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Development of Training for Muscle Relaxation
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ABSTRACT

It is known that muscle relaxation of one muscle induces temporal reduction in
force level of the other muscle. Furthermore, many previous study investigated that
transcranial direct current stimulation (tDCS) induced increase in training efficiency
for motor learning. In the present study, we investigated the effect of tDCS on the
primary motor cortex during 3 days’ training including muscle relaxation. Thirty
healthy participants were divided into 3 groups (without stimulation, with anodal
stimulation and with cathodal stimulation), and they sustained isometric contraction
of their right finger. Then participants simultaneously performed muscle relaxation
of shoulder adduction immediately after audio cue from 50% MVC of isometric
contraction for 30 times in each day. Participants performed the task for three days
with 2 -10 days interval. As a result, sustained force level of finger contraction was
temporally decreased by muscle relaxation of shoulder. However, changes in its effect
due to the 3 days' training without stimulation was not observed. Likewise, no changes

in its effect were observed in both anodal and cathodal groups. Present study revealed
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that different mechanism might be involved in motor learning process for muscle

relaxation compared to that of muscle contraction.

2 B
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FEBCIUAE 2 4T 5 Mg O S A8 —BERIcEs £ 5 2 &
BHLN TG, F 7o, FRIHEE RS
¥ (transcranial direct current stimulation ; DL F,
tDCS) ZHWVTC ML == 7 %f1) Lk, ZD%
BNEPMEEST L2 EDMOEN TV D, R
TiE, U Ty 7 ZABEDOFE M, DCS & v
7o YR E A~ ORI & W IRES 2 0G0 E
et L7z, M BN 30 4413, Bl (10
%), BEROREEE (10 44), WEe LE (10 4)
1253 B 7z, 48 % 50 maximal voluntary
contraction (MVC) 2 CHEGEIU L 72IREET, [
I (2 A R R & 50 % MVC 12 C FEfe DU L
FAENE b &I NERRG O M % iliE 3 5 iE e
30 \ATo 72, CORMEE KREE b2 L 2w
3HIZDZoTITV, Hiligd b BT, FREFIC
—YGEBYEF 12 (DCS HIHL L 7=, T Tix, JHH
i 1 0 it 203 B B ) O FEFEUAE 12 K3 T B O
ZACEMRGE L 72, Z &R, SREE bIZ, T
ORI X 0, MR L Q72T BIEE i 3
BT L, L2L%2’s, SHEoO ML —=
YK B ORBOEIIRD b o
70, BBl & OERORIEEE I BV T b Rk
B OZALIIRRD N o fz. —UREE) A~
DDCS 17> ThH, HsbikICEbH L L —=>
TICHEBERITS o722 L0, g0
B ATy = X LIWHE & X7 B R EAVRIE S 1
7z.
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LEWERAT O B, BEOHmOIGHERL ) T v 7
A (LUFl#R) 2 REECATS . RIS, AR—UR
WERHR T OB BIER AT ) BRI, ot
BOBESH TRV L MHEN TS (Sakurai
and Ohtsuki, 2000 V) ; Furuya et al., 2008 % ; Fujii
et al., 2009 3 :Yoshie et al., 2009 Y). ZOEHE®
—D & LT, BB % FEICHI#H3 2 B2,
HCWoOBIENHE LAV, HEEEE T oEEE
MAELELHEMARE LEIZIE R LW &R
MR 2 %2 515 (Baldissera et al., 2002° ;
Borroni et al., 2006 %), &4 13354, & 5 O
BHMAICHELT RIZT I 2HLIIL
(Kato et al., 2015; 2016 7). il 21, JERAMIf %
RS % &, —ED I TRIFRCEHIUH %179 F
BAfH O N D— I T3 45 2 & (Kato et al.,
2014 %) R, JL B O g AL IRAE O TR
xR A REFEMEOBEE LT S, K
fiti B2 E N O IR ASEE 595 2 & (Kato et al.,
20167) #HWE L7z AHOBRE, FAENOK
MEiB L OREEH IR E LT RN, 20
FEHUUE D O T IL L D BEE 127 5 2 L S
2o 7z (E S, 201719).

WA, fAE ORI RE 2 1S3 5 Tk
LT, RUEFEGESM (transcranial direct
current stimulation ; LLF, tDCS) 257 EH &1 T
Vw25, tDCS ki, BHF FICHES 2 Eit it x5
25T LT, KR EOWEE A2 S5 Fik
THY, VN TF—3 a3 v REiEE 08 Tco
RIS AP E SN TWE, T T T4 2 IF
ed D, —UGEB)E (Primary Motor Cortex; M1)
|2 tDCS ORI ZEATH &, HEE)FHO/7 5 —<
YANMET S Z LG SN TWwA (Nitsche
etal.,2003'V; Reis etal., 2011). Lo L %2455,
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I FETODCS & M7z EBEE offseiL, L
MEMEX R L LTBY, sfEICEb Hif5RIE S
T, KRB oW AR 53 % i
KROEBFE 2470 BIZIE, WO &3R5
AN = A LDME)  TREEA D %

BEOMHE 28 L8ER 1T B, 5
ERAL ORI X A MBI~ OB, L) FIE %
e HETL2THA). LizdoTC, Ak A
A=Y OFHEIL, BOVBELO M —=2 712K
D ZORBEEBNET STV DLIENEZLN
b, FITAWZETIX, IhE TOWETEEN
B B EE 2 HNT WS RN OBEE & v
C, T IS O AT B T O REeIHE 11 12 K
ETEENIHO ML —= v 72X )BT 20
LGaeHL2IZL, S5 L=y 7 Hho—k
TEBEF ISR 9 5 (IDCS AS b L — =¥ 7&K 13
THHEAHOMIT AL EHME L.

1. MRHE

1.1 #WEE

EERE (SRR R B O B W 2 A
304 (& ;252+355%) & L7z BRIk
VB BERE IR OBEB L UOEZ 5N
VA2 BT L%, AEE&:. 0%
Bid, RRHAFOAN TR L L72HHEERRO
KB FTiTbhr:,

1. 2 EHAIMERR S S UVERRERME

BB L, R LEE (10 44), Bfsolide (10
%) BIUBEERERE 104) ©3#IZTTS
i W I TICEE Y I BEER A [ E L 72
(B1). T/, GFORRERETT7+— ALY
=% OFALKETT —TEHCCEE L.
% — 35 Ml 5 M &5 (first dorsal interosseous: FDI),
JGREEE G (flexor pollicis brevis: FPB), #&f51{H
5 (extensor digitorum: ED), =Zff5H %R (deltoid

muscle: DM), K Mg #; L # (pectoralis major
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muscle: PMM), FJBi=5E#% (triceps brachii: TB)
O R & X (Electromyography: EMG) %
# #I (MEB-2216 Neuropack, NTHON KOHDEN,
Tokyo) 2L DHEIELZ (K1), 90 THFE
WEHY, 73— U THRENDL 2 & TR
Pl L7z, 2ok, BEE & O ICa T
L7z, FEEBREZROLHNIA Y E—F VAL L%
Fxv 7L, WIS KECERTEH I o —
IR B R 7 R, 7 — A U —
(PH-462, DKH) # AWV CEHll L7z, EMG B X
T r =AU —DEFIE, A/DEHREEE AL
TH 7)) ¥ JJE S 1kHz TR L 72.
WeBREZ T, TRBIEE A 0 B X OVE BY A
M iz ) @ fix K Bl LA 77 (maximal voluntary
contraction : MVC) % Z L2 1 3 OHl%E L
7o, FNEN, 3B LI E ORI F 1T\,
wWREE ZOWERE O MVC & L7z, 0%, B
FHOEME S LT E 50% MVC 12 TR
#i L 72 IRRE C IR BAETNIZ ) %2 50% MVC |2 THit
R L7z, #iBREIZ) 7TV 5 A A TPCE=S —
O MBEEEMDOMEN R 7 4 — Ny 7 &5
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Rz FOR, EEHICER G L TR BEEIN
Wi O & % i3 5 E E 1T o 72, FaBYETR OFF
TR B BR Y 50% MVC &R % &9
FoRL7z, £7z, wWiET BN, YR OIEEI
W & EERIERR L7z, 2 OFSEIL 30 [TV,
kL R\ 3 HIZE - TIT o 72,

tDCS 1, neuroConn 1 # (llmenau, Germany)
DC-Stimulator-Pulse % F\>7z. tDCS O Fll i
i Transcranial Magnetic Stimulation (TMS) |2 & -
THEE L 72 M1 OF B SCRC I & L 72, tDCS
OEMEE, T % 25em?® (5em X Sem), SR
% 35cm® (7emx5cm) & L, BbASALE (300 50
(375 ML iR BB AL ks b, PO B & RiARER &
L7z, tDCS O HIHIRE 13 2mA & L, 30 A
TR PRI L 72, R SER (XBEH R IRRE 2 fERE L
B OIRARRDEND &k Ty 7 L7z,

1. 3 BnEHE

A X1 500ms 720 5 i A X 1% 2500ms ¥ T
@ 3000ms [ o $i& B 5 55 3 & OTF B B N B O
74 —ABLVEMG Zitsk L7z, HENPLE
IR 500ms o [X [ o> 5 BE 5 755 UAE 77 00 139 il %
Baseline (=1) & L CHE#EILL 72, 512, 3 HH
(A= :2~10H) bbb ==
OEEPS 22T 572912, 0ms 2> 5 500ms
B L U°500ms 7> 5 1000ms 12 BV TiE % ik L 72,
B BT NERRG (PMM 38 X O TB) iz i 1235 5T
i (DM) ZFiEE)2SRED & L7230 T % AT 2 5
Frot L7z

1. 4 fhEH0LIE

-500ms 2* % 2000ms F € 500ms = & &I H
5L, Wilcoxon OFF A MEAARE # T,
Baseline & Ib#E L7z, 3HMGOT—% % Lidh
FEICTHEL, Mo—or 7O EEWEET 572
HIZ, 3HMHZENZID 0ms 2> 5 500ms 3 L O
500ms 2° 5 1000ms O 7 — % %, —JCHLE 555

MraEHWTIig L7z 72, tDCS OF)FEIZON
T, S Gz L, Bfoing, Bsonn &
FOML—= TR % 2HRE T 25D H 5
2 TCELE ST EUIHT (ANOVA) % v ThasE L 72.
ANOVA Ot FHOTRRD 5 350 <
ML= TRMOZEENEAPEE TH > 728
A121E, Wilcoxon O A MERLHE 2 T ot
P OPIGMER D72 o L7z, fEHLEIZIE,
SPSS (IBM SPSS Statistics Version24, SPSS Inc.,
Chicago, USA) %\, AEK#EIZ p<0.05 & L
7z.

2. MREiER

Force Level D Z AL % B 2A |2, 500ms = & @
FIE A R 2B ok L7z, fi5 BA G o FEbeIURE )
\%, Day 1 ~Day 34 TIZB W T, 0~500ms,
500~1000ms, 1000~1500ms, 1500~2000ms T
Baseline X W A& L7 (K3, p<0.05). L

L% A5, 0~500ms B & U8 500~1000ms ® H &
FBDIEREIE S (Day 1)

1)

0.9 1

0.8 1

force magnitude (baseline:

0.7 - - - . \
-0.5 0 0.5 1 1.5 2
time (s) from relaxation onset

1)

0.94

0.8

force magnitude (baseline

0.7
-0.5 0 0.5 1 1.5 2
time (s) from relaxation onset

K2 HHe LEEO, 5 BIER 2 sk L 72BR o
R E R I %1t (—HEB)
TFEINE500ms & & DA% KT
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1.2, Day 2
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M3 HlHz LEEo, JH BT & ik L 72BR o i B E
SEefT 70 500ms & & 0L (2HEB L UB3HH)

ORNEL LI CHRSE L
1.2 - B RE
’ - BB
1.1
1
0.9
0.8
0.7
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1.1
1
0.9
0.8
0.7
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4 0-500ms 3 £ 0°500-1000ms », 1HH”253HH
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EDOBALICHEELRE RO N o7 (H4).
F 72, tDCS DFIEIZOWTIE, TXRTUIZBWT
FREBFOSN o7z (H4).

3. £ =

KR O B, FEANOERM % HvwC, &
FA B0 A D e foe IOUHE IR 2 T BB /8 D Bt 2 AT\, %2
DEL—= Y ZIZ X HBOEEWENITT 5
CLETHD. HMEENERHOMMREIC LY, TR
B OFFHCHE T DT HFRO S sz L LA
b, INHLZ3IHIZESTHEYELIToTY, F
L= T ORI NG o7, S5,
tDCS 12X BHH AT CThH, TOREOHES I
ZALL W EDH LN o 72,

INRETIZ, BB ENRIZLHETIE, T
BROF &g 5 &, [FERCAT 9 B0 FEe U
NS B2 ERHEHER>TWAH (Kato
etal, 2014; 20157%8). %72, WM OB %
XA L 7WEgE U, IR B S itk AR B i i
OFHNIGH AR T 285 2 LWL 2% - T
vz (ESS, 2017%). KBFEICE Y, H B
NEERIC BT, Rk E 1T L IREEIR I O
BRI 2 EPHL P E o7 L
o T, MAGbEICEDLLT, d IO
FRALFB AL |2 TS 2 EAURIRE
oo L L, TROOMEE 3HIZES T
To7zh, ToZBbiZ@ON o7z S5
12, tDCS |2 & & s & O mpl#z 17 -
TOREOMSIZIL L W LB 5
7o, AWHRIEARICE D S EE e R E L7z
O, KWEHOMHEEEIEG T EEZ LN
%. Nitsche & Pauls (2000'2) 1, tDCS % —k
RENEFIZAT ) &, RREFRSM (Transcranial
magnetic stimulation, 2N TMS) (2 & % @58
#AZ (motor evoked potential, 2L MEP) ORI
EAEEINT 22 L 2mELTVD. LA oT,
tDCS FIHU 5 B2 BB HiRE O BAE LA
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T CTOHRATIHIED /87 + —~ > A LI b 5%
KO—D L HEH S IND A5, REFZE TRV (HH]
WS35 LE20N15) MfEEEICBNT
&, HEBHHEEEENEILL T ZDNT o+ —
XY AEEERIZES NI EDHL RIS 5
7o RWFECIE, 73 —< 2 2ADOHREFHIL 72
W3, 4tk MEP & RIFFICEHAIS 5 2 & T, 8D
AL A O N po 2B R 2D 2 LDk 5 72
59,

MNo—=27 (3FH) OBERRLNLRD o7
PRE LT, TOMHB»Er-722 &%, HEfitl
BTWIHMTHo2ZENEITOLNE. 61
ARFZE T, (R LB 2 w7255, S0
WA HCCHEEZRITAILESHLEH9 . 2
NFETIZ, AR=—VEEL EIZBWT, #fE L
REGHE IR OB CDHFZIZALNDL Z &
DA S M & 72 5T b (Sakurai and Ohtsuki, 2002
D). W ouigas g o RIZT BB, MRS
7¢~vyx%m%¢5%®t%25n,ﬁﬁ®
AR = BVERE S e A~ DO BT b,
BRI L D R 2 e RS NL. KifgRICE
JA3AMONL—=r7iE, FRSHA R A
K=Y OBEIZHET 5 £ TOHM & HRT,
EAPIENC EIEHATH L. 51, L EW
Mo—= 7 OB % T, MO ENIE
L350, METL2LENHLEALSH. Tz, B
BEOMErEEL, Bl 2VW3HO ML —=
YT E oo BB ORIZE, —EHB DL M L —
V7oA HTLEIGEELDHY, L —
SV T ORI L2 B EZ NS, Sk,
LD ML=V T ORI ENL LB DbNIS
FiEEHCTHE T 452 L RDLNS.

4. #&

KWZE L Y, FBEENEHOMEIZLY, &4
BRG OFRRIETIAME T L7z, A% 3 HIZE
DHED K LATVY, SHICDCS ZHWTY, £0

EOEAIEO b oz
# A

AWFFECHRT L, BIE ) ¥ L2 R Bk A
ARRLETH ¥ b AR = BREERELY 2 <G
HLEFET.
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