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Annotation: Stroke is one of the most significant causes of adult disability worldwide, often
resulting in long-term motor, cognitive, and sensory impairments. Effective rehabilitation is essential for
improving patient outcomes and enhancing quality of life after a stroke. However, traditional clinical
assessments such as observational scales and functional tests may not provide a complete picture of brain
recovery. Recent advances in neuroimaging, particularly Magnetic Resonance Imaging (MRI), offer a
promising avenue for objectively evaluating structural and functional brain changes during
rehabilitation. This study aims to assess the effectiveness of a comprehensive post-stroke rehabilitation
program using MRI as an evaluation tool. Twenty patients diagnosed with ischemic stroke participated
in a 12-week rehabilitation program, including physical therapy, occupational therapy, and cognitive
training. MRI scans were obtained at two time points—before and after the rehabilitation intervention.
Structural imaging techniques, including voxel-based morphometry (VBM), were used to assess gray
matter changes, while diffusion tensor imaging (DTI) evaluated white matter integrity. Additionally,
functional MRI (fMRI) was used in selected cases to observe alterations in brain activity during motor
tasks.
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1. Introduction

Stroke is a major global health concern and a leading cause of death and long-term disability. According
to the World Health Organization, more than 15 million people suffer a stroke annually, and of these,
approximately 5 million are left permanently disabled. Stroke, particularly ischemic stroke, disrupts
cerebral blood flow, resulting in damage to brain tissues and impairments in motor function, speech,
cognition, and coordination. Recovery from stroke is often incomplete and varies significantly
depending on the location and extent of the brain injury, the timing of intervention, and the effectiveness
of rehabilitation strategies. Rehabilitation is a critical component in the continuum of care for stroke
survivors. It aims to restore lost functions, promote neuroplasticity, and enhance the patient’s ability to
regain independence. Traditional rehabilitation evaluation methods primarily rely on clinical
assessments such as the National Institutes of Health Stroke Scale (NIHSS), the Modified Rankin Scale
(mRS), and the Barthel Index. While these tools provide important functional data, they often lack the
sensitivity to detect subtle neurological changes occurring in the brain during the recovery process.
Magnetic Resonance Imaging (MRI), with its ability to produce high-resolution images of brain
structures and functions, presents a promising solution to this limitation. MRI not only enables the
visualization of stroke-induced brain lesions but also offers quantitative tools such as voxel-based
morphometry (VBM), diffusion tensor imaging (DTI), and functional MRI (fMRI), which allow
researchers and clinicians to detect and track neuroplastic changes over time. This capacity for detailed
monitoring opens up new possibilities for objectively evaluating rehabilitation outcomes. Recent studies
have shown that MRI can reveal post-rehabilitation increases in gray matter density and improved white
matter tract integrity, which are often associated with enhanced motor and cognitive function. However,
more research is needed to firmly establish the link between MRI-detected changes and real-life clinical
improvements in stroke patients. The present study investigates the effectiveness of a 12-week
multidisciplinary rehabilitation program in post-stroke patients, using MRI as a primary tool to assess
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neurological changes. By comparing pre- and post-rehabilitation imaging data, this study aims to
determine whether MRI can serve as a reliable method for tracking brain recovery and guiding
personalized rehabilitation strategies. The results may contribute to the development of evidence-based
practices that integrate imaging technologies into stroke rehabilitation protocols

Methods
2.1. Study Design and Participants

This study was conducted as a prospective, observational clinical trial involving 20 patients who
experienced an ischemic stroke within the past 3—6 months. Patients were recruited from the neurology
department of a regional rehabilitation center. Inclusion criteria included: age between 45 and 70 years,
first-time ischemic stroke confirmed by CT or MRI, and moderate motor deficits as assessed by the NIH
Stroke Scale (NIHSS) score between 4 and 15. Exclusion criteria were hemorrhagic stroke, severe
cognitive impairment (MMSE < 20), and contraindications to MRI. All participants provided informed
written consent, and the study protocol was approved by the institutional ethics committee. Patients were
randomly assigned into two groups: an intervention group undergoing comprehensive rehabilitation, and
a control group receiving only standard care without specialized training.

2.2. Rehabilitation Program

Participants in the intervention group underwent a structured 12-week multidisciplinary rehabilitation
program. Sessions were conducted five times per week and lasted approximately 90 minutes per day.
The program included the following components:

Physical therapy: Exercises focused on improving gait, balance, and strength.

Occupational therapy: Training to enhance fine motor skills and daily living activities.

Cognitive therapy: Activities designed to stimulate memory, attention, and problem-solving.
Speech therapy (as needed): For participants with mild language or speech difficulties.
Rehabilitation strategies were personalized based on initial clinical evaluation and adjusted weekly.
2.3. MRI Data Acquisition

All MRI scans were performed using a 3.0 Tesla Siemens MRI scanner with a standard 32-channel head
coil. Scans were performed at baseline (pre-rehabilitation) and at the end of the 12-week program (post-
rehabilitation).

The MRI protocol included:
T1-weighted structural imaging for voxel-based morphometry (VBM) analysis
Diffusion Tensor Imaging (DTI) for evaluating white matter integrity (fractional anisotropy, FA)

Functional MRI (fMRI) in resting state and task-based modes to assess functional connectivity and
cortical activation

Standardized head positioning and scanning sequences were used to ensure reproducibility.
2.4. Clinical Assessments

To evaluate functional outcomes, each participant was assessed at baseline and post-intervention using:
NIH Stroke Scale (NIHSS): To measure the severity of neurological deficits

Modified Rankin Scale (mRS): To evaluate functional independence
Barthel Index (BI): To assess performance in daily activities

All clinical assessments were performed by trained neurologists blinded to group allocation.
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2.5. Data Analysis

MRI data were preprocessed and analyzed using SPM12 and FSL software packages. For VBM,
anatomical images were normalized, segmented, and smoothed using a Gaussian kernel. DTI data were
corrected for motion and eddy current distortion, and FA maps were generated for analysis of white
matter tracts. Functional connectivity in fMRI was examined using seed-based correlation analysis.
Statistical analysis was performed using SPSS version 25. Paired t-tests and ANOVA were used to
compare pre- and post-rehabilitation results within and between groups. A p-value of < 0.05 was
considered statistically significant.

Results
3.1. Participant Characteristics

A total of 20 patients were enrolled, with 10 participants in the intervention (rehabilitation) group and
10 in the control group. The average age was 61.2 + 6.4 years, and 55% were male. Baseline
characteristics such as NIHSS score, time since stroke onset, and MRI findings were statistically similar
between the two groups (p > 0.05), ensuring homogeneity.

3.2. Clinical Outcome Improvements

After the 12-week rehabilitation program, patients in the intervention group showed significant
improvement in functional outcomes:

NIH Stroke Scale (NIHSS):
Pre-rehabilitation: Mean score = 9.4 £ 2.1
Post-rehabilitation: Mean score = 5.2 £ 1.8
Improvement: p < 0.001

Modified Rankin Scale (mRS):
Pre:3.5+0.5

Post: 2.1 £0.4

Improvement: p <0.01

Barthel Index (BI):

Pre: 45.5+7.8

Post: 71.2+9.3

Improvement: p < 0.001

The control group, in contrast, showed only minor or statistically insignificant changes across the same
scales (p > 0.05).

3.3. MRI-Based Findings
3.3.1. Structural Changes (VBM)

Voxel-based morphometry revealed increased gray matter volume in key motor-related regions of the
brain in the intervention group:

Primary motor cortex (M1) — bilateral increase in volume
Supplementary motor area (SMA) — visible activation and expansion
Cerebellum (anterior lobe) — improved density

Statistical significance: p < 0.05, corrected for multiple comparisons
3.3.2. White Matter Integrity (DTI)
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DTI results showed increased Fractional Anisotropy (FA) in the corticospinal tract and corpus callosum
in the intervention group, indicating enhanced white matter integrity and potential remyelination
processes: FA values improved from 0.42 £+ 0.05 to 0.49 + 0.06 (p < 0.01)Control group showed no
significant change (p > 0.1)

3.3.3. Functional Connectivity (fMRI)

Resting-state fMRI revealed strengthened connectivity between: The motor cortex and premotor areas
The sensorimotor network and cerebellum. These changes were more pronounced in the intervention
group compared to control. Task-based fMRI during hand movement showed increased bilateral
activation of the motor cortex, especially in the affected hemisphere.

3.4. Correlation Between Imaging and Clinical Data

Pearson correlation analysis demonstrated a strong relationship between MRI-based changes and
functional improvements: Increase in gray matter volume in M1 correlated with NIHSS improvement (r
=-0.71, p < 0.01) Higher FA values were associated with better mRS outcomes (r = -0.65, p < 0.05)
Summary of Results: The findings indicate that structured rehabilitation leads to measurable neurological
recovery, observable both through clinical evaluation and advanced neuroimaging. The combined use of
structural and functional MRI provided a detailed picture of the neuroplastic changes supporting
recovery.

Discussion

The present study demonstrates that magnetic resonance imaging (MRI) is a powerful and non-invasive
tool for evaluating the effectiveness of post-stroke rehabilitation. Over a 12-week structured
rehabilitation period, patients who received multidisciplinary therapy exhibited significant
improvements in clinical outcomes such as motor function, independence, and neurological stability.
More importantly, these functional gains were accompanied by measurable changes in brain structure
and function, as confirmed by voxel-based morphometry (VBM), diffusion tensor imaging (DTI), and
functional MRI (fMRI).These findings support the growing body of literature emphasizing the role of
neuroplasticity in stroke recovery. Structural imaging revealed increases in gray matter volume in motor-
related areas such as the primary motor cortex, supplementary motor area, and cerebellum—regions
known to be involved in voluntary movement and motor coordination. Similar patterns have been
observed in previous studies, such as those by Gauthier et al. (2008) and Schaechter (2004), which
reported rehabilitation-induced cortical reorganization. DTI results in our study showed enhanced white
matter integrity, particularly in the corticospinal tract, suggesting improved axonal connectivity and
possibly remyelination. This aligns with earlier studies (e.g., Lindenberg et al., 2010) demonstrating that
increased fractional anisotropy (FA) correlates with better motor performance and recovery. Functional
MRI revealed increased connectivity between motor regions and the cerebellum, indicating that not only
structural but also functional remodeling occurs in response to targeted therapy. Such functional
plasticity underlines the importance of task-specific rehabilitation in engaging affected neural networks.
The strong correlations observed between MRI-based neuroimaging parameters and clinical scores (e.g.,
NIHSS and mRS) highlight the practical potential of MRI in tailoring rehabilitation. Patients with more
prominent imaging improvements generally exhibited greater functional recovery, suggesting that MRI
could serve as both a diagnostic and prognostic tool in stroke rehabilitation planning. Despite these
promising findings, the study has limitations. The relatively small sample size reduces the statistical
power and generalizability of results. Future studies with larger cohorts, long-term follow-up, and
multicenter designs are necessary to validate and expand these outcomes. Furthermore, cost and
accessibility of MRI may limit its routine use in some healthcare settings, particularly in low-resource
regions.In conclusion, MRI provides a comprehensive picture of the brain’s response to rehabilitation.
Its ability to detect subtle anatomical and functional changes makes it a valuable complement to clinical
assessments. Integrating advanced neuroimaging into post-stroke care protocols could pave the way
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toward more personalized, data-driven rehabilitation approaches—maximizing recovery potential and
improving quality of life for stroke survivors.

Conclusion

This study highlights the significant role of magnetic resonance imaging (MRI) in assessing the efficacy
of post-stroke rehabilitation. The integration of structural and functional MRI modalities—including
voxel-based morphometry (VBM), diffusion tensor imaging (DTI), and functional MRI (fMRI)—
allowed for a multi-dimensional evaluation of neuroplastic changes occurring during recovery. Patients
undergoing structured rehabilitation demonstrated not only improved clinical outcomes, such as
enhanced motor function and independence, but also detectable neurobiological changes, such as
increased gray matter volume, strengthened white matter tracts, and improved functional connectivity.
These results affirm that effective rehabilitation programs lead to measurable brain reorganization, which
underlies functional recovery after ischemic stroke. Moreover, the correlation between imaging findings
and clinical improvements indicates that MRI can serve as a sensitive biomarker for rehabilitation
progress. Such insights can help clinicians develop more targeted, patient-specific rehabilitation
protocols, increasing the likelihood of successful recovery. In conclusion, MRI-based monitoring offers
a powerful approach to optimizing stroke rehabilitation. It bridges the gap between observable clinical
changes and underlying neural mechanisms. To further strengthen its application, future research should
focus on expanding sample sizes, standardizing imaging protocols, and exploring long-term effects.
Ultimately, the integration of advanced neuroimaging into rehabilitation planning holds great promise
for personalizing therapy and improving outcomes for stroke survivors.
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