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[ Abstract)] Objective To systematically evaluate the application of low-frequency
repetitive transcranial magnetic stimulation (LF-rTMS) in children with spastic cerebral
palsy. Methods Relevant literature about the application of LF-rTMS in children with spastic
hemiplegia were searched electronically from CBM, CNKI, WanFang Data, VIP, The Cochrane
Library, Scopus, PubMed, Embase, Web of Science from inception of the databases to September
1, 2023. A systematic review of the included articles was conducted and a Meta-analysis was
performed using Revman 5.4 software. Results A total of 15 articles were included. LF-rTMS
showed a certain rehabilitation effect on the upper limb function of spastic hemiplegia. Only the
contralateral high-frequency transcranial magnetic stimulation combined with LE-rTMS would
have adverse reactions. The results of Meta-analysis of 5 articles showed that LE-rTMS could
improve the standing ability (area D) [MD=1.68, 95%CI(1.15, 2.20), P<0.001], walking, running
and jumping ability (area E) [MD=1.96, 95%CI(1.36, 2.56), P<0.001] of children with spastic
hemiplegia. LF-rTMS did not significantly improve fine motor function [MD=8.38, 95%CI
(-10.55, 27.32), P=0.39], but could improve fine motor for upper extremity joint mobility (area
B) [MD=1.50, 95%CI(1.04, 1.95), P<0.001], grasping (area C) [MD=1.57, 95%CI(1.14, 2.00),
P<0.001], and manipulation (area D) [MD=1.58, 95%CI(1.25, 1.92), P<0.001]. Conclusion
LF-rTMS can improve the gross motor function and upper limb motor function of children
with spastic hemiplegia to a certain extent, and bilateral stimulation has a better effect on gross
motor function and upper limb motor function. LF-rTMS combined with other intervention
methods, especially constraint-induced movement therapy, has a better effect on fine motor. The
application of high-frequency repetitive transcranial magnetic stimulation on the healthy side

may lead to adverse reactions.

[Keywords] Repetitive transcranial magnetic stimulation; Motor function; Spasm;
Systematic review; Meta-analysis
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Table 1. Basic characteristic of included studies and results of methodological quality evaluation
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Limb Function, 2 /RASM LR hiE2 254 ; MA2: Melbourne Assessment 2, % /R A7E{E2; SCUES: Selective Control of Upper
Extremity Scale, _bRf ik #Eia Zhs4%]) & % ; UEFT: Upper Extremities Functional Test, Carroll Lk 7 48X 2 % ; PDMS—2FM: Peabody
Development Motor Scales—2 Fine Motor, Peabody#% 4815 3 & &% % —2; PDMS—DM.: Peabody Developmental Motor Scale—Gross,
Peabody# KiZ 1 #h 4£ % & ; FMA: Fugl—Meyer Motor Function Assessment Scale, Fugl—Meyeriz 23 48 3F 45 & % ; GRS: Global Rating
Scale, F Ak F 4 ; QUEST: Quadlity of Upper Extremity Skills Test, A3k At & Frmgh
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(F=18%, P=0.29) , 4<% 1 F bifi BIL 5% R 455 74
AT 5T Meta 53 AT 45 2R WoR, WLEEZH GMFM-
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AT 534, 1 U5 S Al HIA A LF—TMS,
gk I R WAL 41 5 X} R 41 GMFM-88-D [X 17 1E
4t it 2F 2% H [MD=1.13, 95%CI (0.24, 2.02) ,
P=0.01]; 2 T 5¢ 47 4@ LF—rTMS BX 45 28
HF—TMS, 45 2% & 7x W58 4 5 % B2 GMFM-
88-D X f77E I #F B 1T 2¢ 25 5% [MD=1.92, 95%CI

Experimental Control

Study or Subgrou Mean SD Total Mean SD Total Weight
7.1.1 fEMILFrTMS

oftRiEa 2018 HME 13 15 3047 114 15 28.8%
Subtotal (95% CI) 15 15 28.9%
Heterogeneity: Mot applicable

Testfor averall effect: 2= 2.48 (P = 0.01)

7.1.2 {2 MILF-rTMS+ 3 MHF-rTMS

SERIE 2019 wos 14 47 285 18 47 49.8%
afdRiEEb 2018 30,27 1.83 15 286 145 15 21.3%
Subtotal (95% CI) 62 62 71.1%

Heterogeneity: Tau®= 0.00; Chi*=0.27, df=1 (P=0.60), F=0%
Testfor overall effect: 2= 6.94 (P = 0.00001)

Total (95% CI) 77 77 100.0%
Heterogeneity: Tau®= 0.04; Chi®= 245 df=2 (P =0.249), F=18%
Testfor overall effect: 2= 6.26 (P = 0.00001)

Testfor suboroun differences: Chif=218. df=1 (F=014. F=541%

Mean Difference

(1.37, 246) ,P < 0.001], WK 2,
3 WA 55 4% GMFM-88-E X AE Jy 45 i 6 bx:,

154 2 PR 2R AU e B L, 45 R R AEAE 7 T

(F=17%, P=0.30) , {47 ¥k F Kb AL R 0 45 A
HEAT 53 B Meta 43 A1 45 3 8 78 WL K 41 GMFM-
88-E X 5 X] M4 22 FAAE G 1T B L [MD=1.96,
95%CI (1.36, 2.56) , P < 0.001], AR & ] %
J AT A3 Ar, 1 TR 5 S el ] LR
TMS, 2553 /R g4 5 %) 4] GMFM-88-E [X.
TETESS ¢ 25 5 [MD=1.40, 95%CI (047, 2.33) ,
P=0.003]; 2 M #fF 5% #F 47 8 Ml LE—TMS B & &
il HE—rTMS, 45 5 B 7= A2 5 %) B4 GMFM -
88-F X A7 1E I 3 24 5 [MD=2.35, 95%CI ( 1.57,
3.14) , P <0.001], WK 3,

Mean Difference

IV, Random, 95% Cl IV, Random, 95% CI
1.13[0.24, 2.0 -
1.13 [0.24, 2.02] <>
2.00 [1.37, 2.63] L
1.67 [0.6D, 2.74] ——
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10 5 0 5 10
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Figure 2. Results of Meta—analysis of GMFM-88-D region

Experimental Control

Mean Difference

Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
7.2.1 i MLF-rTMS

BkAnSEa 2018 42 138 15 406 1.24 15 416% 1.40([047, 233 ——
Subtotal (95% CI) 15 15 41.6% 1.40[047,2.33] .
Heterogeneity: Mot applicable

Test for overall effect 2= 295 (P =0.003)

7.2.2 {MILF-rTMs+:E fIHF-rTmMs

SRR 20149 L G 47 A0Z 2 A7 47 A% 240[1.83, 3.27] —
okAfmEEb 2018 5247 16T 16 4033 2.4 16 108% 214 [0.32 3.96] I
Subtotal (95% CI) 62 62 5B4% 2.35[1.57,3.14] <
Heterogeneity: Chi*= 0.06, df=1{F=0280); F=0%

Test for overall effect: £= 586 (F = 0.00001)

Total (95% CI) 77 77 100.0% 1.96 [1.36, 2.56] &

Heterogeneity: Chi*= 241, df=2 (P =030}, F=17%
Testfor overall effect: 7= 638 (P = 0.00001)
Testfor subaraun differences: Chif= 234 df=1{F=013. F=57 3%

-4 -2 0 2 1
Favours [experimentall Favours [control]

E3 GMFM-88-EXHIMetasr #7145 R
Figure 3. Results of Meta—analysis of GMFM-88-E region
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