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Fig. 1. Symmetrical upper limb motion trainer: Hemiparetic patients are practicing wrist flexion/extension (a) and forearm pro-

nation/supination (b).
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Table 1. Clinical characteristics of patients.

Age Time since
. . Paretic
Patients (years) Lesion side hemiparesis
/sex (months)
1  44/M ICH in Rt thalamus, BG, IVH Lt 38
2 37/M  Cerebral multiple contusion Lt. 58
3 49/M ICH in Lt. BG, IVH Rt. 24

Rt.: right, Lt.: left, BG: basal ganglia, ICH: Intracerebral hemo-
rrhage, IVH: Intraventicular hemorrhage
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Aze 4Ae HEF 29, 44 K<Y 19olgen, &
Zuhuls} 19, #puls} 2%l ickTable 1),
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Patient 1 Patient 2

Head coil-

Wl 724 gae A5E 28 e FUEbEd A5 04,
BEAoE FUY AT 14, B Sl H5E A2
Bog Fisel 5 eodoz Brhsigion, 204 elshe
A% Aotu] B2 BHeldrh £ A4 A% 2 e
b 44 20 93 dAFem ol g et wo
& gt AEE M Foh Peleh” EMAE 657e]
9 3 9 WA oA 23Ul & WA F 4317} 54
99},
4. 7153 I M
WY TS o] 3te] BE £ A ¥ B4} AQ
H2E W) A9 715 A7 TPGLL E Aol
247 ZodelelehFig. 3.

7153 21—7]51‘330342 3T MR scanner (GE Medical Sys-
tem, USA)ol|A] FRFALE A]—-Qfé}oi single-shot echo planar
imaging (EPI)OE HE ALG4F 2l&(blood oxygen level
dependent: BOLD) 7|H-<S & o]— k. FA(rest) A 9 3z
(task)7]ol] Z+zb 197119 3wk EPI-BOLD <dANTR/TE/ o-

Fig. 2. Brain MR T2 images in 3

Patient 3 chronic hemiparetic patients.

Task 20sec | 20sec
Rest
0 10 20 30 40 50 60

Fig. 4. Diagram of fMRI paradigm: 6 epochs of alternating rest
and task period. Each epoch lasted 20 s and one volume of im-
ages was acquired at every 2 s.

1.9 sec/40 msec/90°, FOV 240 mm, matrix 64 X 64)& 253}
ek A dge DA 2AVIHE Agelel
Talairach®] A& 7]1Fo3 T2 7244 gt
ARe AWl B ZE AT FAD T )
9] FHAZ HolslelEl, rest-task-rest-task-rest-task®] <=4
2 saEgon 3 Ay AQA7HE HEG 2024 &
i ¢ ARHAHEFg. 4).
A A A A, =LA 4 £

z
e A% £ els g £39 FHAD 05
5
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X,

at

SFER SPnEHA 1), F A BAE sk A
EFol & FL A7 AF Ehg 294 E=
Hog A E55 =S B3ichEA 2).
tjo]E] 8] Ao A (region of interest: RON-S $-FA17 3]
Bol Z93 s|Holztm Hu®Vso)n A7ALEA
(sensorimotor (SM1) cortex, SMC), 4 254 & (premotor area,
PMA), 18] H--%=<4 % (supplementary motor area, SMA)
o7 AAslo] SPM99 (Wellcome Department of Cognitive
Neurology, Oxford, 1998) 2 128§ o]-&3slo] A ulH (rea-
lignment) A& F3ll Welo #HYS 2As 2 J5H
gzt | FA g AR R (coregister)dtol FE 2
E2 PAeslch $AND o e EEH HEAE
Fokx 2 A ¥ W Aols 2R Aekol EF
315 ¥ F7boll template image (Montreal Neurologic Insti-
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tute) & AFgsko] ETBhnormalize)stGit. T scoreol] w2} AEE dgich. FA47]9 85719 H B4 Hole FA
A ustete] dlade 2ECR HATES MUY W H 4L F p<0001 @) FA BN ES o
gt} IMRIE 637+e] ¥ 2 F AA 9 28 Aol
A & a4 F 237t Z4= e
Time course of Fugal-Meyer
55 ———"® 2 &
g 50 — Patients # 1. AMF TI} AAL #E
E 45 1;
7 a0 3 Fig 5t Fad77o] W Hulu|saSe] #d 715
S 35 . 9, B, 2% AALENS 59 FEL HY Fugl
> 30 — " Meyer 52159 wsto|ch. & 637be] Fal Fak 230
L Al 245 AAelA ol AHE PAF BF $F F
2 20 — A7) $E7)50| =A 3= vhFig. 5, Table 2).
he | | 2t TiEe) HpME He

0 2 4 6
Time (weeks)

Fig. 5. FMA scores of the affected hand of 3 chronic hemi-

paretic subjects before, after 2, 4, and 6 weeks of the symmetric -
upper limb motion trainer training. A ALl whet A3 A5 Xpo|E Hol7l 33

Table 2. The changes of FMA and cortical activation in hemiparetic patients during 6-week training.

Cortical activations

FMA scores
Patients (week O-week 2- Task 1 Task 2
week 4-week 6)
Before After Before After
1 25-29-33-34 SMC®, PMAS SMC* SMC', PMA! SMC®, PMA®, SMA®
2 35-49-54-56 SMC* SMC* sMmcC SMC®, PMA®, SMA®
3 20-25-27-32 SMC* SMC* SMC', PMA' SMC®, PMA®, SMA®

b: bilateral, c: contralateral, i: ipsilateral

Sagittal Corgnal ; Sagittal Corgnal
“ u‘ S T ¥ :

L L L

- o

%é‘

Transverse : - Trghgverse
¢ LIS »
3 i
LS
o W

Fig. 6. Cortical activations in con-
trol group, (a) Task 1, (b) Task 2.




Patient 3

Before

Fig. 7. Cortical activations before and after training during Task 1 (a) and Task 2 (b) (p<0.001), increasingly activated (black arrow)
and newly activated (white arrow) areas compared before the training.

1} thZ(contralateral) SMC <ddl4] AL Jelyho}
(Fig. 6A). L EE0) IR TR Ao g AESE 37
oAl & ZA| 201X = )ZH2-¢ ¥l SMC, SMA ¥ PMA
oA &4 37} vebyhchFig. 6B).
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5 B4R ol51e] FeoA A BAADIED £
AZol] t)3t EZ(ipsilateral) SMC 3 52 PMA7} Ae}A-&
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02 $Ho|EF @ ok LTAA 34 29 £F A
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7 vehdtu, 84 131 391 A3 256 e 52 SMC
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g438 Bt A Folle FF SMC, SMA ¥
PMAE AzZA5hehg A2 = QIQich(Fig. 7, Table 2).
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Effects of the Symmetric Upper Extremity Motion Trainer on the
Motor Function Recovery after Brain Injury: An fMRI Study

Ki-Sik Tae*, Hue-Seok Choi*, Sung-Jae Song', Young-Ho Kim*

*Department of Biomedical Engineering, Institution of Medical Engineering, Yonsei University
TDepartment of Mechanical Engineering, Wonju National College

The effect of the developed symmetric upper extremity motion frainer on the cortical activation pattern was
investigated in three chronic hemiparetic patients using both fMRI and Fugl-Meyer test. The training program
was performed at 1 hr/day, 5 days/week during 6 weeks. Fugl-Meyer tests were performed every two weeks
during the training. fMRI was performed at 3T scanner with wrist flexion—-extension in two different tasks
before and after the training program: the only unaffected hand movement (Task 1) and passive movements
of affected hand by the active movement of unaffected hand (Task 2). fMRI studies in Task 1 showed that
cortical activations decreased in ipsilateral SMC but increased in contralateral SMC. Task 2 showed cortical
reorganizations in bilateral SMC, PMA and SMA. Therefore, it seems that the cortical reorganization in
chronic hemiparetic patients can be induced by the training with the developed symmetric upper extremity

motion trainer.

Key Words: Symmetric upper extremity motion trainer, Fugl-Meyer test, FMRI, Cortical recrganization



