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Wistar REEZ >~ b 1408 (10 ks, {KE 293 + 4g)
PEBRIERALE, 2607y NEEELITKHR
B (LLF, CONT, n=7) &ZEfEhE (LT, CAST, n=7)
D2EITERY 3T L= (R1), CAST TIXEREHIE
JEAL CTFREL D K E X7 A@EE L., Musacchia
5101 DFEEBREIZT v MIIREMBEO Y ¥
7y b B REIN S BRRENCNT TS S, REAE
DA TEBEZR D BT, AiiRiCE > Tor—YR%E
HHEICBETE 5E S TEE L7z, CONT 36 L TUNCAST
OFFEE L, ERMZE U CENy—JICTRE
L., BELHUKITERE Lz, 2 BBOFRE B
WL RICR T EZ—v (50 mg/kg, i.p.) TT7 v h&
R L, & T AFROROMEMRREES KO RRICED )
FHIMEZRIE LT,
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KREGREZ. ALK FIZT, ~/30 > (1000 U/
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MEEE=FY 7 Lz, RIT, FEEEBEETIC
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Zin situ CHEHLE, HROMGRE, REZB/RHL
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727 7 EEN BT & AT L7, 2 BEE D KIEJRAL A0
S LHEL.ZOMBE XV ONEESE S it
HERMEENIEE CO T U EEART O T 1 7T AT0° DN
BETHMERILE, 0° OAEE I /secllTI® F
THEES S, 5 90° & SRR L. RlAEE
12T WCRTEREE LY, £7-, BfiAED T 7
Vb [FIRRIZ RO AR RRIEE & & $1220 kHz TA/DEH
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R BRIOMBREENC X 5 & T A 50D DR
EEZ 1B &7 0 OIEEEE (imp/sec) & LTHEH LT,
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RSN A 5 SRR OTEBIEED 3 /2 BTy i)
15° FRROTEBHRZHIE Lz, E7-. BIRTds L OHMI7eR
CAERREREN SN E N EEENE R 1 AR OMEES L
U0 BREF ARV 1 RIOEEER S LT,

3) FfRICT 2 AR ORIE

ROMEAIRITE 2 JE U= 5B IS SOl 0% iR L v
LI ABEREL, HEEEZHE L, Lt
T AT L7 AEIES (NaCl 5 93.3 mM, KC1 ;4.7 m,
MgS04+7H20 ; 1.2 mM, CaClz-7H20 ;2.5 mM, KH:POs; 1.2
mM, NaHCOs ; 25.0 mM, Glucose ;11.7 mM) TfRAL. 7
U7 AVERIITIRA T A (95% 02, 5% C02) ZALHEL
Teo BT AFBIIRAERE TR LTI AN, BT 2
HO—diE S —RE—F (DPS-260, HAYAF 1L
VAT L) ICEEL, SEEEND N T VAT 2P
(BG300, Kulite) ZHEGiLT-, ¥=F a2l —& Tk F A
i D—daz RADFAET HMNEECTHE L, HEZH
FELT, ZOMNETHEE LTz, fOEEHFHICHED
7 %% —RE—FICLVMHEL (ramp stretch), %
DHEN T 5 BMOEELTT 72 (hold stretch)
W2, HERE [FEE CIONMEIZR Lz, ZORIZE
NPT AV a—HIZ L0 BSNT-ENHEIS
ramp stretch (2K DIESIZEM RSF) FILOthold stretch
BpoiaR7) (HSF) Z#BIE Lz, ZOERTHELNDES
AR IO OMEEEDY 7 Fid, 1 kHz TA/DZE
al, X—YFrarva—F CiraiTo7=,
4) FEHFRALER

T—H ORI, FHOEHYEEREREL L,
BRI 5 BEHIA B L OROEARIEEY OSEE & DR
RIZENFE ST 23 Z vy, B AE W, F72, &
FEMIO BT Mann—Whitney DUMEZFEH L. FEEA
DIEMEDE#RIE, Wilcoxon DG BNENARTE 2 AV,
B, TRTCOFGITES LERESNUT2HAEEDH Y
L L,

%E (» ESABHRER (mg) RER (mg)/AE () fh&(mm)
CONT 334+5 187+10 0.56 24.0+0.7
CAST 281+16 99+16 * 0.36* 18.0+0.4 *

*; p<0.05
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CASTODO & T A BT E 1399 + 16 mg TdH ¥ . CONT > 187
+10 mg & 5 & AEIK F 2778 LTz, fHln R (ng)
ZRE (g) TR LU7ZFE80E. CONT 230.56 T 7=t
LT, CAST TI%0.36 L FEIIERTARL (1),

WK LTz e 7 AFOmiE @EOHNIE £\ %
MET 5 & CAST TIH 18.0 0.4 mm, CONT Tl£24.0+0.7
m &7 0 CASTIZBW T EORERIKFAEE S
7o E&1),

2) ROMERRRIEEI DAL

JEBIHT0° 1ZH1T 2 EFRIRRE TOROMEARIRIEE) 2
bl % & CAST TIE 74 £ 19 imp/s. CONT TI% 25 £3
imp/s & CAST TIIA B 2R OMEFRIEE O BEIN A 52
Ente (K1), 2S£ 90° £ THE LzE% DO
BIROSIE. CAST TIE 362 + 11 imp/s. CONT Ti, 193
+ 18 imp/s & CAST DRIMEEENL CONT & bl L C,
RER¥EMNZRLEE (M2), BBEf#io0° fREL TV
% & X OFBIRSIL, CAST 723361 =6 imp/s. CONT T
(&, 159 & 22 imp/s & EAISUG & [RIRRIZ CAST "TId CONT
CHERLTC, ARREMESRLEE (K2), —J, 8K
O & FOOE % B2 & . CONT CIEIEIIA)G £ 0
B FUSS B LT=DIlzxt LT, CAST TiE, #
ISR ENISUG & 7 CIEENRREZ R L, BEALZR
Wighot- (K2),

WIZ, BIETEENI AL S SROMERRRIE B DO &b & fEHT
9% & CONT TIL 2B DI EIEEIC E - T, RO
PIEENDSEARAN (v = 2.4 x + 43.6, T 2= 0.99)
ez (K3), LA, CAST TIXCONT &Lh#k L C,
KOMHEFRRIEEN DI IMDEEEWTIRELS (v = 4.4 x +
99.6, r2=0.99, HEH0~60° ), EREHLYIE6° LIE
Tl SRS EN T —E & 720 . Ll EOTEEEN
ISR (M 4),

3) BT O IIFEREE DOZAL

b T A REHRICHE Lz & & oRDEITIK
50X 5, HEMELIZEEIZALTSHRSE X,
CAST T1.65 +0.20 g, CONT TiE. 0.62+0.15 g &
729 . CAST M RSF X CONT &t L C. AR HEMNA R
L7z (K6), F£7o. HEHEMIREEL, BN —E
Llpo7-KEDEES) (HSF) 1%, CAST T1.41 £0.16 g,
CONT TiZ, 0.49 +0.13 g &720 . CAST MHSF & RSF &
[AEk. CONT &Hu#k LT, AEAEMEZRLE (M6),
RSF & HSF OZEZ#IZET 5 &, CONT B8ELNCAST L4kl
EHOENEE S, HSF TIIABERES O T 28
g2ahiz (X6),

100 *

O CoNT

®1 ZEEEH0° ITHITHRHBKETORLIEMEES
ESAHINMBKETHDEMEO TOBRMEL, CASTTH
ELEMABREIN S, *, CONT (T 2HEE p<0. 05

CAST
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400F % %
& &
300F -0~ CONT
—&— CAST
200 <§\2
ramp hold

H2 ROEHZISOEL—ZHE%90° FTEBEL-ERD
BMRG (ramp) & RBBAEII0° RIFLTULD & ZDRURG
(hold)

ERAFI90° EFTEFHLEEEDORLEMBREHOLELLTHS.
CONT & LB L T, ramp, hold & HITROEMBZEBIDOEM (%)
NH BB, ramp & hold DEEETIX CONT Tlkhold TORINME
HRTFEORDEHE (%) Ihizh, CAST TlE, EleshH#LHL
Hhotz.

¥ BRIGIZHITD CONT 2T 2HEZE p<0.05

* :ramp 1% 94 B hold DHEEE P<0.05

B

AT TIEL 7 A EET & 2 BERIMEZE R OsROMER
FHEBN DI b2 ZEFRFOISEE TN A T BAELEEN
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EIFHRHEEDFET D 1 afff ORISR Cb D Z & 5>
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B4 CAST[Z&B1THBIEHES) M S R EHIEES

EE60° FTIXEEER I > T—REHMITROESZFHN
#wmys LHL, EEREEERL, BE60° LRRERLMEM
BEBOEMEIH 5N,

DHHATND S 9, R 0° DOLHERAIIS T, CONT
& Bl U C CAST Gl B R DR TE B DB AN B 2%
Ehiz (K1), BREE0C IHEEMLTHY | & T AFhIdH
FENL L 720 TN D T DI FlisE X AR 72 675
AT BREAE LT DRELEZZ BN, 2
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] E—
RSF HISF
0 ¢ v g
r'—d_ Is
A A rmuscle length

5 ESAMmEMELEEEICEOALERAEL
TBEFESAHERRLELEEICEBONERADOEL, TERITH
BEEBOBMBERTLTWVS. ESAGOHRETY (ST SEH
EH—RE—LICEYBRLI. ESAfHZEranp stretchd %
ERSF &S5 BRNELNALN, TOMEEZRE (hold
stretch) ¥%&, BRAMNMBETFTLTC—EDIE (HSF) &£74%.

-

O 1 1 1
RSF HSF

K6 ESAHZR@BARICHIRLIZEZDRADLE
Bf/N\— (O) [XCONT, 2E/3— (M) (LCASTDERATHS . RSF,
HSF & 2£(Z CONT ICEEEI L T, CAST TIRAEICKRAAEML TL
%. (* ;p<0.05). RSF & HSF #Lt#9 % CONT, CAST &% I(CHSF
TIHETFTA#NS (% ; p<0.05)

F V) A ORE RN ICASTIC BN CLFFFRRAE TR T A
B ORHHEDIENBEREN LH LI Z L1272 5, Matthews
I XLERIRRE CORREEOTEENRAEIL, v RIC X W HEI S
TND E L TWDH, ARFFETIE, fe 28Il L T 57
DIy ROFENTE 2 LI, F OMUZE 2 HIVDER]
& LTI RO BB oS0 ERARE 2 il
5. Nordstrom &5 ¥ 233 2 TR I 72 o T-AFZEIZ R VT IRR
IRFHEREIOEIARE SN TS, ZHDFER LY.
FEHEA I TIIAEE D b DHRERER 2B LA Z L
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TG &V D FTREMES IR Sz, £, Box DFEATHIZE
(2R T EEALE 7 BUSEE CHEHEEDSEN OB 2 8
B UTRBR, YEOE R EABRIN TN DY, Zhb
OFERX 0 | BIFEEIC X A2 A U85 Tl
TSRO BUEDK FRPBEMED EFEBAE T TS Z EAVR
Bz,

WRIZ. BEEMEEN L 5 SRR IO 2 L& AT 5
& CONT G2 B O JEEN Ao CROMEMIIE BN A
EAR 28N AR L2 (X 3), McCloskey 59 X, il
BB B OREE 53R 7285/, BIEISEN TR b
b 6 BEEAENN D X ) R AR 292 LA
HLTWD, ZDZ ELiE, HOMRAREOTER) B D1E
ERREE DRI CEHE BRI > TWD Z L 2B 5,
F 72, Goodwin b * X, A ~DIREIE ClRROSER 24
U2 L BHE L TWA, DF YD 2 b OBIRIIFHOM
FAZ X B A EOTEEh EFIE S EBER Ch 5 LR X
D, ZD X DN, s IR x5 S50 7 i T
IS DR CIHERERIC ST 5 £ B 2 o BfEE
BhZRE S IR X 0 ARREDIEEY R0 D , AR
FECIIEEERNZ LV b 7 A E S, i5EEOTEE)
NEEINELOLHEIND, $72, 580 FRRT—
WRBIEAOHEINZ 7R Uiz 2 & C BB RIS U= fhkhsED
TGE) LR 6T (K 3), Z OfHSEDOTES) EF7-H3A
FERER E 72D TN I N TN D SO ERBR I LT,

L7>L, CAST TILCONT & bh L CaRo ORI R B OO
INDEEUNTRE < EBIETHIE60" LA ETIdsROEpF#R
EENT—E L7220 2L EOTEEEIN IR S e -
72 (M4), ZOFERMS, CAST TIIBIEHERN T LT
7oA M2 U R BIETTE60° LA CIITRE D Bafk
REL 72 (ERCEHR & L TORENEESNSZ &
DUREE N7, Z D X 51 CAST TIIFfhtEl BRI TEE)
DAE U BER & LT TR0 DA EDO RGN b
DD EITMATIROL IR BEZ DT ENTED,
i Lic e 7 AFOfEEZRES 5 &, CAST TIX CONT (2
LB U C BB L 2o T RIS T % L A B D
W T 0% e B 2 7 e 72 5Bl CONT % CAST &[]
UBREES T8N L35 L. CAST Db T A FRIAGREIE <
TR T GREIHESND Z L2/ b, 2D LB,
CASTIZ 431 % BAFMEEN A 5 RO R EN O s D7
Molz—DDOER EE 2 L,

SRCAEAFREEN DB & EISURI SOV TRV 21T
5 &, CONT & B LT, CAST CIIBIIRG & BHIRUGR D
i E EEESL & 2o 7, £, BIIRUG & ERORUG
DFETH A= L R—F 2 MBI AR UAMRIEEID
FE/ X CONT CIIBIEEMNATRE TH > 7273, CAST TIIEIZR S
T, BRI & EHIRUG OTEBMEEI R U Cd > 72, Boyd

5 IEIY 2 VAR — R D OVBREEEENCAE U S EH &
LT, OssENR K E S BFT 52 2R L TWD, £
T BAITERIOFERDTHORHIEZ RS- L T 50T
T2 EHEER U 50D )R MBI DUV CRIE 23R 7
Teo TORER, B 7 A e BEG IR Lz & ZI2AET
% RSF %, CAST "CIL CONT & bhii L CHERBIMAR L,
HSF {243V T % CAST CIE RSF & [RHE CONT &t L T E
7oA R LTz (X16), Boyd 2 OBFIEN D b iH5EED
BRI ISENAT S K OSSN ORERHEO R R 2 3=
ELTKRET D LB Z LN TNDHT20. CASTTOIRAD |
FRRCAEAFRRIREN 2 0% BAE L 7o D TIE7au s & 2
S5, LAL., RSF & HSF DFEZBIELT % & CONT, CAST
& BITIRNIDZEDTRD HALFH DS FH IR & L CIECAST
IZBWTCHE o R —% 2 FBRTFEEL W, DFE D,
CASTIZ 3V 2 SR DA BN & 1 D 1 PR E DB =
A= MI—EL72WER E 2o TS, LTER-S T,
FEDTEEIN I XFHRRHED J1 P72 R TR AT S U720 i
EMRHDHZ LRSS, Kruse b 2 [ IAFHEEESE)
DFFHFFHED T FHIRHE AR SR B & L CU Ry
PEOEALE LS LD, F7o, JHE (3R FEEDOTEENL
TR AR SIS 2 LIz CUBRIREEOF v
VARV L TCND T L B LTS ARFFRIC S
Th Kruse b2 ROFHEY OWRELIHFFTOMR L 2072,
ZDX T AR L 01 SNTAERIT BRI OBER
PEZHEZ & 0 AR B DIOUHEEREOIR T &\ S JFREIC
BE O T MO RS Ch A ATHEOREREI LSBT,
BN R A 5 2 5 ATREMEDMEEE T & IZERRICR
HEEHRIEOTHECIRRICER CE 5 b0 LB HND,
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Analysis of muscle afferent and mechanical properties in the immobilized rat soleus

Hidemi FUJINO, PT, Isao TAKEDA, PT, PhD

Department of physical therapy, Faculty of health science, Suzuka University of Medical Science

Abstract:  Despite the importance of sensory input for the control of movement, few studies have examined
the consequences of limb immobilization on the function of muscle spindle in skeletal muscle. This study 1)
measured muscle afferent with joint motion in situ ; 2) described changes in passive tension; and 3) determined
activation of muscle spindle relative to mechanical properties (e.g., passive tension) in rat soleus after hindlimb
immobilization. The hindlimbs of male Wistar rats were immobilized with a cast for 2 wks. Rats were anesthe-
tized and soleus afferent was measured during ankle dorsi-flexion by passive motion apparatus in situ. Passive
tension was measured using isolated soleus muscle. Immobilization resulted in a significant reduction of muscle
weight. Furthermore, immobilization had an effect on muscle afferent responses to a ramp and hold stretch.
During resting and holding, immobilization elicited a significant change in the discharge rate of muscle afferent.
During ramp stretch, the discharge rate of the muscle afferent in control increased with ankle dorsi-flexion.
However, the discharge rate became incrementally higher than the control and did not change from 60 to 90
degrees of ankle flexion in the immobilized soleus. By the 2 wk of immobilization, passive tension during ramp
and hold stretch was higher than at the beginning of immobilization. These results indicate that the muscle

afferent and mechanical properties change in the immobilized muscle.

Keywords: muscle atrophy, muscle spindle, passive tension of muscle, dynamic reaction, static reaction
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1A BB FH D UHERHZ 331 A IE B BN D RFRHIRY -
ZEME 2 T CTH 0, K, RIE, BRI 515
WERTD. OEREIEREFIR U7 B XK JEw
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BT E AV, AEAEZS % & L.

[R5

Cybex770IZ L » THEH I —2 ML 7 IXEHIC
PFENEROIE T T 2 Z7R L, Z£OKRTRIIFES
40.4 £ 11.0 % CEHEEEREZE) Tho7o (K4).
MePF [ ZBH4EREL Y 9 BIB £ TIIHM L 7B £ D%
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DIFI SN2 EEZLNDD. T HD/ERND,
) 72 UAERF D MePF OAX T 13 MFCV DAX T D A TR
HTERNEEZLND.

EENEAT OTEIE S ST — 27 MW R RIT
FTRFO—2Th 5. HEEHEAOBENE & A LV ZFEES
BEEE DB 5 & SRR T 920, £/,
HALOENE & B & OBRIC W CEABRRME (UL
T type I BRHE) I B Homk %, SARMRME (LA T type
OARHE) IXE AR ERE RS 55N TVD
L — g, BV OBIR I A XOFEIZHE D
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(ZIBANAY 72 type IARHEDEIR & A L7 UL RFESHFE D
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L, @A EB AL OFERBL &, iFEhC B L
TWAEBBEMOBEBEICER T b0 EE 6N,
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% B OLdEE T OFRIEEN Y — L DR E I D
DT DHZETHA.
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UBEIC AR - VERIEIC K D8R T ACL B
A HEAT S, AR— YV IEBASATHE & 72 o o ACLFFETIT
HEE 136 (BrEoFl, M4, FiiNoHIEET
O - 42, A+ 312 A) BxXfgE L

J511% CYBEX770-NORM (CYBEX #H#4) %W\ T, £
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[ ] ffateoonsl £
I EEI0k T

* :p <0.01
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&
B 8
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2 4
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BAEI0%LL £ R AILEI0% LT

K8 E—4 FILYDEBAEILEAI YLUEE I HELT
DEED peak MePF EFHEDREBEZED LB

[EIfEAT L, RIS PAAR O R EFERZRIE Lz, £
HASEX OB EIZIE MyoSystem1200s (Noraxon L)
R Uiz, BBRIMAIIKBANAICRER &L T
emUTZER & L, EARRIEERES om T3 70 BB ALERIZ 1T
FRHRAME & SEATICREAT L7z, o 77 o RS kHz

& L, MyoResearch98 (Noraxon #Lf) Z MW TA/DE
$a%1To7=. LT, MATLAB Ver.6. 1 ZHY iAZ,
Gabor B % AV V=i 7 = — 7 L NASHAIT X 2 FRERE
SR B RNT 24T o T FRAT AR kX 12. 5~200 Hz
L L, lEOMMEBESF DT —4 % 0. 05 FP R TR
L, ©—727 b iR (0. 25F0R0) O R (LA
T peak MePF) OE¥EZEH Uiz, F7z, BEHELE
& (LOGIQ « 100, FEAI AT 4 HL4EED) D5 MHz U
=T AT o — % TR AR O BBRRREATHERAL D E
ZRIE L. 78, BIERALIZINEML T OB RAL &
L, +50/ & it S B IRRECT— ADORE D HIE %
1To7-.

SHTERE TR & BBV T E—7 MV B IO
BEa2%IGEDH D tREE AW THE L. £ LT, peak
MePFDfEFEZE L B — 7 h L7 ORI & DBEfRIZ- DO
TET Y OMBFREEZ AVTRE L. &big, &
R=VEIRORZE ENDE—7 b7 ORHAIEEA90
%L EDEEL 90 % LT OREIZSEE L, peak MePF &
JEORBEEZRIGO2N t REL AW THE L. 2
B, HEHFREICK T H2HEEAKLELS b & L.

(Hz) fiE 151/ 1 fiE 512 e (AR
120 120 — ER{H
ey 0.25s o0 - 0.25s
B e 7 60 Vo
P54
¥ 40 40
20 " 20 .
0 1 1 1L | R S . 1 1 111 1 1 1 ] 0 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1 L 1 1 1 L 1 1 1 1 11 1 1 1 1
O - N M YTBWON OO~ =N®EDGQ O=NNRTBONRN - NQT O Q
0O O 0O 0o o o oo o T - - ™ ™ O 0O o0 oo o0o o oo - - - —
B (sec) B i (sec)
fREho0E HEE

E—IrL AL 102.4%
AR f2{8122mm, 24811 7mm
{8 — 248 =5mm
peak MePF : {2{8]73.4Hz, $£8184.2Hz
fffl — B Al =-10.8Hz

E—IrVoREILE:71.9%

B EAI24mm, EEI21mm
{28l — 28 =3mm

peak MePF : {2{f183.2Hz, S {8171.9Hz
4 — B/ =11.3Hz

9 E—4 ML DRAILAEEZRLIH & IBEZRLI-HlDpeak MePFDEAL EHEDEEE
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B— 7 RV i3RI 192.7 + 53.4 Nm, AR
167.8 = 50.6 Nm Th Y BAIOFEERIKTZ2RDE=
(p < 0.01). AHEGLEMAN27.0 £ 5.0 mm, BRI
22.8 £ 4.8 mm ThHhYAREICBMOFMEEELZRL
72 (p < 0.01). E—2 bV 3&5EAMA R IIHEE2Y 68. 0
+5. 20, BING66.1+6.6FETHoT-. £/7, B—
7 RV OFERIEEIZ87.0 = 9.2 %, FEOEBEIX
4.2 £ 3.3 m Th-oT.

peak MePF OHEIEL V' — 7 MLy O & D
A ERAOHBEBEREZED (r = -0.629, p
< 0.05), B—727 L7 OREBILLAEWVIEE peak
MePF ORI & DEH RKE <, BAILA 90 % I2iES
IZFEV peak MePF DZEMNREA L, #HEIEEA 90 %
VL Eo#kmE I, WAl peak MePF O3 E
VWEMER L (KT).

v —7 hv7 ORHAIEEDY90 % LA EDOREIZ 54, 90 %
UTOREILS8 L THo7-. peak MePF %90 % LLED
HCIES AT 4L BBROTREVEEZRL, 90 %LL
TORETII8A AL DNREBOFREVMEEZ R Lz, M
FER] O LB CIIAEHFANCA BZEZ2 72 (p < 0.05).

FHIEDOMEBZE IR ORICE BEZITERD o7
(8).
X9z —27 hvr ORAILE R EEZ R L6 &K

EE2 R LTeBIOBHEDOREZE L peak MePF 2777, #
FRFE 1 CIMEAILE A3 100% 28 2 TN 7228, ff R B
DFFNE mmD7eho7=. LH L, peak MePF |2/l
DFH10.8 Hz BVMEZE /R LT, R 2 Cidalt
1X71.9 % TH Y, FHEITBRDOFGH3 7oz,
peak MePF & FBAIDHFMEEEZ R L, £ DZEIL11.3 Hz
Th-oT-.

[B%]

L EIDOFER, peak MePF DEBZEL B — 2 FL7 D
Lk & ORICITABERAOHBEREREZRD, v©—7
MV OREHAIEEDS 90 % AT OFE CTrIHEl o 55 23 peak
MePF @272 D%t L, @RI 90 % LA EDFET
VXD J5 23 peak MePF 23@Eho7z. T DFEERD
b, B —7 Mvr Ol & < 72 B 72D, Bl
peak MePF DEEFACNEERER THH EEZ 12BN
5.

MePF |25 8% RAF TR - & L CHIF Lk~ 7z MFCV
MZTF B 5 5) . MFCVIIFFRAMEDELR, HARRHEDE
BB LI OEBHRHED A IEER & ERN2EERH 5
EWVbILTWNAYS O UL, SEOHBEIIERIC
HERED L TR, Ml & hid 25 L)
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SWNEEZ LN, B —7 dvT ORAILLAE Do TR
O peak MePF D& JEHALIZ MFCV O\ ClrIaiAAR ]
HETHD.

FEE R 22 IERF I EB AL OB B & A > UL R
FEEHEEOMEERICIVHENEZRH L WD, &
D & 5 T EB AL OTEENRZ b MePRIZ 28 % KT T K
TTHY, IEICSIN L TV 5 EB A2, S5 E
0 EFHRRHEOENE OB 19 (X MePF O & & 1AL % 5
TRITEVDORTWVD. ZNHDZ L EEETDH L,
AFRIOMIETIE EDORFMN EDOREFREL KIFL T
BT LMNZT D Z LT TE WD, HEMEORIE
LTV 5 ACL BT tE O NMBIA RS Cid, (Rl & s
% & KA 13 O BB AL OTEEMRDI R 72 - T
WBZ ERRIBE N,

ACLAREREE HHVIIHEREE 235 & L TEK
BIEMT % N TONT 24T 5 TRV D0 S
TWNWH U Z N 6DHETIZACL AEREH D W ITH
BN 4 A OB 5 C BRI O PNRIA 5 D MePF 1 3K JE I
BHEARICBIT L T2 LTR Y, SRIOMZE I
EORE LTRG-S ER L o 72, ARIOHIZEOH
BREFITBEORE L T 2 L HEMOLBEIEE TO
HEREL, —EHMHOIZR I A B F—va VK
TL, BfEAR—VIEBNFEEL oo TS, F
ZVZRET B AR - i OB BE - D AFFEI I
HEEINTHAERLY 2D IXIEEefh % x5
ELTEY, Eiix 2 LI OMRROBEIGHEF 1TV
FEERHADESRZ V. iz, RO hL—=271C
X MR EROEIZET 28 EITD e, kR
HIZERD b T R ERE B AR R AL A3 D JE A b
TBHDN, HDHVITEFNC L > TEEREIL LY, KE
BB OEEENMLRWER A EZOFEMR A B =X L
IERHATH 5. ACLIEE% DI EMREIXIFEIEDIK T DA
T ], EHEZAEMOEIC L B BEEIFEMEOImEE JH
HO—2THDHI ERREINTEYY, ZhbHDHR
T DRERERI A 2R OB E L RIE LTV
DO LRV,

[ Bh A 72 e RF D JB i B g AT D 4 1% DR RE ]

ENHY 72 G IRE OO 7 BB X B R AT I 33 1 D RERE R &
LT, £ MHECd 2 BBALEOEILNZET b
5. FE e I CIEAENEL L2272, IZIZ R —E
MOFHEENZBIET S Z ENFRETH B2, BRI
FECIL, HENSE(LT 5 - OESBRMGR & KR T TIX
AR oM OBEHEZREL TNDEEE216N5.
72, HENPELRD ENFCY [ HET LY, FEEEbL
BEbT 52 ERREINTNDEY. XoT, A
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Frequency analysis of surface electromyography using wavelet transform during dynamic

contraction.

Eiji YAMADA, PT", Hiroshi KATOH, PT?, Satoshi TANAKA, PT", Shin MORITA, PT", Shouichi
TANAKA, PTV

Kensaku Miyamoto?, Satoshi Mori, MD, PhD?, Hiromichi Norimatsu, MD, PhD?
1)Department of Rehabilitation, Kagawa Medical University Hospital

2)Department of Physical Therapy, School of Health Science, Kibi International University
3)Department of Orthopedic Surgery, Kagawa Medical University Hospital

Abstract:  This paper describes 1) changes in frequency characteristics of the rectus femoris muscle before and
after IEMGT during incremental exercise, 2) the frequency characteristics of muscle fatigue during thirty repetitive
maximum isokinetic contractions, and 3) the relationships of frequency characteristics with peak torque and muscle
atrophy after anterior cruciate ligament reconstruction.

The results of the first experiment demonstrated that the inclinations of regression lines significantly increase in all the
frequency ranges before and after IEMGT. The angles were smaller in the range from 66.0 Hz to 132.0 Hz, being
centered between 81.2Hz and 93.3Hz. The data of frequency analysis with wavelet transform showed that [IEMGT
resulted in additional recruitment of type II fibers following size principle.

The results of the second experiment demonstrated that mean power frequency had a tendency to decline as the
number of contractions increased over time. Total power increased during the first half of the contractions, but
decreased slightly subsequently. The ratio of low frequency range against total power decreased just after the begin-
ning of the tests but increased after that. However, the ratio of high frequency range against total power showed a
tendency to decrease. From these results, it is possible to capture the changes of frequency characteristics in dynamic
contraction with wavelet transform, which cannot be analyzed using traditional methods.

The result of the third experiment showed that a significant negative relationship exists between the ratio of affected
side to the unaffected one of peak torque and the difference of the mean power frequency at peak torque. This
suggests that the shit to the high frequency band of mean power frequency is an important factor in increasing the

ratio of affected side to the unaffected one of peak torque.
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FRLLT W E o, e REFNH 5, TMS IX
Faraday 723 18314RICR R L= EBRGGFEL ISHLTZH D
Thbd, HEICHETLHIIICRE LT aA VZERL
(0.1 msec) B—ZI|ZET L VOV RAERZRT Z &IT
L oT, aAVOE 0 ITHERBIE Z D, HEERIIHS
I HHETIOIICHEREINDLDT (Lentz” s law), 4
RN % JiEAL 5 B BRI = A WISt L7 & 1
WA X2 5, BE —RGEENEF EIZ 2 A L2V TIMS
THIMT 5 &, ZZMARFRAINEIC LD By F 7 2%
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(MEP) 2FRdkT& 5, ERICBWT, TS ~DIHE A H
EThD,

BESHIC X 0 AU D MEP 1E, BERAMIC L 5854
£V BERFR RN (K1), & LT, BREE T COREE
ARFLERIT & o T, IMSH T I3 IR DL BER IR DTE.
HERELZE (Direct-wave; D-wave) ZH|E=HWT, K
BENE= 2 — 8 M DEMLY S D ATIRHED BT
L AR ELZE (Indirect-wave; I-wave) DMEIZEX
NAHZERHLNZINTZ2W, ZRHDA 7L A
BN, K T—o0 e LTHEINE L ONKER
X (electromyogram: EMG) THEx H A7z MEP T
B YABIUE MEMRIZLIZ IO OFEOER
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(percentage)
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- 2 100
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X1.
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FEARGE LT,

4. RIEENVRIIIRERCEBNCRBET A RENATIC LD
— PIEEN I DR R MK T3 5%

1) s

EF O OB LY, NEBHZ K > TMVCREO 7
BORTe, EEHIGEDNEMNT 5 2 EARSNTE
728 390 2N B OBIEN G, RNEENZ XD KT
T RIM B K YEDAK T ABEIFR LT D L 5 BEEN
2L IRENTE T, L)L, BURIZ KM E N TORERE
KT Z2E AT, Foxr OB LZRY TixZv bl
EER) PICML 2T D 2 LTI S5 MEP 2 8152
UL, BEEEE R O RERHKEEN, T bbb
WED RIS A~D AT PRI E TR D Z LB TEDH, L
2L - OB, MEEEENC S| X\ TE U D RIED
O DREFENT %8 /T2 AL DB E &N H Z & 1078
Do DT, KA IR OMRECREE ) LT & o
FHIRMEGATRER L 720, LRI D6
LA EORER L7 H ONFbMh 67220, £ 2T
ARFZE ClLES) A A —VBEEE Wz, 22 Tl #E
B A — VA REOESHRRIC L > TEZ LN
B 2 N CTHEEL L, EEICIESH AP, Hin
HIEEZFEITL CNWD LK LD Z & &T 5, 1EH)
A A—=VEREET 5 &, BIEOES) I 2 E#h]
BPo A B JEENEF SR BN D 2 & 030y T D3 4
JESEENE L RIBI B S I EERRE 21T O AR B
boTNAHZEnb LY, #EEhA A — VIR THi 2 E
I NEE TS LIIFE LR, INHDZ &b,
HEENA A — VAR CRREREMEN L LW L BB R
AbE s &, MEPHHE KT D OIS EEN B 72 &b D
ATNZEOMUZB W TR TR EZ AL TS Z &I
kB EEBEZLNDD, i, EB) A A — AR 1 LE
ANZERD Y, EBOBERER SIZL > THED Z MW
HNZINTEY W, HERE EEROHLEHTH
5bDEEZDH, TOLIBRERIZLY, MXV b 1
NOEENFEE 2D DO AT (RENAT) (L5 M HE
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PEDS, NEBNC L > TED X S I H D% B
T BT OIZLL FORIEEIT> T2,

2) Fik

FEBREEL LT, BRARRNEROTZDICFEH N Lk
FTEX T ABEE LIAERI 84 (21-37ThE) ZXRIZL
7o XS AEEHMITI~6EETH T, WEIZFX T
AEEERELZYEYH (BEH, Disuse stage) &,
2 A OB FEFENG % (B H, Recovery stage)
D2[EfT o7z, Fio, XIREEE U TR 84 DRLAT
P2 RRERE & U, R & R ORIE % FEi LT, B
BRE T LRI RIS ERE L, BRIER X ORI % 45
© FREER R U2 & Ule B T O RN ERE S 72 R
T —7 Wz, #5RE ORilEn & F5 % EE L7z, A
VB « [BISARREIAL & LT, EMG ZFeék 3 572012, R
P TFARJE T O ARG I BARA BEAT U7, 37, EBREE O
HIIRES & LT, MEERKM /1 ERF O ER % Frék
L, =0 RE S FHME (EMGnve) % FHE L 7=, EMGmve
VLB & T OIRREIC X > TEENH Y, #0 - LEHA
L7 M EA 95 2 L IXTE RN, FD 720, IEH
PR A bR TR L CRReR L7 iR EM B O HRIE ©
Mgz LI k0 B LI CTHRE LTz, NS 13%0H
B, FREERJE i OEEY A A — DAEEERE, MVC D 10% X
JLVTOFE T (10%MVC) B, D3 RMHTTITo, £
NENDORE T, KT DM A 508k L7-, MEP DfatE
T & BMETE R f#] & DiRIE (MEPamp) 13 EMGmve & [RI4K
WZER EMIE O (Mmax) TBR L7z, $£7=, FHEET)
Za—n SV OBBEEE TR D 2O, HE 2755
U 72 ARFFE CIIERRIER 2 5t 8 & LTV 5720, Hillg
B % D72 < BT, —fRICATH I D H/MhBR i
W L7 ho 7 3B = o — 1 o — ) UZE E A faRE
DILINT, BEFREHIMEPO R SN =56 L FIREED
HIRRRED BB IE AR L D & Lz, Z OO OFHR
AN, & 52> U2 MEPamp % 5HAI L TRV =,
Z LT, BERRECETHREZEBLIAML, ZifkD
MEPamp & [FIFRFE @ H kiR (Hamp) B S5 E
RHBRE 2 R E LT, T ORISR E CHKFRERTT
B HIE 2 35 3 U 7o, SR L AR AR 0D S/ P Y o
WEDL DR G 5 T8, EERHFIEL & 3t I & 22 BT
1TV, ZERREOHIEIRIE 0N B AR RE L 7o fRiE > H 2216
LCWRWNWT & 28 Lehs b ERFLSRA 1T - 72, TMS
LB, EB A A — DR L ON0UMVC DFRRE
N EAK 2 PRI U 7= 1% 125 0E L 7=,

3) MERLBE

Mmax 13 3EER CHEGH A BN o T2 (K2/E),
ZFRICH L TWCIEK20AIC AT L 912, BEE TIE
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[EI1E HA O FRAE & el L C, FI50% £ TIX T LTz,
ZOFERN G, S EOFEREE TIIFFICHEER R H )
FEREDMIE T LT\ 2 Z & oD D MEPamplZ DU TCHE,
LEFIRFIC I 3 BER ORGP HE BEZN 2D o 1o, £
ATHRE LT, iEBA A — UAHELRF O MEPamp 13, [E & #
WZRWTEIEHR O ERE L i L CTHERICIRT L
Tz (K3), 10%MVC TIX3RERIICE BZEN R0 o T2,

B Disuse stage

(] Recovery stage
p<0.01

Control

(mV)
10 -

|

6 —

4 —

2 -

0 —

Mmax EMGmvc

2 60 ZNFNDEIZE TS Mmax & EMGmve DFHY+ SD &
T, Mmax (L3 HETHEENGEM oA, EMGmvc (XEIFEHIIZ
BLWTHEICETLTL:,

EHI, EBRBEOBEANTE 7 AEEDEEIZONT
MREt L2 DMK 4 CTh D, EREEOHFRE H—HFIT >
7y b5 L, FlziEPatient] TiX, BEESTH X
FRBEDMEPamp & FIFRD L)L TH D Z ERbnd, L
L, HANTHETS L, BEHIZIEIMEPanp 234 &
W2 <, Bl A RHIREE & RO LV Z B EIC R LT
Wi e LTh, Patientl & > TIHEVMETH - 72 &
Exle, ZO X Tay B L, 8FIFTHIZEN
T, EEH TIIMEPamp 23AEZIZIK T LT,
H#EIE, MEPamp OF5H & EMHAIC R > T (1
5, T7bb, BTOERET CTHR LIZHEORIEIZD
WTC3RERI T L7223, AEZEITIR o7z, Hamp &
MEPamp I%, = EN, FRINTRFEOHZMHEXIOK
XX L HOHEEIXEMBRICH D L 49 JE5T,
MEPamp 78 E EHNAR T L7z D%, BHREMEOZET
HoT-AREMITIRN E E 2 T2, 7272 L, TN TN ORI
SREE 2 BV SH RIS Y 7 V— b T D EE AL EE
L CW DRIt E 2 5 TRWHBREESREL TRY,
W DOBARITSERICEMRBERIZH D D1 Tldlen o,
T, ABFFRIZIUNT TMS THIEE L Ty - EEh
NLRE & A TR L WO MR O NERIZ 2 < [
ChFTiEhnwiey, FHEf = —n 77—l
T HEBHEE(LEZRICTETE D HOTIERN,
MEPamp |2 B3 2 5 R OBE R AR T 5721, 1E#HH)
HAOEKET VERR L (K6), EEA A — Ui
H D MEPamp (%, BLFEIEBH T L TWH RN 0D,
FEROEB I SIZB I D EALFHED HML~D ARG

(B)

I Disuse stage
[J Recovery stage
Control

#% . vs Recovery stage, p<0.01
## . vs Control, p<0.01

T
40 60 80

(%Mmax )

(A)
Patient Control
Disuse stage Recovery stage
Rest e
Imagery
10%MVC [
E 3 30)

(A) BEHO—BINSEEE LT, Tih, EA A —DBE, 10%MVC PICHERINI-MEP DEFEKR. (B) Mmax TEELLT

MEPamp, BEEHICE T 2EE A A —DBEHDMEPamp (X, EEHME L URRE LR L THRITFHARICET LTV,
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@ Disuse stage () Recovery stage g Control

**: p<0.01
*:p<0.05

*%

i

**

t "

207 =«

=

©

E15-%

=

2

8 10 4 *

: {

(p *%

& 5 é>$,} §

=

®

04— -
::ﬁi?%&‘z“’
E 5 & 5 5
B E B R 8 =
S EFEFEES

X4 GO BB A—JEEPICHERLI-MEPamp #HEBREEICTOY FLT=

fz&CB, 8BIRTHICEVTEEHICIEIARICETL T,

A Patient
Disuse stage Recovery stage
Rest p—™m™m——— —A
Imagery
10%MVC
5 ¢ (A) EHO—HINSEELT,

3 HMICHEFHEREE AN o1,

FRBT 5, ZORFOM BEME, ERRIZMVC D 5%F2
EOBIMEEIToRICAZETHH L bbb ®, &
BN OIEBREBITIETUT & OFRAMECIEENRIR M O
E D HAHNAEFOREE L TN R LMIZENT
1/\647_53)

Wl LTAMETIE, MREHFREDOHEED
EEZITICEDL LG DOFENANIZE DML
DOIRBERNED, REEICIVIET T2 E08HL»
WZiot-, Z2LTC, TORBHEDOKTIX, #FEH
DHENS, HHABEDKRTLEDLYV DL LD
EHEERT D,

Patient7 1 @

REE, EEA A— DR, 10%MVC FRIFEFEL=H

Control

L
©
€
2
a

EBRECOVTIE, ETHEEELGDOMEPanp FLEEL

Control B
B Disuse stage
[] Recovery stage
AN Control
I I i I 1 ! i i
40 60 80 100
(% Mmax )

BDEE KR, (B) Mmax THE#4E L 1= Hamp,

5. NIEENTHE D fFHH/THETRE MK T IS HE 5 B R HERS
DBEMLAL
1) Hx

RAEE 72 & OREEZ 1T, BRRIESI S “HE A
NTWVDEDONE I DPBRONGRN &) TR MK
TLZRx &, BHATICHREZD &V I BIGRE R
B ENEZ, ZD KD e FBIIEIT, BRI
SR DZEENRS, EMG D ZREHE AR (root mean
RMS) D#ine L THRETE %5 %, F7#E

square:



B REENC X 5 EBEEIE T2 B ¥ 2 ERAEB AT

CNS CNS CNS {
SMA SMA
PreMA PreMA
T™MS T™S TMS
Ty Tl Lo
| M1 | l M1 I M1
CST CST CST Brain Stom
\ \J w/—‘
SpMN Pool SpMN Pool SpMN@ <
Muscle 'y A Y I
= > Sensory

Muscle ,Spindle

< Rest >

K6 EHROEHEETIL

BHANOSDLFENE LTI, 7 REE L ERT 50
% CHIRIIC R CRR LV O % SET-35A1T,
X7 AE ER N TEB AL O FE KAERE AT T3 5% 50,
ZDXEIRGE, EAHRTIX ED X 9 Iekie & b
DHELTTWDDIEA D M JElT, NI EVOML Tk
TR RN Z > TN D 2 e Bk F 77, %
FRIRF LI A TR DU S U ML B 3 28 (k9= 5 18
) JERRIR AT BRR _E OFF 2 LR AT RO L &
RETHHDTHDING, RIEEHERICH T
(CST) BEMEN L LT D D TIE s S HERI L7,
EEHEERE LB 2 5 &, RCRIEEEIIRR AR, &
B L~L, HEEH RIS BN D9, BRICIhE
B 7B AN B 59 5 B R HERS X, EENRXIC B
D5 REEEBE D D OF & a— FME L CREHES)
—n UBE A RET D, % 2T, BRI TRl S
NTWLEENH O CSTHEMEELZTARD T2 DIZLLT
DEBREITo T2,
2) ik

KGR/ B 104 (19-315%) T, RE#ET
NE L TR T RABERBIZE DN AEREITo T2, KA D
PERE IZOWCRIBRORIE %, X7 A [EERT (BEE/)
EXTAREYS B (BEER) IZEME LT, X7 ABEH
MiZ 1M (TH8H) Thol, FTRABEETOHIE
BN & B O i BN HETESS (Delsys, Bagnoli—2)

T IC L aa—4 (Olympus, DM-1) ZFWTIER8kL
Too TS XY, X7 RAEEHIE 218 L CTH &2 e fils

-
—

—

< Motor imagery >

27

< Actual contraction >

M TON T2 2 & B 2FNZ OV THER LT,
F 7 A [E VTR O R R TR XV ST b KR
EEAL3 4D 1 E TV, BEFIEE 20° , BEEHE
#i70° & L7z, BRR C—RIIThN A X7 R EE & H
B 5 &, ABFSECIIRRBIEI O IR Bl A E S K Z W,
L BB E L0 R LR TEET S &, AT
TOH GBI 2BHEESRIC S E L KT E 0D
HENORELIELDTH D, X T AERELZHEIZ,
JARBE & 2 BT O BN nl Ehig 2 JIE L, BEENE 72
T & A RERR U T, JTE O RN IT AL C 2 BB TS RO
°, WRBAEHE /R 60° & L, ZEFIFIZERICHEE TE
DIREETH o T=, FHEEFDOEMC 2 & T A ) Stk
L7z, BT —#idu— kL, TMS ~D KU H
5%, TMS MO DGR, KA E SR E
B iiicrT—2 L a—FZ@EGgk L= (]7), &
BlOMFHT R BEE SR EEN SV TTH Y, HHIID
FHENI R TERMENME CIT e 5 72, X LIS, w4 —2
YIT v e LTS R BEEKEEE 2 R KT O
BRI C3E T o7z, FOHICMC & 2EZFHAIL T, F
YERREME UCTEA L, RIZ, WCD5% (5%MVC)
LUV TCOR % — BRI D RERE 1T/ b
WG, NS ZFEM LTz, EERIOFER TRE L
BIMVC %, BEEZOBEETHIEAL THA L=, TIS®
SBR[ R EEMTh X 0. 95 (MEPo.65) , MTh X 1. 05 (MEP1.05) ,
MTh X 1.10 (MEP1.10), MTh X 1.15 (MEP115) DZE:fE
WZERTE LT, RIS RS 12E & L, &K

-
—
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Muscular output indication on T™MS
the computer screen
Output
signal
Electrical
stimulus
Force signal \/ EMG
I Data recorder .lt——_~
Qutput signal
A/D
_I Trigger

Personal computer

B7 6 BESRTLOEXE,

2. Soleus

E 8 (58)

MRI EgD—H5l,

& B OIRIECTdh o T2 % B < L0 BIZ DUV Tor
U7z, MThiEiEi 7 0 38R BIZEHAI L7228, SBRRIEIC1X
[ ERTCERF U 7= RISEREE & AR O RIEIRE 2 vz,
o AR ER R RE S MG P X, D RH ) & BBRE O IEHNIZER
BLI-AvrRAa—7LtarEa—FBEICER LT,
WERE I Z DFRTRE R S 15 71 % BWMVC L
NVOREREBRC & 5 L ) R LTz, & O DA
WX VBREARGL, o Ea—FHECL Y 203~
SRR IR AR 2B TIMS 2012 72, EMG X5
DMmax TR L, FAxHE LT 5 Z Lo k- THEHE LT,
B i % BRSNS 5 72 1T, TN AR e &
B, B R _BICERE LT, AR LR R
Ims DFEFEHE & VN T 0.5 Hz DBEEE TIT7r o 7, EHE

P oa oo

28

1. Flexor hallucis longus

3. Gastrocnemius lateral head
4. Gastrocnemius medial head

EHRENKE T LI2tgIZ, BRILEEE (nagnetic
resonance imaging: MRI) #REZ1T72-> C RO
Wi AE & FH L 72 MRID & ARVEENZfE O TRR=BEfF D
AR OB ZFE LTz, S DI, B 7 A L HEE
ks L OR RS & X B L, #EWrmEfE & 5 L 72 (K
8), EERTOWIHIFEZ 100% & L CTHRIAICE L,

3) FERLEBE

KW DIIFAERT v b & U TR U 72 B R
TNFE LTV eo7z (K9), ZHUsxt LT, MVCI
X7 ABEER LY H20RERT LTH Y, MEHFHIC
HEEND -1 (X10), £ 7=, W& E E /1% 100%
L5 &, BEERIZ0.2-0. 3L L CWDHATH Y,
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(Nm)
12 -

0

Before After

B9 BINEHAOXFTRAEERE TOLE., MAFNEEEL
Hhotz,

MThX0.95

Before

After

BI11 8 5%MVC L RILTOFH DR RERITPIC 10 BFEHFK LI NEP DEF K.

(Nm)
150
120 -
90 -
60 -
30 -
.

P<0.01

N

Before After
K10 MVC DX TRETHE TOLE, BERICITSHHENES
ITIET LT,

5%MVC

MThX1.10

1mVL

20 ms

HH—BINGEE L= D, RIBEEEEANTh

x0.95THY, AMNMNth x 1. 105THD, BEHRTIE MTh x0.95 KU MTh x 1. 10 EDIRIEAKENC EAREMICHERTE S,

Lo Tz, ZRO DR LY, LAROX 72
EETET L7ZWCIXE, EORT vy AnEL
Tl T & KDL, FRRRHEREIK T OER K E W
ZEMAZ D,

MEPamp [ X ZFFHFIZ & 5HEI L TV 5 28, AfR ClEiH
FIFREES O PR RIS T DIREMRREICEI L C
ik 5 72 O EIET B, GEMIESIRES B R S 2,
11IZIE, 5WMVC L~ U2/ ) 238 L TV A RS
A LT MEP AR LTz, BEERTIOMEPRIEL Y %
B E% DIEEAKE WD EBNERICHR TE 5, 27T
BLE BT OFER, WIERIERICE B e =2 RN
HY, ZELEBICBWTEERNSARICHEML T
(®12), Zh oD Enb, [EER O FREES)
POREFMEEEESEML, AT - HABERD
FIENHERT D EnbhroTz, £7-, MEP EiF%
MR L7c & 2 A, TOOMAEDLEETIT OV THE

29

AR ZEN 2D o To, BEENEL L2 & T
FEDSBL 72 % HBARE A I U - A B 0 2 kT %
ZEMTRIESND D, SlElIORE T ETIED-wave 3%
CEENTVWAZERBRLTHA L0 EHERIT S,
EARRTRENC X > THi I FAEESY D CST BiLZE 4
BERTHEEE LT, ETITOMmEERSR A 09
D, QKR TIK T L7zl DRAENREH O 720 OHRE
RAB R B PR R, OFXRTAICRREDHES B3 hn L
e, RENEBEZ OGNS, OICEET G & LT, KR
ADIDHERF S35 & CSTOBBMENH RS & ) i
BRRESINTWH 58 Z D78, Zanette et
al "IXBIEIEEIC L DR AT OB DS CST BLE
M RKORETHD EHELTEY, KFEICL H
TIEELAREELRDH D, QITOWVTIE, SEIDOFRFER
TIIHEEEITEL L T LT, HoRMEIIZHE
I hleholcbDEEZ D, LvL, 5 HREIC
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(%MVC) . [] Before
207 W After
| |

g 157 2way-ANOVA
- ** 1 p<0.01
2109 !

[\

o.

0

0.951.051.10 1.15 0.951.051.10 1.15

Stimulus intensity (XMTh)

12 6 5YMVC LRI TOFHE AN RERTPICER LI-MNEP OFEHHITERE, SELHKICKY, BEREIEEMELRLTHE

ElcHEmL =,

IR RS T < Bl F M3 1T 5 i IUHE 71 D15 E
B B AR E S BRI 500, 2 D K O Te
IR E DR T 2 B3 5 72912, CST o B 4 % 1
KEFDZEIZESTHH ALV ERMELTWD
AEEL DD LD EE XD, EBEAOHEIZ O
T, FERIEENC LD BKEENME T2 2 &0
Do TS D F f= i OBFETIX EMG 2
BT HZEHRENTHDEY, ZnbD I &
O, EH THLND L ) IEB AR K ORFE
BEA 7 & BBV AL HIENC I8 1T B H R D IER =L
MO T OIZCSTRBMENZL L TWVD &) ATHE
HHEZOND, QDFRE L TUL, 2L, H—
EHE A CIXEMC CBE I N 2FRH A ERE LIC
LTWThH, HICIEENMEZ T 556X baRED
HMERIEE) TR & M < FRETT 2 35 & ICMEPIRIE
ERELSBRDIENRMEINTNDH O L,
F DL EIZH-reflex DRKRET ST LEDLLRWV, ZD
7o, S DBRIT L BN KD b 2 EEFRE
TIIRERHEE NS DR =2 —a T — L ~DA
MBI ENHHZ LICREETHAHDEEZEZDH T
ENTEDL, 2O DOMREZRERORERICH T
WHE, AHBEEICL > TEEANEZZIT VR
Do T2 RN IE B il 1 2] B8 D PERE S L L, BE /I &
0 LIS ERE O HES FE S L 7 72 IZCSTD H]
CAEBILLEERTHDE VI ENBZILND,
DX DRI DOFERE X DICHEMET 72D,
S HIZANE U7 ARGR 2 BRET DB TH H, Lo
L, 2 E T, BEFRFO~ v B2 712 L A RELHEE
Bt DFERRSC, Z2ERIF O CSTHIZE MBI AR ST= D
HTH Y, BEITEB) 22T LTV D R OMRERZ L
AL ELEEEITEA E o7, FAUTK L

30

CTARZE T, BRIEOR SR T2 2 E 0%\, i
BEIC L > THER - SN RAmERE (RIFFE T
5%MVC) T D i Hi 1 A E) o D BB R BEIR 2 3BV TR
B RAECDZEEZHALNI LI, ZLT, 20X
D IR R RE DI, BIEIIME DS A U D LLATOTH
BEWSEEIMITEZ 5 Z 0 pho Tz, 72, BERAE
FICIIAMEDIGER L L CX S RAEEE M SN D 7291,
B EBRE# ORISR T OMREIZL D L Oh, HF
TIEENZ X D ZIREV2 S D72 DO DDA M Sz <
U, ARBFZECUE, RIEMREEC/ARREN < T
R B EE DM L > THEL D Z LB SN2 -
7=

6. £&H

1) TMS 3 X ORI E SIS 7 LI L 2 ERAEEY
HIFVEA VT, A7 RHR O EBN BRI 35 1) A g
BHICRE D BERER L 2 MRNT LT- 2 > DI TR /3 LT,
2) BEFRIER 2% & L C, iEdh( A — UIREHRE L &
ITL TV DR DML ~DEENATIRILE 558 LTz,
i BN 7 C B OGEBNZATIZ B DN B ORES
IZEAM OEEIRD, NEENC L > TIRTF35Z &
BB o T2, 77, ZOREDEOIETIE, i
FTHEBEDIR T LDV BB D D EHER LT,

3) RN EHRIZ, ¥ T ABEIC LD ANEHET
I FAT, i AR SRR T O BE R BE R BUE M
WZDOWTHRET LTz, ZORER D, FEF K OBE M
DEER L, AJJ-HDBRAEL LT D Z & 50
1272 o7z, 20 Z L IX AR IEE) IR OMEEED ANTE
Lo TEIE L= ERBEb-TND D EHEEL
77
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Electrophysiological research on the motor performance disorders following muscular
disuse in human
-The study on the corticomotor excitability by means of transcranial magnetic stimula-

tion-
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Abstract:  We have investigated the mechanism of motor performance disorders caused by muscular disuse
in human. The present review introduces two our original investigations, which were recently published. The 1st
study investigated the effect of joint immobilization on the corticomotoneuronal excitability to only intracortical
input from a hierarchical level above the primary motor cortex. The results indicated a strict parallelism between
motor execution (the reduction of EMGmvc after immobilization) and motor imagery (the reduction of MEP-
amps after immobilization). This parallelism suggests that a functional reorganization or decreased excitability in
the cerebral cortex area involved in executing movement likely decreases the motor capability to produce
voluntary muscular output after immobilization. The subjects of the 2nd study were carried out to reveal changes
in excitability of the corticospinal tract (CST) during force modulation at a low output level after 7 days of
immobilization in a plaster cast. This study revealed that the input-output property in CST examined using TMS
was changed following short-term immobilization. The results of the 2nd study suggested that the excitability in
the CST during force modulation was increased after immobilization. We conclude that the input conditions in

CST from intra- or extra -cortical portions would be changed after disuse.

Key words: Disuse, Transcranial magnetic stimulation, Motor evoked potential, H-reflex, EMG
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