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Introduction 

Stroke remains a leading cause of adult disability 
globally, often resulting in deficits in motor, sensory, 
and cognitive functions. Rehabilitation strategies aim 
to capitalize on the brain’s intrinsic capacity for 
neuroplasticity, promoting recovery of lost functions 
through reorganization of neural networks. Non-
invasive brain stimulation (NIBS) techniques, 
including transcranial magnetic stimulation (TMS) 
and transcranial direct current stimulation (tDCS), 
have emerged as promising adjuncts to conventional 
therapy. These interventions modulate cortical 
excitability, facilitating synaptic potentiation and 
enhancing activity-dependent plasticity within both 
lesioned and peri-lesional brain regions [1]. 

The therapeutic efficacy of NIBS is closely linked to 
the timing, intensity, and specificity of stimulation. 
Early-phase interventions, delivered alongside task-
oriented rehabilitation, have been shown to 
strengthen corticospinal projections and improve 
functional outcomes. NIBS protocols can be tailored 
to target either the affected hemisphere to promote 
excitatory activity or the contralesional hemisphere to 
reduce maladaptive inhibition, thereby restoring 
interhemispheric balance. Such targeted modulation 
encourages the recruitment of spared neural circuits, 

reinforcing voluntary movement and functional 
coordination [2]. 

Mechanistically, NIBS induces long-term 
potentiation-like changes at the synaptic level, 
enhancing neurotransmitter release and receptor 
sensitivity within targeted cortical areas. These 
neurophysiological effects contribute to the 
consolidation of motor learning and facilitate the 
integration of rehabilitative exercises into meaningful 
motor behavior. Functional imaging studies 
demonstrate that repeated stimulation, combined with 
active training, results in reorganization of cortical 
maps and improved connectivity within sensorimotor 
networks, ultimately supporting recovery of skilled 
motor functions [3]. 

In addition to motor rehabilitation, NIBS has been 
investigated for its potential to improve cognitive 
deficits post-stroke. Targeting dorsolateral prefrontal 
and parietal regions, tDCS and TMS protocols can 
enhance attention, working memory, and executive 
functioning. When paired with cognitive training 
exercises, these interventions promote synaptic 
plasticity within task-relevant networks, amplifying 
learning effects. Moreover, individual factors, 
including lesion location, age, and baseline cortical 
excitability, influence responsiveness to stimulation, 
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highlighting the need for personalized treatment 
plans [4]. 

Despite the promising results, several challenges 
remain regarding the optimization and clinical 
integration of NIBS. Determining the optimal 
stimulation parameters, duration, and combination 
with rehabilitative exercises requires further research. 
Additionally, long-term safety and the sustainability 
of functional gains must be evaluated across diverse 
patient populations. Interdisciplinary collaboration 
between neurophysiologists, rehabilitation specialists, 
and clinicians will be crucial for translating 
experimental findings into effective, evidence-based 
neurorehabilitation protocols [5]. 

Conclusion 

Non-invasive brain stimulation represents a powerful 
tool for enhancing neuroplasticity and promoting 
functional recovery after stroke. By precisely 
modulating cortical excitability and reinforcing 
activity-dependent plasticity, these interventions can 
complement conventional rehabilitation to improve 

motor and cognitive outcomes. Continued research 
and individualized treatment strategies will be 
essential to maximize the clinical impact of NIBS in 
stroke recovery. 
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