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ABSTRACT

Objective: The purpose of this study is to evaluate the potential risk of shoulder muscle at particular working postures in
sitting. Background: The cause of shoulder pain needs to be specifically studied in relation with particular shoulder postures
to prevent shoulder MSDs in workplace. Method: In this study MVC, fatigue and subjective workload were investigated
depending on the change of shoulder posture. An experiment was designed to evaluate the six shoulder muscles at nine
shoulder postures including the combination of 30(adduction), 0, 30(abduction) degrees and 60, 90, and 120 degrees of
shoulder flexion. Surface electrodes were attached to the middle trapezius, inferior middle trapezius, anterior deltoid, posterior
deltoid, serratus anterior and teres major. Thirteen subjects participated in the experiment. Dependent variables were RPE
(rating of perceived exertion), MVC(maximum voluntary contraction) and MPF(mean power frequency) shift by EMG
(electromyography). Results: The middle trapezius and inferior middle trapezius were not significantly fatigued at all
postures. The decline of MPF slope was less than 10% at all postures. The anterior deltoid was significantly fatigued all
postures. The decline of MPF slope was more than 10% at all postures. The posterior deltoid was significantly fatigued 30
degrees of adduction and 90 degrees of flexion. And, neutral and 30 degrees of abduction postures were fatigued more than
90 degrees of flexion. The serratus anterior was significantly fatigued except for 30 degrees of adduction and 60 degrees of
flexion posture. The teres major was significantly fatigued except for neutral and 60 degrees of flexion, 30 degrees of
abduction and 60 degrees of flexion posture. Conclusion: It was found that a certain muscle was fatigued fast at particular
posture compared to other muscles, which would mean that a certain shoulder muscle at particular posture could be easily
exposed to the risk of musculoskeletal disorders than other muscles. Application: It is expected that the result can be applied
to design workplace using shoulder muscles.
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T B0l 26%, Ale 50l 17.3% FEekil RaElch
(Kee and Seo, 2007). -7 =5 && =744 A
3] A BRSPS FE she ARlelA] @Atk sl
(Astrand®} Rodahl, 1986). vldgt=29} W7o HE 2]
S 127018 B Ak ARl 2k 30~40%2] =
ARz FHoluh o) F9lell F=AA Htel wEH I 9l
t}ar 3t (Buckle and Devereux, 2002). 18 &5}k
, oS ket ZdatAlel ot 2 -skel w2 e #
AT FEe AAolth o] d o]f& oA 727t
Bsta o) 459 s 4] 7] wieltt
(Astrand and Rodahl, 1986).

T=2AA AEE Frlsket 252 92 JEE o] 83HA

[

ok AEEEHARl Q4 SRl Q4T EIbE vl EiY
3t g7 o)tk (Astrand and Rodahl, 1986). 53] ©]7] ¢}
2E A SRR E St & uf TF SToE <
ato] T4l oyt 35 Ul g ol S5 Walgh

5

t}al stk (Pedersen et al., 1999). o7l w9 33t
25 72 7] wiel $1Zol7h3d (glenohumeral (GH)
joint) @ rotator cuff ZF5<1 7FA)1 9 (supra—spinatus),
ZFAloFel (infra—spinatus), 22 (teres minor) # 713}
olglZ(subscapularis) &2 A5 zHg-o0] of7] FZo oj
9 =83 985 3ttt (Norkin and Levangie, 1992). ~1
231, SAE T (trapezius), 2HEY T (serratus anterior),
AN R (deltoid) F 2 o8] Z5HE0] o749 |24
o Fa% IS sr}a A tH(Basmajian and De Luca,
1985). o]t 3435t 725 7H o7& S flaiA
= ohest 137 sttt

wbA], of7fe] dist AFES TR AR HEY
AgFet 45 Bt A9 HRE Frpt FE olF 1
Kim et al.(2003) 2 2571¢] 2= pAle] thste] 1%, of
% S AR (trapezius), 74 R (deltoid) &) MVC, &3
ol 94 AYgH-skE Frkeklth 2 A o wWY
7, Bed dY ek S o, oAt Ad ¢ Qe
87t Fhaghetar shelek Park and Kim(2008a, 2008b,
201002 1071 =d=tAlell disto] §1%5, o}e|%: AR,
A& FF oAAET, dHEUT (serratus anterior), 7t
Alolll (infrasupinatus), 170& ¥ (levator scapulae)
S AREEle] MVC, 28258t 34 ZGHeE Fr)
stk SAER 5 FHE oA EZo] FARAE
SHIEEE UEtA dhdstta sl =8 HEE &
A Az HdE R3] H8iAE 500ms o e
A= I7|2 BAS dof strta stk Ekstrom et al.
(2005) 30949 AFWHAE ddez 971 Aol st
o] ¥HATS o]galo] U (serratus anterior) 3 ¢

% (upper), &Xt(middle), o}el% SAIEZ(lower tra—

30 1%

£ O

pezius) 2] FTHZA X (surface electromyography; sEMG)
5 S 847 A (scapula)©] $1%02 E9
SEAE BE TFelA kU2 S5EEo] @S A
o= Yelt) Garg et al.(2006) &= A2k 21 &4l
A, ALFT, o9 ZAAAA, 2& S8 e &
of wE ojHEde] x| gt AT-E FITE 107 Y
AA7IAE o2 60, 90, 1202 w3 E2kof st
SEMG, RPE (rating of perceived exertion), Y Z %9} =
< S4selck 482 oA 53 271 60, 90, 120
T2 71 o), g2 A¥sk= JEUt 67, 25, 33%=
Zy2} ZFA4sthar &3 vk Ebaugh et al. (2006) = 2259
MPF (median power frequency) & 73t %3} o}
Z SARD, SHEUS, 4 HE oAAEET TRA o}
o thate] A7F=4 (scapulothoracic) ¥ 9)Zo) 7|
A (glenohumeral) &] &334 (kinematics) 574 3}
k. 57847 7HAlotel (infra—spinatus) 24 o} 74 A B
(deltoid) ol ¥ Z =7} UebA| gL, o}e% SA R (lower
trapezius) *|A+= 3257} YEREA] 9kt Minning et al.
(2007)2 oJ7lE 90E=R E&E u o/ 359 574
(isometric) MZ%E5E S48k 1672 A= o
dow FAc A3 thE 255 B 7ReuE opMEE
ol FHIEE7 vEbrdThaL SRt 1Ev o] AtellA
= 574 o7RAlel diste] 1efstelr] witel vhekst oz
Aol digk 1ei7F F=rick AR d@gelA] 1xkashA Rl
24 AAIE 7] SlEliAe ol el digh thekst 1
7F destrta g 4 qlok
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Z+o] 13} (rating of perceived exertion, RPE) & =
7t etk 584 3E olgste] oA AAAAZE |
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2. Method
2.1 Participants

AT o/ o] Al w2 2%
2 91510 ollE 4% Aol 9, A 67197 o179
558 AP Ho] St F 139 (A 783 of7) 6% )
ARAAE Ao B3Itk ol B 26.36(£6.25)
A, 715 170.45(+£7.99) cm, AF2S 65.41(+£13.66)kg
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2.2 Muscle selection

o el theket AP Ao wE FHEE FAs] Hlst
o] 7€) 53 (flexion) 2 X25/"4% (add/abduction) ~1¥]
T o7 9] upEE3} k2 = (lateral and medial rotation)
¥} AlE 7R SAEZ(middle trapezius), $F 71
S AR (inferior middle trapezius), %%3} FZ o174
W (anterior and posterior deltoid), Y54 (serratus
anterior), tl¥<(teres major) & A8l TS 57

a3l
2.3 Experimental procedures
SHAFE o719 w7 Ak (flexion

(add/abductlon angle) & A3}
Lo w el Ag- A

= Aol ARgE
angle) ¢ Xa/Hd 7%
Atk oS 2E/AY 7
2] Fd4 (vertebral column) @ ©1717 (acromion) 2} 235
=] v} (lateral epicondyle) = AZsH= Ay 4%
ol g3to] Folsiginh. 27l ¢ #3 A% 0° 60o
9o° 120°9) 45FS ARSIa, B/ 7] 4

-5 (adduction) 30°, 0° (neutral), ¥ (abduction) 30 ,]

—’F-ng AHESIGTE 7 FEE oA AAlE HAE
A7t = =7 7] (digital gomometer)% ALg-te] A&kt
(Kim et al., 2003).

0%77]]94 A ZAEL] 542 100% MVCE 23] &7

T #kol Solgk Apo]d (Bkef o & HolA| ¢
s Atste] 1 g2l 30% MVC F=e] 7t A4
A FFEOE AYEAT B AT FYRA
A7k Rohmert's curveol]l &4 38ke] A3t
(Astrand and Rodahl, 1986; Garg, 2002). Z+ ZAE 74
& 30% MVCE 13F fAetEs 3tof, A@A 4 A 5%
9} A¥Er d 55 AASIL 50%
Z} A7 FAAE 10802 d9or, & 103]9 AY
o] thale] counter balancings E3le] A== AA3}
Stk

o] A3
a2 =%
exertion) scales
Rodahl, 1986).

of
r:U

My lo & o
2 &
:(o

—E‘FL

A

n?&

o] Tr¥ Fof AFATIANA FH4 AP F
Asl7] 913Fe] Borg® RPE (rating of perceived
o] g3l S skt (Astrand and

2.4 Apparatus

oe] ¢ S FHRAE sk FH|E 50kgi7HA
=7 753 Bongsing loadcells AHE3aMR 1, 2FAbA)
o] we} ¥HE ¢H(moment arm) 2] Zo]7} Wslel= A&

2] gk Abg sk

a#3te] Fo|ZE we} o]Fo] Jhsdt aElE ©]&-5tko
loadcells 1783}tk &3t dolxAo] 753k 4o &
Folg F&ste] A7t 7] Heles s Al
stlon, sHo] 7hsdt QakE ARE-ste] o] BE/
Zted AAAE AT 5 RS SSith

SHAEE 317 sto] mad=4 (surface electrode
method) & AFg3k= Coulborun InstrumentAl (7)) 2
EMG SHAAEE ARSIt AMEE SHATS o= %
W= (bipolar surface electrode) 685 AME-3Ith
EMG A]2®lo] 38+ high gain bioamplifire (X2,500) £}
bandpass filter S75—01 (range: 1~1,000Hz), high speed
videograph I/O port L19—02% AF2-3}51 2™, sampling
ratex> 1,024HzE ARg-ato] 733t

2.5 Analysis method

A B 2% WakE 243 Slstel ZYH 60
& 7] THE A AEAL A 529 APER F 5k

5 AAS F, 50x TS 1% A S F fast fourier
transformation (FFT) & ©]-43}l4] W3 & mean power
frequency (MPF) & APFeRaich. MPF 3k A2 A gk
< 7IFoR sto] vt A3 o] Aarsleialon, 1% ©
A= Axtasrgich

MPF

Normalize

= MPF,

t+1

— MPF,
o]7]9| A, t = Analysis time (sec)

AXteE MPF 32 3|AEAS ol gste] 718715 Atst
71€719 Ans ZF 259 vE2% Haksg st
(Oberg et al., 1994; Oberg 1995).

3. Results

3.1 Rating of perceived exertion results

FHA ZAAHs S+ THAA (neutral posture;
#3 0°¢ we/d% 099 wE 100%2 golsty, 73
Ztw7F 60°, 90°, 120°Y wlE wimsiict 443} g/
o] 0°Y wj, F39 Z+w7) 607X 143%, 90°oH =
163%, 120°oI-E 164% 2.2 JEbstth 2o wow
25 30°Y w, #3 ZE 60704 136%, 90° oA =
167%, 120914+ 169%= velgth He 30°d o), 3
3 7t 60°0ll M= 141%, 90° oA 160%, 120°014 =

=
=
-
Fﬂuo
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171% = Jelsth(Figure 1).

18
17
16
15
& 14
x
13 = = Adduction 30
12 Neutral
-« = Abductio 30
11
10
60 90 120

Flexion angle

Figure 1. The RPE result of working posture at shoulder

3.2 Maximum voluntary contraction results

HAY2Ee FYAAY g= 100%= 428, #3 2t
=7} 60°, 90°, 120°Y WS vlwasith SHd9 2
Helo] 0°d wf, #8 ZH=7t 60°ollME 30%, 907 M=
20%, 120" 20% 0.2 Yepgt) 2 wpgow g
30°d W), F3 ztw 60°eME 20%, 9071 16%,
1201 E 15%% Yepgeh 838 30°Y o), 33 z%
60°ellA= 21%, 90°elM= 15%, 120°eM= 15% = Vel
%o}H(Figure 2)

MVC(kgf)
10 4
N — Adduction 30
9 N - - = Neutral
b -=--- Abductio 30
N
8 N
’ N

74 .

6

5 4

Flexion angle
4 T T )
60 Q0 120

Figure 2. The MVC result of working posture at shoulder

3.3 Fatigue results

PF (mean power frequency) Ztell thsle] &4k
|3tk (Table 1). SAREAAY F-4F a=
g/ﬁ‘j) 7P Wse o, fEre] Wshs v

A, w5y A%7F wigE o, 9z Ee] o)zt
LERsTE BEgh o) 7S] AAbA7E g o, SSEE 92

> _1}1‘
o
~ [l
=

M
1
mlo
2

>

9] Fol7} vl

Table 1. ANOVA result of MPF by working posture of shoulder

(*: a=0.05)
Source Tg?eségai:;n d.f. SI\(;[S:;; F Sig.
Ab/adduction 1636.595 | 2 818.297 | 0.893 | 0.410
Flexion 13265969 | 3 4421.990 | 4.827 | “0.002
Muscle 62407.154 | 6 | 10401.192 | 11.355 | “0.001
THIRES] F§ MPF gto] A5t o] (shift) ¥+
3¢ =50l ﬂi‘ﬁiﬁ‘:}l e 5 vk 2 AT E 25
2% W3S vushy] fsto], A 27)3s Vs R
MPF kel Wisk= Aatst aplvt A rshst 50% ke MPF
e AP 3] FEA S 0] 83t Figure 33 o] Iz x|
H3kE vwsksich
1.2
115+ .
up :
1.05F ° .
1L
%L oss|

09+t
085}
0.8Ff
075t

0.7

Figure 3. Example of linear regression for anterior deltoid
muscle at flexion 120 and abduction 30

7z ZAQApAl] W o7 28] ¥ 2% WH3l= Figure
4~Figure 98} Zth 7ked AR
¥} ¢k 712-d] SA B2 (inferior middle trapezius) & &
AHAlelA MPF2] W37t 10% wigko 2 vebdth(Figure 4,
5). o]l Ayt 7k FAIEZe] oA E A A
M= FH oS skx] oka TS 90° o] HoleE:
Jstoqt Fofsh= F o o SHr)

Hhde] & o7 M 2 (anterior deltoid) & A9+ ZE
AAellA] MPFS] ®317F 10% ooz el (Figure
6). ol#f3t A= & o M| ETo] HE YF o T BolE
g vpgEow dEle 93ks 3] wolth wehk, o
Mg ARk ZgdellA e oA EZo] 8 oS 3

(middle trapezius)
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e B 5 gk

rr

MPF shift
0.2
@ Adduction 30 @ Neutral @Abductio 30
0.15
01 = e e e e e e e e - ————— - -
0.05 %
0 C% = 2 m:%
Flexion 60 Flexion 90 Flexion 120
Flexion angle

Figure 4. The fatigue result of middle trapezius muscle

MPF shift
02

@ Adduction 30 BNeutral @Abductio 30
0.15

Flexion 60 Flexion 90

Flexion angle

Flexion 120

Figure S. The fatigue result of inferior middle trapezius muscle

MPF shift
02 @ Adduction 30 @Neutral @ Abductio 30
0.15 ]
0.1 == o - - ] — T 44
0.05

0

Flexion 60 Flexion 90 Flexion 120
Flexion angle

Figure 6. The fatigue result of anterior deltoid muscle

22 oM R (posterior deltoid) & =& 30°Y u,
BEE HE el FrmETF YERA] gtk oleist A3
= 23S UFoRE ROy AYS s Aol FHE oA

i ryd

o] 25 A ok As & AT FHAAYL
BE 3 Aol v2Erh velgtarl, e 307014
#8 Zh27) 90° oY o), MRLU) Frlehs Row
Bttt (Figure 7). wWaEbA, 9% o7l 23S 90°

- ApAelA = 9EE s Zo® B 4 QSlch
HAteres major) & A9 2E 30°4E #38 60°Y
Soflvt v Zwrh e, A " 307
= 98 A5 Jr 27 YR (Figure 8). ol gt
A= o] & o UAY o =gv %
atu], AN R A oA E = TAE ] W
ot}

L = A

o]

o oo &

r-{u mlo

MPF shift

02 @Adduction 30 @Neutral @ Abductio 30

Flexion 60 Flexion 90

Flexion angle

Flexion 120

Figure 7. The fatigue result of posterior deltoid muscle

MPF shift
02 @ Adduction 30 BNeutral @ Abductio 30
0.15
0.1 = o == =i
0.05

0

Flexion 60 Flexion 90 Flexion 120
Flexion angle

Figure 8. The fatigue result of teres major muscle

FEUTY A9t BS 30°Y ®W, #E Z=sk 907 o
A Pz sk el A9 Y 307 W

A}
o h=4
3 27} FVees MRt kR o ekt

2

(Figure 9). o]&jgt Avl= dpyo] SAEES &9
& (scapulae) & 912 Eol&Ele 98-S 37| wwoln
AzrZo] Eol2#AA o 90° o] Be Exlo] %
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7bsa) wiRoltk webA, SFEUDE o7l Abgshs &
QAAlA 8 A3k S, 53] Bo) o) o] ojAke
2 &£ ) 3 48g ot A %+ AN

MPF shift

0.2

@ Adduction 30 @Neutral @ Abductio 30

0.15

0.1 == == -—p0-

0.05

Flexion 60 Flexion 90

Flexion angle

Flexion 120

Figure 9. The fatigue result of serratus anterior muscle

Oberg(1995) = o749 A 52] R %7} =
AL A58t 2kgd B 11% o]4e] MPF o] ZHa
st ekl skl kA, B A aE 2R
FHdjZEo] Hat 2.76kgfE SHHNCER, APAAEE
10% o’d2] MPF zkel 71&717F vebd wlg s =2s|5ich
1 Felsteity. FHAAE 23ste] F 107H49] 2gAHA|

SJo]giet,

AN 2 5 Aol o] AAANRE AHEE)
£ o] thErke 218 % 5 9leh E4t, 54 Al
A Sz} E4E F G THol Urke 2 o
s, TR o7k 90° ol BolgelAt At M=E
7h 37 LR 218 2 4 A9IEH(Table 2).

4. Discusstion
4.1 Relationship of MVC, RPE and fatigue

2 ATl e theFet ojzfAbAl el wE MVC, MPES} 5=
A Asks S5t MVC 3327l A& Kim et
al.(2003) 8] AR W& ks Kol ZoR ekt
olgjgt A= o ATt gt JFor & 3
o} 53 F97 2058 3 A= Kim et al. (2003) 9
A9 o2 SEPHE A PEdE Eska fAkeE A
= Holi= A o7 YERGt) webA, magnitude estimation
7} Borg®] RPE SR FollA ojulst & AME =
AR 235 95 7 e 2S¢ T ATk

Fo4 ZArs Frhdze MVCE MPFF vlwst 4
7 5 MVCY 52 584 ZAgFets Yehdl= &4l
A 5ol A AZAAY £ F s AeE UE

o tste] 7} 25ERE =AY ZAEE o] &3k 60719 wth, o]2dt dyk= o) 90° ol Lol HAlE B9 o
MPF 71715 AXkeigleh o] Fellxl MPE #tel 10% o) Z 7hed SAELe] AE S so&Htn & 4 glon,
9] 712715 7 E AR F 290 Uit 53], o7t SolEElA7] ARE o] = T o]%e] & Fo] F
W 3079 758 120°Y w), eHEU(serratus anterior) 2317 =i & 4 vk Ed FE Jked] AR
o] MPF 71&717} 7P & Z o2 yelstth olgsh da= BE ol &AYelA 8 &S oA etk 3 ¢ lck
5 ApAlelA B0l FA =z A = v 2E Strimpakos et al.(2005) = A3l AAlelA & 34
Table 2. The result of MPF shift at various shoulder posture
Abduction | Flexion Ratio of MPF shift (%)

angles | angles | \fiddle trapezius | Inferior middle trapezius | Anterior deltoid | Posterior deltoid | Serratus anterior | Teres major

60 0.01 1.99 15.06 533 5.92 14.72

-30 90 1.52 2.12 15.59 13.87 13.01 17.73

120 3.63 1.13 15.29 7.78 10.51 13.51

60 0.45 8.46 12.04 7.15 13.41 5.93

0 90 0.01 1.73 14.86 10.47 15.19 11.94

120 5.16 0.01 14.87 10.90 14.05 14.95

60 1.56 5.58 10.40 7.19 12.55 8.87

30 90 0.82 7.04 15.84 14.22 16.62 13.65

120 6.12 6.30 16.98 13.75 20.65 10.33

Shade area is more than 10% of MPF shift
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o o] AE 2K FAES} T HEEE S
t}. =343 Borg? RPE 32 WHAMA (variability) 22 ¢l
3lod RMSeHE ARTAE Bolx] 9be Aoz eyt
Troiano et al.(2008) = MVC, #2529} RPE %12 Blist
Stk ATAY FE ARgshes AR A5 S ok &t
S’xi.L MVCS®} RPE&= 59| A#tatAIZE lokar skeick 344
1k MPF$} RPE+ 4d3AlE Holx] ¢k=thal skit) &
C’i:r"Oﬂ/HJ_ RPES} MVCE] d#aAE 435 49 {24
+ a=0.0591A A #hel —0.681= Fo3k 52 4
WaAZY Sl= Ae® vtk RPESE MPFeLO] Zda
A % AAAEZY FF oM EZe] FoFFE a=
0.05°141 22} 7daAl gkel 0.7073 0.745=2 <F2] 3
AV Qe AoE vEha, thE ESES s g
A7 GeREA] gkt ARl S22 % FrphHe st
EEZE AT 4
SHAIE 7HA AL itk & = glth
F7Ho®, MVC Z34% w3 4% 90°¢h 120°%
o]k X}O] Holx] ¢k= Ao g Yehskow, MPF 7]1&7]
gt afolE Ho|x] gk ZoR Uehyith oy gt
éﬂrh w3 120°7F o EHg AAle] AT, 73 90°9 B
HE ¢F(moment arm)©] F> Hofl 7]QIst Ao 5T
SITh Garg et al.(2006) &) A--oA] :éL% 7} 90° o)
}E!"’ﬂ/q RPE #ke] 6091418 RPE gtR.th
&11aL, 90°¢k 120°e4E= 23t Aol & 1w
3FAt) Garg et al. (2006) = MVCE = o?‘ﬂx
FHAQ ZAgFatelx] £ Aot FAksE H e
2AE L T AT

O:

—v—r

r\*

§2}LL

>4

:10
¥ o N
X,
s
)
&

4.2 Muscle fatigue

Garg et al.(2006) = 9717} 90° oo 2 EojLex|=
2ol et Aelld vze it Fo3 duE o
thal SR3ich 2.73kg? AYES 53 o] ¥ 4%
60, 90, 120°% 712 o dZxo] Agshs Fert
67%, 25%, 33%= 47 FAdhe Ao Yehdth o|edt
A= o] J3 ZAwrt SUKE oS HA 7
ZaHchs dykebar & S 9ok

Table 2] J8hd ¥R %7} Vet 0] k&) H%
AAMEL, Shsy, ddZe® vehkt) d2 %7t vel

b RE 254 o] 9 ZHEsk 90° o gel Aol

Y257 FolAE AS B S ik deFHoR HE o
AR A= =g 30°¢14] 90° R} 120°7) F2%
7t W A¢E 2 5 Q9lvh

B ATIAE, oAE AHESHE AelNE H% olsiA
w2l e, SHEURe] e Solgel 7 Ba

o, =8\ == =

mlo

o g USITE K3 oA
2IAAAY ST A &
E} B AFrellA 7k AR
7} QF% Thed] FAIE 227 WA YEly X]“& Z
oj7l o] o) Cﬂ—‘lrﬂb AQlelM AEs &
&E 3] Wil oAE AHEshE Aol &
stttal & 4= Atk (Brox, 2003). o719 &2k ulef &
So] RFA = AP ME T2t S gels &
gom, fdA AR THFS A AA e A Al
23| Folof stk Ao w A E = gk

‘%3 AFAEo] e BEg/AY Tl ¢l A48 57
o] 60° ol & wo] IR R thajA ATE s}
o %E}(Larsson et al., 2007; Garg et al., 2006; NIOSH,
1997). Minning(1991) & 9153} ofef % SAINL, o5
U, 718 oM RS gtz He 60°9 w3 90°
d weo] FHEE S S84 TR AAMES
o] g2 Z&EY Y2x7) Atk &) ol Ay
£ dyeld d3 6072 #3 90°Y wlo] oA mze]

S7F 10% o3l A#sl fAketeh aFAIEL ol A& ARE-
sk 2k o] A9 A Aol thket o ARAI7E e E o] ok
S}A] L,Mlnmng(1991)9] ATl = 54 ARk
a3t
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543 Ao A 2] MPF (mean power frequency) S
MF (median power frequency) 2] ®slolat #A-S 7= 3
USATE SEAIRE, oA E ARESE FYS A Foll Rt &
Zro] @ 7E7] wiel 5S4 AAME tdom 3 HAL
FAE 7HA L vk kA, ST AAE e R s A
Rk ofuer o] HdAAY wigkE ) 2 ert ofWA
W=7 AvlE o7 Qv wdh S35 2S¢l
A A A ZEA A AR 7L HEE o g2 Y=t A
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= = =}
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5. Conclusion
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