WA (repetitiveness) ol #3 £4 7}
ot opd, A&A (duration) @ & (force) ol oh
3 H7tx Wsojol & Aot #HZe| Klein
& Fernandez(1997)% pinching AYalA &%
AA 9} pinching force a8lm, &Y A&A&
34 BHxe EMGE 3 24 #Hr1g 41
44 9 pinching forced] ¥ 89180 £5&
AN} rA 2 frefdivhs Z8& WEHY o
A, o7 71 & FAY Yo wEA
(repetitiveness) ¥to] ophJg &4 (duration)
% ¥ (force) 7kA 2 A3 H-3t (workload) &)
BHrhe 84 Q4984 (biomechanical) ¢!
E4E 8 B53 o sysiojor & AAle
kagil=

ol 4] o7 71X WHEEL &5 &% B
Ao AAQEA 23 EMd A48 F U& A
ole], FFHoZx ULFEA (ergonomic)
F YA HEAHQ B9 Ajjdl i B[t

g ANE £
&

(M

@

3

@

(53

(6)

(M

t)

& A (guideline)o] € &

Rolt},
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