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The purpose of this study was to clarify the effects of muscle damage induced by eccentric exercise on cortical
inhibitory circuits. In seven subjects, maximal and submaximal voluntary contractions of pincer grip (MVC and 10%
MVC) were assessed before and 3 hours after eccentric exercise (ECC). ECC was performed by using a hand grip and
continued until MVC was reduced to 50%. Force fluctuation and background electromyographic (EMQ) activities in
the first dorsal interosseous muscle (FDI) were measured during submaximal voluntary pincer grip contractions. To
obtain a cortical silent period (SP) in the left FDI, transcranial magnetic stimulation (TMS) at a wide range of
intensities (0.8 - 2.0 times active motor threshold) was applied to the contralateral motor cortex innervating the left FDI
during 10% maximal EMG before and 3 hours after ECC. Following ECC, MVC was decreased to 75% of the pre-
exercise value without any sign of muscle soreness. During submaximal voluntary contractions, the force fluctuation
and EMG activities in FDI were significantly higher after ECC than before (p<0.05). SP was significantly decreased
after ECC compared to before (p<0.05). These results suggest that muscle damage induced by ECC attenuates the
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activity of cortical inhibitory circuits.
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(B DM IUHE . eccentric contraction ; ECC) % it
VIRF & FRRRKE AR D ONT A RURRAE (X0 7 f8 155 %
ZWFDHZ L, ETORRE LTE OB O T
8-12 Wffife L v BRMEMMNBEL D Z LI1FL <D
FATHIIC Lo THE ST D 7,

Z D ECC % DOFBIRERITIE, BIEMIEF R IEIE D
fin 1o . B KB E 85
contraction ; MVC) 3 X O'BEE Al @hik DK =08
REAAECD Z L e, fiBROBRGICERT L
BIZONTELHE SN TWER D, T Z OfhiE
B2 T T2 < PARARRIC B B2 KT L,
Rz 7 EESREIK P A S T2 LS T
V% Y, Endoh et al. IZFHEEH MVC UL U 5 e
& O HHEARE R 2N FE A 75 1 OAR T DJRIR & 7 % AKX
PEJE 5715, ECC AillZt LT ECC #ZIZR&E < FBLL
ZOERERNTEREGRE L bHBEGICH D Z &
ZWH 52N L Y, Semmler et al.?l%, ECC 1412,
FEXFHIIZ IR LR IR AT > TV DI S b b
9. Wil R (electromyographic activity ; EMG) 72
BT Z ORFIZHRAE L TV D T OEE R K E <K
T5Z L &2 L7, Dartnall et al.”|dZ DK &
L C. ECC #\Z&#HB) HAr D 38 KM FE 35 K ONEHIY
FRNVRT 2 2 LWt Ui, @D Yixons
Zog| EE 2 AR R ISR L. FHRIERIC e
N D B8 TE B B A il R RE e R BH 2 SR

(transcranial magnetic stimulation ; TMS) % H T
FOEFME O BE MBI RE A~ ECC RIZIXRE
FRUFE OBEMENERT 5 2 L aWmE L,

TIFERIC TMS 2525 & Frmc 1384

T2 LTWVHICH b b T ETFEIEEN

(motor evoked potential ; MEP) O HEL#% |27 EX
FE KT 2HMA 100ms ERDOOND, Z
DOFFEX MR (Silent period ; SP) 1%, JfTHfF
ED BIHENOMHEEOB I L 2bDLHE
ZBbhTng ", ZiE T, ECC %D MEP O

( maximal voluntary

EIZDWTHEE LEFRIZZ WA, 20 SP D44k
WZDOWTHHARTE b DITRMS - 5720,

2T, ARSI MR X B AR L
BHNMGIEREIC G5 2 2OV TH LN T D 2
EEAME LT, ABFZRITERES Yo RITHZED
F—H EEMT LD THY, RO %5
LTW5%, sEfliZR HiER CIC oW TILERED Yok
TR A SRSz,

2. Ak

2.1 #BRESLUIO -

PRRIR R 72 E DR MEE A B 7 4 (Bl 21
~33 %) A, FANZEBROHM L FiECO>NTH
IR EZ T, EBRSIMOREZ LRI iE
ELTERIZSM U, AFRITESESESE Y Y
V7r—vartr2—ofimiEaEs L0 325
RN KR A ST T2,
WREIIFEBRHOR IR . ETFOHE—fELE
“HRTIThbAHE ) 2T 5 BEOR J1EHCF
B L ORI A [ E LR T ToERIZITHhI
7= (X1&H8) .

TMS

.................... - OSEIHOSEOPE
Stimulator

Strain Amplifier

EMG (FDI) EMG Ampitfler'—~

1 REROBEX

TMS; transcranial magnetic stimulation, EMG;

Computer

electromyogram, FDI; first dorsal interosseous muscle

Yira e | =1

¥ MIE M (first dorsal interosseous muscle ;
FDI) (ZfifEtE a5l 23720, BRENHE L=
Y RZY w7 (20kg) AHBRENHE FRLE _FET
fFFL, S BEITAURZ U DB &ET5 0
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WL L 2RO MfEM A R KE TIRIT 28 Rl X
VO —HEOWNEED ECC % 3ty MTo7z (1 B
K&z 20 [B]) , 3 &y METRHRICERNICEHIIL
72 MVC @ 50%IZME F L T WEATE, 50%IC1&
TT2ET 4y NUBENTONEZ, 2O ECC ®
AL, R EH IRICK D MVC, FHoltimM
& (Pressure pain threshold ; PPT) . 3 XUYMVC ®
10% D ) FEE T iL7-, ECC % OREIL, ECC
WK DHETNODOEEEZZBE L TR &b 2K
fil 30 3 LA EOIEf 2 221 Tt Tz,

A Aa—FICLHREHTIOT7 4 — RNy
(HEE 1)) Z2FEIC, MVC @ 10%D 11 5EEEK 10
B, 2 BTV, FIEEAG I LE LT 8 Do
ZH (CV) BELWEMG itl&Ehiz, CV I8
M D DIEHENR 22 % % D D 1O FHIE TR L TH
L7,

2.2 FDEFRE (PPT)

PPT [Zf5f% % 5t (Force ten, Wagner inst, USA)
ZMWT FDI Bzl L, FH L 72, JEm B
ENEN3EEHIL, FEE AR LT,

2.3 BWRRHE S UHERAELHMER

TMS LB S E  (Magstim 200, Magstim Co.,

UK) ZH., EiiAmEZaihHFmic LT 8 OF =
A VD P T IR DRI T D MEP ORIE
MR E 72 DA E TR A 52 72, Avr R
a—FICkHr eV aTINT 4 — RNy (EMG)

ZFHWT, MVC @ 10%® EMG ([Z/B4 3 58 45
TR K AR B R E ATV, IREE
BAfE (MEP 2% 5 []H 3 [AI§5%E S 7-5RE) @ 0.8~
20 fEORIMAE T X LIZE 10 BT DT, )
XV AHM L, TMS 75 MEP 351#% © EMG {H
KEVHY EMG BREET LHE TORMEA T 74
VR LI Y (1K 2 2 . AFRTIZETO
WBRFE D SP 7% 100ms LA LD & & 7p o 7= G B FER
fED 1.6 BLO1.8FEDT — X Zfif#r Lz,

2.4 B

EMG (. FDI bk J Y BHFEE L, 20-3000 Hz &
JAREH CHEERT VTV AT AT X DR L,
BT BEO R I E R O FEEBICAEAT L2 A b Lo

Ak 37~42 H (2012)

V=V EoTHEB L, EAT 7 (DPM-700B,
) X VHEE Lz, BEMT | B3O b
U= &L EMG 5513 AID 222" — X —
(Micro1401, Cambridge Electronic Design, UK) %
NMLCTHHAa Y Ea—2 =it 7 ) v F %
5kHz THRY Az, figx L7z (K1)

2.5 #Et

ECC it SP DL#ix, —JohlE O %
TV, ZOBEREE ChoT-BICIZZ D% L EL
W alT-7-, TOMOIFEIZIIT S BCC itk Dk
Iz, student D t REA W -, & TCOT—F %
EHEHERERE L L OR L, 2 TOREILEHR
HSNARMEAE L LT,

Pre ECC | ”

end of SP

b

—

end of SP
Post ECC | | l
e raprpenas
stim | TmV
100ms |

2 1 2OBBRENSFEONT- ECCHTED MEP LU
SP AU GEENEFRRED 1.6 (FOFIBGEE. 10 BHE
hiEE)

3. #R

# 112 ECC ®ift® MVC, PPT., 10%MVC %{#
HFoD CVEBBIWEMG 277 L7, MVC % ECC #T
DR 3 FFRIZIZBWNTHE 75%ITIE T LTz,
—Ji. PPT % ECC Wit CHERZ(ITFRD bive
Mmolz, 10%MVC Ff#T . CV 1% ECC Aiff& THIXE
BICE U D REEZ LTV B I 030 59 ECC
AIICEE LT ECC R THERERARB O b

(p<0.01) , £7/=, 2D L ED FDI ® EMG 1% CV
& [AIBRIC ECC BNCEE LT ECC & THE R K2R
o (p<0.05) .
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# 1 ECCHI#%® MVC, PPT, CV & & TXEMG

Pre ECC Post ECC
MVC (%Pre) - 75.9+£7.0
PPT FDI (N) 43.8+49 38.1+3.5
Ccv 2.04+0.18 2.93 £0.27%*
EMG (%MVC) 122+ 1.24 18.4 + 1.89%

*, p<0.05, **; p<0.01

X 212 1 4 OB D ECC Rif%IZ TMS Ik » T
ST MEP BEL O SP /R L7z, SP IXiEENH
BED 1.6 3L 1.8 5O OfFEsEE T, ECC
B L O T 100ms ML EOESINBE SN, IE
FHEFRME D 1.6 35 X O 1.8 O W 5 ORIFLEEE CTHb
TSP ixW9 i h ECC R LT ECC T
AEICEM L (K3, &I p<0.05) .

El Pre ECC
=1 Post ECC
200 4 *
180 - *
. 160 4 I
w
£ 140 - i
T r
3 120
o 100
o
— 804
2
9 604
%]
40
20 <
0
x1.6 X 1.8

Stimulus intensity (normalized to Ath)

3 ECCHI%Z®D SP
Ath; active threshold, *; p<0.05

4. ER

ARFFETIX, ECC #IZB W Tl K Fip 3
DIOEEL LOERMEMNEOFERHER, BX
O'TMS IZ X % SP DF EREMATRD B v,

AWFFETIL, ECC DF 3 BRI 125 25% D MVC
DI TR Hiz—F T, ECC DL BEIEIC
AL 7o  BERMER IR O bl o7z (F D .
MVC OIX TG ORRE % it b KT 551 T

brLEZLNTWVWAZ E Y BXOERKTO
2 R IS ITA ORBRITEE T2 2 L2 @& L
THATRRGE WEEET D & AT, RS
72 5 ONTEFRME TR O 272 < | HREMEEBNIC L S
ARG EB I 5 2 DB AR TE L
EZbND, Fio. %< OFATHFE L FIEEIZ, ECC
BIZBWTHZRET O CV B XN EMG O RK3HE
gaxhiz (1) ., 20O CVEBLUEMG OHKIE,
PRI 1 & 2 W 7RI I3 B S n 2 &
0 MERMERINEE O FBRER A OBREEZ L
hTng 9 ZoHLOE R L LT, ECC #%I2iE
TEEHAL DR KBEE B L OB I KN KT 5 2
EBRHLMZENRTWND ¥, £/, Zhb0ER
DO—# & LT, Endoh et al'®| ik -f5EK = & —
L AyEE W T, ECC # O iR O i IUHE
T — R R B B R 8 & EE = 2 — o
TV OIEE DO FFAERN I KT 5 2 & 2 HE LT,
Ehic, mES Vi TMS MWW T ECC Hifg D
MEP O#)E #i# %<, ECC #IZITSIFREH DR
BHEREOBEEN/HMART L L, ELORER
BERE O BB M R DN RINAE T O CV B8 LT EMG @
BWROERE /2D L LB, EHFEOMREET
S5 AR A R LTz,
AHFFECIE, IEMEERNC X 2 A5 E L B N
HIHERE I 5 2 DB A I 5T D 7 OIS F KR
1D 10%D HFRFEFIZ TMS % #5r# 0 e Eh
WZHZ THFR STz SP ZfEir Liz, 2@ TMS %
LB DREEZ T LD E LT Db nb
OFHELT S SP 1E. MO FRELST. KR
BIOEEH =2 —o  OFREH B 100ms Ao
HIZBWTIT & Te A, 9 100ms LA EDOHESy
W2 DWW THE I R BEEE) B I k3 2 Jdil e A J7 i
FoTHIERIEND Z L NEL DOIATHIZE TR
ERTnD ) TMS IR SN S SP 1L, MEP &
[RIARIZ TMS O 30 BE o M A TR EE 12 L » T2k
T2, TOEMEAITHE TRE S BERD 0,
BIOMFICEA2bDEEZ5NTWS Y KifFge
TiX., HFEEFICEBITS SP Y ECC th THEILHE
fMil7=Z & XV, ECC %OMBEIZ L > T, #Hill)
D RCENIIHIRSE TR BN N T S iz & B2 b
%o SP TR AR 70 & & PRI R ET H 11,
IVEER L OWESRE 22D OROMEA T O BEZ =T 7
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SP X, REMHAHOWKL L BT L. B
FE R R RERIIER T2 2 & BLUOKEER
NFHEE R IE R 35 2 &2 E0HAE S, UTAE,
EEREAE SRV BIR RN H D L B2 bR TV S 1720,
ECC %ICNOEHDOIER, KM HIOETHB LW
RN R O T 72 Ehk 2 2 IEEERE IR T34 U
DA, TD OFEEFERENS TSR L C RN B
HEDIEEOWFI N E D L 9 708 % KX T o0
T, SOICFHEMRBFINLETH S,

5. B

AR EZATTDICHT-0 | R EHY L
ARG ET Yo b AR — Y B B T < R
WHELET, FLERICEL T, 2RISR X
OB & LT/ nia, B AT IR B A 5 I
B/ IMERIER . KRIRIRE R FREAARER, EN
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