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The effect of rehabilitative training on brain functional reorganization in patients with cerebral infarction
by fMRI: a longitudinal study/HU Xiquan, JIANG Ruishu, ZOU Yan, et al./Chinese Journal of
Rehabilitation Medicine,2009,24():

Abstract Objective: To explore the effect of rehabilitative training on brain functional reorganization in patients
with cerebral infarction. Method: Sixteen patients within 3 months after subcortical infarct were assigned to
rehabilitation group(n=10) or control group(n=6).The rehabilitation group received 4 weeks rehabilitative training and
the control group did not in this research. All patients were assessed by fMRI scanning and Fugl-Meyer motor
assessment (FMA),Modified Barthel Index (MBI) and the Motor assessment scale (MAS) prior to and following the
training. All patients received fMRI scanning during passive movement at both affected and unaffected wrested
clenching separately. Brain functional mapping was acquired with SPM2, and different activation patterns of brain
were compared between the two groups. The volume and intension of M1 activation were calculated, and the
relationship between laterality index (LI) and motor function was examined. Result: The scores of motor function
assessment in the rehabilitative training group were significantly better than the control group. The first fMRI before
rehabilitative training showed an early general hyperactivation when the affected wrest was moved in bilateral brain.
M1 activation moved from an early contralesional hyperactivation to a later ipilesional hyperactivation.There were
positive correlation between LI (M1) and FMA MAS changes. (r=0.917,r=0.949). Conclusion: The rehabilitative
training can promote the motor function recovery and induce brain functional reorganization. Activation of M1
regions are associated with motor function recovery.
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Key words cerebral infarction; functional reorganization; rehabilitative training; BOLD—-{MRI

0 A v Ty R A AL 3K 3k A S 5 T —
brai lastici *ﬂ IjJ 2 QH n i | *IEETUE L ARA BRI (2006836004014 )
(brain pas“‘”tf) e 2 ‘(““C 1ONAL e 1y TR 5 = B B A PSSR, 510630
reorganization)f 5 . {H 2 7 Kl & A= o] B PE AR AL 1Y 2 oLl B A i G R
AR EREE AT R E T AR, RIS DIREIE 3 e s e b e B B

TG KA T RS (LT R S A W], AR L A L 9 B B
Wi H 19:2009-08-28



888 Chinese Journal of Rehabilitation Medicine, Oct. 2009, Vol. 24, No.10

SR Z —

F 20 T4 90 44X A Ji AR R i it S8 7K 1M 14
) Re g H PR 1% (blood oxygenation level—-dependent
magnetic imaging , BOLD -
fMRI, MRI)Fr £ A S 055 15 2 v i g #4 n] 28 14 2
AR PEAE T R BE Y T B B AT HER | 0 UL
GBI 1l D) RE T Bl (AR AL NG B, 4 T b A3 K
T Dy RE DB AT FE G AR SR, TC B b A 5 i 4 T2
SEEF AT RE TS S, X kA 2, BOLD — fMRI
AE TR 1 BT IR 20 B DX 0 O R AL, o R R L 2
TAFAENG DI RE X, XF B30 97 R HUS 1) A 16 = 0
SN BRI P IX T T AT 5 v A T D B B
RZHAE T B IMRL 50 2 25 Ghm i
B SER A, ARBFFER ] BOLD — fMRI J5 i 483 ki
RS S8 37 32 Bl D BV 2 3k 8 vh AN [i] i 8] B figi 2 g
ZHL A AR R I 0o I A 6 5 ki B e 2 Y 52
W, A A B T R — D A RGO SR e it
BAE R REER 4,

functional resonance

1 BERE5RHE
1.1 W54

9 51 ok U5 F 2008 4F- 7 H—2009 4F 6 H Hrili kK
MRS BN B ERERE JRA R
B= B i R M B A A AE R 3 . AR A AR U Y R
HHAHL(F B2 A B EARANMEE N EIR )5
RS YN X B2 JE A4 16 Bl i di A8 i o,
W RS IR 10 ), X} IR 4H 6 1,

ABERRHE D £5 A 4 5 DU o i 145 5 22 AR 23
BB TT B (45 2SI 05 2 W 22 0 1996 4 )2 W
PRl R B A8 £ 3, ¥4kl CT 3¢ MRI H 4 E
S, T AT kb A B 5 A RN /8 5 X Q%) &
A 5L, HARFE 1—3 > H ;@B MF WL = B
5] 4 9L Tt 48h; @A ALRT I iz 3 D fig
FRR A, IR SIS =1—2 %% ;& LIRSk 1 <
1+ (B K Ashworth 2255 3 ) ; @412 5 T g &
5 DA FI T ;@47 MRI Ko £ 1 25 2E ; OR M
Tl Y B AR T 2R B R R R

Heprbr e . ORI 3 H ;QFE IR >80 % 5
BZ K MAEFCRG AL, B2 o T /0N 565350 47 5 AL 5 @
REAEAT A< b i g i A5 B HC Atk 268 1t 2R ¢
i 5 s QA A AN Ty RE A B 1 2k 1 A R 2
% 5 (©)45 92 95 3 350074 M O 19 R TG s 2 B

TR AN — IO, RE Vg B H
10 #, Horh 55 8 9, 4 2 i), P H 4 S 59.80+8.56
% XA 6 ), b 55 4 9], 4 2 S AR

63.00+15.54 % P4 E AR B EL B e FE R
AR R 22 AR A B

£1 BAREERESR
R ARR () ) FEWE  BF ORF RERJD

EEils%aA

1 70 o ZeihE B AF AT 2
2 74 W Ze it 58 HF AHF 1
3 54 B RMgE,RIEE EF AT 1
4 54 B A R EF AT 1.5
5 61 B hHBSE RS EF AT 1
6 52 % e HE IR A% HFE HF 3
7 54 B g, g AF AT 1
3 53 L Fi s e EF HF 2
9 71 e A7 T3 e EF HF 3
10 55 % A7 HE A% EF HF 1

pog:cgi:|

1 80 o i R EF AT 1
2 54 7 i H IR EF HF 2
3 63 W A E K AFE AT 1
4 72 B RE R EF AT 3
5 37 B AihbE R AT AT 1.5
6 72 kS JE U HF AHF 1.5

1.2 JEEIE

121 AZHVEAl: #eh B R 40 28 3047 #1708
fili R T8 A PR TR 5 2 BE B R (MMSE) i#E 17
INFN P RE i 2, PE4r =27 70 8 A #EAT5E T L)
Ki4r (MMT) i B Ashworth 2228 5 £ E L. W& A
HEHESMEREA . 1R b 8 n 2 )
REBRAUI O, TRl R4 5 (] [ ~7. 1 AR I 50 i A o 2
7% (the NIH stroke scale, NIHSS)#FA

122 BERIFE AL E 705 T AL (35 1K)
A4 JE (5 2%) #TRUFEshagire .
MAS % iz 8 PF fli 8 %  (motor assessment scale,
MAS), @ i X Fugl-Meyer # % (FMA), @ ik K
Barthel #5 % (MBI) . 7R PEAGAH & N H AT .
1.3 R II%

R S I 2k 2H 2 32 B BL ML L R GE M BRI 45k
GG Y ER Y (PT) MEALIR YT (OT)4 ,3—4h/d,5 H/
Ji, 24,

Xof BEZELAT T A 22 BHIR IX B AL H S RE , R4 2 AT
Al TERL | FRGE ) I 25
14 B

g o7 S8 B MR o3 N R AT R Tk 2l g OG5 S A iz
Bl gt 9B i 5 A iz 2l U ] B A T
0 b F i A SR B IR AT SR RIS S YR ) 5K
S fEh  BOR B E PR TR, BORS , F eE,
HIH K ERAN SRR FEA SN 45 1k — D0 = 3h i L 4E S
By, I AR A6 58 1 H 2 DL AR R 3 (4 52 il [ B
TR S B T 5 Sk AR LA D 3k Bl = AR iz s A 52 . 5K
9 AR P B AR R o8 U — a8 B R R 1—2 /RS
(1—2Hz) W32 3l , B — Wi 05 5 0 3k 2 70° )5 #



o [ R R A 2, 2009 4L 5 24 %L 55 10 09 889

[ 3] 1 37 A7
1.5 A%

fMRI 948 85 J7 Rk A ek it . B —1E 5%
R 4 BRF5 2k 30s, 4511 55 LB 2 1) 3 A 30s A9
LS (KB 55 B fE il a5 AR 2 K, 4%
AL P SR LE 1268, A AP F) 10 1304,
AL I 40 A A 504 TR IR iR D RE IR o
1.6  EE R4

BT B N 2 7 () B 4 TR % 7 R PSR 5

B AL HE A 5E [ (Spin echo,SE)T1 i
FUF H) B B T (T1-weighted imaging, TIWI) , $4# =
UK : TR=530ms , TE=13ms ; {3 [ i€ [F1 3 (FRFSE)
T2 i AL A% Wr AT e AR (T2 —weighted  imaging,
T2WI) , 14 2 50N : TR=4500ms , TE=102ms ; FLAIR
¥ 50 RE W, 4945 2 508 . TR=8800ms, TE=120ms,
FA=90°, A2 E N Smm , JZHE K 1mm, MLEF (FOV)
4 240x240mm , >k FEH F4 R 320x256 A W T LA W
OB IR 12 2 SR T DL AR T 2 Ok 2k It
12 )2, 3D #2480 . R FSPGR 741, TE=
1.8ms, TR=8.5ms,FA=15°,FOV=240x240mm , % % 4
M 256x192, 2% 1.4mm,

fMRI J#§i1% . % H GRE-EPI 551 , 1 S5 N
TR =3000ms , TE =40ms , FA =60° , FOV =240 x240mm,
RAEFERE N 64x64 )2 )RR Tmm, JZ2H R 2mm, LI
TP AT G B A L gk It 12 )2, 1%
SEARALFEA T B BT, T S — B/ i A KO
HEEFE] R 2.06 4 .
1.7 KM JE b

FIH GE Viewforum T fEu 435045 Il BOLD-
fMRI 51 \T1 flair LA K T13d #9546 DICOM ¢,
2t MRI BIMZ 5 A 3EAF MRIcro 5% 4624 Analyze 1%
=, BPA]FH SPM2 3R A #E 4743 B . SPM2 SR Ab 345
BRATE KB F | 25 bR HEAL e 0T ie | A
A Z-score K5 ¥ TIWI ERL 4 .
1.8 MRI BIE UL 4E bR

e AL TR bR - B4 K BT X AT R AR/ B
KRR S | 32 BELEE 538 Bl A 56 A0 i XA 30T,
5 XU & 58 32 8l X (primary sensori—motor cortex,
SMC) iz 8l Hij X (premotor cortex, PMC) %} 721z 3fj

X (supplemen—tary motor area, SMA) . Tii T /it
(inferior parietal lobules, TPL)  Hij %M 5z i (inferior
frontal cortex, PFC). #1747 [7 i2 3} X (cingulated
motor area, CMA) /M (cerebellum, CRB) I )
g JEA Y0 AR B Rl g AR
18 2l XA A5 BE S A% | e Bl 8 B i A X O
T

AL bR . O T R I 2 B AR
FA2 B M1 S R AURT RS B QM X i
A48 E (LD 3, A aF .

LI=(C-1)/(C+I)

C AR M1 3% AR TACR R M1 3
(LA
1.9 giit=ao i

K 1] Excel #1F 4 A cHE , 0 g8 i #1F
SPSS13.0 X B¢ BHEAT4E 3 73 #T

T 50 LA B REVE 5 . FMA \MAS A
MBI, 53 #EAT R 5 PR P R Ge kK 3 . B8R
BRI AT UM AR A BB ¢« K

R IRIT T FMA MAS 353 1 036 2 52 4331
5 M1 X LI A5 4E Spearman #H JCH: 73 Hr

2 BER
2.1 LR P OB BT A

W5 4 H  1) NIHSS . FMA MAS F1 MBI 28 1 X
PEAR S5 R GET T4 B o P>0.05, Ui W P41
HKERZMMES TR EEE L, WAHRE LA
Pt 56 2 IRPPAS B 45 TPE S 0 GE 1T 24 0 B iR P<
0.05, UiBHPABE K ERZMMET A D EEE
M, W3,
2.2 WA EF PR MRI 4451
221 dAEEAbTE bR BT T 5 AN ) R 2 A DX
T 5 B AR R AR 22 5, 2B —E
M, BitEZE R 1—3 A, & 1 % IMRI 14
IF BRSO A i Bk B T3 I BT B IO
RPN FFIE B R (M) 3#0E sk 3 22218 )
X (PMC .SMA .CMA .IPL .PFC .PPC .CRB) i1y B & i
(B LWL EAfon) . 55 2 W IMRIL E 6], BT
B3z Bl B D8R B0 A 3 8/10 it B M1

x3 FUEEERERTELERILE (x£s,5%)
s bEagi] FMA MAS MBI
NIHSS ERRN 52 EBRYS 52 I E RS 2w
Il 241 10 6.20+2.30" 11.10£6.31% 20.10+6.28% 21.60+5.647Y  32.00+£5.98% 65.00+23.587  86.00+15.38%
X e 4 6 8.00+2.53 10.67+4.84 12.17£5.38 16.83+7.55 19.17+7.68 53.83+20.45 60.00+23.45
t i 1.462 0.144 2.571 1.445 3.744 0.96 2.697
P {H 0.166 0.888 0.022 0.17 0.002 0.353 0.017

55 5%¢ B 40 L4 . DP>0.05,2)P<0.05



890 Chinese Journal of Rehabilitation Medicine, Oct. 2009, Vol. 24, No.10

DX A, I L2 B T S i s (B 1),
10 151 5 52 11 25 4 26 35 i = R0 BB 35 006 KOG B I %o
b, 25 1 UK IMRI 445 I, 8 12 3l I 00s 09 K iz
JoRME T LE R XS 2 Y R ) 22 2 IS
BUG 56 2 WK IMRI 6 I, D RE R & 547 1 o R
F12 3 isf B 35 A X i T3 Bl s RS A A
BOARL

X HRA 8 3 B 32 Bh T RE VT A X R ) G
T, A0RT 5 P KAZ Bh D) e VAR B RN K, WA LS
PR MR 49 48 B B 00 15 B s AN K, 26 2
UAMRI KA i, HA S 2 8 5 BT 30T 1
AW EE R, BT E2E X M1 Ak ZEiz
SfIX SMA 3G, EARXT IR R 55 2 IR IMRT B
ERURE W OO KR A IS =B (P51 B =N LR/ €
E ATV S) AR SRR R & NI G N '8 I A )
MRZ 5 3 RIS 5 58 3% T 58 2 Wk MR 9 4 i
S P S IRTA A S
222 HALFERRXT 10 BRI R4 B E BT
iz IFRT G P MRT 348 B X0 M1 33006 AR
T o I LA LB, LR 4

XF M DK 6 R ARG B A A 5 X b, 25 R
N, PAE<0.05, 16 BH P YR 2 [] 006 A FR R I 0 ik
2 5 B MR S, 5 2 I T iz sh i xf
g b RN )M DX S8 AR B TR i e o e, B
BN G BT 2 S M1 X £ | iR
WO

*4 FEISASEBFIMMEER M1

UE A R 0 58 B A b 8 (xs)
PR RR (R R E) PG 5
1 38.56+61.44 1.51+2.29
552 W 649.33+577.44 4.37+2.74
t{E -3.16 -2.41
P{E 0.013 0.029

1 MMERZEH= (2.0 2.0 2.0] mm
2.3 TG (E B 52 sh D RE PR AL 4 SR A SE kA BT
A 4 RSN R 2H IS PO L BT A —
B X (ML) X3S . TR M fk 48 5, W3R 5,
ZEMEAR AT S PR I AR TR
M FMA B MAS DI REVFAL 45 SR AR v] LLE R
WA B E NS ER B TREMIRE, HFH
fMRI 9 3400 {5 Bt 5 Dy B &2 AH — 30, X B &= I 25
ZH B E TS PR ) FMA MAS P43 i ok 3 72 B2 FLER
FAz B M1 X LI AE Y eho2s 78 B S 4740 S 2 i
4E L i R FMA MAS Fi1 M1 (% LI 2 8] /9 41 56 2 5L
I35 r=0.917 .r=0.949 ,

3 i

x5 Ml XyREMAER (L)
5 — 12 2y BT (ML) i i 0 AL 8 %5

B -1 -0.893 0.628 1
$2 W 0.926 1 0.976 1
F#ME 1.926 1.893 0.348 0

Bl N MBI 9T 2800 52 e 52 1 000 T g 2 v iR
HUIREWK A M7 A, ARG T I A2 I i Js K
(T 82 1 B & A TR ARk, R T RE YIRS 1)
e A2 % -6 Th R T 241 7 1l AR . — A R, &
I 3 A Pl A o T BRI AT ) e R AL A
IF5E A LHL R [R] R Ry B A A8 & 0 3 A AN

AR5 P 2H A AR R e AR AL | i
JRE AR F 0P 25 R AR AH Y BE AR EAT T
MMSE L3 FUAILSK 7 S8 PEAL ) 5E &2 Y1125 20 Fn ) HE 4
55 1 Yk NIHSS 1 FMA \MAS MBI %3z 30 I fig i 3¢
PEAGZE S BRI 4 () 22 57 0 PR S, PR
TAERYBR A, 58 FARMEMCRN BEHL A2 . S W,
AT G AR I — R R RS I RGO A 4
Ty e S 53 AR B R Bl ) RE 76 A 4L IR 2L AT e A
T/ T AL B 8 AR i ey o 3 PR UE T B 5 fMRT
i ERE O

BOLD—fMRI 4 I T4 K R £ | PRt hi S A]
e LA H . BOLD—(MRI I kG 2] (1 15 S AR /N, H:
5 0R EE  E 3Z 2158 B R PIRLZ Bl 5 RO 5
Wi, 25 K, e shiz sh =X i 5% 15 8k 3 1 sl i)
1 SRR NS S R AR S e, A 5 ik 3 5
— (A S0 ) PSRRI N AR SE G P AT 1 1 BT
shih L TR N ORI P R EA TR T L g
KR AT R T RE 8 Bh R B 4k 3 AR
F S YIS ek Jgi 5G4 1 W SN s o FER AR
S AT I O (4 JE AR Z Bh R R RS Bh (R
TGZE T R ok U, 38 B AR TE I 3 5 O 4 kA
A T A R BT B2 S0 04 I DX A E A2 44 B
BT AR R A RS shis B
F2 8032 Bh i S i DX AT B | R
L XHARL, BB shiz ol B A O R LT AR [
Bhiz gl i MO R, R kX i T e A5
FER AR Y B9k Bhis shIE T LA B AR
XRS5 W R A S A Bt n] DAL IEAS [R] B
R Z E AR [R5 2 1818 8138 ah AT 55 X 3 11—
Sk, BAT DU ST oY AR R R R, R AL R AR v
J5 18 B D) R T A R 1) FRE R BB 2 R

ARHFSE K B, AR B I AN [ B 3 22 0] B X 38 7%
(i B AR SR 22 5, (A28 — i M
B MGAEFE A0 I 3 S H AL 5 1 IR MR KA i, 8
LR BB A > 35K K S5z PR AR R 3R



o [ R R A 2, 2009 4L 5 24 %L 55 10 09 891

BN T B s 3l K B (M) B0E B Bk 3F EE s g X
(PMC ,SMA .CMA \IPL .PFC .PPC .CRB) 9 B % %
I o SR DR AT RS2 R T AR AR) D0 R R X 8] A 7 25 AH B
] AR 25035l DX T R SZ A5 [0 £ A 5C i
DX AR , T2 A REACAR I nl LA i) 5 0 2 fig
DAER #1714 ARG RSN R | B i 3 2
RERYMK I, 8 T3z Sl Ip s DX B L A 3, i
B Z A9 M1 X B30, 5 6T i Jos s 1200
I H 5 B E  ERE S X5 Ward R0 5
R

A eI ORI B T BT S f) 2 B N 45 Al B4 8
Ak, 2 B ek J ] B 5 Bz T A P v, DA o
AR AR 3 X 8728 R () ) BRI B OB AR X, A F
T K IAE (BT R Al T 1 S A A 2 i 2
—J&BE X (primary sensory cortex,S1) B . 437
FCIEN, —J7 AT RE 2 2EAT sl iz sl i A A fih o
e AT BT SE XA 5 O3 — T T (LA T R 2
IR B J5 4 gk 151 0 D RE S8 44 T REAFAE 5 . Mueller
SFE B iz Bl RS B 5 IX O AR AR AL GE BE AR AE
g LA g3l o 5 e — € W E B, H AT IS
i 57 i R B I i R Xk 0 4] 8 SMC I B LA
ODATREA — N H R SRS RS, B 3l A R B2 A X 4
N TR ] ST X AR s, D, A TR I AE
W« S P H B ST DT Y A8 Ko 2 34
SLATRER ML G XIS #% 3k SRR 1 e &2 i
g R ORI R DX A ) 48 22 5 LAY 7 B B i
A IR 7S A D E AL T A A

A s 8 B N RE B AR — 2 AL . 2K
V2R BIWIL R B A BEFEN A R S D g
PRIZ T2 55 AN BRI BE B0 A7 B IR AE G, e
SR (b [R1ON ) ML DX 78 980 1 100 v SR PB4
PRI AFIR G HE X RS I 2R 4 i (R T 9 shiz 3
A M0 A FRORT S 2 Y L BCIE T AT L 5 0
PRBAFNGE BE (Y 22 A 35 PR3 3,38 2 W MR 14
If M1 BSOS R BRSO, i B2 o g I e S I ]
PATE M1 XA XS4k 3, e ki D e B 2H X B
A H BT B Xl M1 XAERT 5 K MR
AR, X5 B R0 Iz B Dh REPEAL AR
—H,

i 0 AL 5 KA Cramer!™382 | H B 76 2 e It
PR AR Rz N IR A2 R AR, BT X
SCHE R R R, TR T IR A AR ok U, LI AR
SRR, WA, BER IREMIK A, LIt e A= 4
B 224, Gerloff AFHERT ST i kK B, 18 S DI RE I 4F
TR B S5 O 18 A AR W OG54 X ) B Jo

T R T S D) AR A D BB R 2 | S 2 R
T e k2 54 o B 48 £y A8 A E K, R TF-10i2
SNUIREMK AL AR AT R A HRAEPI I R 45 SR 5 2 A
ol

AHEFE 10 5B 52 VI R 21 BB 2 TR P UK (MR
R A 45 5 b s ML A BTG 50 2 ke A i s B
B XA Fa B AE 8/10 HYBR M1 3E B9 B T Y
SO G oA FE (L B0 IR ), Kb g 5 Bl 4k
XoF 7% (L1=1) . Marshall 25" 55 48 H i 25 op EL 480
(I AEWIWN) , BT shiF SMC /4 LI [ {2 BRE2
B, B LL R i, A8 B 32 3l B A X ) > 3k 3%
WohE, 3—6 N HJE ,BiE B FEshDIRE MK E LI
o) T Ak 2RISR 045 2 BRUOE 1G] >f 2R
T AUED  REJE PR ST 2 B S =2 ek 3 0
SRV I S X S S I /NG T
2 YR EMRI A 2 Bt 20 B S 7 ) A0 S L R AR
X5 708 3 A [0 52 Bk 3 B IS A — 2, SMA B YK
R 0 S BN 476 A 2 A ST R SMA X Y
LT H LIRS, 55 R A AT R R S
FEAMEFE T PMC I IPL #5230 B0 3 0% oy & (H2:
I B S R Al s Ak B 2 Calautti FFU7%F 5 411 4¢
ARAAEIE H % BEAT DN 16 PET K2, & 90 5 255 1) M o
MWL 5 Has shad #Y LI 928 (b S E A ¢, BI LI
AR Al S T3 3l D) REAIK 2 R 4 F  FE A A 5T
% PR RE £ A0 FMA MAS 5 32050 ol 5 H:
Jii &35 Wk shiz shist M1 X LT 28 1k 5 I A 56 | 4%
5 RS —8, R BT RG> RS T
S3ATT, AH 35 ] 4 AH O FR BORR AL (7.=0.949,0.917)
DA SR BRI A AR AT IR AR S — 2 R A
9%, MAS FMA V¥4 45 5 Fi J5 9 U i el 36 4% B2 #0 F0
fMRI 45 5 57 8 8 A DG 1 | TR RE o BE B 1 I A
DAL LR A A S AT (R

S % CHk

[1] #85°, FlikZi. BOLD- fMRI7EM 25 )5 iz 8 i &5 Ui ae il &
R L)), P RS BE A A A, 2008,23(7) :663—665.

[2] sk, BITFAL. 32 Sl 2R R AT 9 A B i ) i A A
BARBE 58 BE R (], P B Y B 2R 5 R AT R AR, 2009, 31(2):
132—134.

[3] Thirumala P, Hier DB, Patel P. Motor recovery after stroke:
lessons from functional brain imaging [J]. Neurol Res, 2002,
24:453—458.

[4]  Savoy RL. History and future directions of human brain
mapping and functional neuroimaging [J]. Acta Psychol, 2001,
107:9—42.

[5] B&AHE, BE8E, 1A, A5 fkktk s B2 S S ik A M )
RE Mk 0 S AR AR AT 5E (). R Ay B S - 5 S 2%, 2006, 28



892

Chinese Journal of Rehabilitation Medicine,

Oct. 2009, Vol. 24, No.10

[10]

[11]

[12]

(12):838—843.

R, BRENE BRBEMK, AF. WA S T iz 3 D) RER AL 1
Ty RE TR LR AR AT 5T [J]. AR MR e SRR 20K, 2007,
29(7) : 448—452.

SR, R, RER. WATHR IS s D RERE R ALEI SR o
e 1 BRG], T E R BE2E A4, 2008,23(5) : 451—452.
Hendricks HT, Limbeek J, Geurts AC, et al. Motor recovery
after stroke: a systematic review of the literature [J|. Arch Phys
Med Rehabil, 2002, 83: 1629—1637.

Jancke L, Specht K, Mirzazade S, et al. Aparametric analysis
of the

“rate effect” in the sensorimotor cortex: a functional

magnetic resonance imaging analysis in  human subjects [J].
Neurosci Lett, 1998, 252 (1):37—40.

Thickbroom GW, Phillips BA, Morris I, et al. Isometric force
related activity in sensorimotor cortex measured with functional
MRI[J]. Exp Brain Res, 1998, 121 (1):59—64.

Alary F, Simoes C, Jousmaki V.,et al. cortical activation
associated with passive movement of the human index finger:

an MEG study[J]. Neuroimage, 2002, 15(3): 691—696.
Ward NS, Brown MM, Thompson AJ, et al. Neural correlates

[13]

[14]

[15]

[16]

[17]

of outcome after stroke: a cross—sectional fMRI study[J]. Brain,
2003, 126:1430—1448.

Mueller WM, Yetkin FZ. Functional magnetic resonance
imaging of the somatosensory cortex [J]. Neurosurg Clin North
Am, 1997, 8 (3):373—381.

Cramer SC, Nelles G, Benson RR, et al. A functional MRI
study of subjects recovered from hemiparetic stroke [J]. Stroke,
1997, 28(12):2518—25217.

Gerloff C, Bushara K, Sailer A, et al. Multimodal imaging of
brain reorgani — zation in motor areas of the contralesional
hemisphere of well recovered patients after capsular strokel[J].
Brain, 2006, 129 (3):791—808.

Marshall RS, Perera GM, Lazar RM, et al.

Evolution of

cortical activation during recovery from corticospinal tract

infarction[J]. Stroke, 2000, 31:656—661.
Calautti C,Leroy F,Guincestre JC.,et al. Dynamics of motor

network over — activation after striatocapsular stroke: a

longitudinal PET study using a fixed—performance paradigml[J].
Stroke, 2001, 32:2534—254.

(E#: 886 1)

ﬁ\

JE S T A R T

&% 3k

(1

2]

Hannan MT, Cheng DM, Green E, et al.Establishing the
compliance in elderly women for use of a low level mechanical
stress device in a clinical osteoporosis study [J]. Osteoporos Int,
2004,15(11):918—926.

Judex S, Lei X, Han D, et al. Low-magnitude mechanical
signals that stimulate bone formation in the ovariectomized rat
are dependent on the applied frequency but not on the strain
magnitude[J]. J Biomech, 2007,40(6):1333—1339.

Torvinen S, Kannus P, Sievanen H, et al. Effect of 8-month
vertical whole body vibration on bone,muscle,performance, and
body balance: a randomized controlled study [J]. J Bone Miner
Res,2003,18(5):876—884.

Verschueren SM, Roelants M, Delecluse C, et al. Effect of 6—
month whole body vibration training on hip density, muscle
strength, and postural control in postmenopausal women: a
randomized controlled pilot study [J]. J Bone Miner Res, 2004,
19(3):352—359.

HSHF 8 W 2 B, 1 105 25 02 45 i 0 0 )5 0 34 B S i A 14 ) 26
SRR [I]. R A IR 2 2% 7,2008,23(4):325—329.

AL A, 1 B, T A A AN [R] 5 B Jok e el 1 3 % s AR BB 4

(8]

(9]

[10]

[11]

[12]

[13]

B R o] b R A PR 2% E,2007,22(3):215—217.

B 28 DL IS A AR S L A Bl 0 AR ) BT 5 (). e [
8 E 24 2%3,2007,22(8):765—768.

Bolotin HH, Sievanen H, Grashuis JL. Patient —specific DXA
bone mineral density inaccuracies:quantitative  effects  of
monuniform extraosseous fat distributions[J]. J Bone Miner Res,
2003,18:1020—1027.

Delama PD, Seeman E.Changes in bone mineral density explain
little of the reduction in vertebral or nonvertebral fracture risk

with antiresorptive therapy[J]. Bone,2004,34:599—604.

Martinez—Cummer MA, Heck R, Leeson S. Use of axial X-ray
microcomputed  tomography to assess three —dimensional
trabecular microarchitecture and bone mineral density in

single comb white leghorn hens[J]. Poul Sci,2006, 85:706—11.
XS 385 43 4R S A 16 B BT B A 14 SE B BF ST (D] M < Uy BR
FFK4%,2008,20—41.

Gong H, Zhang MH. Regional variations in microstructural
properties of vertebral trabeculae with aging [J]. J Bone Miner
Metah,2005,23:174—180.

Judex S, Boyd S, Qin YX, et al.Adaptations of Trabecular
Bone to Low Magnitude Vibrations Result in More Uniform
Stress and Strain Under Load [J]. Ann Biomed Eng, 2003,31
(1):12—20.





