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Abstract

Repetitive transcranial magnetic stimulation (rTMS) is a painless, non-invasive and non-inva-
sive neurophysiological technique, which has been mainly used in the rehabilitation of cognitive
and motor dysfunction in stroke patients, the treatment of psychiatric diseases, spinal cord in-
juries and other diseases, as well as the awakening of patients with disorders of consciousness
in recent years. In recent years, it has been mainly applied to the treatment of cognitive and mo-
tor dysfunction in stroke patients, psychiatric disorders, spinal cord injury and other diseases,
as well as to the awakening of patients with consciousness disorder, and the effect of improving
the motor function of upper limbs in stroke patients has been confirmed. However, the progress
of the research mechanism of the repetitive transcranial magnetic stimulation of the peripheral
joint center has not yet been determined, which has seriously affected the further exploration,
research and promotion of the repetitive transcranial magnetic stimulation of the peripheral
joint center. In this paper, we review the research progress of peripheral and central repetitive
transcranial magnetic stimulation in the rehabilitation of stroke motor function, and explore the
possible mechanism of peripheral repetitive transcranial magnetic stimulation combined with
central repetitive transcranial magnetic stimulation to promote the restoration of upper limb
motor function in patients with stroke, with the aim of providing a new type of therapeutic strat-
egy and theoretical basis for the rehabilitation of upper limb motor dysfunction in stroke pa-
tients and in the research.
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1. REREERRITIRIREES

B AR R S s R AR R TR R AR R, REA AR 1494 TN, BEHRAF 330 1
N, BHERZERBET: 154 BN, RS E P A 80% 4 4 H A AN ERLE KRR, Hh 2 75%E 4557
BIReS1, A0% &S EARE, AT AR A, S MNERE. KR, R EHE R T ERM A, 54
BRYGEIN, Wi TR R 2 —. BARR ZHRIE BT ANF R, (HIEFRA K2 HMFERAN
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3. rTMS B#5AR

23 UG HI 4 (transcranial magnetic stimulation, TMS) & — M o 2 & RIH AR, L= 2Esa kR, &
I 2, R AR AN SRRk L, iR R TN AR B TR TGS U T I, 2 e AR
PHES R GE, 3T 20 o 50 AR BR AR, O BVR T R G IR 1 H A [3] BEHIRAE /R FH A AN [F) ]
Gy9: GRS R, AR DU K RGO U T SRR R XA A R UYL
IR Ay X A 25 P g o B i A R P T

AT 22 R ) I (repetitive transcranial magnetic stimulation, rTMS) /&% TMS FeAR It — 5 ttk, @it
Ok i 3 A A AR T 68 B A ) A () — T ) B P 22 B R 22 JO A RS2 B A 1, AT T AR 3R R0
PEF T iR RS, BT R B IO A it R DX S B S ) RS AN I AR S, A 448 P R 2
IR R R —FEAIM A RERAR, COERITISMEAIN . AR MAEARE . BN & A 88509 J7 T oK
H B RIEEAE[4]-[6] . B 28 i B A LU SR S i TR SR TR TS VR, AT A T p e m] 284
FLAE i B 3o R B AR R T K I kP 37 T 3 el 5 kS R RN AR, TR K R R T REIX 11
PR L= A RIS, FLAE, AT 038 7 S A A R R B LT, i o P A R A 28 FL TG 3 B ph 22 200 i
WA

H AT i 46 i 8 E IS S D RERRAS IR T A 2 M7 W RINR T A ARG, RGBT,
Bk 2PiayT S HUTE . BARERNRIT AN A T 8 O 3 D RERRAG IR RO, IR IR
K, HilZGd Rz, BERGE K. BERAEORI K BIEFERE 1T REIRST Ik, 2
PRI 22 PR SR OGRS B A o e B R D RE RS B R R I R . AT EE 2 R O i
R B IS ) D) RE RS I IR S B R EEI[7].

4. FRZFF I BRI RERER A EZHLH
4.1, fEHILEN
00T BEARAT I 1530 B 2 RIS B30, DA Z AR TR S0 T R ] K 3
BR BT RIAR X, B 20 SR NS A s, T HIF s s A&,
4.2. THRERXH

B BB, R eI sh XA A S m B AN HE R B, BN ERI TR FE X, XX S
B AMN SCIRAZR Fr i 188 1 (AL Rz B AR SR AR IE , @I T 4738 B (L Ao s i 2 OB BE W) 57 B ) iz 2l
ZIuER.
4.3. FRIBAEE

Jibi 2 o 3 RS A R R L R A, T B AR A SR T AP T 455 B R T R AN [ sk i DX SN
MR SE R 2 o RN E IR B R T, KBS R EMSEAE T, SEAIRELk.
X LRI REREAG R UL, 3 RN Bl B R AIZ Bl IE B 1 R M
4.4. ThREMZE

2R R A A K AT SRR S, 3 S P T g e e XS AR 2 AR AR 22 T 1

DOI: 10.12677/acm.2025.1592627 1325 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1592627

T A

IEWIhRE. Behh, G RIAETeE R Rt R A D REPE A, AR A nT PR G SR AN A 45 . X
SRR T R SR T (8] (5 SR 3 5, TS 2] LR IR H Thig.

5. rTMS B3 (R M 22 o B & _E SR ThRERE TR HY(E ALl

4 24 Ji T ) 4 (Repeated Transcranial Magnetic Stimulation, rTMS)#2& H Rif it 26 71 Ji5 32 3 ) R & S HF
FoE R IGT FB. BN IR, BRSO A 3 L2 s shRE sk 8 B
EEMIERIT (8], H 1992 R E R T 5 — 6 EE L MBS LR, $ESE rTMS R E S i
A7 R R TMS Bk 9].  BEAEWT 7R B rTMS BERS R K B o D475 P [10] [11], ke B s AL
WML [12] [13], BT 0 Ao 2 T Ak ) 22 Tl of 4038 5 1) A 3288 B ik IR TR /K P45 [14] [15], Rk fimi 4¢
H g EOEEN DRI o« rTMS 38 ] DLd e e 7 52 st R0« 1815 I Dl i DX 37 30 >kl 308 i 7E
[16], AT ek Ao 25 HH i e i G S5 3 TP o E AT LR 1 3 52 28 PR 0 2 o 22 T 9B I L s i A
Hh B IS B T RE I RT REALA A -

5.1. rTMS AT R R s M =

CA W FTUESE rTMS 1] B8 52 5t R AT 7K~ B i ifiL g A 18 15 46 FH (171, 7T LATR R H brfivi X AAH TAE
FEL ARG X PR I R 22 TG e w50 Sy A AR 4 18] -

rTMS BB HE i i 2 Hh B S R A P A, S IR, EIME A R R e s ek 2, B
ZIBE[19], ARSTIEZE[2010F 70 & IR 1 Hz 1 rTMS 01 25 g3 ML IX 4 J8 Ji, JHG i A R S
P4 0L 378 T P 2407 IR SR 4, M I A3 B0k, AIRAT rTMS BENE T R8P e o 4 o 2B 3 (A I S R, %o
o kE X I B ) ThRE T & B A — e R E T, M — 0 el i 20 b 238 BSOS 3h T e

5.2. rTMS BEHH#HKZ A #M4

rTMS B BB A ThRE . B2 TTHIER, e o Ja i Ao b B2 IR DR, W75 fh 223 /K
-, HETE AR X DIRE . H rTMS B ER M AR (0 R R, (R L BRI A, 3R Sk
REASKST, b s BREshshag, IERIEE HI[21] [22]. M4 Ei2 s ThREFH 2% I M EE TR,
i 22 ] YA M 2% B R o 2 A K I R 48 5 (long-term potentiation, LTP) A1 i F2 1 il (long-term depression,
LTD). KZH=#E N NEAI(low frequency rTMS, LF-rTMS)Ai <1 Hz, &4i(high frequency rTMS, HF-
rTMS)Si# > Hzo Sl R G S e B A TR AE L, 724 LTP 2N ISR A MR, 91Kk
LTD. rTMS 5 #2235 Bk FE AR BEAM 22 n] 8 %k, AR ST I, ALABURI i A0 PR SR8 70 ol 33 A 49 1 o 22 366 ot
y- R HE T FR AR PR R 20 I ZRR VR B, IG5 B mT 5 3 PRI W) 932 3 B2 J5iE (primary motor cortex, M1
X ) M PR R IE TT p-2 T TR/KF[23]. rTMS AI7E— 2 SR A b f5 305 M & Thiae, wiizsh
LUIReMLRERE, e E EIBOEEh D RekEnG, AT — A E I A R H AT R [24]

5.3. ITMS AT AL EFRE FRIRIA

ik V5 44 422 i 77 K] 1~ (brain-derived neurotrophic Factor, BDNP)& A K it & & i 2 5 I 4 8 75
T, BARENMHERIIEE[25], MRMEMEE R T WA Uk R AR GEESE) [26], @RS &
BDNF [{JRIAKIG 5 LTP 208, RSB KA ¥ BDNF %5 LTD ¥4 BDNF & 5igzhth& ufis
BEAENAFYE 2 Mok B, Bim & &) BDNF A 51l o, T SEARIER, =4 rTMS 1]
145 BDNF A4S0 S8k, (23F LTP 4Ri[27]. @il rTMS o] U E M s e, Fit— 25 S
ML AE A, AR T30 5 ot S SL B AT AR50, g 05 5 00 i ST P R 5 DX 3 ) 248 M 7 4 24 1 3]
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B, A rTMS LA rTMS BEAT RS i 25 v B s A AN A, B AT B BDNF RIAKF,
REML T NSE 70 Wb MURETEG, 8t M sz mi i A QU K, 3 Bh B D stk = 28] -

5.4. rTMS K& AR

TR R P 0 2= BR 1R 24 A5 P AT — e JE A A AR R PATIRS . 24— MR e Bk 2 5
SPERIRAS T BIRR, RN EEROS A MRS, [FIB 2 2@ 0 BRI E R, DI Thee, A
SO s A= A Th RE R

rTMS ] 7E K R 57 J2 R 5 DX 7= AR (R B3 T I 3 el 2 58 B R Kl 52 J2% 5 A KRR 0
T IR IS LA, SR T S8 R A 026 4 S 51 [29] rTMIS LA 4% AR Ta) A% 2 T 8 1k R 0 1, 0 R B
JEIRIB S BGR T RIS, mAii(5~20 Hz) R DA 9 B 8 175 50 20 SR K ] A5 184 8 AT {1 i X i 2
JEII AT V8] [30], T ECAREE PR RN AR B, 388 3 5 5 o 8 S b IR R4 | A AR DRl 2 J2 R % Ay
Forr, rTMS ol aze 0] 09 245 P 15 724 20 A4 B 22 58 AR BT TESE, B FUARGE 1 0T i 2 BB g
R A FRAEES T ML XA AR AR L [25] [31] [32], KBk M1 XHHA A RIATIES RS
Hh S CHR IR, R IE FH T I B e MBS 5 B 1) 2 30 AT [33]. M A LIS B T e R 1 i
BN AR B RNV EE 8 R ML X . ARSI rTMS 1697 2 I 25 2238 e 0 2 Bk e o e g v
S MM RIS, A W A2 T 308 a9 R8O P 0 ) PR a2k 31050 SN~ R P 4 280 5R DT e XA K ki
PIPEE P, Inig B R BR SR 22 T A A N 48 ) R, RN X R R DR e, iR IR
T RCR[34]. fRAZE rTMS JRYT Ja A 2 4R i S A EAT — 58 B SO, 85 A (O b3k sk L A=
B, DMEMT SR, FEB 2 R ThREE A, 1R e R ST AL (35].

6. SMEEE MR AR Et N2 b B E B s ThsEFEiR1E R HLH

A & E A3 2 1RG4 (repetitive peripheral magnetic stimulation, rPMS): 2 R il ik 2k P& LA 53 iyt il
BUE AN AP, & T —Fhiz bR 2 LR EE R, iPMS VB — RS 1697 F B, AR A,
ToIm I St T 20, AEASAE A )22 At 07 TR A B RS . A TEis T IR IRBRIR T, FA XU 1)
PREEBOEE R, FT A I PR 72 FR A5 21 1 IR SE[36]

6.1. rPMS X E R iEzhThERI RN

KT rPMS T AR IR AR B AN B HAE ML BT 7L A 2 AN RGE, SRR U 32 B8 th e il 5 5
FR) B Jo B BB AN A0 i i 20 DA K Ry L 2R 55 = AN JZ T A2 4« Struppler 55[37]8% F H2015-PET (positron emis-
sion tomography) il & 2%t 25 FEHE 2 rPMS AT 5 J=) 3 i L7 & (regional cerebral blood flow) {1224k,
R ILAmFEI TR () rPMS RE B R34 I0IZ B AE 55 h A A K THL - J5 B8 I8 BT IX RSeE R B, R £
BE& D REIN | Ji 128 3 27 b 1) 5O e 25 A8 FE AR BRAIG « rPMIS P i 25 o B8 1 JRE AN T 22 DL K2 3 D g
Bz 520 FI[38], Struppler S£[371i@5d PET W&, &F# rPMS [GHATIZEIMES N, 5T HRETH I,
WG D18 ) B2 JFUROE AR FE 5 rPMS FTAH ], 5] X0 T3 R S5 Ay [ AH 4838 434 Bhig 20 X 2. 2 B0
UM SCRARFN /N i 075 B S 9> o rPMIS 2 EUULTK JJ FEAI,  mT Readad X i el 22 2R G A A I sz Ve S N 1)
FFIMr=A, (PMS TEAERE B 5 E3hia s A s AL, HEM s P2 2 1) 20 [39] . X5 B
A “HRK - S - Hx 7 PR SR B S A R [40]

6.2. rPMS 3+ &85 & BEl#Z A5 M

rPMS ¥ A BRI m A X 5, BRI T2 8 10 Hz. 15Hz. 25Hz. rPMS il ifs 5 A Ak
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DRI\ 0T PR 22 50 5 2 1) JRE AR 32 3 ) e e iy B R B J2 B AR ) 1 15 VR [41] o IR T 25 Hz ¥ rPMS
A EE YA K R AN RS, TR BE LR [41], Zschorlich [42)258WF 5 KN, =ik 75 Hz (#) rPMS A fig
RO BB 4 A1 [43], 10 Hz. 15 Hz. 25 Hz ff] rPMS Fil T- 22 fifyx 25 [44] [45] $2 e AR I bt 35 5 T fE[46)
[47]. ¥t 8 Bl 280 B 5 (48], I BAES 1 A & R &t & S T IR 4. R4 rPMS 9% 22 1%
JE B 245105 51 R I . B HFFC R R[49], 20 min &1 F ) rPMS HIBS ,  FIE0 T 58 57 iR B 2 2
e T AR Z MR OA T T iR . XK rPMS I R I 0 . R PR AT B T R A )
H A AR AR, AT SR LR R R R AN, R R A AR Y P 2 F S AN JE R BR ) 45
Fe

7. rTMS # rPMS $34R 4547

FEREAT rTMS Y877 HHORIECE MR =2k M1 [X[50]. 7EEAT rPMS Ja77 I RIIEGR ALY & 00 FEE Erb 1K
R AR AL), AR rPMS S K B2 5T AR (R 5 A (et is sh Dh RERRRS B 2, HE— P [ fiR 28
A BT 3T FER B S B LB B D REK AL, il rTMS RES B2 i DRI 22 % 7 P BE A n ) 8 L v
OB IURL. BEB AT, R rTMS BN B 2 B A, S i il 4t AR
. i BDNF Rk KPR, mrPMS RAFRCA BRI A EERT . WA 1.

Table 1. Comparison of different study parameters and results of rTMS and rPMS
3 1. rTMS 71 rPMS REIF RSB R LER L

HllEL rTMS rPMS
@g {RA(<5 Hz) FAL(>5 Hz) {E441 (<25 Hz) EHAL(>T5 H2)
NE

FRAR K B R X% e, o5 RN R Z RSB e AR et BB R Xk e
G MEBIEE R AR, bV BDNF SCE i gt R ARH . AT @S DhReRERs RO R
RILEKTEARE . _Fi BDNF Fik7KF. AR AT .

AR A
.

vE: (PMS: AMNEEEZAHR; (TMS: BEEZMAT.

FEHEAT rTMS 877 FPORIEUE MR 3k M1 [X[50]. 7EHEAT rPMS A7 B TG AL 0 5 Erb K
RO IR R IRAL), A rPMS X K 2 oA R AR R 5 A e b is 2 DhRe e 52, ik — D PR 28
BT AT B ABE S BN LS shThAEWK R, Ml rTMS BEREHE = R 128 D475 14 54 BE 3G Jin J=3 350 1L 37t
. FEBEMSBI R, BERGIME TS, A (TMS BRI B JZ %A, s i At A%
. 1A BDNF RIAKFEARE, @i rPMS HA BRI BEFR S e MEEH .

rPMS ‘i 55 R H 5 20 R S A, T T A B I & v K B AT 8 PR B [B1] - TEAM A S
X B 2 R E T, SRR rPMS R rTMS 5568 F AN RE RS HRE 1oy Hh A e 28 D4 A 1 R4
TR AR M . R R BRI e T ELXE RN B 5 A AR R T A s sh Th g
BB E . BRI ZESE, AR E I rTMS 532 50 9 4% 74 8 1 A0 LA rTMS 5835 3 0 [52]
8. INEABEPIRES SRS R

H BT A A WA B R0E S THANE B A X rTMS 1697 7 R UL i, KR S0 R X rTMS
R0 25 R 32 B DO RE I B S rTMS IS A B R Bk ML X Bl 7] 1.5s,
BRI S s, HIBEE 80% RMT, MK 17.15 min, 1 k/d, 5k/H, 3L2 8. &5 rPMS 697, rPMS
FIBGRAL: B F Y Erb mf, HIESE: FAKRIEIR AR ZE, AR RTEOREGR B 150% RMT [10], 1K
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/d, 5WIE, $t2 H[53].
9. B4

H A4/ E 55 AR R IG5 8 A R 2 ABL s AR SR R T AN B SO, i rPMIS B HL B rTMS B
HTE 2 et b SRR TC B E AR [54]. (PMS BEIZEGEIZ IR LI R AN ZE A, SR AX R
FIIAS A, AN AT LA RO T T b 38 AR A S R B i s K R 2, ek H AR R ig 3 2% 2,
AR IR IS B, ARSI rPMS BCA A rTMS 1] DL B I8 sh Th eSS shfe 71, 4% MEP R
AN FR AR Z 5 4% 555 7] (central motor conduction time, CMCT) FLX i 2 1 Ji5 33 5 Th A FE A5 17 2508 43 [55] -
[60]. &1 BX-A A X HE 5 20 P R A dE e W A R 12 ) % S (rPMS), F1ig 3% S (rTMS), MfiTiAF|
—ANAIIRTT B

AN R FPRK RSO 22 HLI) rTMS ARSI 7K AN . thdh, Wi 28 b 28 8 B BT R 52 1
FECAYE, N A R I ) T Re PR B S IRTT FRR A TROR T fE

B2, WEHFRY, KM ARRA RS IR AR RZE S TR iR T 1, Bl aiE
R 33t o 22 0 T R v G TN 4% 1 ¥ 30 7K S R i L 8 78 1 S I i 26 b S B RS B D REREAS TR

E&WmE

W52 HIE X H AR AL 410 H (2020, MS08049): 521 HIAIX PAE #HRZ 2022 fEF ST AR
FeiH %I H (202201254)
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