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225

F—n— == T FBE BRI E L -5 % EiTiliE

FEREAERARBERER) — B & F, K

1. L&

B A R— Y TILEFEDEFREPEF S
AR—VEBERFT —/N— b L —=> 7 (overtrain-
ing) PEEMI LV, overtrainihg” gL RER
wWHWwLN B, I TREEESREEZIET
overtraining syndrome® 3£ 2 3 I & k¢ 3,
overtraining D FHD =021k, FEREOREIEH
HE LR RED 28 EBNLE L 25, —F, EH
TREFEEIIBEIEZRoTETWBERED
5, EEAR—YBPERLODH2, ZOXI&T
o, BEEPESTOREZEENICEEL L5
ETAEMSED BN TE T,

AR—=VBIB TR, —RCEGES OREEE
BT3BV NETHS, ZITEBEFER, B
HREENC L > TEL S [ | 2B%T 5. 5K
FOEBRPEEREOMEEICIE, AR VERE
BFEE UTURBERIRIRE, 71— YA T
A MR EDH DY, RREPMBRER, A K-V
R —DBIIBBBEERDM, 7IF a7 AR—
VTIRID LD RIS ES Twb 2 iddhk
V. FRST AT YAT AN, Mv FILE
B DOWERA AP MAARELZRES 2 2 L03%
{, INBFERHERATIORRHETH .

—7, BEHORAER TH S (B 23T
Hiid, ZOWEHEL U TRITBEHE, HEY,
MAHFBRIEE DBIES RHERFHED & EBHg s
NTHY, BICKRAFHEREHEII IR CHfE s

=i
[z:H
FrEAEEEARBEE) £ &K B %
FrekETER) T OE OH

WEETH S,
ERRETOREFHERL LT, EELE—F
PERIV4HEE) (voluntary sustained contraction)
BomiEeshic ME2EES8LESM I (Super-
imposed M-wave, K1) ZF\w23HEEHEETL T
729, ZOFEE, B0 Wbl o TEHRDE
BrEEBMEL 2EFCHET 2 DT, kD
E5CMEDEERBOTRBEERT 2 HET 25
BV LERL, 0%, MEOHEL 2EMN T &
20 TREL, BRHEHOFIHEH (mean
power frequency : MPF) & &S M ¥ OBREEE K
# (instantaneous frequency : IF) & OXEREERD
SEEFEHET I HETHS, hET, HKIE
EIWE (maximum voluntary contraction : MVC)
M 20, 30, 40, 50, 70% X T % EEBRICDWTH
HLTERLO, ZORRE, By LvickoT
MPF-IF 8R0S mOEFNEZ D, HEGRE
DERD2DODTNV—FIZH T o3 I LBEELS 0
WCikoT& T, 72 z2iE, 70% MVC TRANEF I

amplitude

|

2nd peak
< > <« >
EEHEE BEEMHE

1 EREED - EEME
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FESHBERES L IBEA L2 007 V-7 R
DR SN, 20% MVC T &R
ERTIDOINV—F o, IS DHEED»
%, MPF-IF 8 OMBERE & - T, #iES
DOEALERRE 2 RS CEENICHMT 2 2 L5 T
XBHLEZLTCHWS,

B, buvy RIAET, TREOBRENE,
22 VBRIV ~ABETFT 2 2 EBRES R
Jo. ZOZ i, TERHOHED LBERSTHS
Pry RIAVEDESR L CBEENHZ I LERL
TBY, TERHETORESHEENEEEH OHEEC
OO WEEEERB Lz D EEZ bND,

Z 2 CARETIE, MPF-IF 8GR » & By
REEZHET 2 L L bz, LIEEE2 AR VIR
L, B Ch: 2 EHB VTR & AHEY
L OBEFRIC DWW THART,

2. K &

2.1 EHBl & &

vy R IVEOHIR THER & LB & RRE
Bz, EREBOEHMEN2 CTYT. —EER
IEEBI B X2 A EE LTER L L, #
BRES SR OTEH TH s AMEREH e L, &
BRI ST RIEZEE (OG HHFEL, GT-30) kB

4tk 171 AR —Y TILBIE

~
RHER
THERS

MRT T 47
7L 1ER

icm

2 EEREEE

Rt Y

DOEEER B k KRB 2~V h THEEL, FEHEBRG»
SOHFEI~OBESEE S LI Lz, BRESAEIR
KW THs, £/, BilRNE=7 A YO0~
FERVT, BBECHENERAE T 4 —F Ny 2
Lz, UEoRET, —EREIEF OB LT
BERAEBESE 2 %ns, BEEMEBLUCLER%:
HEIL Jz.

BRAIEE, AARAESHBEE (HAKEE,
SEN-7203) 2 Fv T, BEEIHEEE I RIBEERE 1
Hz, #BE 100 Vp-p 5 2 7. HEE MBI X 25
mmx25mm @ /By F (F Ao > 8, HV
PAD) %, EHEMENRFEICX4HET 77477V
{ &l (DEM &) 2Hw/z, TVABBRIREE1
cmiElmm OEESEBB4ELAZBDTHY,
B/ANEBERIE lcm Th 5. HIEESE I EE®
RADET, %72, 48727 4 77 v A BBIEIHER
BOHED» &K 3em THAECAHEE2E X RH
5, EEMEDRESBRERLEFHEA Y TR
a—-7THELI. ,

Eoi, BRABIZ L7 —F 772 P 2B
W, EMEFE Y FOER 1cmBOANT v 7
ROTEEBEBEM I, &8, EEERIcm
DT T2 F v FNVEHHIL - REHEBERDS B, &
R T, HEUFOEEM FEORIE, BL
bz KE LSBT, AUKREEENEEL THA
JeF v RVEBRIR LI, —7, LER% Ag-AgCl
F 4 AR—F 7 NVER (HELEH, Vitrode J-
150) # W, WEHEEIC ML, &8, 08
M, HERE b EFFERBY 7 (BANLESL,
AB-601G) OFBix54dB, 4 v b4 7 EHEH2
kHz, BFE# 0.1sec ThH 5.

PlEokkic LT, REMHENE 2 F v 2, LE
B, EEMEEY, BRIEEAEN]Fr L
Lic&Et5F v 2V E, ¥ 7Y Y 7 EEHS
kHz, 7Lty M 12bit TA/DZEHLTa Y
Ea—FDN—RKT 4 A7 IEEKL.

2.2 EEBZFobtan

EEO N aVERIICRT, HEREITEELR
AEMH24 (228%) THB, BB, Py FInLE
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1st trial 2nd trial 3rd trial
104 107 107
1 [&@ 30%MVCERE]
O {5
FLy K3IE
A B A —LT T
105 Frido—LEY

oy

7.5km/Bs 7.5km/BF 7.5km/B%
(1] =3 45E o
RPEI7TET

2 22

3 74—NWREEBESObraL

D7 4+ —NVNEBEPTIHEIC, PHEEREL TI12
% O—EREHERRE (20%~70% MVC) %17
Vw, 2035, BRERESBSBRCE LHHED
2EEBERUI, £, BE2MERED LD CIHE
WEHEINEE LWk, SBEAMMETE S L
BEBNHU LR EBEELT, 74—V IFER
TiF30% MVC w3 Z & & Lz,

FIH W, 3SHL EOHREEHRATIEMVC %2
SHEIL, ZOFHEZFOEADMVC &L, 20
%, 30% MVC ORIE L~V T 300 BRID %
Tolz. o8, BRHFCIEEZHERLTH»5 2, 3

MERIZEHAIZFE L Te, BB LT, TE 2

JEE LB MR L, EREFRET LRV
&, BHERULREATFRETARTS 2 L,
EOREFICE VBRELUHEN R TE LR
Slthb, TEBRRUHRAZHELIZVEIER
L7z,

EENI bV P30V (HAEEE, STS-7500) T
DEEHTHS, EEBOREIXT7.5km/h L L,
FECER 0" 2 304> (Ist trial), 2 HH i fER
4.5° % 104> (2nd trial), 3 HHw @R 9° % Borg
DEEREFEE (Ratings of Perceived Exer-
tion : RPE)'» 2317 (FEE & Dw) 2R$ET @
rdtrial) 7V, FEEBFEBRCEE M KEEZEREL .
7B, EHME 158 RPE # @7k, 8561,
& trial OEEEE (Mets') 2R,

A== by v FHEEN L LR EEE 227

3. & i

3.1 EEME

3.1.1 MPF, IF OEH
EBMEOBNTE, BXHE NV FR2EAR
MY HHET20ms, YL 100ms 20 L DDOWEE
(600 sample) & L, WHEe L, Thbb, EEFET
%5 W LW S X RFIE L MEEEpY
PRI, INETm 7 V—LATOEEMEEL,
1 ERTFOBME RS> 7 b 3¢ TR AR R OR
RH{if (m)} 7. FERCERGIEE TO MPF
WOWTHEEB T Lok, 2D FEHE
mpf (m) % m 7 v —AhTD MPF OREM[E LTz,
L7zd35 T, MPF, IF & b2, M BOFHET—%
LT (M—4) 7V —ALDEERFINEShS,
ZZTCIFiE, EEMEOCREBOERBETO
B ERRE L CHEE LY, 22T)’, BERK
BOBHIZE VL FERPRW, Wi, MEF
WK A(n) DLV FEBKE Zn) L33
Y, ThIZX2RES 1(n) &,
7(n)=h(n)+j- h(n) (1)
Ll b, J22L, nidh{n) TOMNERTHY,
JREREMATH S, h(n) ODEHIZZT7—V &
R HW, 22T, hln) OBEREREBEE S (0
i3, 7 (n) OBERFAIE 0 (n) ORRES LT,

. 1 G(n+dn)—0(n)
Zf(n)—zﬁ n (2)

koKD B, 2L, dn V7V EET

BY, ) BETFOELScEsns,

_ hw)
7 (n) (3)

PAT, %(n) o first peak, zerocross (E& M i
MOV L%ET %), second peak KFZI T DBE
R R ifrps ifees fp & T 5, 728, MPF B X
O IF %42 5 10 FIBBGSIE 5~500 Hz & L
7z,

3.1.2 MPF-IF /x4 —>
AWgETlE, MPF & IF ORERIIELIZ T Tk

6 (n) =tan
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[sec] .
o 07 . HRV
- 05 M . II= 1
- g (a) R-RFERE ;
& 012
2 0.10 }‘H\er’r—'—‘u’_\._/-'_'—"m_f
8 008 e
= (b)LF B 7 Bl K #
[ a’
S 0.004 ;/\\tr
S 0.002 i W
g o = 1 1 )
(c)LFﬁz \ﬁﬁmsfﬁ
[Hz] .
§ 0.5 h
5 0 e iy
O
f’—: 0'3 1 1 - l‘ - 1
(HF R 7> Bl
o 0.002 : %
B :
£ 0.001 i
0 1 2 3 4 5
time [min]
(e)HF Rk D RIEfE

[Hz] mpf

frequency
9D~ O
oNoNoNoNel
(

(H FHBREE
[Hz] ifo
§1 10 :
S 90 T VT A A A g A\
o i
8 ] .
“ 70 H | I 1 [
(9) BRI K E
< [k Force
= 87 -
%’ 6 Phase Il
o 4
&) .
(%] 2 ',r“—*
g “0 1 2 3 4 5
time [min]
h EBROE=Z2HAD
Subject A

4 BT A~ ORFEL (3rd trial 3EHNS)

% <, MPF-IF BRI OB GRED S EHiEfE %
HE LI, Thbb, REHEES tEP?FE&Fj:@ Z
BEEREZU2L0vbh T3 EEHEHETD
MPF*® &, iiEEFOFEI LR D EH 2
S5NTVE MO DIF L OHEEREFREHANS
£T, HREERIBOBES £ OBb b Kz o
TEBWICRETE L L R2HFL TV S,
2T, MPF-IF % — > 2 EHBERE-S
2D WIHEILIZ, ZUBIIC, BEHORRBZEIEL
EEE L CRESEET ok, T2bb, BEN
OEAtEBE I, FHABESD S failure point (53R
TIBHEELIMEL D IET T 58EH) % T#% Phase
I, BiEAH5% MVC 72 IFET L7z B b S 5l
T % C% Phase Ill, #®Hhf§% Phase Il £ U7
(B 4(h)). Phase II CIXAFESIEZ5% MVC £ T
BEIRANCET L TB Y, #EE X Phase I CHiEk
BOERTBEFZ . —FA, RVl s2Ek»
MPF-IF 8AFRIC ® & < 2728, {mpf, if} prase s
PREENIE LTHEH0, 4Bl L52Toy

IV Ampfs iffen COWTERALEEL, ThE
AL MPF-IF Xy —> & Uz, 2 DR, fE#EAL
MPF-IF /X7 — 2 3 HERE O B2 2 2 H2E
TEL 12 ® T, {mpf, iftrnasers {mdfs if Yonasern %
MN—= v F—F LT, eNT/ CAEESR
W, {mpf, if e CHBISHER L. Zhick >
THBERKOELR2 G, G2022D 7V —7K
BEILT, 22T, w5 EXOEBIZHUTO X
JIEEN B,

D*(z)=(z— ) '- S (z— 1) (4)
721U, 20 (mpf, iftan, S, w3 FNRFTHRBER
({mpf, if Yrnaser B % & {mdf, iFtenasern) D 7N
— 7 OHEELBATHE L UBEHRT PV TH

"B, ILTHERLGLEG21DWT, MPF £ IF

DI (Chprs Oksp) BRIz, T2, FHEFLD
MPF & IF & OEBRE (v, $<0.05) 2F~,
BREOEEZDORE ($<0.01) 21T-o7-.
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3.2 0RED

3.2.1 R-R BRI

Bon-LERER LD REE2KD, REOH
AR L RO R B OFERL £ OF % € ORI T
OR-REBELE., &6, SRATFF4 VM
»HWTC4Hz TY > 7Y 7 Uiz R-RIEREE
RY%E, 2 ZTER-REBRRIICASNh D
DFZE (HRV) 26 BEMREROBEZ 35,
3.2.2 Wavelet Z#t '

EEMEROBER & 5, HRV ICHLT
Gabor (D= H—v = —7 Ly + & H i@k
Wavelet Z#'® 2fT7o7%, kY, HRV OfF
B (LF g5, SRS (HF far) &Ko,
BRDEFBERSEEE f1(m), fulm) &, FBEK
DRI ai(m), an(m) D&5DEEFFTLT:,

ZIT, AT —sTO Wavelet B# 0D #E R
Wao (s, m) 225, BEIE T 2 EEKDHEBEE O
R fx(m) OFHELIT O & S 1fTo 7z, XU
»HIZ, BT IRODEET 5 L Bbh 3 BEEK
i [a, b] O & B T HRV © Wavelet & #
Wan(s, m) RO H L, s FFZ Hamming window
Hos (s, m) 20FT

| W’ao(s, m)|=|Has(s, m)|*|Was(s, m)]
(a<s<b, m=1,, M) (5)

r L, max {Wes, m)} Z# R LIz ¥ — 7 K

BRI m TO fo(m) £ LTz, Rig, f«(m) &
RECHET 220, f«(m) L Tm+lics
J % max (W a(s, m+1)]} 2 Felm)£d/2 D &

BITRD/z, ZDE 3L T f«(m) ORERIIZEL
B 5B, [+m)=flsTHY, foldAR—
NEBOE— 2 AEETH .

UED &S FEEAEEE f«(m) L ZDRFOD
FERAFIE e (m) BHE LT, & 51, falm)
BEU ax(m) OFHEIC LT, trial NOBEIX
Student @ ¢t BE (p<0.01) %, trial HOFEIE—
TLELE B TE (p<0.01) 2fTo72.

A== b —Z v TR AR L LR EREE 229

4. # 2

1st trial @ TEED RPE I1Z, Subject A #3813 (R
R &EDOW), Subject Hix 11 (RPETHB) TH
D, 2nd trial # T B ® RPE 13, Subject A T 16
(EDoWEFERIZE DWW, Subject HT10
(ETH B ERRETH 5DHHE) ThHoiz., EEE
D Mets BEE W X > THH SN 570, MEERE
® Mets IZE L (1 st trial ¢ 8.14 Mets, 2 nd trial
T9.75 Mets, 3rd trial T11.35Mets) TH - 7z
75, 3rd trial OESIFRT I ERE CRZ D, Sub-
ject A% 44>, Subject HHB 193 Th-7-. 72,
85 1798 failure point 12 E 5 % T O 2 EEHT
% T3 % &, Subject A T 63~83 %, Subject
H T 79~117 B8 < o7z, : :

MPF & & U IF D#xHED E{b i, EAZIK
X QMR LR B IER ot Lizdto
T, ZITRMHECEMTIER L, Eil MPF
SIF Sy —> W3R 2 b33, 18 MPF-IF
Ny —wBL T, G11XiZ!3 Phase I TR
N, G213 i1ZPhase NI CTHEEKINT. &1,
Phase 112Gl 273 G2 nafEa iz, DY,
Gl FAIERGL» SHIFICHEL, G2 3Pl
BL7. #27T, Uk, MPF-IF 8% —> DGl B
FUGEDVWTDHBEHTEILET B, &1z,
BiclrtboiwRD, IFXif, £ L, E#L
MPF-IF /¢4 — > {& MPF-IF /8% — > L8,

1.1 F %= B

20%~70% MVC TEE M & Z5HHEl L 72 #& &,
HEFBRBCONTELRIZELERT2EBED

. MPF-IF % — v S E&E SR T W30, 1, 20

% MVC t%{ Bon, HEGREPEDHE, »L<
FOWEWIEDER % G2 DAERTHEEE /S
—Y A (BHOERBD R RE) T35, —A,
0% MVCTHL Ron, Gl THWECHE%:R
325, G2 TREEFGED 0 A bDENY —
B (FEHRE) 55, ThoORFHIITHRER
BIolk 1240 785 THASNT,



230 NAFAH =5 15

LB & DTR—

78Iz E& EN S Subject A, H i, 20% MVCT
Ny —v A%ERLI, %7z, Subject. A3 50% %
X ¥70% MVC <, Subject H % 70% MVC T /3
¥—>BERRLUE, i, ZOMOBHRIITIF AN
F— A ENY—BEBRUYEo KBRS
L7z,

4.2 PLyFInE

5 i3 Subject A @ 1 st trial FHEH[ & 3 rd trial
sE&#% D MPF-IF /8% — > Th 5, 1sttrial TiZ,
EERHR E b THER LRSS — 2 AR
Wik ol, UL, 2nd trial 8 & U8 3rd
trial T, E&gIc Ny - BERLRZ, &8,
Subject A 1%, 3rd trial SEBIFTIc b, /8y —> B
WEWARE R 5T,

1st trial ® MPF-IF X% — > Tik, EHHEiET

DHFEDENZIEEAERL, G1 & G2DHEMAD
Bo% ) Lkhol, EBRIOGL (n=170) i,
Oipr=3.05, 0%=1.38Th Y, EEFBRDOG]L (n=
151) I 0%,,=2.81, 0%=1.48Tho7. —H, 3
rd trial T, EFFBRTOHHEORTFIREL o 7.
BEEIR T, Gl EG2Ho»IZER DTV
—FTHHIEDBbh b, Thbbh, EFFTILGL
(n=149) T®D 0% H33.28, 0%, 133.98 TH o7z
DXL, BEHBRTRIMOEESILE > 72
(0%r=5.01, 0%,,=2.76, n=46). Z fiZ, Sub-
ject H CHREBFDERTH o 7z,
GleG2TOMHBFEy DT ~TEMH6 IR

[/ JN N U I TP P P P
1o 8; }s{.ge; 30%MVC} | bef : EEhAT
I st.be | Ly PA
& 5] lo G1 3rd.aft F|aft : EEHTE
5 - J+G2 3rd.aft !
6
q') L
N 4
©
E 27
2 01
-2
-4 Tr1 T 71 T T
4 2 0 2 4 6 8 10 12
normalized mpf .
P Subject A

5 MPF-IF »v% — > 0%t

3, 1st trial T, AEBRELLEE TR v
Teboo, EEHIZEDG2HEGCIID S v
K& Zk-ol. Ly, 2ndtrial TiX, Subject A
13G2 (y=0.358) 3G 1 (y=0.404) XY H1EEH
BEETRZVWLODNEL, SSIKEFHERTRE
Blo/hE»ot, —%, Subject H T, EFFTic
G2 (y=0.519) #G1 (y=—0.198) XV IEEK
KEDSTDEMLT, EEERTIEG2(y=0.142)
BG1(y=0.462) LD b HEREWNE S &oTz, &5
iz, 3rdtrial EEETTIX, Subject A TIXG2(y=
0.549) 28G1 (y=0.834) S VD B FEW/NHZL,
Subject H Tix G2 (y=0.440) 28 G1 (y=0.314)
D HEETIRELHDOKRED Tz, EERIIW
WiERE - b G2 (Subject A : y=—0.039, Subject
H: y=0.142) »G1 (Subject A : y=0.553, Sub-
ject H: y=0.462) XD dEEW/NE P72,

R-R BREREE, b Ly B S LRSS IES
A& D BhEL ok (R4(a)), SEBERS AR
B, LFE4 @t L T [a,b]=[0.05, 0.15] Hz,
d=0.1Hz £ L, HF e LT, [a,0]=(0.
2,0.81Hz, d=0.2Hz ¥ LTR®T.

HF %4 & LF 50 ER TR, ’HFT
B, HELLERTOAEEEZERRRA L2, & trial
T, [+ (m) I GEHHCHAREH R CERCEM
Liz (®7(a),(c)). —7, ax(m) 33 A28
L CEBERICEA L (B7(b),(d)). &5,
trial IO BR R FAR- & 23, trial B2 31D
NCEEIRT TR ax(m) PWERICHEINT 5 DXL,

1st trial 2nd trial 3rd trial
Subject Gt G2 G1 G2 G1 G2

[ NS

A

p<0.05 »:p<0.01
6 G1, G2TD y DZEAL
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[Hz] f
i

.105-

T

9
bef aft bef aft bef aft

frequency
n

isttrial 2nd trial  3rd trial
(a) LFRC 2Bk E

]

.025 - [
o 027 .— [
g ,015: l_ -
g 013 §\f N
w ‘005: C

0

bef aft bef aft bef aft
1sttrial 2nd trial 3rd trial
(b) LFE 2 1RIE

F == == I FHEERE LIRS BN 231

[Hz] f,
45 I
> .43: r
;-; 39 -
= 37 =
351, r . r " .
bef aft bef aft bef aft
1sttrial 2ndtrial 3rd trial
(c) HFREK B 2R
&,
.025 .
3 .02 B
3.0154 * -
£ 7
§ .014 -
.0054 B -
0+ T T ; -
bef aft bef aft bef aft
isttrial 2ndtrial 3rd trial
(d) HF X 3 iR1& Subject A

d.f.=1200,*:p<0.01 i%:trial A f &L U trial [ as 3T THBEFY.

7 HRV O HF B4 & LF g3 0%t

EHBRE o(m) VEBCRAS T AEASRE K
7z, BB, ax(m) OFHIEIE, Subject A 2% Sub-
ject HX D 3 FRI/PDE o7z,

5. # 3

5.1 HHIESS L RERDEEIER & ORIR

Subject A, 3rdtrial BAEEAICEH OEBRIC X
ZEBOEFBEFI T, ZOZEnd, vdH
% i3 MPF-IF 8 — > o HBBER 0 B8 (3rd
trial BRI/ N — > BIGEWAH L2 2) L &5
EHEOEDBEENH L EEZONDE, ZDLI%R
MfricEREsshiE, EFPHRT AL HE

ETHI LT, EEEFOREEIBETE 2 WM
BHEbDEEbLNS,

2nd trial 3 X O 3 rd trial OEEHRIC, FHBRE
THIES DR (G1 TEQOHBE%ERL, G2 TR0
EWHWAEMERT) BRen, ZhiE, Gl
TR REEYOERL Motor  Unit @ dere-
cruitment (2 & 9, (EENATRE R HRRELRD LT

{7zHTHDEBIRTE B, £/, G2 TRIFEH
TELHREPIEEA LR > TuRWREE BERL
TWaDTH D,

F 72, Subject A X 3rd trial 2B W T, EWiE
B ERMTABIC RPESNEMT 5 2 Lo 5,
Subject A 1Z Subject H iz { & NHEFEES 3B

bDEEZSNE, TRbBH, Subject H T, F

HEBRD Y —> A LRI, 3rd trial EEIRTO
yTIEG2LDHGIBKREVDIH L, Subject
ATRITTRG2OAEBNE P27z, TDAI,
WEREORAS EREBRRHVZ5THD.

5.2 HRV » 504 HEHOME

M= Z BT TWRVAR, ToTWwaA
&0 b HF A REEPEV EFHFESN T LS,
¥/, LE@%s & HF 5o v —i%, br—=v
TEToTVWBEADHARELOHED H 22, 2
@ HF gy FEE0L, KR TR fi(m) ITHEEL,
LF s & HE A 087 —ik, Z2hZh a(m),
an(m) W2 T %, Subject A D ax(m) OFIYHE
78 Subject H & 0 ${E»-7:Z &1, Subject A %5



232 NAZFRAH=AL 15 LB & OBERk—o

Subject H £V $FEANBEWZ & LEREH 2 D
DEFEZOSND, Thbb, Subject Ald2nd
trial T¥ Tz K &% RPE #5F %2, 3rd trial D&
BRI 5 Te,

3rd trial T, EBHE 10 S0 EEE L T IR
MEFEICRES o l., £D7z®, 3rd trial T,
EER D fu(m) OBIMBKRE»PoTbDEBbh
3, ZDZEMS, ZOK, 2EEFREBICHS
LOErEZHNB®, —7F, BFGEENC L 3 MKE
DOERE LWL, ERFHRLTEORBMREEE
ERALT D ZEBHONTBD, T ODHEDR,
EEIR D fi(m) DI a(m) OWAP L LTHER
T3 EDHEND 52,

5.3 AZEEEBHRF

Z ZTl%, Subject A @ 1st trial & 3rd trial iz
DWTEHT %, 1st trial O RPEIZ 13 TH b,
Mets % 8.14 Mets Tdh - 7z, E B FF R 1 30
SThHB, MPF-IF Ny — > id, EEEIEZ L Y
§—v AEWHFER L, Zhix, FHER
D 30%MVC DFEREAETH S, 7, EBRH
BTGl ONHOEEIZFITERLLET, G1 &k
G2EL2HENKRS TSI LIIREETH - 7.
HRV &, EENHIE T as(m) WA L7228, Zh
FEREREBITASNRDL DTz,

—7%, 3rdtrial O RPE X 17 TH Y, Mets i
11.35 Mets TH o1z, BEFHGERHIZ 4 3 Th 3.
28, 3rd trial OEBRHEEMA X, RPEXN 17 %
RTETORETHD, Subject A I Subject H i
 5RBBWz RPE 38 L7z, MPF-IF X% — >
B HDE, lst trial EFE U 30% MVC 0—EREE
HEBITH B Icb b 6T, BEEHRIZ Y —»
B 2R, EBHNZ /85 — > BIIEWAM &%
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Myoelectric (ME) signals are useful for
estimating muscle fatigue, but the estimation of
fatigue in the field is difficult. Fatigue is related
not only to the neuromuscular system but also to
the cardiorespiratory system. We studied a
method of evaluating muscle fatigue using a
superimposed M wave (SM wave) and back-
ground activity at several contraction levels. The
SM wave is the electrically elicited M wave super-
imposed on a voluntary contraction. We esti-
mated the mean power frequency (MPF) of back-
ground activity and the instantaneous frequency
(IF) at the first peak of the SM wave. The MPF
and IF were uncorrelated, or sometimes showed
negative correlation, during low-level contrac-
tions. At high-level contractions, however, MPF
and IF were closely correlated at the beginning
and then became uncorrelated as muscle fatigue
progressed. The samples {mpf, ifs} were
classified into two groups, G 1 and G 2, depending
on the features between two contraction phases :
muscle force sustaining phase, and degeneration
phase. '

Hence the purpose of this study was to expand
our method of fatigue estimation in the field,
based on results at different contraction levels.
The use of low-level contractions seems suitable
in field assessment. ‘

Two healthy male subjects (22 years old) ran

on a treadmill for three consecutive days. On the
first day, the running speed was 7.5 km/h; on the
second day, an incline of 4.5 degrees was added;
and on the third day, an incline of 9 degrees was
used. We measured 5 minutes of biosignals at 30
9% of maximum voluntary contraction (MVC)
during the endurance period before and after
exercise. Each subject was seated in a chair, with
a force transducer attached to the instep of the
foot. We fixed a pair of stimulation pads on the
motor point area and adjusted the stimulation
levels to obtain the highest superimposed M
wave., We measured heart rate, force output,
and ME signals from the tibialis anterior muscle.
The MPF-IF pattern of the first day was the
same as those at low-level contractions. On the
third day, however, they showed features of
muscle fatigue like those at high-level contrac-
tions. This change in the MPF-IF patterns was
probably correlated with the accumulation of
muscle fatigue and agreed with subjective
reports. Furthermore, the spectrum analysis of
heart rate variability showed augmented auto-
nomic nervous activity on the third day: increase
in frequencies and decrease in amplitudes of the
low-and high-frequency components. Our me-
thod is, therefore, effective for assessing muscle
fatigue quantitatively and has potential for
evaluating fatigue from local muscular fatigue.



