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Abstract

Objective: To investigate the rehabilitative effects and neurophysiological mechanisms of intermit-
tent Theta-Burst Stimulation (iTBS) targeting the contralesional cerebellar hemisphere on lower-
limb motor function and balance in patients after stroke. Methods: Twenty-four post-stroke patients
with lower-limb dysfunction were enrolled and randomly assigned to an experimental group (cere-
bellar iTBS, n = 12) or a control group (sham iTBS, n = 12) in a double-blind, sham-controlled design.
Both groups received conventional rehabilitation training. Additionally, the experimental group un-
derwent iTBS over the contralesional cerebellar hemisphere, while the control group received sham
stimulation once daily, 5 days per week, for 3 consecutive weeks. Outcomes were assessed using the
Berg Balance Scale (BBS), the Fugl-Meyer Assessment for the Lower Extremity (FMA-LE), and Motor-
Evoked Potentials (MEPs). Results: After 3 weeks of treatment, BBS and FMA-LE scores increased sig-
nificantly in both groups compared with baseline. Between-group comparisons showed that improve-
ments in BBS and FMA-LE were significantly greater in the experimental group than in the control
group (P < 0.05). Neurophysiologically, the increase in MEP amplitude on the affected side was signif-
icantly greater in the experimental group than in the control group (P < 0.05), whereas no significant
between-group difference was observed in MEP latency. Conclusion: Adding iTBS over the contrale-
sional cerebellar hemisphere to conventional rehabilitation more effectively improves lower-limb
motor function and balance in patients after stroke. The underlying mechanism may involve activa-
tion of the cerebello-thalamo-cortical pathway, enhancement of corticospinal excitability, and facili-
tation of motor network reorganization.
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1. 51§

i 7 A ERVE Y S BUSAE NPT S KR E R R 2 — (1] A e B W 2t AR
FEMIZ ) DhRERRNG, T N EOE3h DhRebafs 2 Ha W EREZ —, XSG HAARRIAN RS . &
PR ZIR L SOP S R E N, FEURZ EE M LML AT SRR A RS . K
KE, EAGZHERG] T EF ) HE ARG 225680, ESWMEAERRAP A, B
R B AV T [2] [3].

H AT RS2 R SR Va7 A AR SE X T A AR R B ISR, BARE—E R HREE 2
HIZF RIS, EX T BETE, HARAEAI AR, AR, RIS 7R R
FIRIT, VA4 50%~60% 1) 5 7R A 5 18 B R e RIS 2N D Re 2 BR (4] BRIk, EAR S0 SNSRI kA
b QAT S A RS TR rPRR AR A AT I, BT O A R R T AR R ARV B A O WU S

43 22 15 M ¥ (repetitive Transcranial Magnetic Stimulation, rTMS) EA—F LG I AR, W
DLE L 1 15 R 7 J2 2 A PRI B P it mT 9, L R R g 2 T i R Ak T R B 1Y) B LA R T B
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FAEIAR R E S T B3 R 2]. ITEER AR AR 8 0 18 R (intermittent Theta-Burst Stimulation,
ITBS) N2 —MARF R IR rTMS 13X, B DA A 3 0 S 1R A3 B A A HE [ 7], 76 AEGS AU AE 110 R 3 o AN
HHEITEIE Y, B i S 25 LK A FE 4 55 (Long-Term Potentiation, LTP)HZ =X H) 58 fit v #8481 [9]

A DI RENERE LR BB Fe e , XU/ R B K5 A v fa g DA R B IEAROR[10]. 2019 4,
Koch %5 \7E “JAMA Neurology” KRB AL IKUESE, £ XHEM/N BRI iTBS 8 83 ot 4 i
RIS FIET I Re, FOXFR s f 2 W2 ) B UIA G 11]. 2R, 5 B aise R i c
HRREUEEA L, HATSST iTBS (et 2 5 T s sh D Re ik & W e AR A AT PR [12],  HIA 458
TELE— B /B [13] [14].

FT BB AT A BEHIA IR RCT) Beit, ST/ M 8 0 8% 5 Cerebellar iTBS)
Xof i 26 v i R IBOE B D Re ST T RE D ISR IT 2. A SR LA Berg 1 % (Berg Balance Scale, BBS).
Fugl-Meyer %12 8)ZhfE1F € 3% (Fugl-Meyer Assessment scale for Lower Extremity, FMA-LE) }i2 5175 &
HifZ(Motor Evoked Potential, MEP)/E N £ 1PN 484R, LLEL/NI iTBS 500 (Sham iTBS)Z 8] T 2%
Z 5, LV ITBS FEMN 265 b J5 T S Dl A B S Hh i DA 2 FH i A3 5 L S BV A 408 A0 SE mTAT I A JE i

2. FERASE
2.1. AR RESA

AHREH BRFEHBERCHET R SAE(CHE S~ QYFYWZLL42037), #EEL 2024 4£ 10 A%
2025 4F 10 AT 8 R 2=t @ Be bt B 52 IR S RHE Be 3 329697 A v G T IR Dh RERR A 85 24 491

AN O IZITIRIE AR 2 20 2 4 2 I LB 2 B LT 1 (b L 4% 2 32 i I B 12 T 22
152019) [15]HFIARSChRE, FH4E CT AI/B MRI ESZ A 1 U H 3R B0 A Fi 24 SRt af A/ H 1t 2 i 47 o
@ JRFETE 2 ~6 N HZIA); @ FFERTE 40~75 B 2 [H); @ RESIBAEf R0 13k184; @ MERE .

Hebgpndf: @ f77F TMS ZE20E, WA MABAY. OIEEHES. MAARE. ks @ FHhEHK
B CAELE P D RE B NI D RERRAG ¥ © A I EARMRERG .. BIES IR : @ A RS 8UR
17 13 JR 1) 72 EEL , A0 S EUME S P B SR e AT B A B Ik e A P R © AFAE TR BN AN DI RE RS
ANREA ROA BB BEBE AR H AT ] 4R 23

2.2. SEREET

RGBS BN XCE 177800 N SEIG AR BRZH, WNFF A ARE 25 b 5 N I Th R et 8 3L 24
B, RFABENEC TR 2R E 0 N/ MIK-ITBS 4LAME-ATBS 4, &R 12 . P4l E e EE SR
I7 BEAl b S S ) PR T, PR HRYT Lk, A S IRA— 2 1), EL697 3 A

P4 B8 B I A IR 7 R R NS, s T S Mg ahiE sl AR A S P I 25
ORISR, BTG PEUUA & LRI BN S IgRbl & H 5 B30 a8 71 2R 5 [16].
FEMCHER b, SCIRZHAE R0 R S NZRAT, K FH UK I B BT 4 B AR A IR A = A7) YRD-CYY-
| B A, TCE “8” LRk, Suitilal &t 0 42 & H¥ (intermittent Theta-Burst Stimulation, iTBS)
[11]. B ZetRiEizshi & BN E i S 18 3 B {E (Resting Motor Threshold, RMT), RMT & X ATE [E)— il
RUEZE 10 Ol 2> 5 TR > 50 pv g - B IR BE 112 30155 & HL A7 (Motor Evoked Potential, MEP)
HI AR RS- E[17]. YRITI, 1TBS HIB0RE % E A RMT (£ 80%][13].

S A PR A58 AL TN BRI AR FER R4 A R 1 em, FERAMISERE 3 em ALfE
NEPE L, 5 FAHVIBCE, 2P T TE 19 Sk TR 18], ITBS ML 5 Hz iR E A 3 4> 50 Hz kb4
B BERE 2 s BERE 8s, £E 200 £ PRI AR 600 MK 7], WRITIRE 1 R, 5 RIE, ESRIT
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3 s oxt REALAEAR [R] AR AARLAN 8 L 26 PF T 5 K 2 Pl 3t T ek B e Pl BEAT U, I ] L = A
PP E SR e 4B, A AT BISRACL “ Rk B EA A R, AT SE IR R

2.3. THEIERR

PRZE B ITEIR YT T JOESE 3 FVRIT A5 RS, B — & o GG AN R0 1R R 2 R AT & T Fr 1Y)
PPl . B4R PR B HE Berg “Fi 83X (BBS). Fugl-Meyer i¥ & &K 847 (FMA-LE) LA X2 875 & H
AL(MEP)BIEATEARIA,  F LA il s P Dy e . N RS 3 D e o R PR RS AR AL

(1) Berg “T-fij % (Berg Balance Scale, BBS): BBS Jitu & 14 ANTH, SANIH % 0~4 43, 5 MEH
WOy, B3 56 r. vEarBkE, AR EBEEES SR IELF19].

(2) Fugl-Meyer |23 B a8 ¢ & 3R (Fugl-Meyer Assessment scale for Lower Extremity, FMA-LE):
FMA-LE f#i[] 3 7088083, B0 34 75, EEPMEEE. . BRSO RES. thiFissh L Eissh
AeJ). v, UL NS 3 D REER LT [20].

(3) BN HEAL(MEP) IR 78 R IH: MEP B0 A T R IS 5 57 2 K Bz a2 A [21], 38
PRI 3 L S BB J A B DR A SIS ()R S 4 1 [22] . 7EMI & MEP B, ILRKAE 5 52BN K NHLRER . 48
LRI S A XS 2 PR R o, DR SR B A B vk A5 S PR 2 ELAE O AT L
PITENEENL, DASR S A e AT E (21 ] FEBRAEWT T rh, SR R LR 38 — & B 5 WL e ¢
PEMRREENLAN (23] UkAh, 25 TMS BRI L MEP (900 - SINE R RAF, W] A] & ik
B A BEIE B ) A AR 21] [24]0 BT BIRJEIN, AN U R e U 48 A R UVE 9 MEP e % L. 32
TR ARG, JEORS B, CESRHT R VUL NG 10 5% Fa b, 2 JUURER NG 2528 i, T iR 0 12 o U 4 b R AJG
2 Pl T SR~ BRI 8 3 B (M) BB LK 3 b, 5k AR DIIE., 2B TR 5 2k
PR LI 45° 40, ¢ T R o B B R R, (EXT ARG e Lid s MEP B JE . B4 2l il w2 b
5 AT R R MEP,  HUH IR AN R IA 1P XA AR R i () 5 1) i 2 = 1E

24. Gt

K SPSS 29.0 AR ZEtH AFREAT et 24 0 HT, THEBURHS T & IR 0, DASH R AR EZE (R £ 5)F0R,
KA ¢ K PR IR (%) R, SRR, SR TRERABAG R . FrA R s 5 9 U s 55,
LA P <0.05 FHANZERHAGHAE o

3. &R

ARFFRILGIN 24 12500 J5 T D RERERS B, ALYk 3 A TP & 45 s bl i N & 48iit
ST PR E MBI TR M. SPImRE . 3 A O AR 2R 1 o 25— R R L A L, 22 574
TG 245 L(p > 0.05), FEWTE 1.

Table 1. Comparison of general data between the two groups

1. MERE R

PERIH1(%)] TRAMBIGI)] PR H(%)]
bl Fie (%) TWRE(T)
5 8 P el FRl i

WG4l =12)  57.00£9.51 10(83.3) 2(167) 242+1.54 8(66.7) 4(333) 9(75.0) 3(25.0)

SHE4ln=12)  6225+9.93  8(66.7) 4(33.3) 228+1.69 7(583) 5(41.7) 11(91.7) 1(8.3)

P 0.199 0.640 0.832 1.000 0.590
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WITET, ALEE IS TR PRI FE, ZRBESTHERE X (p > 0.05), WA ALE. ¥
J7JE, PRALERE &R BIRIT T B UGE, ZRASHHEE L (p<0.05), HIGITE, Br MEP R
oL, IR ARIRFR L TR AL, ZRIASRIT R L (p <0.05), PEILE 2. % 3.

Table 2. Comparison of scale scores before and after treatment between the two groups [score, (X £ 5 )]

2 MAEBRERTHIBEERITSLR[ST, (Xt5)]

2H 51 BBS 5 FMA-LE ¥4y P{a
I (n=12)
BITHT 34.08 +7.51 19.25+5.43 0.495
BITE 4442 £6.57a 25.50 + 3.34a 0.005
SR (n = 12)
1BITHT 32.00+7.19 19.17 £3.79 0.966
NEEad= 35.92+6.87a 22.33+3.31a 0.029

5, BITETEEE, Pr<0.05.

Table 3. Comparison of electrophysiological data before and after treatment between the two groups (X s )

3. MEREATAIEREREIRLEB(Y )

H MEP 3% 1 MEP &R 3] P{E
R4 (n=12)
g Rl 114.03 +£29.83 29.23 + 4.02 0.941
BT 154.17 £ 31.91° 25.14+2.76° 0.047
A m = 12)
NEpRgill 115.00 +33.17 26.19 +3.77 0.069
BIT )G 126.13 + 33.39° 24.84+2218 0.770

H: SIRITATHE, P <0.05.
4. g

WizE S, R X IE B 2 H A A S D R A0, B SR I PR 1 T8 B R P [25] [26],
BEIM SR ARG L H) R AT 5 P B AG , ARIAAN R ER s s D ae sz R, 23 M55 8 #F I H
TGS RE ) 542 5K[27]. BRI, Ande] R A 250 B 52 s (et IR as sl Re o A2, R T 5 ek
AETETE, N T A RE RO Bire —. K, A8 6 15 KM Theta Burst Stimulation, TBS){E
HN—FE A rTMS T2 3] T2 k0. —Seit iR, SE50) S TMS AHLL, iTBS B 78 55405
TR T ARSI R P T 75 i ELRE R 457 A TR B o 0 i 1 X [ 28]

AT R RS AT B T R S XU T A R R A (2910 AT Dl e R AR RT DA A A A B
6], P BRYT VRIS A &, FFEE RE LT AE[ 18] AR AL R SR, 23T 3 A /NME-TBS i,
PRI K BBS VP& m T X R, RB/MiN-TBS vl B F et v 5 B -PAaTDhRe Ik 2, X5 Koch
N[BT 4l FAH— B, Zhu 55 N[30]HIBF F ik — 0 3CHF TIXMLAL, e tH/NW iTBS AT DA kAl
TN A A 5 e S8 5 DR, R P DhEe AP o [RIRT, Koch S5 (118 i i v P S5 0 AT A B
Sk 3 /MK ITBS ¥RITJE AL S TH: J 2 (PPC) Y B2 J2 S S s 5, FFAERE PPC 1) 0 SR
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B, H IR A AR 5P KOD SRR B G AFAEAR DG o 145 R HR7R, /MK iTBS ] BEid /1N i
- Pl - Bz I B T 50 A R A AR ORI T - AU 25352, 3 (2 33 5 R S I G AH DG 1 sk 42 T 9
PERIIG SR . I Ah AR T RN ALK B R 5 (Long-Term Potentiation, LTP)RERUN, 5 247 Bl TP i g
b atae ik .

AW FERE R I, WIS AEIRIT G FMA-LE Wor 0 TXHE4E, $oRgeid 3 J4 1/ Mix iTBS T
TG, TEIZhYRen A E . X —4 RS Liao S5 A[31]MBEHLY RIS R —8, 5T
RPN ATBS 75208~ E sh 3 e 7 AR T file, BAeis v flifebr L E 20T M1-4TBS. 4t
Zhu 25 N[30]1FIWFFCABAUESE, JELET R St /NN iTBS 7] 5 25 $2 i 245 /R 235 1) FMA-LE 147,

PRI, BEAEFAEFT[18][30] [32]8 8, RE /MK iTBS 21/ FMA-LE Y4B (815 frde i+, H51R
FIBZAMLL, ZRIFRBEH G HEZEKT. LR ROA-SOTREGFEA R A PRfEm B ZS
B EZEREA K. SuZAN[IBE—TRLIEN S Meta /-5, iTBS X259 5 SRS R 28 I AT
B85 25 rh oy HAAR DG o S 2 AR AR 2 T R4 Joy (3R 28 T B S, T e 3O 3 1) 5 AR O AN A
RPN EF FPPEPRFEL 2.4 NH, IEAT 0 aT S EER I 2 1, AT AR IR L BE 2% 5 /s
i iTBS F-Hid 3k ek, XLV AT 7T R W2 8] FMA-LE Vo W88 s B R 2 —.

kA2 A2 A TR T BRI PR T R0, AT 5 R FH 48 PR V055 K 1) MEEP IR i S T8 RS Dy B
SN Bz 5 BE R D) BEIRES Sz 3l B B M PR 2 MAE AR [21] [22]. S5 EoR, B2 A MEP JiEE0R
SYRT R ES N, HIOEE 3w T 4. X5 Behrangrad 25 A\[33|M RGIFM 4163, HI/MNKIEEA
P 0 B RE AT O T R B BE e A b . Tan 28 N [34)7E 4@ B 320 T WA 7 th &30, /i iTBS fEi% S
R0 B J2 26 1 () BV %

MIETENLRIRG, W26 oS R RS S B AS AT AR Bl 2 ST Wb RS2 4, T/ Mste eI 8l 2E 2. 258
TP SR ZE B T R R BRI [35]. /N H PE o VR A - e - R 2 I8 R ) K Rz 2 v Bl it i
WEE[36], DR, XP/NEE AN iTBS T BEE A O 8 5 /0N R DA X R0 RS2 R (R R, AT 38 5
B8 E A I T AT I R [34] [35], #EIREEIZ )M 4% 1 ShREME AL 5 IR K IZ 3 BhRETK & [36]
[37]0 ZAEN S AHE TS E) B MEP 3 18 54 0 - AE B8 FMA-LE V743 #8145 RAE J7 1a) EAH—3, Ad
HIGR I RERI BRI T PR A B 2 S Ry

1% F MEP 38R, AHIF 50 A K 0 20 IR A7 7 W 25 22 57 o IX AT RESRR, JRIT I TA) D 3 ALK 3 iTBSS
9 3 B KB AR SR(LTP)RENL 1 R 1 SRl AL 1B 80, AR I MEP e, (HHRAER A
P2 O A A AERE I A M Bl ST . 2 RS R 2 HL rTMS MG LI 45 SRARAST, B 45 1)
TR0 8 B 42 A b T % fi 2 TG ) P S AR 4K [35]. Liao 28 A[311AWTF 7548 R I R Th g AT HH 30 5. 3%
B, AHTES DS B BIE 55 R T A TR AR IR Re R e AR B R B IR 2 57, IX ] BB SR I A ph 22
A B 5 D) BB 2 [AFAE — AR R R .

AW FAIAFAE— 58 SR PR B9, ABF Ty ANEEARREG, X AT RE PR 1 AFF 70 45 S ik
HARBATRIABE U, JCE VAL /N TBS Y97 KT &G Hoak, AR5 R A I MEP 13 ENLAA T
JEARRIUA, XTEMRE N R ThEE S f AR B 45 2 IR B o8 RISHIAAAE — @ IR PR, 5 4R 58 ) %5 58
SR T USSR WU (E A MEP 103 ¥EL, DASE BB VPl B 5 i B BB B (I ShREIRAS s e, A

FEFAUE ] T MEP {E A TG4, B INTh ASRE LIRS (EMRI) . 3R BIGK B I2 (DT % 2 R A 5
1R HE K BRI /NI — 2 2 T R B S A5 2B AL
5. &g

LR EPTR, EX/INMEEERA A ENE 0 K FEER AR BRGTBS) e A 2SE 45 R T B I BE RS B4 1)1

DOI: 10.12677/acm.2026.1641564 3058 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1641564

WRBiT 55

WTREJIRN T iz sh Th e, HALHI AT RE 5@ /NN - Fofid - B2 BRI o B PR B w Ve A 5% fEN—Fb
TA IR TB /DN ITBS A 2 O A bR T IR RERR R LI IaIT 7 58 FEARRMHE T
H, REIEN DY AR IR E KBV ], 45 & ZHEMREETTE, Dot —D B/ NE-iTBS )
ARSI R

SE K
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