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AAE 38 A9t $F5HEE doZ ¢ e 222 22d 7AF
A(eldd 5, 1992 sHd e ¥Ee B3 AAzEH £9
S0 dgs) AAE X387 A W], AT AAA 9 Fs o] &
Q3 (Williams 5, 1997). H &5 & 2l gAFFol &A7F &

[]

A g o)t (Myklebust 2+ Gottlib,
e o] Xt HIAS FHLE A4
A

&4t Apge] ol

A ge QA BA BAH, AP

2: $E90% A3E AT H87 A olFlE &5, @, A,

A7, Ae, A8, AA715HA S8 Fo)S 7HAA Bek(Sabar, 1997).
£%, 27, AA 2 Aoy 5 WHNAY WA ARYer 74

d e

A 7 % (large-scale neural network)ell ]38t ZHE X =1,
olelg WA o= 3 HooFE 4ol o@ st xUdAn
(Mesulam, 1990).

HEFOE UF Hupy] Fxe] AdANH FEE HxHY EHHAA
H 99 Z7], &84 S wet gdstA dErdAR, 53] A &
S v Aol FEAH o2 veEhdth(Bobath, 1971). ol21d ¥t AL =
A ALY A, AT AR Y 28eF, AFols A 9 498
o]@ A wEtHCarr ¥ Shepherd, 1985).

Ryerson(1997)2 AztollA doju v g &40 39, stx9 o3 &
H A, €34 Az 44, 38 #4745 24, 2§ A5x4
o] @& SAAAG FA Y HANGAZ FoE U oHwES 7HAA o
T AAT 259 Hulble 53AQ0 dAAEE oA 9= F 4
d 7kA 715dNE A FH(Jette & Cleary, 1986).

HEG F 7taAdo] dojue VAR E AEFFEAA dojue
gEo] 7% Wyl dojus Aoz yZHI o, o=
o2 F 2AXR gd A2 #Ag, &4 FHRY HAA 9
Sholl o3k didRty f Az 9 oS dix gkl 7] sl

N ooX B
o off ox Wt
V2 . 3



T

o] 92 A &2 Fol vk (Bach, 1983).
&g AAAFE A4 A APSELS A FAY 457
B A (dendritic branching) @ RA|XS F7} 27190824 ¥ Z21n &
g fAdFAgdol dojue AeE WA, oldd Ho AL HE
Folu QA T ZHE ¥ WHog AF HEA T XBEHA FEXRI
Z24% 479 £HCummins 5, 1997; Uylings %, 1978).
Bobath®] &xd3d 52 589 FAolsH AIXY £8€E +5& 9
g F 2EF ABHILE QA FES FFYH B &
mAe EYRAE wabw (Bobath, 1990), ©] Eolel= 2w, ZAA| W,
#4d #87 T3 2L 7879 2HEN & Fo|th(Edward, 1991).
Bly(1983)E #%clA9 #FFgx2de ALLFd ZFHoz Jed,
Azrz FukR e Ed 5% Q% BN FI% Hr9 ¥4
o .

%
T A F% 2 A9BANEE, B0 5 22 Be

D Lo

\o

— T o X %

Rothwell(1986)2 A A7l 34 T8 IaddF FAHAAE 7|AH HS
Wel A &ne 78S X438 S TGA Aok S}
3 g on Mgy Y oF &thil 3t tH(Stock
meyer, 1977, GilFoyle, 1985).

Bobath(1990) W3t o7& 9% 4 d(proximal key point), &3} g
S Y99=dH(distal key point)2.2 TE3}4 .25 Bryce(1989)¢ Edward
19)= &9 AAE71Y F5F 7-8d FEAE FU4xZ H(central key
point) . & 3stgt}. -

- , oA AY d=EH A}
ole] AAMES 1S It el 2AYE £ v AMZzAdTEIY
o] 7o S £oh SIAH(EHE T, 1996).

K2 B0 7154 HIY o] wastHA AA A AFHozm
HAZRDe A% 1 #AZste A7 83 ol FAA L
Rew, oz A gHs AAE AR FE T3t zhze
Z53 8g S odte] ™A T gl HHA L H(Fei

ngberg ¢ Farah(1997); Frackowak %, 1997).



A5d HIH PUE F YPHOE Bol AgHAAT Yt AL ¥
AR BAN2E BRE FES FAC] M9 54 AQGNSFE BE

=z

A& @& #9 (positron emission tomography, PET), ©3x4& A 4ks}
@329 (single photon emission comuterized tomography, SPECT), =&
2 He H7NH EFH oo wE AUAH W39 YXE JAIs=
EEG(electroencelphalography), MEG(magneto-encelphalography), 2 7%
A 27| F ™ 9 (functional magnetic resonance imaging, TMRI)%©°] L
}(Le Bihan ¥} Karni 1995).

fMRI= 1990d Zd WEE o]F H7|5o THEH= ¥ EF(cerebral
blood low, CBF), & 2 (cerebral blood volume, CBV)3} HEZ¢l 3
NrFEEY WEE olgs: WHoEN PETY vlste T3 Bas A
v FdEe] 48ty Al el WALY FH9AY 294 5
B8 v AFAHY HHozN NEHQ HAL shesttte FHe] Ao

(Le Bihan¥®} Karni 1995). Karnis(1998)& A3 m@AtojA] £xA-Q
&7te 229 dee FHEY] A - F IMRIE AME3e €7/ W3ls
A =3t At AEAEL wd 10 - 2084 3F $EXEE 3 A

Bz e gz Hdld M $EFde A3 HUE © FddHo gl
28 g 4 9dyew, Doyon 5(1999)& AAAGelM &7l &%
A kg (motor sequence learning) S AA SRS #W 2gHA &5¢ 3
AE = &

3
5 £9 715A Wae 2¥e) FRo} A4

» o
un o,

uls

B>

i

i)

2

ol

2

Frackowak %(1997)2 W4 -f=H(internal capsule)ell HZFo] ARW 3
AE T ¥E7%50 5 IAAES YHoE PETE AA% A3 AA
S3e 29 B3N EFFHA Y A diHe5IHET a9 dS4H &
dstet A orE EA48HA e HAQA Y4 D3Gnsula) 2 AT
H-(cingulate cortex)dlA &3/t dEd S Rustgdew, 1 & IMRIE
o] &3 AT EANAE A &4 AT R A (Leifer 5, 1998; S
eitz &, 1998).

J

i



2t A

w}H|

5}

ir

A

Al

of theude] &gstel v

dotra

=2 ¢
=

= &

(o]
5

2%
Aokn] @74 37

Ir
i

=

&}

Bobath ]
2+ Aql

ol &

bo FA) A -

S

o} &

oy



II. o]24 w7

1. fMRI¢] 937

Sl naitt APwdold. of @ HARS FEHe FLAY Y
o)

Beliveau 5(1991)9] 2]3t9 gadolinium-DTPAZtE A A4 diz2E
Z (paramagnetic contrast agent)2 d#& ol FY3I F A F(flashing
light) =& FUE W ZHAZ3 A (primary visual cortex)ol|A doju}
= T4 HddAgo W3E EPl(echo-planar imaging)® QAt3}et=
Aol Ag AFsFen, Ogawa $(1993)2 T2 A AAH o &4
223 22 29l (deoxyhemoglobin, deoxyHb)*|¢] ¥3lE <] 83 Bood Oxyg-
en Level Dependent, BOLD)7| o2 fI2ERAY Fdo| glo] HBFHFY
Hsg gAstsied sk

79 #Edol Frtetd HAEANA B W JRIZNORTE A
g 2H87teR RS2 o] YFe] Fika JEI 2R eR A

2akd FrFENES WA ZF A4 E 2 (intrinsic paramagnetic agent) &
A 2713 ¥]F A A (magnetic fied inhomogeneity) & FE3le] FA Q)
718 B #ZHAE doy, ol AV|FY HFAALLS
3ol 2vf o]} W g WA HArh

fH Ao A AR A4sF oA HH HEF, HddF 2 A
AHe 25 FUieted, 53 J88Fc A3 #5479 7MY 243
dol Qe A= 4A vk AAAEY EF5Aol FUHEHAS W oy
HA9 F4% HBRe F43] F/MEEH, ol £33 A olg F
7te H¥H “@M‘ A= vluste] AdH o2 F2 Ald v|ste] kA
H &2 ZA4adHA g9 &, T g0 o] A F4e F7HeHA
2aa FRIRNY Fee st A T 4z dYdA F7t

b

£
[
l->

2

)

1A



B A5 E HolA HE Aolth(Ogawa 5 1993; Le Bihan®t Karni, 1995;
Frackowak, 1997).

fMRIE= e 43t A dojye 7
o F2 EPIVIHE AH&&h

NEWHE JYB) A3

Tlo
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1. a74dd 2 4471

2 479 e 20029 5€ 7]% f?} BETRAL EZXEAGA
Bobathe] #az4dd Xa& @i e A4 A
Ao FEetAAr ols EF F %EGBOl 7Ved Avbd] gz 39S o
2 3o}
B N30 #rtet wuju) skAle] ARAZRAL
AA, St on HEF OF BupuE AW Be
EA, ATAL AN WL ofdn BE & You, FxY &
e HE YAaEe] THs5d B2
AR, AZ3 B2 L AR B Folt Qe B

F_d
B}
o
-y
=
ot
_}_L
‘ol
)
oo
o
L

ZA7)E B DYOR FREY £FL AFHY, A7
69 1% 69 047N 71Z2A FIF 42 Avhl
Pe U duATE AAS F BAYE nekshel 20024 79
1958 949 4974 ATUAA Ade] ATFE A PPk

N
=)
— o
[\
o
(]
DO
(L o{w

gzaq £ FY2AY, 2A2AY, U928 Ald A4
3] ]

2 FEFH AACAA B4 2HE 2HYE F7 AF &5 A8

% o

YAAE Fol 2ol @ Arde A £ WER 12
dolz AHYA s, FEREY Fol} LBEuT DA AAI, B2
& vigel 27 st Weke AAE s B

TYEEY T2 AL FFY FAETIS FF7-8 FHE A
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7174 Yol A 3 do] oy E FEF

g A1

Z7HAI(ASIS) #9

F7] 18] A7) mEE Rty vg

]

o)

Hsh ool Agee WA

il

p—

<29 I 1> Fx43 A5 9



$EZ2IY  AFUEA FFEHANN AAHOR 2AxHH, U
CES EETE} leJ+ A ThegatA EHE Aol doUES #

4. &1 A

@ Al (realinment) : FH Al o 2z W 3H(movement-related
variance)© fMRI®] ZA#& sHAsted 7 A€ &5
aqlolty, AA UM AL AEHR 3&F T
o A FAAFG AP oEe Aol A&,
53 vl 2AAL AA HAAE] &34 9T A
et YT Axe ArEH AsWstE dod £ jle
o2 wlo A s Eojof Agg Ao o] Jhedit

AL A HA Aol HFAE 7IF R Bt o] Fa

Ao AN ES EAA FH(statistical estimates)S AHE
gto] Ao 2A vEe FHYES BAste Aolth

@ F#A E(coregister) * 715 F4F HAFTH ddE AR FFH
T8 A3t 34

® F7rA AA3H(spatial normalization) : Ztz+e] A FAZHE oA
FddolelE FEstE AF-84A M-F7Nstandard anatomical

ol



space) &, Talairach-Touroux3-7tol] WEHA|Z o2 A X 9]

el JAAE Foln HPAZL FEA Y AEs
- S3A 3= Aot

@ ¥7+% # ¥ 3}(spatial smoothing) : & 98 W 3}(hemodynamic ch-
ange)ol 93 UElve FIid ArI3E AsHIE F
S(noise)oll dIg WEHE o7 3t 7FFAIS 2=
Rdg o] &3te ¥ g}

® Aza93 FEZ(three-dimensional rendering) : 4o]A ¥ &A 3}
7153 AEE 3agH o2 AFAstn FAZ g A
A F 5 3H(colar coding)dte] AlZHAQl A e3E @A)

® Voxel(volume pixel) : 33 F7Hol A 3 A& AHeolst= e 9
@9

@ ¥ 9848 (hemodynamic respons function : HRF) : SPMel| A
HRFED L2 7385 JE2d g A% 3 BOLDRS
< Fotlle 9 gAAY. 7HE o 6x F9 HUwkg,
oF 15% AEdA AL A1t E(undershoot), ok 25% A
J1ZHo g FAJL aAot}t FetHoz F oo Zulgt
F2 749t 282 HRFAA € Al #%8 2F9 &
T A (derivative)9t 4k @3 FEATHE T Ol F7t
ARE 2FFoZN Huik-FIs dAd-thde &
3le Aol dwtA ot} olAEL Z4y] v H U4 (peak
onsets)# FAtol] Wi T + JEF HEH

N

_10_



5. 37} ¥4y

A2e MRI Al ¢Fol 1} Etg AU ¥ TZAEZ AFE FGAH
A 9998 H¥8A7t 189 Althead coi)ell H2E ALE T3 23
AANE A5<ay M. 1> & "F A} olw) W E JFF oA T F
Al Apgo] o=, WMEe $AYS MRASA & 4SS 715 &3
d 399 AFER ZEE & Q7] WEold. 2 xFo] AAHE F

ol = IMRIZ S & 25 7AA A48T A=o] FAHEE AT
AR o2 AAHE ‘QLESE T ‘deiogtes AudE v AR
= (500ms on, 500ms off)ell thsiA oA F7](one half-cycles = 8 scans

A
=3 sec X 8 =24 sec)E FHE FHAY Ao} 3= AARE FoAH

A L=
AE + LE

<2 ¥ M. 2> Motor cortex activation paradigm

_11_



6. 7153 MRI 9395

714 MRI 972 BOLD &3#E HU= 35t7] 9 T2+9] WgE 7
AetA g st AALA Rk 8 (gradient-echo) 71 & o] &gt

BOLD &3+ 3TdAMe 15TEY AEZFE7 2004 % For} v
4ol Aty A g gAY Tl A3 AT E(Artifact)ol] <
g AstAl s gornE o AAsH A g @ BAME stojof &
o}

EPI7] 8¢l 9485 W4E TR(ms)=3000, TE(ms)=35 FOV(mm)=220,
H 7 (thickness)=4mmZ 30, FHE 5 64 x 64, 30782 IFGAS
=t 53] 24 997A oA 5= do 5 Fd(motor balance)
7 #HEE 599 @A #AFINEE ok T4 30249 vt (epoch
13 g2 & FAZ 49 ]” BHESA He, 7 7|7hE R o
a2

- 12 ~



7. 9343 &4

39 A= MATLAB(Mathworks, Inc, USA)StAH o4 F3AEE SP
M99(statistical parametric mapping 99 version, wellcome department of
cognitive neurology, London, UK) AZE¢ o] & ALt} SPME &
A He A g FSS 2AS7] 9% A E R A (realignment)Z
2k7F AR AEAY wolHEA Y AEHJow, old Hxle RAEZ
A H g (mean-image)o] ZZ I]gzte] T1 MRIGAo] &g (cor-
egister) = 21 t}.
o714 ArE® FEF3} W< (normalization parameter)E T3 93
A EE BPI9A4d 483l BE T2 weghted EPIGAS
o2 xEstste AR A
A

EF3E 942 olojA 8mmel FWHM(full with at half maximum)<
Zt= JF$-Aet Y "El(Gaussian kernel filter)E& %3 2 £(convolution)
< A&3td HHs =HAY s A2 gd¥Au folM HEE Fe R
s odatel AL ZF Bul(voxel 1 20 x 20 x 20 mm)¥ BOLDA 5 ¢
Hate A9x4% JAZAeE U] e AgldA HlaEH YT o]
¥ A3 v ¥¢A wEAAY weg ane dgsukgde

(hemodynamic respone function : hrf)ol] t3 Zdo] L&t} oju] w
do] A= 2UEY WMEAA Y 93 gHE AT AFH FS(noi-
se)2 13 FE(high-pass filter)E ©o]-&, hrf9 &3= SPM 990] A A|
ste Fao A3 e (low-pass filter)E AASG} ol&dA 4R
A3t JAEY AMEd A AHAAAE o] &3l EXIRL, FH9

£A4& FASL e FHLEY 94 O B3 AE paired-t test

14
2439,

hu o g

- 13 -



8. 4343 AA ¥

B Ao AfENoE B4 IAE, EFL(voxel) FFAA EHo|FX
(height threshold, p=0.001)¢} ¥ 9 < X|(extent threshold, k=10 voxeDE <
Az AXE BoldgAE AlL3HE ole Ay oz {Fovd AHE
Holx HuA7t 107] ol & A$-9 "olZ HAsta, TAA #FAA
& A=3 Ao=E ZF golo patd Eo]9 X (height threshold)$} ¢ H X
(extent threshold)®] A5 2H8-of oate] SPM9I9 AZESofdl] o) AHits

At

Forg golie TIH HUFES Rolv FIid HIE TEHES
Fol AARLH, oluo F& Hugg Role FIE HIL FEAA
P<.001 (uncorrected for multiple comparison, T=3.29) °|/d< v <
F£& Bolx AW ¥ 4 Bole IF4& Hugs Role Fyi
9] YAE Y= SPM997F A A dHE MNI(Montreal Neurology Instit-
ute) HFFEE Talairach & F(Talairch ¢ Tournoux, 1988)% W33+ A S
A A&t o

- 14 -



V. 4%

1. A7 HGAY AuH 53

A7 A ARl EAL HEFoR QA% Huiy] 32 3WE o
4oz 39 t<Table V. 1>

Al 23 BT HA EFEXEAHA Bobathe] A Xz F<
49 - 62419 9443 183 @4 2o, #PLdERY BT 3044 01’}}«]
AlZrol B, A7 29, HEYE 199 #HEE A1 e HEF F
Az wpHlE&e QEF 1%, 9% 290k 18 ¥ 89 ot
8 flol IMRIZE S 38 & J& A= AXHFA HFAZEHI FE
S tF<Table IV. 2>.

<Table IV. 1> General characteristics of the subjects

Mean+SD
Group Stroke
Age(yr) 55.0(7.21)
Gender(F/M) 172
Height(cm) 165.16(2.00)
Weight(kg) 64.7(9.67)
Blood Pressure 138 / 85(15.14/11.23)
Pulse rate(B/min) 72.6(9.07)

* M: male, F: female, yr: year

- 15 -



<Table IV. 2> Characteristics of the stroke subjects

No Age Gender Aff.side Lession Duration
1 49 M Lt Intracerebral Hemorrhage 23M
2 53 M Rt Intracerebral Infarction 3Z2M
3 63 F Lt Intracerebral Infarction 35M

* M: male, F: female, M: month

'

2. 49 Wvpn] B x &3 F3

Dv

32 Hvin] a1 494 HA R ndY 93 HEHoz MRI A
8% 7|4 #(basal ganglia) AFH AF WM Ax oF 35x35x5em
o] %2 ¥F(hematoma) A7o] Holm, o] Fo) 93 2 EZ% 9=
| M (lateral ventricle)9] A3t ¢Eo] Holx YJF o2 FA X$-Ho| B
AG<aE V. 1-A>.

49 #AvtH] &2 2+ 534 Ao R HB M g $F H|wu|E Tl
Ax XS HA AP AN HAFH WMA(deep periventricular
white matter)o] AA& =7l ngvi<ad V. 1-B

43 Hepn] &2 3L 634 PR HANA qF #F5 AvH|R Tl
MRI®] 913 HA @AM 2LE2F AFHY HHo AHE AR W44
F& AFHY AT WA FUtE NI AR Rolm, A3 @Al
A FE An]9$2 EA(sylvian fissure), A3HA F¥H I= 9= 54’“ At
¥ (trigon) B TR F7HE VIR E7E Bk 3 95 HA &
ol A ¥ #F(corpus callosum)¥} 9 Ao F7td As Fxs} E?&E}<:L
d V. 1-C>.

LV

- 16 -



<I¥ V. 1> Tl-weighted imaging of patient 1(A) and patient 2(B)
and patient 3(C)

_17_



3. 44 #viulze] F x4 &F Ao H A3} ¥

E 1, 2, 39& 42l Anpy] Sxlol Al Bobathd] g2HH EFXE FA
Aol Az o ¥ &3 49 e,

SPM99ol A v X, Y, Z FEE Talairach F Xl H-&3 s]3g5<)
A9E A3t 2 999 Brodmann area(BA), Z-score, cluster size
T 2ol AYsAT. clusterd Z7|e E¥doz JYefo]d 4 glom,
B A7l d8x2d #3939 271+ 20 x 20 x 20 mme]t

<Table V. 3> 494 94, 9% ﬁu}ﬂl A2 AEd AFFY F
A1 A 3] (frontal lobe, precentral gyrus, BA 4, 6)°olA 7F% & Ax9 &
d8Ht=14.11, t=859)HANeH, FZAH FFHY H&3 (occiputal lobe,
lingual gyrus)® #A438(t=1011, t=6.86)% A= die FFF9 FFF3
(t=5.24)¢} 3 %3] (middle occipital gyrus, BA 18)¢] &4 3}(t=6.85), A5
dol ZFHAF3l(medial frontal gyrus, BA 6), 47 5F3](superior frontal
gyrus, BA 6) 2812 A& 3] (precentral gyrus, BA 6)olA z}z} t=7.47,
t=4.96, t=6.922 “A3HAY. T FZ5F3(temporal lobe, middle
temporal gyrus), ¥&4 M4 (cuneus)dl A Fwv 3t FFo (IS
t=4.12, $-Zt=4.53)7} #FZHA}

+E5Ue 9 AA3(t=797), & U FFHEY HAa<(cuneus, BA
18)3 Age AR (t=557)A %"éﬁﬂ HEEH Y

U FAZaHdME FHE aHHBANA FAHH(t=812)F B, ¢
Z 2y AQ9 2¥H A culmen)l X B4 3Ht=7.87F B.Jt}.

- 18 -



<Table IV. 3> Statistics

subjects 1

volume summary of pre-test stroke

Set(c) Cluster(k) Voxel(z,t) Talairach

Anatomic location(BA)

0.000(12) 1032

871

78

24
33

24
27

77

45
56
37

57

inf 14.11 -38,-12, 60
6.53 859 -28,-14, 70
631 812  0,-68,-20
6.23 797 10,-92, 0
7.21 1011 -22,-86,-16
592 740 -28,-78,-14
459 524 -36,-72,-10
6.17 787 4,752, -4
59 747 -4, 0,56
439 496 -2, 6, 66
565 692 -50, 0, 38
562 6.86 -10,-90,~16
376 412 -14,-102,-4
561 685 -26,-100, 8
469 539 -34,-96, 8
364 396 -8-28 70
540 6.50 -b4,-52, 6
518 614 22,-98, 6
4.08 453 20,-98, -2
482 557 58, 4, 40

Lt cerebrum, frontal lobe, precentral gyrus(4)

Lt cerebrum, frontal lobe, precentral gyrus(6)
Lt cerebellum, posterior lobe, declive

Rt cerebrum, lingual gyrus

Rt cerebrum, occipital lobe, lingual gyrus

Lt cerebrum, occipital lobe, lingual gyrus
Lt cerebrum, occipital lobe, inferior occipital

gyrus
Rt cerebellum, anterior lobe, culmen

Lt cerebrum, frontal lobe, med. Frontal gyrus(6)
Lt cerebrum, frontal lobe, sup. frontal gyrus(6)
Lt cerebrum, frontal lobe, precentral gyrus(6)
Lt cerebrum, occipital lobe lingual gyrus

Lt cerebrum, cuneus, white matter
Lt cerebrum, occipital lobe, mid. occipital

gyrus(18)
Lt cerebrum, occipital lobe, mid. occipital

gyrus(18)
Lt cerebrum, frontal lobe, medial frontal gyrus

Lt cerebrum, temporal lobe, mid. temporal gyrus
Rt cerebrum, occipital lobe, cuneus(18)
Rt cerebrum, occipital lobe, cuneus, white matter

Rt cerebrum, frontal lobe, precentral gyrus

(c) Probability of detecting the number of actually observed cluster.

(k) Probability of detecting a cluster of given size and peak Z-score K=number of
voxel in cluster.

(z) Peak voxel level P-value(corrected for number of resolution elements) and Z-score
and T-score.

- 19 -



<Table IV. 4> 534 @A, +5 ¥ty A= F&5H A5FH 54
A 3] (frontal lobe, precentral gyrus, BA 4, 6)°A 7FF =& I ($+=
t=10.70, #&3Z t=6.32)7} B4on, $5dH HAFH WS HF3](frontal
lobe, medial frontal gyrus, BA 6)°lA t=7.97, t=7.37, t=5.062] &4 3}%}
A} A 53] (superior frontal gyrus)dlX%E &A43H(t=593), 283 FFFY
W3 3] (fusiform gyrus)oll Al F9vdk 59 &4 3Ht=6.43)7t FZHAt.

AZYH e FALY 5453 (postcentral gyrus, BA 40)4 A4
3Ht=6.35), 354 A% (inferior parietal lobule, BA 40)¢ &Al3}H(t=5.97,
t=4.31), 4% 3](postcentral gyrus)ollA 24 3Ht=5.87), #7]4 A (prec-
uneus)ol A t=5.74, Z28]3 WAL diid3l(cingulate gyrus, BA24)¢] &
A 8Ht=6.00)7} 2929, 473 (lingual gyrus), 5799 3155 2 (inferior
temporal gyrus, BA 20)ol4 &3t d9o] X &g

A E 54y T BAFTAAA 43 (t=4.91)7F FFH Y
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<Table IV. 4> Statistics : volume summary of pre-test stroke
subjects 2

Set(c) Cluster(k) Voxel(zt) Talairach Anatomic location(BA)

0.000(14) 1900 7.46 10.70 30,-30, 56 Rt cerebrum, frontal lobe, precentral gyrus(4)

176 623 797 12,-30, 56 Rt cerebrum, frontal lobe, medial frontal gyrus(6)
591 737 2,-30, 56 Rt cerebrum, frontal lobe, medial frontal gyrus(6
447 506 8,-28, 68 Rt cerebrum, frontal lobe, medial frontal gyrus

51 6.02 758 -8,-68,-36 Lt cerebellum, posterior lobe, uvula

122 536 643 24,-80,-20 Rt cerebrum, occipital lobe, fusiform gyrus
436 491 16,-80,-20 Rt cerebellum, posterior lobe, declive

205 532 635 -54,-34, 50 Lt cerebrum, parietal lobe, postcentral gyrus(40)
530 6.32 -44,-16, 42 Lt cerebrum, frontal lobe, precentral gyrus(6)
528 629 -52,-24, 42 Lt cerebrum, parietal lobe, postcentral gyrus

22 509 6.00 -8-10, 48 Lt cerebrum, limbic lobe, cingulate gyrus(24)

56 507 597 -64,-30, 24 Lt cerebrum, parietal lobe, inferior parietal lobule
391 431 -66,-34, 32 Lt cerebrum, parietal lobe, inf. parietal lobule(40)
3,79 416 -60,-20, 20 Lt cerebrum, parietal lobe, postcentral gyrus

14 505 593 12, 24, 54 Rt cerebrum, frontal lobe, superior frontal gyrus

32 505 592 -30, 8,-40 Lt cerebrum, temporal lobe, sup. temporal gyrus

22 504 591 -16,-50, 48 Lt cerebrum, parietal lobe, precuneus

28 501 587 -62, -4, 32 Lt cerebrum, frontal lobe, precentral gyrus(4)

36 495 577 -30,-18, 70 Lt cerebrum, frontal lobe, precentral gyrus

114 493 574 -16,-96, 4 Lt cerebrum, occipital lobe, cuneus(17)
469 539 -14,-98, -6 Lt cerebrum, occipital lobe, cuneus(17)
394 435 -16,-88, -4 Lt cerebrum, occipital lobe, lingual gyrus

10 489 568 -56, -8,-26 Lt cerebrum, temporal lobe, inf. temporal gyrus(20)

(c) Probability of detecting the number of actually observed cluster.

(k) Probability of detecting a cluster of given size and peak Z-score K=number of
voxel in cluster.

(z) Peak voxel level P-value(corrected for number of resolution elements) and Z-score
and T-score.
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<Table V. 5>& 634 <J42o2 %= HAvtH] FA2 F5dhe FAHAHY
) 3] A 3he] WA A (sub-gyral, white matter)o| A 71 =& HAxo A
H(t=824)7F Velytom AFHY FA A3 (precentral gyrus, BA 4)dllA]
T B2 39 g43t=7977F RFHAY. 2 FSE FFEY A
¥ 3 dste] WA A (sub-gyral, white matter)oi Al EA3H$-Z t=4.80, &=
t:5 99) Gz 25 q A=%3|(superior temporal gyrus)ol A= F< v

9o BAIH$2t=-6.25, t=5.82) 9o LFHA}

—r‘étﬂi‘] 3549 353 (middle occipital gyrus)ol A 7}4 =2 &4
3H(t=7.04)7} Vel 3, A< (cuneus)) FA3Ht=6.93) AFGAM = "c}

—rﬁl(superlor frontal gyrus), %45 3](middle frontal gyrus) 181l
A= 354 A~ (inferior parietal lobule, BA 40)°l A t=5.71, E“;ﬁ’é}
3] (supramarginal gyrus)ol 49| & sH(t=351)% ¢Z e H43(lin-
gal gyrus, BA 17)1A &3 g TFHAY.

SEHaHe] AGeMEe 2H A4 culmen)o A 7HE =& A 3H(t=6.97,
t=6.82)7} YElg o, FHAAE A D(declive)oll X t=649¢] &3}
2 AXEZFH(uvula)ol A A 3Ht=581) 22 23 A= (tonsiDl A t=4.51
o] &A 3}, b2 A (inferior parietal lobule, BA 40)ol %= -2l v] 3t
9 BA43Ht=4.17)7} BFZH A}
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<Table IV. 5> Statistics : volume summary of pre-test stroke
subject 3

Set(c) Cluster(k) Voxel(zt) Talairach Anatomic location(BA)
0.000(12) 934 637 824 -32,-30, 50 Lt cerebrum, parietal lobe, sub-gyral, white matter
6.23 797 -34,-32, 64 Lt cerebrum, frontal lobe, precentral gyrus(4)

151 572 704 34,-92, -4 Rt cerebrum, occipital lobe, middle occipital gyrus
553 671 32,-98, 4 Rt cerebrum, occipital lobe, middle occipital gyrus
428 480 34,-82, -6 Rt cerebrum, occipital lobe, sub~gyral, white matter
271 568 697 18,-56,-24 Rt cerebellum, anterior lobe, culmen
559 682 22,-48,-26 Rt cerebellum, anterior lobe, culmen
540 649 8,-60,-18 Rt cerebellum, posterior lobe, declive
349 566 693 14,-100, 4 Rt cerebrum, occipital lobe, cuneus(17)
550 665 18,-94, -6 Rt cerebrum, occipital lobe, lingual gyrus(17)
29 525 625 52,-48, 16 Rt cerebrum, temporal lobe, superior temporal gyrus
18 509 599 -34,-60,-10 Lt cerebrum, occipital lobe, sub-gyral, white matter
29 498 582 -62,-46, 20 Lt cerebrum, temporal lobe, superior temporal gyrus
71 497 581 14,-76,-42 Rt cerebellum, posterior lobe, uvula
406 451 26,-58,-42 Rt cerebellum, posterior lobe, cerebellar tonsil
3.80 4.7 14,-62,-46 Rt cerebellum, posterior lobe, inferior semilunar lobule
41 491 571 58,-46, 26 Rt cerebrum, parietal lobe, inferior parietal lobule(40)
3.28 351 60,-54, 28 Rt cerebrum, parietal lobe, supramarginal gyrus
65 487 566 24, 6,58 Rt cerebrum, frontal lobe, superior frontal gyrus
428 480 28, 14, 60 Rt cerebrum, frontal lobe, middle frontal gyrus
3.890 428 36, 12, 62 Rt cerebrum, frontal lobe, middle frontal gyrus

(c) Probability of detecting the number of actually observed cluster.
(k) Probability of detecting a cluster of given size and peak Z-score K=number of
~ voxel in cluster.
(z) Peak voxel level P-value(corrected for number of resolution elements) and Z-score
and T-score.
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ol
<29 IV. 2> Activation patterns on functional MRI before task-oriented

movement for stroke subjects 1(A), stroke subjects 2(B) and stroke subjects
3(C) of rendered brain templats.
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4. 321 Aty Al F xd &F F9 o &3} FE

<Table V. 6> F24A &F F9 #HAvpH| &2 102 HZUH 9

AFFAAE F4F 3 (middle frontal gyrus)olA 7H8 & &4 sHt=114
7NE Bow, $4 73 (precentral gyrus)ol A t=11.45, t=5928 &3}
gt 28z ¥4 WM F3)(medial frontal gyrus, BA 32)¢ #A 3}
(t=9.49, t=4.83)), % F3](middle. frontal gyrus)®] ZA3H(t=6.42), 12|31
31 A % 3] (inferior frontal gyrus), ¥F77Hinter-hemispheric)lX%= & &
23 3H(t=6.26)%8 H o] &43H At

FAYGANE ZFA3F 3 (postcentral gyrus), 3+FA Y (inferior parietal
gyrus), $FFAAME 424 FFF3|(middle occipital gyrus, BA 19)°
A B4 Rt

& E FFHY W33 (fusiform gyrus)ell Aol &4 3H(t=6.02)
7b mAen, $3499 ¥4 44 (superior parietal lobule, BA 7), #1714
2% (precuneus, BA 7)ol A9l &A3l7F JElydt)

SZaHdME FHY AxbH(declive)dll Al t=9.46, t=8.96, t=7.98 HE
o] & FEY G4 49 HEHA
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<Table IV. 6> Statistics :

subject 1

volume summary of post-test stroke

Set(c) Cluster(k) Voxel(z,t) Talairach

Anatomic location(BA)

0.000(11) 1108 774 1147 -34,-12, 46 Lt cerebrum, frontal lobe, middle frontal gyrus(4)
7773 1145 -40, -6, 62 Lt cerebrum, frontal lobe, precentral gyrus(6)
379 6.95 949 -6, 2, 52 Lt cerebrum, frontal lobe, medial frontal gyrus(6)
5.26 6.26 0, 10, 62 inter-hemispheric
430 4.83 8, 6, 52 Rt cerebrum, frontal lobe, med. frontal gyrus(32)
548 6.94 946 18,-62,-24 Rt cerebellum, posterior lobe, declive
6.71 896 14,-56,-18 Rt cerebellum, posterior lobe, declive
6.23 798 28,-60,-24 Rt cerebellum, posterior lobe, declive
912 591 738 44,-72.-12 ;t cerebrum, occipital lobe, mid. occipital gyrus(1
516 6.10 34,-84,-12 Rt cerebrum, occipital lobe, mid. occipital gyrus(18
511 6.02 36,-74,-20 Rt cerebrum, occipital lobe, fusiform gyrus
35 553 6.71 -68,-24, 20 Lt cerebrum, parietal lobe, postcentral gyrus
61 543 655 -28-80-14 ?ltg)cerebrum, occipital lobe, middle occipital gyrus
438 494 -38-63-16 Lt cerebrum, occipital lobe, sub-gyral, white
matter
418 466 -36,-76,-16 Lt cerebrum, occipital lobe, middle occipital gyrus
82 536 642 -30, 6, 48 Lt cerebrum, occipital lobe, mid. frontal gyrus(6)
453 534 6.39 44,-76, 0O Rt cerebrum, occipital lobe, mid. occipital gyrus
507 597 28,-92, 16 Rt cerebrum, occipital lobe, middle occipital gy
495 578 36,-86, 6 Rt cerebrum, occipital lobe, mid. occipital gyrus(19
139 504 592 -52, 0, 36 Lt cerebrum, frontal lobe, precentral gyrus(6)
426 477 -58, 10, 24 Lt cerebrum, frontal lobe, inferior frontal gyrus
247 524 623 -34,-50, 58 Lt cerebrum, parietal lobe, inferior parietal gyrus
442 500 -24,-52, 56 Lt cerebrum, parietal lobe, sub-gyral, white matter
103 515 6.09 28,-58, 60 Rt cerebrum, parietal lobe, sup. parietal lobule(7)
346 3.73 30,52, 50 Rt cerebrum, parietal lobe, precuneus(7)

(c) Probability of detecting the number of actually observed cluster.

(k) Probability of detecting a cluster of given size and peak Z-score K=number of
voxel in cluster.

(z) Peak voxel level P-value(corrected for number of resolution elements) and Z-score

and T-score.
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<Table V. 7>& &z2d3H &5 F9 Hupd] &2 284 S oA
T2 the 3 dsle] WA A (sub-gyral, white matter)oll A ¥ FF2
A1 3H(t=10.04)7} #&H Y1, 5% F 3] (inferior occipital gyrus)elA] t=9.9
19] &A43 599 W33 (fusiform gyrus)e &4 3Ht=8.99), 4573
(superior temporal gyrus)e] 4 3H(t=8.06), FAHFNA] F4 53] (postc-
entral gyrus, BA 7)9] &4 3}H(t=9/09), 454 A ¥ (superior parietal lobu-
le, BA T)olA ZtZ} t=6.16, t=6.019] &3}, S 514 (sub-lobar)
extra-nuclearo| A = &4 3}(t=5.33) FHo] T AT

HAGo = slinpt 3 (parahippocampal gyrus, amygdala)ollA  t=8.58
9] F437F dehgen, /43 (cingulate gyrus)ol A t=7.26, t=6.66, t=5.4
62 SAZQ &A437 BEFHAUL

=M E FF5FH FFF3(middle occipital gyrus)e] 433}
(t=10.34)9} A7 3](cuneus gyrus)ellA Z+Z t=10.322 &A4st7t #EHA
om Z2FHo diH3Aste] @A A (sub-gyral, white matter)olA t=9.60
o] 843} FZ53(middle temporal gyrus) 12}3 #]7] A A< (precune-
us)9 &A3H(t=5.12)7} YEFT

S&rddeE AFe &AM (culmen)ol A t=938%} t=7.459] ¥ F

Zo YA} BRAYDL, FEAAE 2394 D(declive)l A t=7.879) &
CEZIERSE =
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<Table IV. 7> Statistics : volume summary of post-test stroke

subjects 2
Set(c) Cluster(k) Voxel(z,t) Talairach Anatomic location(BA)
0.000(10) 2513  7.19 10.04 -38,-80, -6 Lt cerebrum, occipital lobe, sub-gyral, white matter

713 991 -30,-84, -8 Lt cerebrum, occipital lobe, inf. occipital gyrus
2037 731 1034 28,-100, 8 Rt cerebrum, occipital lobe, mid. occipital gyrus
7.18 10.02 18,-104,-4 Rt cerebrum, occipital lobe, cuneus(18)
7.00 9.60 42,-76, -6 Rt cerebrum, temporal lobe, sub-gyral, white matter
1619 705 972 -48,-80, 6 Rt cerebrum, occipital lobe, mid. occipital gyrus
6.73 899 -42,-48,-20 Lt cerebrum, temporal lobe, fusiform gyrus
6.27 806 -48,-30, 4 Lt cerebrum, temporal lobe, superior temporal gyrus
1542 6.90 9.38 26,~54,-24 Rt cerebellum, anterior lobe, culmen
618 787 28,-66,-24 Rt cerebellum, posterior lobe, declive
595 745 30,-44,-28 Rt cerebellum, anterior lobe, culmen
333 6.86 9.27 32,34, 42 Rt cerebrum, parietal lobe, sub-gyral, white matter
6.10 7.73 28,~50, 46 Rt cerebrum, parietal lobe, sub-gyral, white matter
451 512 20,-54, 44 Rt cerebrum, parietal lobe, precuneus
120 6.77 9.09 -8,-58, 70 Lt cerebrum, parietal lobe, postcentral gyrus(7)
520 6.16 -14,-64, 62 Lt cerebrum, parietal lobe, sup. parietal lobule(7)
510 6.01 -26,-62, 62 Lt cerebrum, parietal lobe, sup. parietal lobule(7)

Lt cerebrum, limbic lobe, parahi
144 653 858  -26, -8-16 o oowum Amacio parahippocampal gyrus
amygdala

465 533 -34,-18, -8 Lt cerebrum, sub-lobar, extra-nuclear, white matter
37 599 1752 -40, 38, 16 Lt cerebrum, frontal lobe, inferior frontal gyrus
19 594 743 36, 2,-50 Rt cerebrum, temporal lobe, mid. temporal gyrus(20
178 584 726 -8, 0, 38 Lt cerebrum, limbic lobe, cingulate gyrus

550 6.66 -10, 14, 36 Lt cerebrum, limbic lobe, cingulate gyrus

474 546 -16, 4, 34 Lt cerebrum, limbic lobe, cingulate gyrus

(c) Probability of detecting the number of actually observed cluster.

(k) Probability of detecting a cluster of given size and peak Z-score K=number of
voxel in cluster.

(z) Peak voxel level P-value(corrected for number of resolution elements) and Z-score
and T-score.
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<Table IV. 8>3 ¥}zxHA &F F9o Aviy A 39 AHZHN 5
P F5F] 424G (cuneus) A 7H B 29 A3Ht=1152
)} 53] (middle occipital gyrus) 2 o= 3]dste] wl A A (sub-gyral,
white matter) 18] 2 A7}3](lingual gyrus, BA 17)9lA &Al 351}

AT M= 314 F 3 (inferior frontal gyrus, BA 9)¢] #43}(t=861,
t=764) ¥ F A5 3 (middle frontal gyrus, BA 6)dA E& £F9 A3
(t=8.04, t=574)7} #Z= At}

FE5dHd e AFFANE F4 A3 (precentral gyrus)7t o9& ¢
#9o A3 (t=760), FAFY 35 A A (inferior parietal lobule, BA 40)
ol Al t=0.87, t=7.00, t=6.10%] ¥ T FA3r} olFojyon, AHF
%] (superior frontal gyrus), W& A 5F3](medial frontal gyrus, BA 6)9] A
Z}7} t=6.55, t=6.452 FA3=H AUt

$E24aHd e AQFY X3 (dentate gyrus)oll A t=11.289] 714 ¥
437t Yeston, AX A (culmen)dNE =& £ 4 3Ht=9.10)
HAok FHAAME &M § 7] (tuber) oA Fou& FFEo EAdstet w3t
(inter-hemispheric)oll A t=4.07¢] EA A Q0 A3} #2H A
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<Table IV. 8> Statistics : volume summary of post-test stroke
subjects 3

Set(c) Cluster(k) Voxel(z,t) Talairach Anatomic location(BA)

0.000(11) 1267 6.03 7.60 -54, -6, 48 Lt cerebrum, frontal lobe, precentral gyrus(4)
906 7.76 1152 14,-98, 2 Rt cerebrum, occipital lobe, cuneus
6.21 793 18,94, -6 Rt cerebrum, occipital lobe, lingual gyrus(17)
548 6.62 22,-94, 4 Rt cerebrum, occipital lobe, middle occipital gyrus
2386  7.67 11.28 18,-58,~-26 Rt cerebellum, anterior lobe, dentate
6.78 9.10 24,-50,-28 Rt cerebellum, anterior lobe, culmen
147 712 987 ~66,~28, 22 Lt cerebrum, parietal lobe, inferior parietal lobule(40)
272 6.54 861 54, 4, 30 Rt cerebrum, frontal lobe, inferior frontal gyrus(9)
6.05 764 58, 8, 36 Rt cerebrum, frontal lobe, inferior frontal gyrus(9)
326 350 56, 16, 46 Rt cerebrum, frontal lobe, middle frontal gyrus(6)
195 6.26 8.04 44, 2, 62 Rt cerebrum, frontal lobe, middle frontal gyrus(6)
493 574 50, 4, 52 Rt crebrum, frontal lobe, middle frontal gyrus(6)
177 6.22 796 -50,~64, 14 Lt cerebrum, occipital lobe, mid. temporal gyrus(19)
548 663 -58,-68, 12 Lt cerebrum, occipital lobe, mid. temporal gyrus(19)
392 432 -60,-64, 2 Lt cerebrum, occipital lobe mid. temporal gyrus(37)
139 570 7.00 -38,-50, 54 Lt cerebrum, parietal lobe, inferior parietal lobule(40)
516 6.10 -40,-44, 48 Lt cerebrum, parietal lobe, inferior parietal lobule

229 543 655 -2, -8, 68 Lt cerebrum, frontal lobe, superior frontal gyrus
h37 6.45 -2,-10, 58 Lt cerebrum, frontal lobe, medial frontal gyrus(6)
372 407 0, 8, 62 inter-hemispheric

48 532 6.36 46,-66,-14 Rt cerebrum, occipital lobe, sub-gyral, white matter
46 509 6.00 46,-72,-32 Rt cerebellum, posterior lobe, tuber

(c) Probability of detecting the number of actually observed cluster.

(k) Probability of detecting a cluster of given size and peak Z-score K=number of
voxel in cluster.

(z) Peak voxel level P-value(corrected for number of resolution elements) and Z-score
and T-score.
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<Y V. 2> Activation patterns on functional MRI aftere task-oriented
movement for stroke subjects 1(A), stroke subjects 2(B) and stroke subjects

3(C) of rendered brain templats.
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B AT A4l #Hele gxlel A dx2AEA &5 FA A - F (MRIE
283 23 da % 99 (primary motor area, BA 4, M 1)° gz} 19
A t=14.11, 82 2004 t=10.70, B2} 3004 t=7.972 B HUARE, FTA
Fol= 82 1A t=1147, A3 A t=7.600.2 &5/t #FHIYHT. &
AT dAEE d99 A3 BAHJAT 2R $5HA 349 A
FdeA A3t gogez o A7 AH} ¢ ol&F ZAY [AE
238 2

Cao 9} Olhaberriague 5(1998)2 H&F o2 Q% HE
He] %575 gAE Hrlsv) 46¥ A H Aol A HEF
61 °] U}Hllﬂ &g Fqole < &5 AT 71«] g3t &3

B Ao M= o]|AA|ZF 949 (secondary v1sual area, BA 17, 18, V II)
o] 43t FA Aol A 194 FF diH FFHY 573 43
(t=6.85, t=539), +5 U FFH Hiol B85 (t=6.149HAx, A 2
A= FHSUY FFHEY AL Fo] t=574, t=5.399] & 3le} i3] oA
t=4.352 A3 AT} A} oA E $= TFEYHY ’Eﬁtcﬁ(t—693)ﬂ} a4
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A} 101]’\11_ FE3UY 599 F F73(t=738, t=6.10)2] &3}, A 2
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tran amine, BDA)3 &d# &} =4 Bl(cholera toxin-B)E o]&39 Y<%0)
o] & AZA AFE FALS W, dAF 2577 993 SMACA &
BE7E UdEbg S FH83A 1, A& 2AZ SMAE A3 .

2 dAFNME B &5 Y (supplementary motor area, BA 6, SMA)

- 36 -



& F2 Ao A 1oA FTEHoF t=14.11, t=859, A 2= FFo=

t=7.97, t=7.372 GASJHAA T FA Fde &2 1& FF2= t=11
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Honz APATE] AdXFTS rHo. EI} SMAVF BELFY

2 & BEgEy AASFEN &3 &gy 5T Aot e A
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A(knob) & FALZ IALF ¥ Ao A AYA F 194 &
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(Abstract)

This study investigated activation of cerebral cortex in patients with
hemiplegia that was caused by neural damage.

Key-point control movement therapy of Bobath was performed for 9
weeks in 3 subjects with hemiplegia and fMRI was used to compare
and analyze activated degree of cerebral cortex in these subjects.

fMRI was conducted using the blood oxygen level-dependent(BOLD)
technique at 3.0T MR scanner with a standard head coil.

The motor activation task consisted of finger flexion—extension
exercise in six cycles(one half-cycles = 8 scans = 3 sec x 8 = 24 sec).

Subjects performed this task according to visual stimulus that sign of
right hand or left hand twinkled(500ms on, 500ms off).

After mapping activation of cerebral motor cortex on hand motor

function, below results were obtained.

1. Activation decreased in primary motor area, whereas it increased in

supplementary motor area and visual association area(p<.001).
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2. Activation was observed in bilateral medial frontal gyrus, middle
frontal gyrus of left cerebrum, inferior frontal gyrus, inter-hemispheric,
fusiform gyrus of right cerebrum, superior parietal lobule of parietal lobe
and precuneus in subjedt 1, parahippocampal gyrus of limbic lobe and
cingulate gyrus in subject 2, and inferior frontal gyrus of right frontal
lobe, middle frontal gyrus, and inferior parietal lobule of left cerebrum in
subject 3 (p<.001).

3. Activation cluster extended in declive of right cellebellum posterior
lobe in subject 1, culmen of anterior lobe and declive of posterior lobe
in subject 2, and dentate gyrus of anterior lobe, culmen and tuber of
posterior lobe in subject 3 (p<.001).

In conclusion, these data showed that Key-point control movement
therapy of Bobath after stroke affect cerebral cortex activation by
increasing efficiency of cortical networks. Therefore mapping of brain
neural network activation is useful for plasticity and reorganization of
cerebral cortex and cortico-spinal tract of motor recovery mechanisms
after stroke.
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