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Training-induced
Corticospinal excitability SYmrldPﬁC strengthening
1¥'stage recovery 3"stage recover

Acute stage 3 months 6 months
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Stages of Motor Outpet Reorganization
after Hemispheric Stroke Suggested by
Longitudinal Studies of Cortical Physiology

Seargesszation of mator croats @ e corsbed cortex @ theaght to
confrilnte 13 recowery lolowing strske Thee can be sxemwed
with transcrantd sageetc ewsistion (TMS] mng mecsres of
cortscmpingd tract infegrey sad mmracorticsl esotabity. Howwver,
e iz bsswm sbost how these chesges deveiop dumg the
portant exly pensad paxt-stroks 39d thar isfesacs on recawery.
We azed TNS to abtue muitiple sessess bisterally & » grop of
10 patusts during the sarly deys and weeks sad oy 13 § mastha
poat-strobs. i order to cxamise correlstions welh teats of hesd
faction. Tes sge-msiched Sealthy asbjects wers sha studed
After vrohe. day-to-duy varistion i peformance waa wwelsted to
shrmlogcsl mamsres m the frxt 3 wesks. Messares of cortico-
ptaal imtegrity svetaged sver the zamwe pernd carelsied wel with
hand fasction. bat this selstusakp Socams weaher ot ] mostis. In
contyest, maxt trscaricyl sactebdiy messeres dd mot correlaty
scutnly but dhd 39 stroegly ot 3 woeths Thes = the acuts stage,
patients’ periarsmnce i3 lemted by desuge % cortcoapeal cotpat.
mproved performance 2 ] mooeka may depend on reargantration &
dismastive cortcal setworks © mecowins e stdceecy of
remeniag cortcrapesl pefvanys—aracortical diusbbmon may
wd secovery by promateg scoms 43 e setwerka.

©3%n.

-

TEprdC o TImaston

tredacten
hchorzke wroke fogeerely b 1o sngsds of vpper Baly

Ortando ILC. Swapne ' ;nuc.lnn-a Nk S Wand"* snd
Richund ). Covermond

quh' =l M

of N dogy, Unveosdyy Collogy, S 11
Quewn e, Lidoa WCIN UK, LK, “Welcome Trus
Carene for N sagng of Nowrcdegy Uni
Cutiepe London, Lasdoe WCIN G, LK. Depanment of hesin
Repak 2d Rebbibizen | of N ‘gv!
Cutloge Limdon, Loedos WEIN MG UK s “Acuse Sookee aad
Mesin Bajany Ui, Na I Dompitd for Neonology and
Neunwerpery, Quecs Squae. London WCIN WG, UK

ot al D002) bem ot a8 (Daraus on ol 2005 soadien. Likowiae,
retkoospinad hyperexciadiley s the usafocnad bemmbgbere
(LN was chwerved B sere stadios (Ociael® o 2 197,
Teavwea w1 3l 198 Dohaux o 4 205 bar not e athers
(Naagaretl ez 3l 20020 Foe sy pasieres, the carly Says and
mmamulﬁh»hap“dw(mﬂ
plarsdchigical chaags . Abhoagfh seral sraces foae pe

M.—mm”u@m—qmnﬂnﬂ
3 wirghe The g withis G B mush
s o 4 iy (1Y Ofvaberragos ot 4.
1w Mmatmuaﬂ:mdm
M(walmntﬁmlﬁnmn

many plysiobogal p Fossad by pe ]
-_&hﬁ—m‘—; wacky weadd
3 s of carly pineokg
kdchp.tnnt-
kunhkhlnmmt-mmrd
these b qeral cxciadiley of e
Ml.ﬁm‘anmnnm'm&"—'wm
Laer on (Tovesp ot 2l 2000) andd s kaeram e be

asockaed with poor Amclon when andiod & e chak
s (Thickboroom o1 £ 202 ) Lkewise. mncorcal dikohl
bizios of the A 2 LW (= | mooeh) s wem B potients with
reater monor kopaioment (Masgasced o1 4 N2 Thus,
athoogh s neuropydlogical pa appear w be
daod o moeor kg In those coomsectional sadion,
E b ome cloar obaher 3 doghedeal ool Cxban
P e m“wdm

motor fencuion, abar which 3 vartdic degroe of monor

pin 2l Ancthon each of which mighe he mone or s
hwmnmu—a“m It =

»oen (Tw 2 1957 Peecrional g o b (Waed
A 0% 200) and plipsioogcd ohwenasoos B andesd
modeh Qoses and Sclhullan 1994 Nad aad Mk 1990)
e thot of fsccilon chsed wab
w of l’t’ monr mwem x the conkal vl
y ® of somalzing Swotce et
mm-m-(m;-umnnu
h—-«tr;-.h_mpi: sl el «d
plrscios: B C mu-—um
m(nl)duudqmﬁamm
on (Travera ot al 1998, Pyrmnes ex 2l 000, whernas Bcwased
wrracortical owckab@y B boeh hombypberes (Lapen, Tlazosd
and Weiller 2000, Lepery, Sonch, et 3l 2000, Margpnaotl ot Al
2002) refeces clonges a Bitriesk: crouko of the conex.
Thooe arw, Bomowr, Eponast gpe ba our bremdedge. s
ook el daa soquined ducig e ne wavka Aer wroke

tove aoe poovided conedatent nesalie snor thoodholds In the

nu-&a portare 10 know whetler the ntashoodip be-
TUeea modie Eap a3a! hawe par Racg Jurag
ummu-n-nnmu,

W poowst cxpostimests @ which we aoguinod  denid
Dogiatival neavplakidgicd nd okl daa over the Sne
fow wweks aad sosths Ser Soeowr bohaske sk Owr
potirn goosn had 3 adaively widh gy of fercoond
knpacncne. dhraing die powdblly o cxaslae comcbitionm with
Smbcd soores Sl paldes TS meaeros (mostkag mesor theod)-
o [eMTY, xthe mosor dwrodsckd [aMTY, and motoe ovokad
[} al v curves [RCs]) provide nformsion
dhost comboopieal oxciabilny, speciically of the reauining
orghal projction fen G prkrony e conex (M) o the
wend cond The § poiond polse maeasanes osed (o eeoval
cacortal lebidiion [SK3| aad begiosorval  buracoical

Al were rabod I some (Lspern, Seorch o 3l 2000, Mangaaesd

© 208 The e

kihaics (1K1 s racecd Bcltasoa (KT 2wl
doworthed tha abwnil b1ira

Thin & o Ugen S sl dutumanl e B e o o Covwen |
— - -

pre— v man - B Dk | b

- e b () . gl Wb . g o~

The Inpaceds Coaguess Of Fwaralogloal Basgecas

EY -:-ovnevs—zszous
BasS R mEA AL R = A T — UMl L
INEYF=ray

L €
1) NSRS = ¥ — U VP =3 o 2R

Stroke Rehabilitation based on Cortical Plasticity and the Stage Theory
of Motor Output Reorganization

Hiroyoshi Hara, MDY
12 Divisdon of RebabdBoein Mechchw, Corter of Strobe sad Necrobogs Acans Hoopta)

One of the most (rpoctans objects of stroke redabelitation = motor recovery doem aoule stige 0 chrosic
stsge. Eiely reabiliation (erventino after stroke areet shoud be started dermg the ortasl tane windew
plase. Herein, a thoury conceming motoe orcdlt reongaization in the cerebeal cortes contributing 1o reconery
fulbowizg alobe: & propcd In the aoute stage. motor recovery deperds o0 resdual corticoepired (ract eaditalil-
ity froen arsat 10 3 recaths (161 stage recovery). B the pext stage, allermatve cotpert syetems ane useal aumiq;
tn izlraceetical exstabdity dependiag oo ntracortcdl disinhitition at the peak of 3 moaths (2nd sage recimery ).
A6 bos anad beyvesd trenig -indeced symapic strengthening Secomes better establisted, and now o
are better recegareand [And stage reorvery). Stroke sehaiiMaton programs commencing Som the aoste stage are
required porieding to this atage theey. Wik each stage, selecting and perfoering the most eflective rebatelis-
tioe programs w wwearstial 1o sutsalul recovery. TRO MG0T recovery odstrection fctars are indicated One of
them is Wallerian depysaratica of the corticespirad tnat. Eacly Wallerian degenecatinn of the cocticoegue) tract
that is seen o diffusion-waghtod MRE wis seported. With the appearance o Walerian degencration  the acste
stage, More attention shosld be Erectial o motor vecovery inBithon. The second ohstraction foter is the devel-
oprent of spasticity froem the soute stage. Sputic peresis oFer tine keads 10 mmotillzxton of the poretic Sody
pet and chroaic disses of tho pandic bedy gart, whah are iwodatie mmm carly rehatiltaton intereention,
Kecertly, varows inder were progereed fie ol Y t on the cortical plastioty theers
Tre combersstion of repetitive trmscrnisl oegrats: samalation aad imensive coopatiooal therapy (NEURO- 15}
reported by Abo 12010) am recoremended 1o meaier lsod Saoctioes ot the duvad: stage as 30d stage recovers
The NEURD- 15 is 2 proeniang mothod for stroke rebadsditali

(Retusved March 22, 20121 accepred Apel Z4. 2012}

Key swonds © stroke rehohittation, onrticed plasticity, midor culpol roongelization, ontical time window, ranso-
2l magresic stomlaticn
Jpo ) Nearosurg {Yokyn) 211 316-326, 2012
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Acute stage 3 months 6 months
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1¥'stage Tecovery

Acute stage 3 months 6 months
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3rd stage recovery
Corticospinal excitability *“/7'710) {;‘ﬁg 1), rEJ F

Acute stage 3 months 6 months
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Stages of Motor Outpet Reorganization
after Hemispheric Stroke Suggested by
Longitudinal Studies of Cortical Physiology

Seargasmation of mator crots = the corsbed cortex @ theaght i
confrilnte 43 recowery lolowing strske. Thowe can be sxemwed
with transcrantd sageetc ewsistion (TMS] mng mecsres of
cortscmpingd tract infegrey sad mmracorticsl esotabity. Howwver,
e iz bsswm sbost how these chesges deveiop dumg the
portant exly pensad paxt-stroks 39d thar isfesacs on recawery.
We azed TNS to abtue muitiple sessess bisterally & » grop of
10 patusts during the sarly deys and weeks sad oy 13 § mastha
poat-strobs. i order to cxamise correlstions welh teats of hesd
fnction. Tes sge-mstched Sealthy asbjects wers sbs studed
After vrohe. day-to-duy varistion i peformance waa wwelsted to
shrmlogcsl mamsres m the frxt 3 wesks. Messares of cortico-
ptaal imtegrity svetaged sver the zamwe pernd carelsied wel with
and fasction. bat this selstesaky Secams weaher ot ] mesthn. In
contyest. mont strscartcyl sactebdey messares dd mot correlaty
scutnly but dhd 39 stroegly ot 3 woeths Thes = the acuts stage,

patients’ periarsmnce i3 lemted by desuge % cortcoapeal cotpat.

wd secovery by promateg scoms 43 e setwerka.
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Stages of Motor Output Reorganization after
Hemispheric Stroke Suggested by Longitudinal
Studies of Cortical Physiology
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Claction research arm test [ARAT]

CInine-hole peg test [NHPT]

OMotricity Index

CINational Institutes of Health Stroke Scale [NIHSS]
Otimed 10-m walk

CBarthel Index

Omodified Rankin Score



action research arm test [ARAT]
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nine-hole peg test [INHPT]
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Motricity Index
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Ml (Motricity Index)
 FMA (Fuglmeyer Assessment)
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M1 (Motricity Index)

= TCT (trunk control test)
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National Institutes of Health Stroke Scale
INIHSS]

NIHSSODBE—ﬁé“n+Z37li42'5
(&= - BE) | -TRE |- TRE |HENDLIBBEHTERIZH->TEE ML, S31E.
x:775“‘.%‘t\(i£ﬁ4ﬁ75“:5§l;o

NIHSS Stroke Severity

0 No stroke symptoms
1~4 Minor stroke
5~15 Moderate stroke
16~20 Moderate to severe stroke

21~42 Severe stroke



timed 10-m walk(10m

2 ch BB FRD TV AT D— B

-EANIZITEIL 0.4m/s LI
fRESNT-51H 0.4~0.8m/s
oBHACBITHHITEILEDHYNAT{E
-11.6F%>
Hhisk 75 ¥ S o

-BARAFHFITEIL20 F(0.5m/s)

}

B BAT

33710 #(1m/s)

5477

AR)



Barthel Index
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modified Rankin Score

The Modified Rankin Scale (mRS)
The scale runs from 0—6, running from perfect health without symptoms to death.

O - No symptoms.

1 - No significant disability. Able to carry out all usual activities, despite some symptoms.

2 - Slight disability. Able to look after own affairs without assistance, but unable to carry out
all previous activities.

3 - Moderate disability. Requires some help, but able to walk unassisted.

4 - Moderately severe disability. Unable to attend to own bodily needs without assistance,
and unable to walk unassisted.

5 - Severe disability. Requires constant nursing care and attention, bedridden, incontinent.
6 - Dead.



Comntnd Cowwrs A J0R 0 PR V0L
A e b

Nbamer Avwm gubiis b fomaay 24

Stages of Motor Outpet Reorganization
after Hemispheric Stroke Suggested by
Longitudinal Studies of Cortical Physiology

Seargasmation of mator crodts = the corsbed cortex @ theaght ts
contrilete 43 recovery lolowing stoske. Thewe can be scemwed
with transcraned smgests ewsistion (TMS] mng mecsres of
cortscmpingd tract nfegrey sad mmracorticsl esotabity. Howwver,
e iz bsswm sbost how these chesges deveiop dumeg the
wportant exly persad paxt-stroks 39d thar isfesace on recswery.
We azed TNS to abtse mutiple sessess bisterally & » grop of
10 patusts duriag the sarly deys and weeks sad op 13 § mosthe
poat-strobs. i order to cxamise correlstions welh teaty of hesd
fnction. Tes sge-mstched Sealthy asbjects wers aba studed
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3rd stage recovery
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Training-induced
Corticospinal excitability SYmrldPﬁC strengthening
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