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Table 1 Comparison of clinical key indicators of neural regulation technology for post—stroke motor dysfunction
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Figure 1 The electric field strength of tACS decreases with increasing stimulation depth
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Piezol (Piezo type mechanosensitive ion channel com-
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Ty S BRI AR I e 2 B PR S AR P A 7 e 22 45, O
TIE 32 S EL AT 188 b ke HIR s B AR R A 4 2 1) T A%
RSN, R B 75 TE MR B R TR T R 28
LA e T 2 T HAE /Y, JF s ilg
&l (electromyography , EMG ) {55 5 5 45 At AH A7 491 2
BT Ak IZ B R A B (R A S IR
SEEE 28 Bl ) 5 g g 7 AR 1 5 o S0 6 FR AT
T R G AL R A A A I 5 I S0 B P X
T il R A2 328 5 R 1 2 M) IR 4 i B 0457

tFUS 75 R 508 7 0 38 (e g 36 ) i
LTP J7 T8 A9 2k R 00 34 B F0E 32, 3B 0 P41 36 22 46
EMG S5 535 ) 55t Joe B0 7 g FHI 08 7, (LI PR % Ak T e
SR AC RN 2 o BRI Pk R S Rk
WG R AET LT LA O F&T Piezo 18 i 76 ML
) 0 7510 AR P L ) 255 (%A /B0 ), R GE A ST
AN TR X (B2 J2 TS A AT ) 7 A BRI fii 2 o g BECER
BTGB F SEOHR SR 525t koeh 5 & S
)~ 22 0 7 25N LT 5 () PP A A v I A
IR K i e o 486 A 50 B 40725 o 8 75 B B A 328
RN B B 28 ] AR S L A AR 2 R0
FARAKIE ; O I I &S T A A S
R T B R FUS R G0, A 2B s (n
EEG (NIRS .EMG) , 32 Bl 3 42 o)) 2 R ol b 4895 )
RS M.
2 EAMHZEEREAR

VNS 3 1 354775 0k T ol 28— i XE A — Bz I g, 3
S AN A P 32 B B 2 0 28 i T S e R R
(AN EHE ERRER SR ERMRE0 >, Shisir
FE AR, VNS T EF+0 WLIE] BT £ AL B (ace-
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FE B2 RO & B SN 2Rty I 2 vh s BBl B
F fF (Vagus nerve stimulation paired with rehabilita-
tion for upper limb motor function after ischaemic
stroke, VNS—REHAB) i) B AL X T AR 32056 7 L 1397 241
Fugl-Meyer |31z 3 DI EPF- 73 (Fugl-Meyer Assess-
ment—-Upper Extremity, FMA-UE) X} B 41 $#&£ T+ 5.5
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S5E MR AT IS I A AR T R E

VNS B A 55 U000 1 P 300 TR o RE A 52 1Y)
SEROIH, B ST s 7RSS OB
HL R ) X Ach B HGHE #6119 22 S Ak 2 o (H AN S
Al L HRR IR T ) 122 3 2y BE B35 AT 2 I 20
AAKBFFEN T AL T LAT JLA - D 454 Ach B f%
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B AF PR A . AR 5T 5 B4 LU LA Q058 I 1a]
OIE-S8 i lE:3n (brain—computer interface , BCI)
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ABSTRACT Neuromodulation techniques have witnessed recent advances and demonstrated translational application potential in
the rehabilitation of post-stroke motor dysfunction. Based on three core pathological characteristics: impaired neuroplasticity recon-
struction, functional dissociation of the cortico-basal ganglia-thalamic circuit, and differences in neurometabolic reserves, this review
systematically evaluates the intervention mechanisms and evidence for multimodal techniques including repetitive transcranial mag-
netic stimulation (rTMS), transcranial direct current stimulation (tDCS), transcranial alternating current stimulation (tACS), transcra-
nial focused ultrasound (tFUS), and targeted vagus nerve stimulation (VNS). rTMS improves motor function by modulating inter-
hemispheric inhibitory balance and synaptic long-term potentiation; tDCS combined with temporally specific training optimizes mo-
tor memory consolidation; tACS reorganizes cross-frequency coupling of neural oscillations through frequency-specific interven-
tion; tFUS enables precise regulation of deep brain nuclei owing to its high spatial resolution; and VNS enhances synaptic plasticity
via neurotransmitter release. Current research has overcome the limitations of slow onset and long treatment duration associated with
traditional rehabilitation, establishing a novel intervention system based on the modulation of neural oscillation synchrony and reor-
ganization of neural networks. Neuromodulation techniques are currently transitioning from single stimulation paradigms to multi-
modal synergistic interventions. Future integration of brain-computer interface (BCI), multi-omics biomarkers, and digital twin tech-
nologies will enable the construction of individualized parameter optimization models and closed-loop adaptive regulation systems,
driving the transformation of stroke rehabilitation from "standardized treatment" to "precision remodeling".

KEY WORDS stroke; motor dysfunction; neuromodulation technology; neuroplasticity; repetitive transcranial magnetic stimula-
tion
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