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DESCRIPTION
Stroke is a leading cause of adult disability globally, resulting in 
significant impairment of motor, sensory, cognitive and 
emotional functions. The brain's ability to remodel itself after 
injury termed brain remodeling or neuroplasticity is essential to 
the recovery process. This short communication reviews key 
mechanisms underlying brain remodeling post-stroke and 
highlights advances in neuroimaging that have enhanced our 
understanding of these complex processes [1]. Brain remodeling 
involves a series of cellular and molecular events initiated in 
response to ischemic injury [2]. Neurogenesis, the formation of 
new neurons, occurs predominantly in the sub-ventricular zone 
and hippocampus and evidence suggests that newly generated 
neurons may migrate to injured areas to aid repair.

Synaptogenesis, or the formation of new synaptic connections, 
facilitates re-establishment of neural networks disrupted by 
stroke. Axonal sprouting allows surviving neurons to extend new 
projections to compensate for lost pathways. Angiogenesis, the 
formation of new blood vessels, supports the metabolic demands 
of regenerating tissue. Glial cells, especially astrocytes and 
microglia, play dual roles both protective and detrimental in 
remodeling by modulating inflammation and extracellular 
environment [3]. The exchange among these mechanisms is 
complex and influenced by factors such as the severity of 
ischemia, patient age and comorbidities like diabetes or 
hypertension.

Functional plasticity following stroke refers to the brain's 
capacity to reorganize activity patterns to recover lost functions. 
Perilesional areas in the affected hemisphere often show 
increased excitability and connectivity, compensating for 
damaged regions. Moreover, the contralesional hemisphere can 
participate by recruiting homologous networks. This bilateral 
engagement is especially prominent in the early phases of 
recovery. However, persistent overactivation of the contralesional 
side may contribute to maladaptive plasticity, inhibiting optimal
 

restoration of function [4]. Understanding the delicate balance 
between adaptive and maladaptive plasticity is essential for 
optimizing rehabilitation strategies.

Neuroimaging techniques have revolutionized the study of brain 
remodeling in humans. Functional Magnetic Resonance Imaging 
(fMRI) allows mapping of brain activation patterns during task 
performance, revealing shifts in network engagement post-stroke 
[5]. Diffusion Tensor Imaging (DTI) provides insights into white 
matter integrity and tract reorganization by measuring diffusion 
anisotropy along axonal fibers [6]. Positron Emission 
Tomography (PET) enables assessment of cerebral metabolism 
and receptor binding changes during recovery. Longitudinal 
studies combining these modalities have demonstrated dynamic 
structural and functional reorganization correlating with clinical 
improvement.

For example, fMRI studies frequently report increased activity in 
secondary motor areas such as the premotor cortex and 
supplementary motor area in stroke patients, supporting their 
role in compensatory motor control. DTI metrics have identified 
microstructural remodeling in critical pathways like the 
corticospinal tract, which directly impacts motor function 
recovery. PET imaging of glucose metabolism has revealed 
metabolic normalization in peri-infarct regions during 
rehabilitation [7]. These imaging biomarkers are increasingly 
used to predict recovery potential and guide individualized 
therapeutic interventions.

Despite these advances, challenges remain in translating 
mechanistic knowledge into effective clinical therapies. 
Rehabilitation approaches such as Constraint-Induced 
Movement Therapy (CIMT) control principles of use-dependent 
plasticity but require careful patient selection and timing. 
Neuromodulation techniques like Transcranial Magnetic 
Stimulation (TMS) and transcranial Direct Current Stimulation 
(tDCS) aim to enhance beneficial plasticity by modulating 
cortical excitability [8]. Robotics and virtual reality provide 
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additional avenues to engage patients in intensive, task-specific 
training. Integrating neuroimaging data to personalize these 
treatments holds potential but necessitates further validation [9]. 
Maladaptive plasticity poses a significant hurdle. Excessive 
reliance on contralesional networks may lead to inefficient 
motor control and limit functional gains. Similarly, abnormal 
synaptic reorganization can result in spasticity and chronic pain. 
Future research should focus on identifying biomarkers 
distinguishing adaptive versus maladaptive remodeling and 
developing interventions that selectively promote beneficial 
changes [10].

CONCLUSION
In conclusion, brain remodeling after stroke is a multifactorial 
process involving coordinated cellular, molecular and network-
level changes. Neuroimaging advances have provided 
unprecedented insights into the spatiotemporal patterns of 
remodeling and their relationship with recovery outcomes. 
Although considerable progress has been made, fully harnessing 
brain plasticity to improve post-stroke rehabilitation remains a 
complex challenge. Continued interdisciplinary research 
integrating mechanistic studies with cutting-edge imaging and 
therapeutic innovation is essential. Ultimately, a deeper 
understanding of brain remodeling will facilitate the 
development of personalized strategies to maximize functional 
recovery and improve quality of life for stroke survivors.
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