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Introduction

The field of neurorehabilitation has seen significant advancements, driven
by a deeper understanding of the brain’s capacity for change following in-
jury. This exploration begins with the investigation into the neural un-
derpinnings of motor adaptation after stroke, detailing how neuroplastic
changes within motor networks correlate with observed functional recov-
ery. Researchers have employed advanced techniques such as functional
magnetic resonance imaging (fMRI) and transcranial magnetic stimula-
tion (TMS) to pinpoint specific brain regions and connectivity patterns that
are predictive of successful neurorehabilitation outcomes, underscoring the
critical role of early plasticity in optimizing therapeutic results [1].

In parallel, recent progress in neuroimaging offers powerful tools for as-
sessing brain plasticity in patients undergoing neurorchabilitation. This re-
view synthesizes these developments, emphasizing the utility of techniques
like diffusion tensor imaging (DTI) and resting-state fMRI (rs-fMRI) in
characterizing changes in both structural and functional connectivity. The
ability of these neuroimaging markers to guide personalized rehabilitation
plans and rigorously monitor treatment efficacy is a key focus [2].

Parallel research delves into the fundamental principles of motor control,
particularly in individuals experiencing upper limb motor deficits subse-
quent to a stroke. This work examines how diverse therapeutic approaches,
including task-oriented training and robotic-assisted therapy, effectively
modulate motor learning and enhance movement kinematics. A signifi-
cant highlight is the emphasis placed on the role of feedback mechanisms
and motor imagery in promoting effective motor relearning [3].

Broader scientific inquiry into brain plasticity and its fundamental role in
recovery from neurological injuries has illuminated molecular and cellu-
lar mechanisms. This includes detailed discussions on synaptic plasticity
and neurogenesis. The consensus emerging from this research is that a
profound understanding of these underlying mechanisms is indispensable

for the development of novel therapeutic interventions aimed at promoting
brain repair and comprehensive functional restoration [4].

Innovative therapeutic strategies are also being explored, such as motor
imagery-based neurofeedback, which utilizes advanced neuroimaging like
high-density electroencephalography (EEG). This approach has demon-
strated that real-time visualization of brain activity associated with imag-
ined movements can significantly enhance motor cortical excitability and
improve volitional control, presenting a promising avenue for augmenting
current neurorehabilitation protocols [5].

Furthermore, the influence of practice variability on motor learning and
adaptation is a critical consideration. Studies examining the neural corre-
lates of skilled motor learning have shown that random practice schedules,
as opposed to blocked schedules, promote more robust long-term retention
and transfer of motor skills. This finding has direct implications for the
design of highly effective neurorehabilitation programs focused on motor
relearning [6].

Understanding the nuanced impact of different stroke types on motor re-
covery and brain plasticity is also crucial. Multimodal neuroimaging stud-
ies, combining fMRI and DTI, have compared lesion characteristics and
their specific effects on functional reorganization in patients with cortical
versus subcortical strokes. The results consistently indicate that the pre-
cise location and extent of a lesion profoundly influence the trajectory of
neurorehabilitation and the ultimate degree of functional recovery achieved

[7].

Complementing these investigations, comprehensive overviews of neu-
roimaging techniques used in assessing brain plasticity are vital. Such re-
views cover the extensive applications of MRI, PET, and MEG in under-
standing structural and functional changes linked to learning, memory, and
recovery from neurological injuries. The translational potential of these
techniques in guiding therapeutic interventions is a recurring theme [8].

The exploration of combined therapeutic approaches is also yielding
promising results. Research examining transcranial direct current stimu-
lation (tDCS) in conjunction with robot-assisted therapy has revealed syn-
ergistic effects on motor function and cortical plasticity in stroke survivors.
This integrated approach has led to greater improvements in motor perfor-
mance and notable changes in motor cortex excitability compared to robot-
assisted therapy alone, thereby enhancing neurorehabilitation outcomes [9].

Finally, insights into the neural mechanisms underpinning the control of
gait and balance in individuals with neurological disorders are being gained
through advanced techniques. The interplay between sensory feedback,
motor commands, and brain network activity during locomotion is being
analyzed using sophisticated motion capture and neuroimaging methods.

Cite this article: Kim S. Neuroplasticity Advancements for Stroke Recovery and Rehabilitation. Neurol Neurorehabilit. 07:29.
DOI: 10.37532/nnr.25.7.4.29



mailto:soojin.kim.neuro@snu.ac.kr
https://www.iomcworld.org/neurology-neurorehabilitation.html

Neurology and Neurorehabilitation: Open Access 2025, 07, 04, 29.

These findings contribute to a deeper understanding of how motor control
deficits contribute to balance impairments, informing the development of
more targeted neurorehabilitation strategies [10].

Description

The initial study delves into the intricate neural mechanisms that facili-
tate motor adaptation following a stroke, with a particular emphasis on
how neuroplastic alterations within motor networks align with the extent of
functional recovery. By leveraging methodologies such as fMRI and TMS,
researchers have successfully identified key brain regions and specific con-
nectivity patterns that serve as reliable predictors for the success of various
neurorehabilitation strategies. This research underscores the paramount
importance of early neuroplasticity in maximizing the effectiveness of ther-
apeutic interventions [1].

Another significant contribution reviews the latest advancements in neu-
roimaging technologies designed for the assessment of brain plasticity in
patients undergoing neurorehabilitation. The review highlights the consid-
erable utility of techniques like diffusion tensor imaging (DTI) and resting-
state fMRI (rs-fMRI) for accurately characterizing the dynamic changes
occurring in both structural and functional connectivity. Moreover, it dis-
cusses how these identified neuroimaging markers can be effectively em-
ployed to tailor personalized rehabilitation plans and to objectively monitor
the efficacy of ongoing treatments [2].

Concurrently, research is actively exploring the foundational principles of
motor control as they pertain to individuals experiencing deficits in up-
per limb motor function post-stroke. This line of inquiry examines how
different therapeutic modalities, such as task-oriented training and robotic-
assisted therapy, exert their influence on motor learning processes and con-
sequently improve the kinematics of movement. The findings emphasize
the crucial role of feedback mechanisms and the strategic use of motor im-
agery in facilitating robust motor relearning [3].

In a broader context, the scientific community is investigating the multi-
faceted concept of brain plasticity and its integral role in the recovery tra-
jectory from various neurological injuries. This investigation extends to the
molecular and cellular underpinnings of synaptic plasticity and neurogene-
sis. The consensus derived from this research points towards the necessity
of'a deep comprehension of these fundamental mechanisms for the success-
ful design and implementation of novel therapeutic interventions aimed at
fostering brain repair and restoring lost function [4].

Innovative therapeutic approaches are also being rigorously examined, in-
cluding the use of motor imagery-based neurofeedback. This method,
employing advanced neuroimaging techniques like high-density EEG, has
shown that the real-time visualization of brain activity linked to imagined
movements can effectively boost motor cortical excitability and enhance an
individual’s volitional control. The outcomes suggest this approach holds
significant promise for complementing and improving existing neurorcha-
bilitation protocols [5].

The impact of practice variability on the processes of motor learning and
adaptation is another critical area of investigation. Studies focusing on the
neural correlates of skilled motor learning have provided evidence that ran-
dom practice schedules lead to superior long-term retention and transfer of
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motor skills when compared to blocked practice schedules. This insight is
directly translatable to the development of more effective neurorehabilita-
tion programs designed to optimize motor relearning [6].

Understanding the differential effects of various stroke types on motor re-
covery and the subsequent patterns of brain plasticity is also a key area
of research. Through the application of multimodal neuroimaging tech-
niques, including fMRI and DTI, researchers have been able to compare
lesion characteristics and their specific influences on functional reorgani-
zation in patients with cortical versus subcortical strokes. These studies
consistently reveal that both the location and the extent of the brain lesion
significantly modulate the course of neurorchabilitation and the degree of
functional recovery achievable [7].

In addition to specific technique-focused studies, comprehensive reviews
of neuroimaging techniques are vital for synthesizing the current landscape.
These overviews cover the broad applications of MRI, PET, and MEG in
elucidating structural and functional brain changes associated with learn-
ing, memory formation, and recovery processes following injury. The in-
herent translational potential of these advanced neuroimaging modalities
in guiding the development and refinement of therapeutic interventions is
consistently highlighted [8].

Furthermore, the synergistic potential of combining different therapeutic
interventions is actively being explored. A notable example is the in-
vestigation into transcranial direct current stimulation (tDCS) when used
in conjunction with robot-assisted therapy. This combined approach has
demonstrated enhanced improvements in motor function and significant al-
terations in motor cortex excitability in stroke survivors, surpassing the ef-
fects of robot-assisted therapy alone. This suggests a powerful synergistic
effect that can optimize neurorchabilitation outcomes [9].

Finally, research is advancing our understanding of the neural mechanisms
governing gait and balance control in individuals affected by neurologi-
cal disorders. Employing cutting-edge motion capture technology along-
side advanced neuroimaging techniques allows for a detailed analysis of the
complex interplay between sensory feedback, motor command generation,
and the activity patterns within brain networks during locomotion. The
insights gained from this research are crucial for understanding the basis
of motor control deficits that lead to balance impairments and for inform-
ing the design of more targeted and effective neurorehabilitation strategies
[10].

Conclusion

This collection of research highlights advancements in neurorehabilitation,
focusing on brain plasticity and recovery after stroke. Studies utilize neu-
roimaging techniques like fMRI, DTI, and EEG to understand neural mech-
anisms, assess plasticity, and guide personalized rehabilitation. Therapeu-
tic interventions such as task-oriented training, robotic-assisted therapy,
motor imagery neurofeedback, and tDCS are explored for their efficacy
in improving motor function, cortical excitability, and functional recovery.
The impact of lesion location and practice variability on learning and re-
covery is also examined. Overall, the research emphasizes the critical role
of understanding brain plasticity in developing effective strategies for neu-
rological recovery.
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