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BRAIN PLASTICITY AND STROKE REHABILITATION

Masachika Nimi, Wataru Kakupa, Masahiro ABo
Department of Rehabilitation Medicine, The Jikei University School of Medicine

Brain plasticity is a key component in the recovery after stroke. Numerous molecular and cellular studies
have examined the brain plasticity involved in brain repair after stroke. These studies have clarified that
axonal sprouting, dendritic spine formation, synaptogenesis, and neurogenesis occur following the onset of
stroke. Animal studies have shown that the timing, method, and environment of rehabilitation greatly affect
the degree of functional recovery after stroke. The somatotopic map changes depending on neural activities
after stroke. The more frequently the paretic limb is used, the further the region of the paretic limb will extend
on the somatotopic map. Transcranial magnetic stimulation and various neuroimaging techniques, such as
functional magnetic resonance imaging and positron emission tomography, have been used to investigate
morphological and functional changes in the human brain after stroke. Neural activity in the primary motor
cortex of the lesional hemisphere increases in patients showing good motor recovery after stroke. In patients
with poor recovery, secondary motor regions are often recruited bilaterally. Task—specific training is more
effective than simpler training. Patients who start rehabilitation earlier after stroke show better recovery.
Recently, several techniques that modulate brain plasticity have been developed. Such techniques as repetitive
transcranial magnetic stimulation (rTMS) and constraint-induced movement therapy have been applied
mainly to patients with upper—limb hemiparesis after stroke. The effects of rTMS have been examined in
patients with higher cortical dysfunction, such as aphasia and visuospatial hemineglect. With further
development, these techniques are expected to become novel treatments after stroke.

(Tokyo Jikeikai Medical Journal 2012;127:151-67)

Key words: plasticity, stroke, rehabilitation, functional magnetic resonance imaging,
transcranial magnetic stimulation, hemiparesis, aphasia
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28HIZERD &, FHZEREPHERAL © DR D%
REERTESLDI1T25Y. i3, Bz
(spine) DEAENKZ B ZEBHMBNTND, F
EhEDEBEN, T T ZAIRHRZEE LICEET S
TR EIEIETN DML T F T AR T 2 E 0N
DNTWDNY, MEh#IciE, BT
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W AR, MR OB AR =
52 EBMRIN TS, AT DOIIEICL D
TR SR 2 52V, ek A I i 7 P 6
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TY ZRORIF 200 Mgl filfa o st & {2
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TERNWEWSHEBRINTHBDY?, ZhH0

T TIHMAERICE > TEUHEREEEZ 2T
iZ 2D TR W, BRAEHANRIIZET
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— D13 Homeostatic plasticity & IE1X1 % H D T
H5. RGO EEMESMEE TR SN D S
MICAEC BN ELTH D, DED, FEKHE
AGERENCHE N IUS, BB T T XD AT
DU, FEKBEEMBEIZEAD T, BENS I
TADATMHEINT BT & T, w78 kB
EOEE DRI D,

% 5 —Dl3 Hebbian plasticity T 5. T 7 Zfk
A Lo FR;, &L <EBEL T
FKTBHZEITEDT, TOMWRRENLD R
INDEVNIHRTH DD P, figzsrhtgOiETH
REDEMEZFITE D &, EICE > TTO L D78,
REE DHRERYREIR 2 T 2 &2k > T, 2 DF
MALEZ R IT T B7201, WIS ICHERET
BED, RN OEBICEI D B R E IS S
N35XDIT7Mm3. T activity-dependent neuro—
plasticity EIEEN 5. T N T, MEHETIVE
iR, RE & 2 <MY 2 KD IREIE T S
NDHD, FENLBEAEZZT52X00, FEK
DOHMEEEREIIE<KET 2. 20 &, BREFEWR
ZALEUT, (@1 B B IS FEE T % SO i
DEHRZER DA, JFRFTE O B R D s &
BHEL CEZS. 2O &5, RERATLD KR
ICHERE S 2 K D1, 2 DRREI DEEIZBI D 2 #f
AT DI EDVRBIN TS,

IV. BRBHSFONIMEZEHRY/NCET S
E

PRERAL I (somatotopy) 2 B DAKDHEEE < v
T, MEHROFREICL > TS, FGEREEIC
FoTHBEMT S, MAERFRERICAE U 2 Rtk
Xy TOEERLUEHRELT, URAFILITA
THICHEZEZ AL L, UNJIfEEiT>2&T, £
D% DRI DZAL % /= Nudo 5 D EAH 5 V.
BARPNZIE, U AL O 1 KGEE O FHafEE &
F - RIS IEZE R Z U, RN ECZTF
fRzEmEICHEH T2 U NI ETo /=& 2 A,
FEZE R OERALC, FERELARTIINTE 2 3l L C
WIS, FHEZE ALY HHICE Ebh 5 2
EWIRI N, BERBRTF R L TS T 24 H
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Bod DE N EINT 2 Z &b M ER o2,

ize g ORERERIELT, U N\DIBRTA S 5 IREH
B2 T 5, 7y MEAWEMZETIE, KR
FRFIERIC ) N\ EIRYD 2 IR H 2 FEN 5 5 H 14,
14H%, 30HRICHT T, EEREOREEZ L
95 s, BRHICHY 2T EEEERIEN BRI T
BHolZ ENRINTND?,

fdzs s OFEREIEITELT, BENENNDIREEIC
bEEEZZITS. 2DV, LLEin 5,
[enriched environment), D F U B-F /2%, 78R4,
HEE), HREOFEMARESIND XD RREICEWN
D, B % OREREIRE N REFIZIR D &0 D
EZFNH D, =&z, Ohlsson 5%, T v
NCHBEZE 2 £ U, 1288 R > T [enriched
environment] 12 & % B HERE DHERE TR\ D3¢
BEMALEY. 2 DFBKRTII, lenriched
environment] &L C, ¥—JOHICTT T O
ARET0Oy 7 OEENENNZ. KA TPIEEN 5
128 [ #% 38 U 7= 5 5L C, [enriched environment]
IZEPNZT Y FOFEDN, EEOT —JIZENN
722w KO b, REFIREBIEEEDRIE Z/RL 7z,

V. BB K B R

A, B2 T ORI P EICBE 9 5 R RIS
1%, % 5H & S M 3 ik (transcranial magnetic
stimulation, TMS) *°, Bk LG EI 592 (magnetic
resonance imaging, MRD) 7% H.0y & U 72 1% i {5
ZHWSHZ EICE>THEL TEL.

TMS X IFRERITI 2RI L, = DHEREZFE
flid2FETH D, —MRIR8FIAIVIIEHEN
IZiRERZ e S, FREIMR WSS, TTE
Za—O EHEL, TIN6IFTRAEZTS
— JGEEN I O ST 2 R ICEE S B 5. f
WORED S WG, MR Z BRI L BLE
B2, HEAHINE OB B3R E B % G
L, BHiRTAMEICEEI N, REWICEEOH
W& IHE S 2% 0, R BRI X D HIHE
IZ S i B i 5 % AL (motor evoked potential,
MEP) #F~R2%Z & T, HEEEOBEEMEZFN
HTEMTES™, TMSEHWZRICE S &,
Mz i, AR R IR B N O i 1 D e 55 2
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K0 20NN S EARMEMERNEE, HEAE
PN S BAGEENEF A~ O ERE T OHNH A
W< 785 EWS RN TENLEDY, 2L T,
Z DTN 7SN 7S R O FE B RE O [B115 2 FH &
TEHEEZLNDITNEZD Y.,

MREERIT K 2 KIMATEEME ORFZEITIE, TRREE
RYREMG & L C, A& DAL % IE A % voxel-based
morphometry (VBM) & WD FER0 FHERR#HED
TZ2mEGAd 29887 >V )V E 4 (diffusion
tensor image, DTI) 72 EVHW STV S W,

BERERYREME & U CTid, HEBERIMRI (functional
magnetic resonance imaging, fMRI), AR k1O > M¥r
J&i% (positron emission tomography, PET) 3 X T}
1 #E 1Y 3 7R 4% 59 J¢ 15 (functional near infrared
spectroscopy, fNIRS) 73 & O A& RE M R A3 H W
S5NTWA, UNGBIZBNT, 275 OREI,
KR OREZRITRFIC B 5 IMHERETR B 2508k T &
572, WREAINEEHRE KD BERARELE S
LTHEAIN TV S, IMRUIMOTEBNCHED &
Fr DRKIMIR DM ZFHRIT 5 2 £i2 k> T, ikt

EIGEh 2 Lk T 5. fMRIVZZE[H 7 iR AE & IREf 49
RAEMEBITEN TS D, o EHEL AN
5N TH O IEER 1 O KT I B 9 % i REF
FEOHEIR L TS, PETIXEE R L —H—
WS A fpEmE L, & ORN A & g b T
5. b L —H — &L T"Ffluorodeoxy glucose
(FDG) ZMW2 Z & THT Ry R % 2 HlE
TE, FL—HY—&LTCOREEZHNS Z &
THKIMREZHE TE 5, KO MREENMKIN &N
DREMD %, INIRSIINEZ OE > ORHE
BT 5 Z LTk > THATOMKILIT D2
ZRET D, FEICK S0 DR, TEITE
ISR BT B ITEEI 2 HIE CE 50, 2R

EAMEYY, JIEHPHO R ESMUERICIR S5 N 578 E
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IS OfREEREE{R 2 W2 B RERIE IS D
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W<, REVWEFELEWERICH S, ZL T, K
PRI AL S [EE R T, mHREEROIE ISR
REEFkRBIERLEZE DX DICk5, &I,
BlifismEZAE2EBEZEZTOHEMNHEETH
0, W, WL NEEZEDRVWETIE,
M AREER ORI I A WE T &b, 202 &
M5, BEALA/NI S, FEEE O
REL THEEREICHE 522 &N TE2, H
SEEAL IR E N SRR ER DY DR E] & 4H D AT
MHETLK 5D THAD EHERHINTNS D,

VI. @UZREZEHRUNEYT -3 &7

PAF, MmUY NCBIT S, IERNRE, %
s g, RN OV TR, REh
A=y hOFEIEBLEOM, KMZEF Y NDR)
BT EE KFTRFIZDWTEISR NS,

1. RMEE

Fw bR AT ZHWEHMERICBNT,
B{EQEHZ2EIRWE DR, HLOWEMEERERD
RUTSH, EEHHEFICEEIZECRNWZ L0
TWa9®, SF0, EEFHOEEEETDLHLD
IR B 72 (task—specific) FlfH &R L 7= 5
DMEREY v TOR L E B 5T T EMNTE 5.
E MZBWTH, BRI IIBMKHERE S
TOESHE, HEEbLEI T,

2. RN E

k25 F A% D FREIC 6 L T ORI EIC DOV T, #
S, FEEEEDIERRE 2T &, e
RIEN R &R0 AR EfESN S, —H®
ZODHIFZELVZLITS &, WRERESHEA
EEME (activities of daily life, ADL) (DELESE % [f]
LEEZYN, RBEICDOWTIEEEREZXD
EHLTITS &, SHEEREDEIENRIF &35,
3. ZHRAITEFE

IV. T /z&512, UNSEYI7ZEIIC D
FIUTRKRBRORRIIFHE T EanEZEZ5NT
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(U%Hﬁﬁz) %m%%%v)s ﬁi@ﬂ%ﬁﬁ {ﬁ&ﬂlg'fll 73¥£ O)IEHE Ifyénﬁn%@ébili%ﬁ
Chollet*™ KE, PR FHE A FIE, I SML, /N6, &,

1991 6 = gEk  CET g IPC, PMC Clti (k% 38 7-.

Weiller*” 5 e A1 BAISMLIZBWT, FOZREENNE

1993 8Vvs10 TW-6Y KETF  PET SEA e B~ L7

) R 8 T g {6 B, 75% O E 1] T {8

Cao®™ B KHE, SM1 DIIE L ZFRD /=, 2D Z &3

1995 BB o-43M gur  MRI RAf S U2\ & 5 2B B OB 5 2

RIET %,
Cramer*” o BRZERIZI - C, BAIMLIZBIT S, F

2000  2VST 6M KE MRI RAf e R D T RS & 7.

Pineiro™ R FFR 6 R, ZB I SML | DR HL

2001 8 vs 20 1D-22M EET  fMRI BLhf PEBAHNBEH L Thz, U3

B ETOIEL 2R 5.
Johansen— RS ] PMC 2 TMS CTREE9 % &, ik
) ~ TMS, WU e FHROEBEESE T L. R
Bergl  1lvslf  5dOM BEE i b BOBREAAS OO E BT T I
KREREEEZITT-.
) i oy BERERIE D Z L WEHE TIE, mflEEk
Ward® “, K . OELOEEARIET S LS IR,
2003  20Vs26 >3M gy MRUWRERS e nmbe s s Rk ES S
7t sIiEE R E R U 7=,
Werhahn®® R BHMIZTMS CRRET 2 &, HIEOD
9003 12 vs 10 2Y-11.3Y EZE"? TMS kR 2 BEF2FIFE, ML LFHEORKRER
- TICRERFEEZ T,
1 i~ SR L E TSI E L
Zemke™ ) 14 <6M B pvrr TIORBIEN s g SML O B 6 B 5 2.7
2003 RET SeaEE o -
fEREMo 7=,
Fridman®” 3 BT PMC 2 TMS TREET 2 &, #f

2000 4vSP -y REETMS g 51 U 7= A OMBIREAIE T L2

JRELTF O I RE,  EERIML 2 S B IML

Murase® 3 - . 12t U T, MLz U 7= i v ek < 78

2004 Ivs8 L6711y BEF TMS bR B 5N, T ORI E R A
[EfE#HET 2 EE 26N

) EEG BBEER D LA IE BT T 21T D 0,

Gerloff* 5 ’ TR m R OB L XOVIZ BT D

2006 1 peeOY  REE - PEL g ST R 0 s 2 A L C Lo et

N 5.

Ward®® T™S KEBHEORENRENIZE, #HE

2006 8 4-45M KB MRI k% W2 BEE U 72 I 0 BTG SR AT M1 Bt o —

SRBEHZ DILKL 7.
Grefkes™ BAIML EREAML I O#EE, BAISMA

2008 12 vs 12 6-32W FETF  fMRI Rif EAREIML R DKE A DIREFAHS, FEB)FEE

B> Tz,

Y: Years, 4, M: Months, H, W: Weeks, i, D: Days, H, EEG: electroencephalogram, 4 i, IPC: Inferior Parietal
Cortex, JATEIE B, MI1: Primary Motor Cortex, 1JEEEF, PMC: Premotor Cortex, JEEIF(EF, SMI: Primary Sensorimotor
Cortex, 1 RIEFIETE, SMA: Supplementary Motor Area, fifi & iE B EF,



156 HHRENn
2. WzEhte D BRI BE 9 2 i BERE MG AT TE (REWTRORTFSE)
e 9iE 11K FEIEH D
G GBI RN ik o L BERD B NIER
i w5) (B2 a7 [ 550
12U, BfISML, [ IIPC, fifISMA,
Nelles®™ 6vs 3 <12W KH, PET K4 AT EE AT 35 & OVHPIR (8112 R 8 T 45 £ g O
1999 G2 [al EET . IRTEDYH O, KITHEM PMC O A IZHRTE % 7%
BH5ESITEo .
) 2RI SML, SHTAZERREE, [T
Marshall®’ <1W, 3-6M ; SE AT B 1 R T 45 A IR O RIS 2 iR 7z
2000 8vs 6 # 2l REE MR B2 e smiac, Gz 3 2 B0 SM1 0
WATE D3 S (BT 2 S LR L7z
RN AT ) TPC CIRYE 2 38, Al
Ngggsl%) 10vs 5 <2(£J?;E4[0D BEF  PET KRR IEW{WIPC, PMCH & CREMISMI1IZIRIE %
" BT,
. Z U, M1 D, WL DR 4 7358 E)
Calautt™ 5 157 M RET PET AN SIS0, 0B TR
m & IR RN L 72
0.8-21Y, 1-4D FHE AR AT T LR @) BRI IR TS 2 780 T
Carey'"” 10vs 9 BXO e, MRI B4 7203, K120 B DO FIFHEZITIIHEEDREIE & &
2002 U NI KE R b RIS BT I AISML, M1, SIB KT
2t 2 [a PMC NRTEL L 2.
M1AVHZE & e = 88a, 0o, WA
Fevd 101) 1-6M }:\fjﬁﬁ %ﬁb:ﬁﬁ{ﬁ’é&f 2O TN, @fga)l@?ﬂ%f
2y00y2 14 s wprr  MRE B EREISMI NS EBRATIRS L7z, M1
" WWEENTWSE, L TREA ORRIE
iRz,

Small'®? 12 1,2,3,6M R, MR K% BERE B8 Y AT 7235 TR /N4 TS 2
2002 Ztafm RE R " D=7, AR OENE TIIERD NS .
Ward'" 10-14D, 4W, B TS O, TEBYEF BRI BT B RIS

2003 Swd o SEMLM REEOMRU R gieeolbi & L RN L,
Nhan'" 13-23D, 80-158D FHE, BerE Dok SR L TR I ICBIT 2
2004 Bvs? atofm g r MR BRY pescnn s
105 BUw», fAIML, SMA, #HHREIEZBS &G
Tombarl™ - gygp  ODSMSIM ek aMRE Be WEIPMCICERD BRI, FOBE
" THRAMIEHNZERL .
e - WU ®, B &N D 7 RIS
faifland avs1z W ?% <2y &% MRI  BBF EBACE, (8 O THREIML, KM, S
: PMC, BRI EEAL L 7.
107 - WU w, i SML I IR IE & 220, W“J:Hi
Takeda™ o . <25D,>35D BEL  NIRS e BEREOIIE & &b Iz EEISML IR 2 7
2007 Ft2fm KET DL o
, : A A L 35 1F 2 B0 ] & AR
Marshal™ py 2D, 3M KENMRI e EEHT OB DR, BAERIZED
2009 Zt21m KET T,
flzerh 210 H T O /EMRIML O IRIE L, HE)
Rehme'*” 2D, 5D, 10D KH, e s - g BT g o 15 T
2011 11 gt Jrare S fMRI k4 BEENRVFITBWT, HERIEORE S

FHEA L 7=,

Y: Years, 4, M: Months, H, W: Weeks, i, D: Days, H, IPC: Inferior Parietal Cortex, SHIEZE N, MI1: Primary Motor
Cortex, 1K & B ¥, PMC: Premotor Cortex,

Sensorimotor Cortex,

& B /i BF, S1: Primary Somatosensory Cortex, 1Y & % %, SMI1: Primary
1TRIEFIETE, SMA: Supplementary Motor Area, #fi /& i B HF
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Wh, WISIFTRIC K B &, IR RER, F
DR AZEIT O D DHERE TR 2 GBS E 50,
FEREMR T, DEROFEIEN S 24FFHILANIZU N
RO D ENEH THHNENMIDNTIE, —E
DFERMME SN TR, FEN S 24 R LANIC
JERL, SEALZR EDUNZERIIEL TR OFMEE
%<T22LITLD, HERIIEDST, HalEH
WCERBEISABNWETSH, TOBROEEETEIM
ETAEMSED SN ET DHENDH D PO,
4. BEHRIZY FOFE

MézEp 1=y b, ZEHRFUNEY FT—2 3>
—v FTIEBEHKD, RyED, EiHtE N
gl 22 505 %. 25 OHEMERIZ A
Be U 7 B as b BB, DERALHIR T D ARBREH &
0 EEERF OMSREMN BAT T, R, K GFE,
s AFTRAME <, HEERRHE NP,

WA IR A R T A 2 20091CHBWTC, [V E
BT, Z 27 h%E, RESHE, FERERTD H AR
IHEIE (ADL) ARG EZR<MEh a2t
MHORERNT, HMEERSY v INEZY —BEHT
T, BEREEEELNS O NZEETEN DM
RRAZAT S 2= R R T d % stroke unit TR
a5l EITRD, EROET, ERMFED
FfE, BERERROEMN, RS HE EISEIE
& quality of life (QOL) DI EZFMDZ EMNTE
5 (JL—FRA)] L THERERINTVWS®,

5. Z0fth

IV. Tih 7= [enriched environment]*®™ 7% fif
JRIZHU T3 575, UNEITH RIEEL T,
R D DTNy R A RTERETD X DIEF
HESCENRE, FIMOENRRENTEDZT
T HPRMNIBEITL T IE D DKz 1% OHREE
BIZRWEEE5Z50b LN, EHS O
REBRICBNTH, UNDOHRICEEL52 5K
95 7%, [enriched environment] 12 X % &%) R
MHER I NDIEFIN DI <7<, ZTOEEOR
FHIRGENE ENS.

VI & &N A

S5FET, UNOLHTIIEEREESE TN,
[impairment (BEREFEE) | EDHD KD b, [activity
limitation + disability (VG B #|BE - AE HEEE) | O

wEEHELT, REWZEE - FEROESE
LT EICHEANENMITERZESNWAH D, L
U, Mazrd 2 KT ICBD 9 2 H1 R 2 BRI
ST 2 2 LT, &IATE, HREREEZO D%
YEIEDL RO MBENINADRINDL DT
DDDH 5.

1. CIEiX (constraint-induced movement therapy,

CIMT)

s F2REL, MEOH T2 iR A
SEDIBFETH D, ARG KIKT M 2
WHIET, RIMEZEOAMRZRT. ZOHFEE
DOEBREFHRINE, V. TBRRZY ZP)ILOER
THbd. DFD, UZATFILOUKEENE O T5 EH
EF - miTEBIC R E R L 2, R TFE
HIRL TR D H 5 F 2RI T2 K57
MEE Y &, MERBOAT, JFERELARTEN
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