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Voluntary muscle relaxation of the foot reduces the corticospinal excitability of the hand muscles
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MOMRIZL Y, ZOM%P XA T 5 KCEHBIR LK
BSOS HABEPIT IS EdY, BUHHERNE
B®(TMS) #H RSO MG ENTV 5. K%
. JE BRSO A 3 R B T 1Y A5 0> B L Il B
B RETHEPIH O TAI LR HME LI, BER
F (n=9) &, RUHEBAD S FHB-ERSKSLT
RiRE DR % 17~ 70, FTHMESHEOx4 IV
(ZER - ERI L o RO 9 100, 50. 0. 50. 100 ms) T
TMS ilF 2470, LHHREO FMET (BE00-T-Rb
ECR. B:UFEHURM : FCR) O M@ EM (MEP) O
WX Y W E B B P & SR Lo, R I Tl 55
DR %, ECR# L I'FCR O MEPIRH (& 4 iff kg 12 kb
~AET U, ABFERER LY, BN O il (3 T- B
BOKEAFHBATHEOKR T 2RI T I EAVRES
fure.
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HA2DVABHERPAR— VP ETTEI AT, Hoik
% Cbage) (U L RIBR B i il T s, BE
PHBCETTAIHIE, LELHPIGSELLLD
12, ZnPNOmEET s LEMHE. UL, KM
BHEVAR— YR MBHE R T AR, BT EMC
ALELRRGHFREICY, HhririkseLd L
FTA LU TS HAPEW DT, B EI LKL
BRAZEHEESNS, HONE LGS EDL d iz
CRET AL, ERHIEOMR A=A L2 BT S

il

#IE (RRRIKRFERFEA K— v BE0EH)

WEE (HALATEOE A HGDERI RS SRR E v 2 —)
KB (RRREIRSE R R — Y B2l k)

HEA (RLARMREE A K — 0 B2 i)

BER (HAKRFEREFHET)
—Z (BUARH KSR K — v B #24ibe)

ATANEHREC Y THS.

SR T, BEMRBSUIEIIER (functional magnetic
resonance imaging: fMRI) # FICICWFE L Y. W Dbk
IR IHAINE & )RR G2 — KB BF ARG 5 2 &P (Toma
et al, 1999). F4HOUHTHRTEF 4o & OFHT AR L E D
LA INARE & Y IG5 2 EHHI G TV S Spraker
MB et al,, 2009). %7, I (Electroencephalogram: EEG)
(Alegre et al,, 2003; Labyt et al., 2006; Rothwell et al,
1998; Terada et al., 1995; Terada et al., 1999) KR
(Magnetoencephalography: MEG) # A\ 7-fff 75 (Toma
etal,2000) 6 b, —KLBYTF 7 £ KNEBE T A PRI
LERL-o Ll eTa btk Y, MO RS
NI EHRMBINTOS, 610, RSN RE
(Transcranial magnetic stimulation: TMS) # Jil L CHFZE &
Y. H5 MO E O & R 5 B A HIMO
BIEPEPILF 5 2 L2 M 6Ty 5 (Buccolieri A et al,,
2004; Begum T et al,, 2005). 6D Ed L, HHON
ik, H~OPHIRF OB TR, W~k (i)
BoPXBLIT 274 T T A% (Tomaetal,
1999; Begum et al., 2005).

SNGOWREE, MUV TH S WA RO
A D =R BRI LIEDTHE. ThETHEMNE
G LTI T, I O DR
TN % AL ¥ 5 B PTG O G PEH R4 5 2 &
A 8T 5% (Baldissera et al., 2002; Borroni et al.,
2006), L& Iic7 274 T TaeAt 3hbH
AR b I E TR, B R RUEL To B TETE S
Hb. 2T, AWRETE, “RWHOMMEEE X, T8
S & PR ROATU2™ LS REDT, KW
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1) HERE

BB EMBEFREEOLCRELORABEIS (22
~298%) ELTc. FEBIZELDL, BBRE CEANREOR
BRLUEZOGND Y A2 LIE RERE
oo ZO%ERE, RMERFOAENRLLIGHEHR
KDKEE2E T bz (2011-004).

2) REZHSFECE (TMS)

FTnva—Mafn (%af vONE110mm, HAH
J11.3T) ZJHCremsgzE® (MAGSTIM200, <24
T4 04 28), —RUBDHFICEFMBEEZ T K
By, —EDRBERE TEEMF MM (Extensor
CarpiRadialislongus: ECR) @ i §j 3% % ¥ fiL (Motor
Evoked Potential: MEP) # % & 7558 T & 5 il ¥ L i % fil
ELR. BB ThPECLCLIZH O UDER
BB EIOKRKIE G C=— 2 Uic, KRR, Sl d
510EDOFBFr- & Y SEELESOpVIL EMEP» % 6 h
PO ORIBIHRIE L LIc. ERFEOFIROREE L, i
BfD120% & L. 1.28 = 0.28Tesla T&H - 72. (Rossini
PM et al., 1988).

3) RELERBRFIA

BBAIHHOS ZOBTCEY, GRZPAMCE»
AL M Lo+ a R U, L, ANk
BEIANAL (BEDT) CEE L. 1T B4R Wy
IR (BB O »oDMRTH Y, BB L RE
MELEZCE IR LI, BEREE, +ousyeiko
etk AMEELACARMBEKREMECHERSYE, A
B2~ 4fiki5 v K LTH L THF—FHB o 2106 E57
(BRI OMRE# 1T - 70, AR HHOMARH % -2

. REROHXE

KIBOL FWH % XA+ 5 — KEBHEF = TMS % %l 8
Lrc (K1), &7, SUiRESo R AR & LR
WTaicw, EREHERC TMSHM#Z1T- .. TMS
DRBUIS 2D LA I 7T, RHHROMNKE &Y
TS5 F2F0RIT# T X LTI - 1o, EBRIZHKT
b, Y- FCHFER RIS L TR O % 10E4T
L, TH—F LSO offset DUERf 2 & L1z, IR
ISR 25 LI, offset DIEIIE, MHTERDWIFELY,
LIFDL VIR 5 1 L LI (Buccolieri et al., 2004).
B LC Y EISHERM & Y, -100, -50, 0, SO0&&F
100ms D5 %4 I 7 CTMSHIB % 17 - 72,

4) BITIEE

2 P Bl B o0 LG P13, ECR ¥ & OVBE 00 = AR %
(Flexor CarpiRadialislongus: FCR) #°5 4 & 4172 MEP 0
WIS OB L. &70, WHERI (Electromyogram: BL
TEMG) &, ECR, FCR, Wil (Tibialis Anterior:
TA) £ L 5 A (Soleus: SOL) »°% Kifii A (74 &
R=F7nln, H-HHER Che—FF HAX
Wt measuring area 134mm?) # VT, BEREL (6
B HEE 20mm) 2 X O L. BIEHRTYRY THE
KPR Y, 7rva—nBTHEWAH L THEMIENE
BELIL. 20k BEEXEHOVHBIIEY LI 20
B UCFRoOBEIC LTS EAIKHA SkQ T TH2
SLEHELL. BN ULLEMGOES X A/DEREH
(ML880 powerlab 16/30, ADinstruments) % 4 L T¥%>
7Y o 7B AH T L, 2hEhy 4 va—u
(low-pass filter 10Hz, band-pass filter 5 - 1500 Hz) #17 -
Foo R0 —ERAT R BUSRERT G 0 2 TMS 3 3 g 1)
EPHMUTHKRII TR L, S0ms Lz PHliE
L7 (TMS timing: ~ -101, -100 ~ -51, -50 ~ -1, 0
~ 49, 50 ~ 99, 100 ~ ms).

5) MmatnE

Shapirowilk B Z O TIEBEORER T2,
BB b d - 1010 (p<0.001), />33
AM)y 2BREEMCI. KO MEP L B R Tk
V%2 & 70 AR BY V¥ Ky O MEP (3 35 T3 <728 20 TMS
timing) (X, V4 A2 Y OFFSIMAE 2 H VT
Lre. MEHLBIOA AL S %R L L.

. &R

— ANDBERE O 1% SN R W R, IR &
Uil FRHMEMN (ECR) OMEPHKFE # X 21C
AL ERB LIS v— =ik, Il = B
PERT. VYRS & X OB &0 (156.7 £ 14.1
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ms) TH Y, TMSwi ¢ T BT o W ik B 2358 e 6 4Lz
243RF7 L LBYEAG (TA) SRS (5 Puih (SOL) (2 iiiih
3588 6 36 AT DR 60 AT (4281058410 7%) &
AT G ERAELIS. 610, —ADOEEE» L ORI
MEP Ol (ZeifEa 1 E35) LR (relaxation onset
POLTA) LOHIMEAZMICRLIL, ZiFREE1E
L7CECROMEP® i, ~ 101 msid1.54 =047,
-100 ~ -51 ms(X1.50 = 0.37, -50 ~ -1 msi£1.27 =
024 ThY, VIS LFFIFOMEPIZ AT E I
L (p<0.01, Z=2.666, p<0.01, Z=2.666, p<0.05,
Z=2.073). 50 ~ 99 ms® ECR® MEP(%0.76 = 0.26,
100 ms ~1£0.59 £ 0.16 TH D, %D MEPIZIL~T
AEHA LI (p<0.05, Z=2.073, p<0.01, Z=2.666).
0 ~ 49 ms O MEP 3% & I-~THELZ 7RO LI
otz (F1).

imv

/ “ EA

] RS (~-101ms)  3t4EB% (100ms~)

B2, —AOEBEE,SBONLREIMRHE, IS LUEROFN
ffRER (ECR) DMEPDIE 2. RIME LU L —/ =13, FIIELRAER
EERT

= rest)
g
wn
L ]

(MEP ratio; 1

-150 -100 =50 0 50 100 150
(ms. 0 = relaxation onset)
HM3. —ADOBEBREL G N F M EH (ECR) OMEPRIE & K[
(relaxation onset%0&9 %) EDABMEEE I IZRLL. ZMEFICE SN
MEPOIRIEZ | &£ 5, RO IE3R BIF O b % #& T

L% 1 £ L7 FCRO MEP 04X, ~ 101 ms (X
1.49 £ 0.60, -100 ~ -51ms!31.18 £ 020 TH Y, %«
R MEP I ~TAT I B L 7c (p<0.05, Z=2.073,
p<0.05, Z=2.310). #7:, 0~49 ms®MEPIX, 0.77
+0.29, 50~ 99 ms!x0.55 = 0.12, 100 ms ~{$0.47 =
0.18 TdH Y, D MEPIZIL~TARIZRA LI (p<
0.05, Z=2.073, p<0.01, Z=2.666, p<0.01, Z=2.666).
-50 ~ -1ms O MEP (2 %¢ 1§ b b ~<TAT B 725l 6
Neho o (F1).

V. E%&

AWEFE O HG &, ek 1 505 T A ot 8 1R D T 1) 3 il
i (B THUP 0 ECR) % & O Tm il (B PRI i -
FCR) O Pt M2 H o232 2L THD. 1
9] 30545 R A7 0 © O B 1 0 MEP 13 J2 [ i 22 i iF L b &
A RELRY, WREHESO ~ 99m, 100ms LLEED [X
MTAHE St kiz, FCRIZBWTE EB
B A5 R 20 & O b AE i S1ms % T X )13 2 1 50 42 g
IO LAIMIIRELLY, UEEOms LD X TIXA
Wi/ E o, IROORELY, RIEIT IS
MO ECR % & ISFCR O e P TRt BLE A R £ 5
b, bR I R PR R B PE ST 4 Bt
Y/ RS Al

T, BRI OMEE B AR TR, R
341 3503 D 16 Bl ¢k T B 0 1555 D Mg BT SR TR 1 s e e
IF9 2 LAV HTU A (Baldissera et al,, 2002, ). & 612,
JEUITE A D i s de T, R B G O P I 24k,
CERIRTE O T W PG O H S 2 iR 2 2 L3 8
1TV % (Borroni et al., 2006). H L, Friliicdstr 2
oo F 72k R CH Y, LM O R 120 T
PF O =2 — v o F— O BAETEL T 5 EE X
G, Fee OWFFEC LD, LB IS I IRE 0 B
Wy @) 2575 & 3k i 75 0 Bz P AR LS BAG 1k & BE A 2k
WG o o, TMS & 7o SREY S 78 TR AL B 20
e AR A O FRF O BUAGYE & SOt % fosh, BTG R
IMOBE AL O W ShzT2 2 LR, 5
fhe, BSOS S8 S0 B 2 o T, AR PER N o
HE & il 5 LD H B

# | . TMS timing& ECR# LUFFCROMEP 1M (1 =2 B0 E I ) (245 1t 198t 1 %)

TMS timing ~=101 -100~-51 =50~—1

0~49 50~99 100~ (ms) _

%X W %
ECR 1.54 =047 150 £037 127 + 024

FCR 1.49 = 060 1.18 =020

®
104 £023 076 026

1.31 £ 057 077 £029 056 £ 012

%X
059 * 0186

MK
047 £ 018

sk p<0.01
#  p<0.05 (compared to the rest condition)
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AR LA, JE B H o s I (1% T I i
AT A MBI U PE AN L. S T,
AR L2t Z O % SRC S 2 B TR O ML PR
322205 4TV 5 (Buccolieri A et al., 2004;
Begum T et al,, 2005). ARWFZEL Y, JEBEITTIE ROl
T 2 A, 2OMOAL ST T M
TILHoTWa 2 LRI INT. Go/No-go;ﬁl‘f«ﬁﬂl#”
% No-goMEizid, HPFMtistO GV F+2 2 Ly
HHMTVS, Nogoakdl Lk, HoWIEELACHEILTS
SEERIBL, TGRS, TUS 2 EaHIS
1T % (Leocaniet al., 2000; Yamanaka et al,, 2002). &
512, T %07 No-go b MUEITIEIZE, THROAL
O Tl 35 & OF kil o) S B S T i 0D g PTGl s LA 4
WL Y SICT 45 2 LA STV S (Badry et
al, 2009). 2zY, MEpETOGLRECE, EELT
Foidad ol ZoR 42 #2605, AIFJEICEHCT
b, ARG O AN R BT AR A
72. %72, ECR & FCR® MEP i @ 28 b 42 1d 0 1) 4=
BACIH, ZOKMELTECREZ Ry PAKRy FEL
foltdEZoNE, 4L, FCREZFy FAKRy P EL
THBED IR 2 Frv, AFZERT S L OG22 Wi 4 5 &
Yndh st lbhs,

D0 T 0 AR (o B ok, A e S s s KD
fili4 a2 EATED (Kujirai et al,, 1993). Wbk
1%, Z O % 3CRCT 2 B AT B PEAC T o k2
W, REMNIH O LSSk Th L LS AT
% (Buccolieri et al., 2004). —J5T. KPP G F
THIEEY, FREOPHIE A = — o H LS LT
FEAVET D ET LT HD (Begum et al,, 2005). L
1hio T, WithiEOME: A B = X 2E ALY ST
o, Ik e OWFFEIC X D BAGVERC T ok & 4 Bk
ToLEPHL. 1o, JEBETT I 0 sl L 5B
(SOL) (2L inifhhike & 5 L, HIBCPESI o 32
BECXY BB (TA) ~lliE 2% ond L EA 61
%. AWFZE T, SOL Wil 2 i bl 7 — 2134
THRIRLICZ e, TR~ MG 4 8, JEBYS
A3t 2 PR O ERIEZ TR LD EE AL
N5, 70, K3OEMPIE R LIcE H T RME Y 7
22AHBOOHL MM TR ZRL, 20HE1.0 (L
FEMEP) (242 2 b2 5ia. il ORE A
PRI A, SOLLHEPBYEL DAL, S5,
JED G T ISR THHOH, [ ) T IW i O 27
SERE S W F R e TU 200, RG22
W32 Mt L TH D,
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ANFTE R, L BT I A O it A (5] A0 T 1 S A 0 )k
P Brs BAGE C Bx T B s o dal b2 M
EL7c. Zo#G%, BTG OWHERE ECR&LT
FCR @ MEPHRIE A I IL~TF LIc. Lichis T,
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