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<Abstract>

The term ” Brain plasticity ” has been identified that our central nervous system is continuously being

adapted and modulated according to environmental needs and demands, and has been used to encompass the

multifarious mechanisms related to learning, development, and recovery from damage to the nervous system.

The purpose of this study was to demonstrate cortical reorganization in a 26-year-old right-handed
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hemiparetic patient with traumatic primary motor cortex (M1) injury, using functional MRI (fMRI). The

unaffected (left) primary sensori-motor cortex centered on the precentral knob was activated during

unaffected (right) hand movements. However, the medial area of the injured M1 was activated during affected

(left) hand movements. It seems that the motor function of the affected hand in this patient was reorganized

into the medial area of the injured precentral knob. These investigations provide a great useful information

and clinical evidences with the specialized clinician in stroke physical therapy about patient s prognosis and

therapeutic guidelines.

Key Words : Functional MRI, Motor recovery, Cortical reorganization.
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HE5Z R YA HEde dAVE, 570
5, A47% 5ol AAE 4o 4 don K& 3
Eo g} G701 447 FREH YEEZE I &
Att. &3] HAZR A8 (hemiparesis), B-&%l
(incoordination), 732 (spasticity)® 2& &%7|15%
of7b A =la, H&EA BAe] 50%0140] & +E7l%
Ao} & 71X gitHDuncan %, 1992). 1 5§ ¥& 4
&4 BAEL A EBAH T Zol7t JYAT, FARAL &
B71%E 671€AA 1d ool 3] Eo] o]FoA 4 gl
tHWade %, 1983). =3, E2X 88 X¥3 X573
FAe &Y F 257169 J58 20NF + e
9, HA %3} AT7E 58 2% 7159 38 7)Ao Uiy
mge| Az o o|Fo|Attu BuEx Ut

(Jang ¥, 2003; Schaechter, 2004: You %, 2005)..

uetA X8 FA4 B ool 87 AT 2 R
R ASL HEG F LE VTS HEAI=E TR
g A48 3 glon, ¥ WAL FHEAA &
g vj3ada & 4 9l

ZFAAAE AP T2EE W3l Ag5Ho] ¢l
Aoz oA 7z Bt A4 o, I o]2
B F3AAE AR89 w3 e 87, Heof ¥d
EE &40 24 A&Hog Agatn Ay ¢ Je
71#e e Hthd (paradigm)o] #atstn gic}, He)
ola A2 Hr}aA (brain plasticity) 2t dhe=tl, &
Foaa 4g, ey &4 F HES 888 98 8
3} sl sl

Turton 5(1996)& x&4 @xte] 'y 27] o 2F

BN & TS Btk £5AY FEAS vIn
T AT, &4 e 55 50 FRA 0 48R
&L S A ve Z4E AEs I
Traversa %(1997, 1998)e] A7 oA HEF U =
7] oF 2019 Bt &4 e B2 2% 93 (ipsilesional
motor cortex)®] FEAol AaHAL, SEANAYGFY
BHE i Aod AU, 183 HEF 9y
4NY Folls &4 e FELFN A0 FEA B
HET £E22 F7HERT, $509EYY9Y A4z &
7}, Yoy} sl o] $5715& BFee 5
F9el AAL &9 2F71%0| PEHEA A G
Atk

Calautti F(2001)-& H&F ¥ F 27] % 75
v £8 2Aole FU AATEG 4F AA-EEA
73 7H(bilateral sensorimotor network)e] <42 gl
A Q37 Zuksle e A azln &%
e F o 315 Fofl 4] 571535 YA
1, v & &o] Aol Bt AAEFAA T gAst
7} oA AgssE e A S dEsigley, £4d9 55 &
EA %99 (ipsilesional premotor cortex), AFA=A
(prefrontal cortex), MZH(putamen)? 2L AFHE o
doo] AEA BAHE A B

HEd F £571% S8 g 71de obF HEge
A AdH=E3 A gk oy o slAd 3% d7EL
71%3 473987142 deda) 3 A= 3 e, A
F7A] 7FR &F 7] B E71Fe) At Ut} AA,
249 9259 A (primary motor cortex, M1) 9
of 9@ AzA3, S5, &48R G FEHNAAN A
AE e & $3547 2 (ipsilateral motor pathway)$]
EA, AA, olaEdGo] BeA J|5E A, d
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A, £44 v gFAA£29 35 o] AAHa ¢
HCioni ¥, 2001: Cramer %, 1997, 2000; Jang
%, 2002, 2005; Kim %, 2004: Rossimi ¥, 1998;
Seitz 5, 1995).

AT HA7 #e] dAE BEOE ¥t F %7
%9 3Er) Aol Fol ¥EAR Yot (Cramer ¥,
2000; Duffau . 2000: Jang %, 2002: Rossini %,
1998), A&7 9 Folo AN zA S BF AF
e Addez ¥x g, 53, HE5 ¥, A
7499 WelA] di=ade] 84 I AHdrhe 97
t 4% Bas3 o (Cramer &, 2000; Jang %,
2005: Nudo &, 1996: Rossini &, 1998: Weiller %,
1993), 9342z A3 H&Y A E S8 =8
o} ek & A7 g8 HES BAE ddes &
7159 35 g Eof dixslde] dAFHAYY
WellA 84zt e 4G WsE At E B3l ddstn
A gt

1. AFCHaA

AT 34 H e BAF 193 P31 T el
Ak B4e HAA ¥y F AFEA 24E 343
e A2 dA 59, oA 29ellen], voje] e
21~294] °1%e}. % 7159 B7HE 8 o 24 00
w894 258 474 @z B HAA By
19989 897 wEAIRE U3 4N e @
2% AF25Y(frontoparietal lobe) 297t £4¥A
1, ol 18} 9F AR 2HL 0% &R vinl 34
S Hon, ¥ T 6l B ARl A 29
& 75% A &F 71%50] 3 EHUL. A7IFHEY &
A4 22 ZANE7|(precentral knob)E X3l
A x}7t2+ e 59 A (primary sensori-motor cortex,
SM1)9l =33}t (leukomalatic change)7t B
th(zd 1). 20034 129 73, 7154 1399489
S NPT A AF A9 YL ANF o2 T5% o]
4E Ba, &9 Hoge 10kg(P3ES: 255+
7.4kg)ol%n, HE-HIRE A4E 3F(FAAAY:
14.6+£1.93) iU}, AFdidate 28 F 2149
A3 4099 o XSS wgten], 1 F uiF 24 F
AR BAAN ASA B2} AR aG we
ROz 78] YAt

g 1. ool WSt sl(BIAR )T Was T2 2 A
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2. 715X A |3EIY &4

N5A A1 2HEYL 42 212 B FAIIG &
E87]7} 3 HZolsle block paradigme® mt
Hdh $52 FHA L 1-2Hz9) Fv12 223 AA
< BB FA719 S5y NEE B 1F
B A8 BAl) &) 7 Aoz AFalsic) 4
ol Aas e ¢ 7 S $FYS A x8ls] 9
3 B AAd BF 313 EF o|59 EFE scanner
bedel @93 DA vElF Fa dolxzz Ay
W7t H2] g H9 WA 93] a3ARen g
7RI o83t 7Y 7153 A3 Ed4Ed
e T A ¥ BE 2 2089 o AU AU 2
)}e] 8%y 4% ¢ s 42 65 volumed
L EIAAL. 7158 A 3L £9 Hsre
TR(time of repeat}e] 1050ms, TE(time of echo)=
60mso] 2, Flip angle® 90°, Field of View
(FOV)E 210mol R}, WjEY 2 Z7)E 64x64, ¥ 2
H g $7E swolfith. 7153 Ar13HYEY Fol
£ Tl 94¢ Ands £33 (anterior commissure-
posterior commissure) 92X HP3lA FHA
(transverse plane)2 2 2079 ¥ AL At T1
oA AP A71EAEE Y B+ TRe] 940ms, TE
7} 15mselRlom, Uox] 21 7153 A713994
Holo] WApst Aot dojA %A AlEd 94 F
A4 volume W9 iAo $AA137) AN
FEE3] =23] Ao dojAle J49] J&E AA
3t7] Y3t A 3 volumee FAolA A9jayrt. A
°J7 A8= MATLAB(Mathworks, Inc., USA) 87
A FHH = SPM 99(Statistical Parametric
Mapping 99 version, Welcome Department of
Cognitive Neurology, London, UK) AZEgolg £
Maldct. SPM Z2aYE o] 43l gl 2AYE
A7) A48 Al (realign) 2 s1g9on Z @Ak
T1 MRI 97 AE AalelA BAdE mean-image
s} EPI 9/3-% A4 & (coregister) slt}. o2 A A
2l¢g A3E vigo s BOLD 43¢ A3lE 47 93
o 4¥zd7 vimzyd & 23 (subtraction)1ch. =
de] 74 Al AF8 F-8(noise)2 high-pass filterE
o] &-3led AABIGen, 2AS VEAA AT hrf

o] &3 SPM 990] AlAlske F949] low—pass filer
2 AU oA Y 2dn 94 A" 2
£ ANCOVAE o] &3l E43t9on, & Ax Fgd)
A vehte 849l Wste 2dE309 F9d(voxel)
o 2348 #ua-t HPes BAsg B A7
A 243 ML 33 A2 (fixed effect model) S
ol 43l B4 9AE Fu)4 FFA AP e xo]
9] (height threshold)E corrected p #te] 0.055.th
e FolA, MY 9A (extent threshold)= ¥ & 5
NE 71§22 84 NEE AU, ole Aigzes
Folu 3t Ao g Holx Foult Hu4s} 57 o4 Sl
& A% Aol © Ao NFsln BAH g8 L A
S} Aoz Z 49| p L Fy29 Eolgaig W
Adx)1g A3 go) 2ste] SPM 999) 9jsle] ALl
Ak, 499 (region of interest) T Y3t &%
A (primary sensorimotor cortex, SM1), L5999
(premotor area), EXE%%9 Y (supplementary
motor area, SMA)® ZZd &9 & (sensory
association cortex) 2 43 dlo] EA 51},

I. 472y

7153 A7 gHYGE ol £3le] BN A, T4
Qo] AT L 2F 718 25§ Adgshe B dl
Ao B3t JoL 2z} QEX Ko} 9% o] o
at 4225 9d e 4138 E7] (precentral knob) %
AellA BREAG. FEQE] AT & 25 2%
149 9] &7 @58 FYshe B dxaded g4
3td 599 3 - 3 3483k lojo) i HAgH F
FHAEX 192+ 1.61,Y: 293 = 346, Z: 243
+ 2.65 o}, Satela] FAE iAo} 43 9
A2 FEE L% &1 &5 A AF Ho F4A
E7] 29 243t #3Edn, 1 FEgE X
38, Y: -19, Z: -46 22 FAJAEH v)wsld zjo|&
Holx] gigtrh. za} 3 A% &l 25 A &2
Z o] FAAET] N3 EdA SA3r #a=Egin,
2 HEFS X -15, Y: -21, Z: 42 22 F A3} Apo)
& JeERIATH 1 2).
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a7 2. Ay =& 8o £718 230 Mg ci-nd g4

i

A £4% 2712 25 A B4 B S (SIME £9)
B: MAIS £712 25 Al B48 © P (SA4E £9)

RH: 24t (Right Hemisphere) LH: Zut7(Left Hemisphere)

V.o #

B d7e A Hedo e A FAHAEN N} &4
B ¥R & 257158 716 AT E 59 ¥
7bstded, @ A o3 & 25715 &48 34
HE7Y YWEeg AzAse e Aoz gAY}, &
o BV FFE FHAEVE A Jded
(Bammer %, 2003), ¥ A7/ o] ¥9o] 94
o2 £4E0] 27l &o] &R s YA,
&4 F /1Y Folle 2Y & o711 TS AT &
AE TF A3 FABEY), o|FA nH|E &o] &5
7150 3EE Re HiaAgd % Aoln 2F
(edema) Zasl 28 T4 894 7|9E + g}, =@
&84d FAREZ} old o} MFgGo] npulE &9
57159 BAste Aoz BaEr) uhu& &o] 23
ol B 23 £49 FAHREVIY WEIQN 74
37t FAEJG AR &3 F 287538 71A
o g AFe iR HEF AL tde 2 sigAT
£ AT 994 HEd gAE dide s sl

A+ 4 d 5O He ¥eE + ge F2ER ¢
AERA T, F 2] o]z SR e WEl T Hey

o oisll A&3tm A3 = e FREZ AFA 94
Ha gl ol3 AL 715 ATBIR. &
AR AL A3 dE#9 (PET), 4S5MA7NA2
(TMS) 59 Tkt 7153 ARG/ HE 53 a7
1 et B3 7153 ArFHIRe ¢85l A8
FAE Mg e Ak E Aol U,
U gd $=FdA 3 43 AXE F g 78
& glo] & AT 2ol WY 39 A7 AxFsE
Axshet] Agsict.

PAEEG S FHMIFE met Aol AX H
A7zt o (somatotopic representation) 22 <Q17te]
2, &, &1E AR, A, A7, 29 £ ¢S
TP dooltt, B H&d F 42 2FANAR
2437} 27053, oA £EYY e v &5AY0l B
A5 e A2 2L 08 TEHEAY A AAAHA &
E71%5% g E3ted 8¢ ¢S 3= Aoz duA
et H{&d F dojuhe Hrtad Wsle Ared, d
ALFIGL 57148 st A 25 858
FPsie Bofdln, HEF F X 8A T 4L A
o}t {2 A= AdTe F2EQ Hed F AR
T o] &6 gre AR HAZ AxHgEE Re
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A3 e, €9 5990 ARG ==
5499 Bo2 olFshe Aol BFHD UH(Jang
, 2005: Rossini 5, 1998)

ARF B A 3P H3 B8 g bt
H|& & 5755 B2k ¥ 99 ARz
o d3 A48 71%A AFFE A7t ol FolAG
(Cramer %, 1997: Mori®}t van Zijl, 2002). 2281}
HEF e A4 H&dn 22 F4 AWE O
A (Cramer %, 2000: Jang 5, 2005)& Az ez
v &% 43|t} Rossini 5(1998)2 9% AFF3%
Qo Yaiyiol gle HEF BASE Yo 7%
7 A7l E]. AVIHZYEY (megneto-
encephalography), 18|31 AFNAZ|ATE Al
A7, &35 AT AztEFdge] Loz of
E3hes 3ol =AU ’

Cramer 5(2000)& %43 )F(precentral gyrus)
o ZPE A& A o] U HEF B 19S vides
71538 A7 Y EIE AT A, A F4HEn
% (postcentral gyrus)olMT BA43E FAINAT. 2
22 Jang $(2002) B& A5 Ao] &4° &
AE o v & &of FF ol Rt ixn e &
A31E 7198 AFHIRZ A7 A, vl
A e &8 Aol B £4HA g v 9%
7+z+2-5 94 (contralateral primary sensorimotor
cortex)o]l BA3EAR, vlHE £& 3ol FU &
AHA && wihE 22729 F (contralateral
primary sensoty cortex)’} £%* 99 (premotor
area)°o] TAslEAon, ol BAsl= FA dzT
oA #AEA] gt 2 F Jang 5(2005)9] 72
FAx o] FAlSIH e, ol A2 £ E7|FE B3
e &4€ dAahEsudo] €A ANAR F5RYY
o= o|Fo HER F AAAZRAS} LolBE e 2
oj&ta gt

Katz 5(1998)& 934 ¥&d oA vehle
2% %3Hmotor weakness)9] YNog AR 9Ty &
Ar&AH(diffuse axonal injury), EA I4 X ¥
F4 (focal cortex contusion), Al# il Fo] &8
(deep cerebral hemorrhage), YA transtentorial
herniation & 47¥412] Wl e84 714 & AN SAe
dl, 1 F vy el A% S7I-0 T, o2
Q& NG HEdgAe 2715 Aozt vdehkes
Aoz gelxd YdtJang 5, 2005). g HEge

o o hu

2 uvbg S o] 5] doju= WEFA AL
£449 28] Ak AT AR AFAAE
o] o|FojX A} &5 Wol(collateral sprouting) 5
3571 3 &57)%0] HEs = Aoz gEA gl
t} (Meythaler &, 2001). ol& & AANLA
(neuroplasticity) 342 26HA12 = = Jed, WA
oln] A1 e AFE0] s e Reg oA 2
7] | BAR o] oAz, 2 F o2 H2 L AAAZE
Eol 4% Aoz vy Fakeide] gle BxE]
371200 AR 87150l s EEe A o] fejn)
olgig AP L H&Ad F HF /EAXN Jehd
(Cramer %, 1997: Hallett, 1996: Katz %, 1998:
Seitz &, 1995).

e Belo w4 F F99 FA4EU s AA
Az e o &4 9 71%E didlsl] %571
T B £ A3, AAASFRE d¥ P o2 g
Ao\ A] A FE] 7] wjEol] o]} T2 W F9lo) NAAR
A7t Aed F 2HQi 5. 2000: Russelld
DeMyer, 1961). A7 Az 37t dojvts 44L& &%
A9 4 (premotor area), %3 ¢ (parietal lobe), T
iR He] W3 Fejolt. Agoldy HAHp
29 PSS 31%7F dRALFIFAA AlFs 2,
TEAG G N = HFEe] 29%, FHHAA Al
A= e ARE] 40%°1HRussell# DeMyer, 1961).
o7y, QI 9AEEIGAN e S B9tk
dgo] 50%°14 22D RAeg Yeha gio}, ag=
2 B d7d FQF Q7R 48 3A-AEN
WZgdgdA] Az gAde27 Wi 2904 Al
ZE =8 ARAAZA 3T dojdt Ao g 4Z4dn. go
2 ATFEL ¥ 39 ARz} NAE gl
4§ Folok & Aojct.

V.2 B

B d7e 94 HEd ¥ £871%0) A f54d
BAE ez 7% AVFHIEEIS B 2%
71%°] 3 8EE 7|A-E F9HA (cross sectional) 22
drsigint. 1 23, H&dSE ek £% A vEhd
£ e 92 #4938 99 33U vimate] foi @
olE Ho|A) ggirt v £4F &7 &% Al
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