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Abstract

One intervention for poststroke upper limb paralysis combines repetitive transcranial magnetic stimulation (rTMS)
with occupational therapy. Despite the effectiveness demonstrated by this combined therapy, limited research exists
on the brain’s white matter fibers associated with changes in object manipulation abilities and the use of paralyzed
limbs in daily activities. We aimed to examine the white matter fibers associated with functionality and changes
in everyday usage of the paralyzed upper limb before and after a 2-week combined rTMS and occupational therapy
program in patients experiencing poststroke paralysis in the right upper limb during the chronic phase. We used the
fractional anisotropy (FA) value from diffusion tensor imaging and calculated the FA ratio (rFA) by subtracting the FA
value of the unaffected side from that of the affected side. This study assessed the correlation between changes in the
Fugl-Meyer assessment for upper limb paralysis and subjective assessment of paralyzed hand use in daily life using the
Motor Activity Log (MAL), considering both frequency of use (MAL-A) and quality of movement (MAL-Q), before
and after the intervention. Additionally, the postintervention values were analyzed using whole-brain tract-based
spatial statistics. Specifically, a positive correlation was observed between rFA in the superior longitudinal fasciculus
1 (SLF1), which is involved in spatial attention and object reaching, and the postintervention MAL-A values. This
suggests that SLF1 rFA may serve as a predictor for postintervention MAL-A values, indicating its potential utility
in evaluating the effectiveness of combined rTMS and occupational therapy.
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WETZ0LO0DHEL LTrTMS 8% 2 54, 1 Hz |
BOMBSEE ' TMS Z IFEENEETF /TS5 22T, 20
BE2HH L, FEEAGESFNEE LI <R ENT

1 Introduction

fZA % D EENFRE DX ADL (activities of daily liv-
ing) % QOL (quality of life) DF_LD/=DICEETH %
[1]. MdzeHBE OEEIFSRE OB ICIE, vRy ML
constraint-induced movement therapy (CIJEE) 72 &53
HARTA V23] THEHEINTWS., EMEFIEEY A
K74 22021 12BWT, 175 2 2F@LTHRWAR
% GHESEE C) [4) & LT, RIBMREERSY (repet-
itive transcranial magnetic stimulation, TTMS) 3% 5.
MzE D1EMERAC 72 5 &, IR MLEEE O R A 12 X
D Wz A U CREFAREENE 2 il = 4, PR LEE AR
Z B X 5 FEREIHIDE Z 2 [5]. Z OFEKEHIH 2
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W3 [6l. CTOXInEREZDEIC, bivbiudAEHD
MR R IR L, ' TMS EAEERE DO OFRREICEE T %
R RLUTET (7).

HEHIFBEOREBIINT 2N T =2 ary2iTH5%®D
2, SHROTHRZEZTFULIELTNHNATEZLIZEETH
5. ZLT, EEMEOTHEZ FHT 2-0ICHEMRT
He LT, B > v L (diffusion tensor imaging,
DTD) ZFAL, BEEMRMEDBREORE 2 RINTE S
82T H 3 fractional anisotropy (FA) ZHW/=d DA3H
% [8]. DTIHRGIZBWTEA R DRSS %2 221 % &
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Z DF NS U THIEN DK T DB HAanZts 5.
FAEARAE 7R & DIK T F 03— T AN E) ZF 2 3 WL Tl
BRI, WEBERZ E DIKTFHH 5w 5T HE
WE TR IGEWEE 2%, FAEIZ 025 10
iz b, HEAKOEMAHEANDMITH 2 EZAMMENK
EWRE L ISIAWVWEL 72 5. FA EOE T3 MZAHIC & %
BEEDHEEE LTHYWSARTWS. R ERME O T
BTHEITIX, REBHE (corticospinal tract, CST) A%l
B3 2 N RN B OEE (region of interest, ROI) ¥
LTEEL, HEMD FA E%2IEEERID FA ETERL
B NZ IR RO TR TR ENTE D, THKE
EHEne I TW05 [9). Rk ROI Z3%E L FA ED
ez DT IINEZE R 2 R & L 78RS [10] T,
FAEWIHID CST O FA [EO LA EHE-I Y N ) 77— 3
VIR RERE D FBERE,  EHER (superior longitudinal
fasciculus, SLF) 23REM B EFHMR OFZEHIEE » A E
BB D oI LTWS. IMAEHERO Y ALY 7= a
YRAToTWL BT, FERERREF O 247
A & BB RIFEICOWTTFHITE 2 Z 2 i3F
MAThs. zo—Bhe UTEIRN TR Z v 72 Tl
bz, MABEREOBEDOREE L AW MEDOREEIC
B2 FHI[11,12) 3B 2 DD+ TiERL, EiFOH
TOMBEFOMA & DBIRIEICEE T 2 #id 1320,

—77, WML WS BIR TR, EFERIBGEE IR
FEERITH 2 £ LR OREREDAETED BALEE » BIfRT 2 753,
GG EE TG LERRE L OBED A S e D
W (13 D 2R Y, MOBEHEHNC X > TEWDH 5 A]
REEDEZONS.

Z ZTOARMSETIE, IR ROETEICH EFTH 54
EERREE 2L, EBBEBEICH T2 rTMS 2 EEEED
PEHEEZ T 2 HINTAREL 72 E 2R e LT, /AR
RSB U7 DTI #802 U7- FA 2 AW, FERES
FRETFDETFEDHFTOMEHIC OV TAARITROZ(LES X
UM ABRDE L 1B D 2 D VB RRMEZ BRERIICAIRE 5
5ZrxHWNE L.

2 Materials and Methods

2.1 Study design
BT RIIBIS 2 FEE L 7.

2.2 Subjects

RO RE, 20124E8 A1 HA 5 20174 7H 31 H
DENC ' TMS & AEEBEOHRBEED 2 @B ARE 7 v 27
T L% HNTHBEICARELZBE 155 L. @
AHMEZ, 1) FIERISFICB W TERD 20 %L E, 2) F
TROMENELTHROVDOTHHEE, 3) IMEARFE, S 1
FELLERGH, 4) MOBETNPAEETBXET > b E, 5)
i EIERRE, 6) AiREFR< ADLAYHIZLTW3, 7) MRI
12T DTIERR D 7= DB RIS X 117274, 8) rTMS &
VEEREOPHHBEZ I U O TRZITE L Lz, RyGLTE
X, 1) EEOKGE KGR RITH ¥ OERINHEERERE D H
2%#, 2) MY v~ F iR OB RE bR D RIEME
BH2HEL L. BREARJFHBEDOFEISDAIHIZOWNWT
VEERTAMEINT U, S RAESRERR S o SEE R O HIWN X RIE2 72
Ltk oTHibhr.
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2.3 Study methods

AN RE OFE, YA, RA, METF, RS, FEED S
MABGE E TOFEBE Vo T HAREIER, Motor Activity
Log (MAL), Fugl-Meyer Assessment (FMA) % i2#5C
EDAFLEL.

2.4 MRI imaging conditions

I ABHARHTIC DT Ef§ O RG S iz, MRIRIFIIZ 1.5 7
A7 MRIZ#E (Siemens MAGNETOM Avanto, Siemens
Healthcare, Germany) ZHAW/z. 5 X —&2—13Z TE
=94 ms, TR = 6,400 ms, slice thickness = 3.5 mm, b
value = 1,000 s/mm?, motion-probing gradient orienta-
tion = 40 TH - 7=.

2.5 DTI Analysis

Yeh & D Fk [14] #5% £ LT DSI-Studio (http://dsi-
studio.labsolver.org) MWz, 7 —%% DICOM KR T
HUD AR, FEHEZER] (HCP1065) [14] THRER L, HHX
N7 A ¥ 3 BECE DSI-Studio W E T 5 ki
D7 b7 R (HCP842_tractography) 725 RPNz AHETT
FCH TV 7L, RFlZaxs s —szfE L.

2.6 Assessment of upper limb function
2.6.1 MAL

MAL[15] 3ZHEEEAZMEL L 2dDTHD, 14HHD
AETE I C O WRIE I e o = BIRY 22 AR 2 Bl 5 2 77
ETH L. HEEFBIZEBT 2 MM EREoERSEE (MAL
- Amount of use, MAL-A) 1ZfK 0 = (&L FHHET)
D5 5 R (FEAERT & FRRDMESEE) , BifF0E (MAL
- Quality of movement, MAL-Q) Z&K0 & (&< #H
B9) 2565 GEERT L AROENPTE) T, MEF
DN T X 2 FERNCEFHE L TS & o 7. FERERTH HH
AL TWahrosEEZRINL 72 T, RIEEDVFER
REMHEE L.

2.6.2 FMA

FMA 1% Brunnstrom & 2555 U 7= fxZA s 1% O EH FRIEH O
NER P 72 (AR 1 D 72 AR FR D R FRRE B 72 MR T &
WEINTVWS [16). EOEE G U 33 HEZ 20
A3 ERPECRIMI L, fiEsZ 66 f, RIEAIZ0/MRTHD,
THIEHE & LT A B-H-#ilE (0-36 =), B FEHi (0-15
A, CF4E (0-21 5D, Wit 2¥—F (0-95) 2%
H 5. FMA ZMAF R OFHIG & LCTIAL Hush
TED, MARHIBED A K4 > 2021 THHEITE A[4] &
INTW3B.

2.7 rTMS and occupational therapy methods

ABGHIRE 14 HRETH o7z, MARFT T 22— LT,
rTMS 2oV T, 1EEIRABRHT® 2 HEHZFRS K
BH > HEEH, 2B XARHD B ICTH - T
%20 EISEHE U 72, PESEREIX v TMS 258 % HICIE A
RIS 1 RERE, TR HEEHICE 1 R R A
LCEMLL. FHMMIAREH &BBEHIZT- 2.

r'TMS O FIFERALFIFHEIGHIR G- 3R =T, FERREM
FR 8 — 15 I B1#5 © motor evoked potential 235 & FHE
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WA I BEAL L L, FIEGREEFES D 90 % EfRnE
FRET, FIESERET 1 Hz IS CEMDERM L 7-.

VESERERNZ, BEETOTBIEEIR, LB R GE A ) 72
BIRER, VI RIESUE, ROEM LR R R LT 5 AT
L EEEFIICEBR OISR ¥R U 2B & b
L7-.

2.8 Statistical analysis

2.8.1 Comparison of upper extremity function
during the evaluation period

Wilcoxon S B FIME Z MAL-A, MAL-Q, FMA ®
MARHRD 7 — 2T L TITo 7. AT, MAFIRICE
AR Er R L.

2.8.2 White matter fibers correlating with post-

intervention values and amount of change
in MAL and FMA due to combined rTMS
and occupational therapy

MARNCERIE L7z DTI 7 — &2 2 HWT, MAL-A, MAL-
Q, FMA ZhZ{UTDOWTH AR E MARDELEB &
O AR DME & BIfR S 2 HERRHMEZ fEHT 5 % 72 912 DSI-
studio[17] ZfHH L 7. ROI I35EATH%E % 2% 12 CST,
SLF @ 1 & 2 & 3, T#it (inferior longitudinal fasci-
culus, ILF) , #4K3 (uncinate fasciculus, UF) & L7z
[10,18]. E/FAEDOMEANICLZIXE0EEMR B72D12,
SEATHSE (9] & FIBRICIESHI FA 8 / FEHEEGMH FA E (FA
ratio, tFA) ZHEH L, % ROI ® HEMIED A % FHili§
fEfE Y L THWE. MAL-A, MAL-Q, FMA O/ AH]
BOZES XM ARFL, MAROMEL BHHED 1FA E
B LN ARTOFHIEIEIE © O HES 9 H71TlX Spearman D
NERIAHBE (R ECE FW 2, BEKUEE 5 %kiiie L, ZHELt
5 ¥ L Bonferroni i 1E % 1T o 7.

3 Results

3.1 Patient information

BEOHANERE Table 1 1IRT. FEIEBRSBERITTES
4.543.6 1, BE11 6], KEEIHITH-7z. EEHE
EE 1A, PEESH, BE6HITHoT. 2FIABRIL
A ADL SEAL L, BITIZIEEATTC 2 fl23% FEZEE
AL TOW2. WA ABE 2 BIBNBITH - 7.

3.2 Comparison of upper limb function before
and after intervention

fARIED MAL-A, MAL-Q, FMA Zh 2 oHfs% Ta-
ble 2127”3, MAL-A OZ(LES 0.5340.48 (2 BRI D
W& r=0.75, p<0.01), MAL-Q OZ{LED 0.52+0.64
(r=0.65, p<0.01), FMA OZ(LEH 4.47+3.87 (1=0.82,
p<0.01) L WFHOFMEZBWT HERELZELHASNT-.

3.3 Correlation with change in MAL and FMA
and post-intervention values

MAL-A ¥ MAL-Q, FMA Ot ARIEOZE L& FHE
FRHE B K N ART O FHEFEIE & DEHBEIZ- DWW T Table 3,
Table 4 IZ/RT.

doi: 10.24799/jrehabilneurosci.242101

Table 1: /i ABIAARF D0 RE O HAJE M

FERED> &

i

DR R LA/ Bl MAL-A MAL-Q FMA
11.74 69/3  MIEZE /e /G 0.83 0.67 28
1.10 43/5  MuREZE /e /A 0.57 0.36 32
1.39 69/%  WRRZE /i /G 0.93 0.64 35
1.15 78/5  IWIEZE /T /A 0.07 0.07 37
9.46 TA/B IRESE /TR /A 0.79 0.86 37
2.34 T4/5  MREZE /e /G 2.62 2.54 54
4.57 67/5  MuREZE /A /A 1.21 1.36 55
1.02 65/%  MREZE /TR /A 1.54 1.54 59
6.73 64/7%¢  BHHML /R / 2.43 2.50 42
2.92 65/ % I /AR R /A5 2.21 2.29 49
4.67 62/% Jid 1L / AR R / 0.76 0.71 58
10.41 62/% Req it / AR R /4 1.07 1.00 59
2.42 74/ % IIREZE /IR /A 2.46 2.15 62
1.51 71/%8 Il HE I /4578 /A5 0.23 0.23 19
6.10 50/% JdHE ol / ¥ /A 2.27 2.72 59

FMA, Fugl-Meyer Assessment; MAL-A, Motor activity log -

Amount of use; MAL-Q, Motor activity log - Quality of movement.

Table 2: JFHEFHIEFEDON AFTROFR (MLSD)

ST R PN
MAL-A  1.3340.86 1.87+1.03
MAL-Q  1.3240.91 1.8540.99
FMA  45.67+13.65 50.134+12.25

M, mean; SD, standard deviation; MAL-A, Motor
activity log - Amount of use; MAL-Q, Motor activity
log - Quality of movement; FMA, Fugl-Meyer Assess-
ment.

Table 3: &5 rFA fH L OAHE

CST  SLF1 SLF2 SLF3  ILF UF
FMA

ZfrR -0.275  0.118  -0.607 -0.289 -0.087  -0.429
pre  0.743*  0.604  0.447  0.184  0.210  0.167
post  0.655  0.697  0.342  0.013  0.190  0.013

MAL-A
ZfpR -0.015  0.386  0.300 -0.243 -0.529  -0.461
pre 0.587  0.623  0.407  0.185  0.272  0.232
post  0.482  0.705*  0.400 -0.050 -0.003  -0.039

MAL-Q
L -0.035  0.150  0.443  -0.143  -0.625  -0.500
pre 0.536  0.650  0.171  0.105  0.334  0.157
post  0.472  0.695  0.482  0.046 -0.100  -0.096

CST, Corticospinal tract; SLF, Superior longitudinal fasciculus;
ILF, Inferior longitudinal fasciculus; FMA, Fugl-Meyer assess-
ment; MAL-A, Motor activity log - Amount of use; MAL-Q,
Motor activity log - Quality of movement; rFA, Fractional aniso-
tropy ratio; UF, Uncinate fasciculus; *p<0.0033.

Table 4: ARERiOAREAHMER L ZLE - AR TR & O

FMA pre MAL-A pre MAL-Q pre

FMA

2k -0.484 -0.140 -0.121

post 0.903* 0.535 0.546
MAL-A

ZAt& 0.360 0.109 0.062

post 0.678* 0.885%* 0.842%
MAL-Q

2 0.225 -0.108 -0.222

post 0.710% 0.829% 0.779%

FMA, Fugl-Meyer Assessment; MAL-A, Motor activity

log - Amount of use; MAL-Q, Motor activity log - Quali-

ty of movement; *p<0.0166.
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Figure 1: M A% MAL-A {&{Ef] (a, MAL-A 0.85, rFA 0.79) ¥ @&f#f (b, MAL-A 3.38, rFA 1.07) .
(KfEFITIE, SNz SLF1 OO BN EERH OF7 LT TH - 72, SLF, Superior longitudinal fasciculus; #%, /5 SLF1; 7%, /&£ SLF1.

3.3.1 MAL-A

MARTROZLEICE L T, MAERES XN ARTD
FHIfERE » H R D 2 b DIE o2, M AKRDE
CERERMHEEND - 701X, SLF1 (1=0.705, p<0.0033)
BIUNMARTD FMA (r=0.678, p<0.0166) , MAL-A
(r=0.885, p<0.0166), MAL-Q (r=0.842, p<0.0166) T
Hotz. SLF1LICELT, MAKRD MAL-A 2ME(ETH -
TAER & AT & - 72 ER % Figure 1 127”3

3.3.2 MAL-Q

MAFIROZNEICE LT, MAERHES XUNARTD
AL » B RERMHEBEDI D 2 b DR >72. MAKD
HEe EELMEERD - 72Dk, MARTD FMA (r=0.710,
p<0.0166) , MAL-A (r=0.829, p<0.0166) , MAL-Q
(r=0.779, p<0.0166) TH - /=.

3.3.3 FMA

MAHIROZEICE LT, MABERHES XU ARTD
FHEEIE » B RERHEBEDS D 2 b DIE R o2, MAKED
B EERMEENRD > 7=D1%, MARID FMA (r=0.903,
p<0.0166) TH o 7-.

4 Discussion

ATHZETIE, BET OMZEA BB 10 LT r'TMS
CPEEREO IR S AT T, R HHEAE T
DOREF ORISR, ¥ X OEMATC#RE L7z DTS
HOHEH U7 rFA  OMHBZHNS 2 2T, EERREES
HEAEETOMETFOMA & Btk 2 ME B2 S 2
W35 ZrxkENE L.

SLF1 @ rFA 28/ A% D MAL-A OfE ¥ IEOHHBEN % 5
N7z, SLF 3 F & U CHEHIAEE S X RIEEE 2 AT IR R
KIHHANTEI > & B & RO BT 2 EERHERFCTH 5
[19]. ZDOHTH SLF1IZDWTIE, FHIX V&L A X —
Ve E—R—T—F VR DZEMBEFROEBFEEE © B
FRABR N E XN TS [20]. F7z SLF & FMA ORICIE
DI A LN OHED H 2 [21]. MEOREIZATE
OFTOMA L DEELRBERD DD, ZOLk5RZern

doi: 10.24799/jrehabilneurosci.242101

SLF1 ® rFA ¥ M A%D MAL-A ORI IEOMBEN A5
rEZLNS.

r'TMS & ESERE D HF FRTERT% CHERE ARG SIS 5
RV [22,23] 12X % &, MARIERT X D IEHEBGH]
HHIEGEHID 7O — R D 45y 6 B ¥ oEEEE D
EEIMNS 7 L2 e Z2HELTWAS. MAL-A OB
TE, FHICZELE N AR DOHEBNETE D laterality index
L ORNCERRIEDHBENALNT- LTW5. SLF11Z
DWTIE, EEATE/NE & B RBESRTE 2D 0 e o
[19] THH, ZOX5%Zeh5d SLFLPEHRLTWS
AIREMES D 5.

AR DFERTIX, MAKD MAL-A ¥ &3 HENE
Mo T=DIFSMARTD MAL-A TH - 7=%%, SLF1 OAHEER
BUINMARIO FMA £ h dK&EL, MAKRD MAL-A 25
BT 22 SLF1 OfEiE W3 Z 21X, Pl & N ARI
D FMA ZHW2 Z & [ARREICHEHZARENED S 5.

AHFDRFA L SHOBMEL LT, RFZENARTD
DTI 57— X 2512, rTMS 2 EEEZOHHBEEDON A
Hitk®D FMA, MAL OZ(LEB X UM AKOE L AHBE A
HBIHERMERERL. LA LNMAKO DTL 7 — &%
HAWTB67, AEMEDTENARZIZOWTIIMEET L
TWi\Wzs, SHEHEEIED 2L & FE RO KRB (R
AT H 5. Fi AR O RER L OB X -
THELBIGEWDALN B ATREMDI D 2 55, Sl EHE)
BEHEER TN LFRETH S, 7 L TAHZRIX
MAFTRICOWTHE L7223, ZALED X &I ERN 7
MERDINEPEZFICE > TEETH D, SHRIMEFTL TV
AREZFETDH 5.

5 Conclusion

AWFFETIX, FE FIZEARIC & 5 _ER R E RE & w5,
rTMS & VESEBED HFRBE D E MR T O LB DR
FER HEAIRICEBT 2 WEFOMFASEE, B X OHREE
BICHERIS L 7= DTI EifR2 58 H U7z rFA fH & OMEES %3
HL. ZOFER, SLF1 O rFA L /" A%D MAL-A &
DOENCERRMHBEDIHEREI N, L, MARTE N AEL
D MAL-A 2 a7 ORI E o 7728, T A
BICHR&R U 7= DTI Eifg 2 AW T ABO HEAEICBT
2 R R o RSEE 2 TS 2 2 I RAD D 5.
LU, HEAETET ORI oo FSE R BEE S % A
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HERMEZRES 2 LTI, DTIE&IZ—EDZEITR
LAREMEDVRE Nz, SROMIZEERE L LTI, HERE
DM OZ(R, RINZGHIR & OBEEICOWTE S
WHET 2 ZenFETFons.
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