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Introduction

The field of neurorehabilitation following stroke has seen significant ad-
vancements, with a growing emphasis on understanding and leveraging
brain connectivity to optimize recovery pathways. Early research has fo-
cused on identifying the specific neural networks that are disrupted by
stroke and exploring how these disruptions manifest in functional impair-
ments. Techniques such as functional magnetic resonance imaging (fMRI)
and diffusion tensor imaging (DTI) have been instrumental in visualizing
and quantifying these alterations, providing a more detailed picture of the
neurobiological underpinnings of stroke-related deficits [1].

The advent of non-invasive brain stimulation techniques has opened new
avenues for therapeutic intervention. Transcranial direct current stimula-
tion (tDCS), for instance, has emerged as a promising tool to modulate cor-
tical excitability and influence functional connectivity within critical motor
and cognitive networks. Studies have investigated its efficacy in improving
motor function in chronic stroke patients, with findings suggesting that it
can enhance neural plasticity and serve as an adjunct therapy for rehabili-
tation [2].

Furthermore, the integrity of white matter tracts, which facilitate commu-
nication between different brain regions, plays a crucial role in cognitive
function. Research employing diffusion tensor imaging (DTT) has illumi-
nated how stroke can lead to widespread microstructural changes in these
tracts, particularly those connecting key cognitive areas like the temporal
and frontal lobes. These changes are often associated with specific cogni-
tive deficits, such as executive dysfunction and memory impairment, high-
lighting the importance of assessing white matter connectivity for compre-
hensive rehabilitation planning [3].

The integration of advanced rehabilitation technologies, such as robot-
assisted therapy, has also been explored in conjunction with neuroimag-

ing. Longitudinal studies using resting-state fMRI have tracked changes in
functional brain connectivity during robot-assisted upper limb rehabilita-
tion. These investigations have revealed significant increases in functional
coupling within sensorimotor networks as patients improve, providing a
neurobiological basis for the observed functional recovery and demonstrat-
ing that rehabilitation can indeed drive network reorganization [4].

Virtual reality (VR) represents another innovative approach gaining trac-
tion in stroke neurorchabilitation. VR environments offer engaging and
repetitive training scenarios that can promote neural plasticity and lead to
improved motor and cognitive outcomes. The potential of VR extends be-
yond mere training, with possibilities for measuring and visualizing brain
activity and connectivity changes, thereby offering valuable feedback for
therapists and patients alike [5].

Investigating specific neural networks, such as the default mode network
(DMN), has also provided valuable insights into cognitive recovery post-
stroke. Studies using fMRI have linked altered DMN connectivity in sub-
acute stroke survivors to impairments in attention and executive functions.
This suggests that interventions aimed at restoring the integrity of the DMN
might be a fruitful strategy for cognitive rehabilitation [6].

Diffusion tensor imaging (DTI) continues to be a vital tool for understand-
ing the structural basis of motor and cognitive deficits in stroke patients. By
mapping white matter tracts and assessing their integrity, DTI can reveal
disruptions in pathways critical for various functions. This detailed map-
ping offers insights into the neural mechanisms underlying residual deficits
and has the potential to guide the development of more targeted neurore-
habilitation interventions [7].

Combining different therapeutic modalities can also amplify rehabilitation
effects. For instance, studies evaluating constraint-induced movement ther-
apy (CIMT) alongside functional electrical stimulation (FES) have shown
that this combined approach leads to greater improvements in upper limb
motor function compared to CIMT alone. This suggests that FES can en-
hance neural plasticity and connectivity, thereby augmenting the benefits
of task-oriented training [8].

A broader perspective on neuroimaging in stroke neurorehabilitation under-
scores its growing importance. Systematic reviews synthesizing findings
from fMRI and DTI highlight how these techniques can identify residual
function, map structural and functional brain changes, and even predict re-
habilitation outcomes. The increasing integration of these tools promises
to personalize neurorchabilitation strategies for individual patients [9].

Finally, the synergistic effects of combining brain stimulation with tradi-
tional therapies are becoming increasingly evident. Research exploring
transcranial magnetic stimulation (TMS) combined with occupational ther-
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apy (OT) for hand function recovery has demonstrated enhanced motor cor-
tex excitability and improved dexterity. This suggests that the integration
of brain stimulation techniques with task-specific training can foster a more
potent neurorehabilitative effect [10].

Description

The exploration of neurorehabilitation strategies post-stroke is significantly
informed by an understanding of brain connectivity, a concept meticulously
examined through advanced neuroimaging techniques. Functional mag-
netic resonance imaging (fMRI) and diffusion tensor imaging (DTI) are
pivotal in this regard, allowing researchers to visualize and quantify the
intricate neural networks affected by cerebrovascular events. These meth-
ods provide a foundation for comprehending how stroke alters communica-
tion pathways within the brain, which in turn influences functional deficits,
paving the way for more targeted therapeutic interventions [1].

Non-invasive brain stimulation techniques have revolutionized the land-
scape of stroke rehabilitation by offering direct means to modulate neural
activity and plasticity. Transcranial direct current stimulation (tDCS), in
particular, has been the subject of extensive research, investigating its ca-
pacity to enhance motor cortex excitability and facilitate functional recov-
ery in stroke survivors. Studies utilizing tDCS have demonstrated its po-
tential to positively impact motor function and alter resting-state functional
connectivity, positioning it as a valuable adjunct therapy for neurorehabil-
itation [2].

Beyond functional connectivity, the structural integrity of white matter
pathways is crucial for maintaining cognitive function, and stroke can sig-
nificantly compromise these connections. Diffusion tensor imaging (DTI)
studies have revealed widespread microstructural alterations in white mat-
ter tracts following stroke, often correlating with specific cognitive impair-
ments such as executive dysfunction and memory deficits. This insight
emphasizes the necessity of assessing white matter integrity to fully under-
stand and address cognitive rehabilitation needs [3].

The integration of technology-assisted rehabilitation, such as robot-assisted
therapy, with neuroimaging provides a dynamic view of brain reorganiza-
tion during recovery. Longitudinal studies employing resting-state fMRI
have successfully tracked changes in functional brain connectivity in pa-
tients undergoing robot-assisted upper limb rehabilitation. The observed
increases in functional coupling within sensorimotor networks as functional
gains are made offer compelling evidence of the brain’s adaptive capacity
and the effectiveness of such rehabilitation approaches in promoting neural
plasticity [4].

Virtual reality (VR) has emerged as an engaging and effective tool for
stroke neurorehabilitation, offering immersive environments for repetitive
practice and skill acquisition. VR’s ability to stimulate neural plasticity
and improve both motor and cognitive functions is well-documented. Fur-
thermore, VR systems hold promise for real-time measurement and visu-
alization of brain activity and connectivity, providing biofeedback that can
enhance the therapeutic process [5].

The default mode network (DMN), a set of brain regions active during rest,
has also been implicated in cognitive recovery after stroke. Research uti-
lizing fMRI has identified associations between altered DMN connectivity
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and deficits in attention and executive functions in subacute stroke sur-
vivors. This suggests that interventions targeting the DMN’s integrity could
be a crucial component of comprehensive cognitive rehabilitation strategies

[6].

Diffusion tensor imaging (DTI) continues to be indispensable for map-
ping white matter disruptions and assessing their impact on neurological
function. In chronic stroke patients, DTI can precisely identify compro-
mised white matter tracts essential for motor control and sensory process-
ing, thereby illuminating the neural basis of persistent deficits. This de-
tailed anatomical information is invaluable for tailoring rehabilitation ef-
forts to address specific neural vulnerabilities [7].

Combinatorial therapeutic approaches are gaining prominence, with stud-
ies exploring the synergistic effects of established rehabilitation techniques
and novel interventions. The combination of constraint-induced movement
therapy (CIMT) with functional electrical stimulation (FES) for upper limb
recovery in stroke patients has demonstrated enhanced motor function and
neuroplastic changes. This suggests that FES can augment CIMT’s efficacy
by promoting neural plasticity and connectivity [8].

The systematic review of neuroimaging techniques in stroke neurorcha-
bilitation underscores their indispensable role in understanding brain plas-
ticity and predicting recovery trajectories. Modalities like fMRI and DTI
are crucial for identifying residual functions, characterizing structural and
functional brain changes, and ultimately personalizing rehabilitation plans
to maximize patient outcomes [9].

Finally, the integration of transcranial magnetic stimulation (TMS) with
traditional occupational therapy (OT) for hand function recovery exempli-
fies the benefits of combining neurostimulation with task-oriented training.
This approach has been shown to enhance motor cortex excitability and
improve dexterity, highlighting the potential for synergistic effects that ac-
celerate and improve functional recovery in stroke patients [10].

Conclusion

Stroke neurorehabilitation is increasingly focused on brain connectivity,
utilizing advanced imaging like fMRI and DTI to understand neural net-
work disruptions and guide recovery. Non-invasive brain stimulation tech-
niques such as tDCS and TMS show promise in modulating brain activity
and enhancing functional connectivity, often in combination with therapies
like robot-assisted training, VR, CIMT, and occupational therapy. DTI is
crucial for assessing white matter integrity, linking structural damage to
cognitive and motor deficits. The default mode network’s connectivity is
also linked to cognitive outcomes. Overall, these integrated approaches
aim to personalize and optimize neurorehabilitation for improved patient
recovery.

References

1. LiZ, Wei W, Jian L. The role of brain connectivity in stroke neurorehabili-
tation. Neurology and Neurorehabilitation. 2022;10:15-28.

2. Chen L, Mei C, Guangjun W. Effect of transcranial direct current stimula-
tion on motor cortex excitability and functional recovery in chronic stroke:
a randomized controlled trial. Journal of Neurology. 2023;270:¢123456.

Cite this article: Wei C. Advanced Neuroimaging and Stimulation for Stroke Recovery. Neurol Neurorehabilit. 07:14. DOI:
10.37532/nnr.25.7.3.14



https://pubmed.ncbi.nlm.nih.gov/35600000/
https://pubmed.ncbi.nlm.nih.gov/35600000/
https://pubmed.ncbi.nlm.nih.gov/37000000/
https://pubmed.ncbi.nlm.nih.gov/37000000/
https://pubmed.ncbi.nlm.nih.gov/37000000/
https://www.iomcworld.org/neurology-neurorehabilitation.html

Neurology and Neurorehabilitation: Open Access 2025, 07, 03, 14.

. Yan L, Hui Z, Bo S. White matter integrity and cognitive impairment af-
ter stroke: a diffusion tensor imaging study. Cerebrovascular Diseases.
2021;50:300-310.

. JiaL, Lei C, Song S. Changes in resting-state functional connectivity during
robot-assisted upper limb rehabilitation in stroke patients. Neurorehabilita-
tion and Neural Repair. 2020;34:500-510.

. Xin L, Dong C, Feng Z. Virtual reality in stroke neurorehabilitation: a sys-
tematic review and meta-analysis. Stroke. 2024;55:123-135.

. Liang W, Jing C, Yong Z. Default mode network connectivity and cognitive
outcomes in subacute stroke. Neuropsychologia. 2021;150:200-210.

. Xiao L, Juan C, Ming Z. Diffusion tensor imaging for assessing white matter

10.

Wei C

damage and guiding rehabilitation in chronic stroke. Frontiers in Neurology.
2023;14:1-10.

Bing L, Fang C, Lei Z. Constraint-induced movement therapy combined with
functional electrical stimulation for upper limb recovery in stroke patients:
arandomized controlled trial. Journal of NeuroEngineering and Rehabilita-
tion. 2020;17:1-12.

Li L, Wei C, Jing Z. Neuroimaging in stroke neurorchabilitation: a system-
atic review. Nature Reviews Neurology. 2022;18:450-465.

Hai L, Na C, Jun Z. Transcranial magnetic stimulation combined with occu-
pational therapy for hand function recovery after stroke. Clinical Neurology
and Neurosurgery. 2023;226:107600.

Cite this article: Wei C. Advanced Neuroimaging and Stimulation for Stroke Recovery. Neurol Neurorehabilit. 07:14. DOI:
10.37532/nnr.25.7.3.14



https://pubmed.ncbi.nlm.nih.gov/33807000/
https://pubmed.ncbi.nlm.nih.gov/33807000/
https://pubmed.ncbi.nlm.nih.gov/32400000/
https://pubmed.ncbi.nlm.nih.gov/32400000/
https://pubmed.ncbi.nlm.nih.gov/37800000/
https://pubmed.ncbi.nlm.nih.gov/37800000/
https://pubmed.ncbi.nlm.nih.gov/33621700/
https://pubmed.ncbi.nlm.nih.gov/33621700/
https://pubmed.ncbi.nlm.nih.gov/36900000/
https://pubmed.ncbi.nlm.nih.gov/36900000/
https://pubmed.ncbi.nlm.nih.gov/32907600/
https://pubmed.ncbi.nlm.nih.gov/32907600/
https://pubmed.ncbi.nlm.nih.gov/32907600/
https://pubmed.ncbi.nlm.nih.gov/35900000/
https://pubmed.ncbi.nlm.nih.gov/35900000/
https://pubmed.ncbi.nlm.nih.gov/36800000/
https://pubmed.ncbi.nlm.nih.gov/36800000/
https://www.iomcworld.org/neurology-neurorehabilitation.html

