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Abstract

Objective: To investigate the effects and differences of low-frequency repetitive transcranial mag-
netic stimulation (rTMS) applied to the cerebellar region and M1 area on lower limb motor function,
balance function, and cortical excitability in post-stroke patients. Methods: Thirty-nine hemiplegic
patients after stroke were randomly divided into three groups (sham stimulation group, M1 group,
and cerebellar group) with 13 cases each. The intervention groups received low-frequency rTMS
targeting specific regions combined with routine medication and rehabilitation therapy, while the
sham stimulation group received sham magnetic stimulation without routine treatments. Results:
No significant differences (p > 0.05) were observed in baseline FMA-LE scores, BBS scores, time up
and go Test duration, 10-meter walk test duration, plantar pressure symmetry index, or center of
pressure sway area among the three groups. Post-treatment improvements were observed in all
groups (p < 0.05), with intervention groups demonstrating superior scale scores compared to the
sham group (p < 0.05). The cerebellar group showed better balance improvement during standing
and walking than the sham group (p < 0.05). Conclusion: Both M1 and cerebellar low-frequency
rTMS effectively improve lower limb function in post-stroke patients, with cerebellar stimulation
demonstrating superior efficacy in restoring balance function.

Keywords

Transcranial Magnetic Stimulation, Stroke Rehabilitation, Lower Extremity

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0
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H XS RS = KB, 2021 SEAERIRE T 1190 J3IHRGI[1]. o R R Ak G Bt A 4L 1
AR T EARPRAR . PXGEEELEAAEIEE) . B, A A B2 s RERERS, o R s
ST 5 D) BE R RS A2 B ILIR 5 I8E 2 —[2] [3]. K20 60% ) R B & T SRAZAE N s sh ThREfets, 37%
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6 B A 43 KA1 Hz) P05 Hz). MRRBEAIIAT S, s i i B he 0 G 2O R i )2, TG
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1) Fra (b E &35 5 N 5 2 2 5 2019) [14], 434 CT 5t MRI A& #6112 . 2) WK,
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1) FELEN SN Pt sl ot SR R P SOV B R v im i B . 2) BEAA MR . Mk dhMg . 3526 Hu s sl nT
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2.7.2. FHGAETT

BRI ZELAE B AR TT Bl b7 BL rTMS (BRI, 2 Pt Ik B B AR RE I (15 MagTD 40),
VRTINS Bl 2 B Sk B, AU AR RO IR T RO . IR RO 5 ik 8 UL, i
%1 Hz, 3t 60 ARG B RIECE IR 1 s, &R 20 ANRIEIKeP, 3L 1200 Ak, RIBGREBOE A
100% 5 22 BNBERMT). ¥GITRER—IK, [ 21 480, 3L 14 K. M1 ZLEEAE M1 SORE, il
PR 10~20 &Stk i E(EEG) B 2 079, T M1 XBE ST Cz (B SK IO IE H 28 5 XU B9 2R I 28
ROJETT 2~3 JEOK, 55TF 2~3 JEOK I X 3o /)N ZEL Ik £ A 000 /) I 8 R, SR P RL B fE B e s, ERLE
HFEIF 3 om. T 1 em Ab[16],

3. MERiRER
3.1. Fugl-Meyer TR EZ*

Fugl-Meyer NEPFfE(FMA-LE)H 7 NEE 4L 3817 ATIH, SADTHS2 M 0 22, Hrpo £
ANTEEA, 2 FoRTCI, BN 34 [17]. ZVFERRABTELN, BN R W10 25 o fh g £ 2
IS B TESE .

3.2. Berg F#IER

Berg “1-fif 8% (Berg Balance Scale, BBS)fE 14 MH FRH T 4 51F5r 248, 0 R LIEPATIES,
4 FORPSL . FAEPAT, i riE3) 56 [18]. AT LAATHI 2L DAl o 25 Hh i S 857 1)1 Th e /K ~F-
TR I A5 47 R T B - D e S AR R
33. I - TR HER
“HENL - ATAE” TR (the timed “up & go”, TUG) & —FifbRd 2 &1 & ThRE LA AT BE JIHITTVE[19],

TS 5E IR B B0k BB BB IREBIAIATORIE IRV S0, FFE AT
) B~ 1 52 457 s 58] XU 1

3.4. 10 KRBT

10 m 2547 3 EE PR (10-meter walking test, 10MWT) & —Fh H T IPAE AN AT 5E 1 FIE 3l Dh g A 18] 28
T 7325 3@ U MATE — B 10 K PE B AT E BT AR R BT R], Sk R BB AT 18 1 ) R 2 30
Ihee/KF 35 [20],

3.5. BISSHR

8 H Medtrack-Gait & Ji&He JJAR UM A FRAEVI B F R BR A w], o )R A J 3 B AR 100 T A2 K e
FIEHE, AR 1) SRR E J13 # ¥ % (Bilateral Plantar Pressure Symmetry Index, BPPSI): & —FhH T+
VRG22 45 R 1 A R B FE bR« BPPST MR B 1 B3 sl S 72 45 R R T 22 e fR B, HBUA
Ty, BN AR JE s ) AN R AR B S5, B T VTG 5 SN R SR D AR O BRI R AT RE T . 2) B AR
J& 73 o (center of pressure, COP){EZNTHIAL: ARG, H/EH R RSO SCHE I B2, Bl
T A 1 0350 0 A RO R J1r ol o FESESIEATE R RS, N T 4R P8, COP S7ESCHEH N
A% 5. @i — BN A A COP MRgahHE, HitBHBHRMImAR, XA ESFR N COP 14
M. COP BN IAEE/N, VLBHAMAR) T RE IR, SRR e bk .
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R SPSS 26.0 BTG MT1. IFEBERFEIESDAMAR, KA x+s Fow, 4 HECR A H
K& 2550, FHEHSKA Tukey HSD R 3; ZHAN ELEBCR FHECHBEAR t 0560 HEEEATF & LSS
(I M (P25, P75)%7r, ZHIA LLHECR ] Kruskal-Wallis #5536 . HHEERERA 2 K5 . p < 0.05 NZERE S

-8
4. 5R
4.1. BELBURS

RHTFEILDIN 39 B85, A% 13 4], Z4LEFH —MBORIERR L 50 WAL A2 38284 Brunnstrom

3 SR (i SO0 ) L TG 23 72 7 (p > 0.05), A% 1o

Table 1. Baseline characteristics

T 1. ERFHE

BEERAFAE B (n = 13) M1 #(n=13) /NI (n = 13) P
(D)
Mean + SD 54.23 +10.01 55.54+12.82 53.08 + 11.31 0.8612
TFE()
Median (P25, P75) 9.57 (4.07, 24.57) 12.14 (3.64, 20.14) 13.57 (6.07, 26.07) 0.57°
PE
Fi 11/2 10/3 10/3 0.854¢
i A e A
B/ H 5/8 6/7 8/5 0.488¢
i 1]
P 7/6 7/6 6/7 0.902¢
Brunnstrom 433
/IV/V 4/4/5 3/4/6 4/4/5 0.851°

T oI ZE R R R T 2 Hrs © AR 22 57 oR ] Kruskal-Wallis H A3 © 4H18) 22 7R 0 ROk % .

4.2. BEIFEHER

IRITHT, =& FMA-LE &R BBS &R W55 A L E L 2 2 % 7 (p> 0.05). 697 2 )G, =4
H# FMA-LE &R A BBS BRI HEIBITATE, ZR B A5 #E L(p<0.01), H M1 4., /Mid

BRI BETEOREA, ZRBEAGIH R (p <0.05), 1 M1 4. N #3% FMA-LE 8R4

[ b T Gi it 22 L (p > 0.05), W7 2.
4.3. TSR

RITHT, =HEH TUG W KA 10WMT I 4R LR 2 3 22 5 (p > 0.05). JAIT 2 FlJa, —4&
# TUG B 10WMT BKIEGITATGE, ZRBEAS0HHE L(p < 0.05), H/ME4 TUG KA
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10WMT Hf KB TR, 25 BA it 53 (p <0.05), 1M M1 ZLARE TR SR /N v 20 2 5+
TGttt L (p > 0.05), W% 2.

4.4. TS

YRITHT, —ZH i BPPSI VP43 Al COP 2 50 [ FH4H [A] LL 03 0 2 3 7% S (p > 0.05). 7697 2 s, —4
¥ BPPSI 143 Al COP 12N HIA I BHAITRIGE, 25 A2 X(p < 0.05), H /M4l BPPSI ¥
431 COP 2B A LG I T ORI BAL, 25 BA G245 L (p <0.05), 11 M1 ZEAHE: T B0 A AN i
HEFRTGI R L (p>0.05), W% 2.

Table 2. Outcome assessments for Sham, M1, and Cerebellum groups at 2 weeks after treatment

2. 67T 2 BIRRRIMAE. M1 ARNINELER

Sham (n = 13) Ml (n=13) Cerebellum (n = 13)

Outcomes Pafier  PSham vs M1 Psumw  Prive
Before After Before After Before After Cerebellum  Cerebellum

FMA-LE 22222* 252'%8; 222"96? 272%%* 222"639; 272"672; 0.027  0.038°  0.070°  0.958

BBS 41‘%%* 453"99? 433"8;‘* 4922%* 43&‘;* 4%23* 0.011%  0.016°  0.036°  0.939

TUG Time 2010+ 19012 1971+ 1503+ 2020 1327+ (e 0iis 0060 0.653

5.23 5.35 5.33 5.13 5.51 4.72

1IOMWT 2244+ 2127+ 2212+ 1671+ 2245+ 1548+

ab b
Time 541 5.54 547 4.85 5.77 5.45 0.021 0-085 0.022 0.825

0329+ 0318+ 0322+ 0272+ 0340+ 0232+ b b
BPPSI 0.082 0.082 0.094 0.093 0.091 0.089 0.060 0.391 0.048 0.496

74176 + 63349+ 732.68+ 523.13+ 76174+ 357.42+ . .
COPArea hoser 26521 30416 29692 26989 26108 0047 0567 0.038 0.286

VE: o ZHAZE R BT ZE AT bp < 0.05; < AW ZE R SRR
5. Wig

PR REAE I 7 s, TMS ¥R I7 HAS [ FIORE A 0 2B 3 N I T e I st mT REAAE 2= 5. B, Liao %%
NHHT T —TUE 78, $27/N TMS A $2 s i 26 i 8 % BBS YR Rlia i & AR IE[21]. Rk, FRAT6F
FLTARS rTMS AEF T/ Al M1 DO A6 i 5 (858 R IB0E 3 P iR T 3k, S5 R BoR, AR TR
B, M1 DCHIZNGIX rTMS 37] 2 3 2G5 858 T RO 3 D RE(FMA-LE vF4r327t). i RE /) (Berg V-4
BRI H, AN rTMS TESR 5 SRS P 58 1 G2 R %R 48 2B AR & 77 Hh 4B B T
R BB AT R e M (RE ST - AT A THIHREE K 10 KA AT IR [ 4640 77 T 58 B AR 3, 2 i 2 454
BT TR .

/NIRRT AR (38 ) FIP i B oy EEME R . /NIKRERS BUSCR B IZ B B E (M) B R 2 A
BREFEE. REFEEANEES. AH)5, @XM M1 [22]. Holdefer 5518 i B SLIRUESE, /M
SWIRIE5) R RMD)EIGBRRAS AL R E D ReER:, e/ Miwmldd Utk - Fin - 522l % B
BB R ET 23] AUFHER I, AME s AT DA I IR 402 2 B E M D B G i, X TERG 1 3)
YIS h RIS i & FAL(MEP)IE B (39 (241 11 Farias 25 A B S2I6AESE T /NG S2 4 1) i3 4 2k
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DASE SR SEI0 FIAS B, DRI rTMS AN[RIBE 55 (7 3002 e S A DLl o
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