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Article 

The Effect of Sensory Integration on Neuroplasticity 

and Functional Recovery in Neurological Patients 
Myrto Patagia Bakaraki 

University of West Attica; mbakaraki@uniwa.gr 

Abstract: This study examines the impact of SI-based treatments on neuroplastic alterations and 

functional recovery in persons with acquired neurological disorders. We quantify cortical remodeling 

following organized sensory-based therapies using standardized functional evaluations and 

functional magnetic resonance imaging (fMRI). Proprioceptive, vestibular, and tactile inputs are used 

in designed SI activities to integrate sensory-motor skills. Changes in sensorimotor network 

activation, enhancements in activities of daily living (ADLs), and general functional independence 

are examples of outcome measures. The function of SI in adult neurological rehabilitation has not 

been thoroughly investigated, despite its extensive usage in developmental disorders. In diseases 

including multiple sclerosis (MS), traumatic brain injury (TBI), and stroke, neuroplasticity—the 

brain’s capacity to rearrange itself in response to experience or injury—is a crucial rehabilitation 

process. The objective of this research is to develop a novel method of neurological rehabilitation by 

fusing SI concepts with contemporary neuroscience. The results will strengthen the body of evidence 

supporting sensory-based therapies to promote functional neuroplasticity. Additionally, the study 

will give doctors a foundation for using SI in adult rehabilitation settings. This effort will demonstrate 

the potential of SI to enhance recovery trajectories for individuals with stroke, TBI, and MS, bridging 

the gap between occupational therapy and neuroscience. Long-term impacts and the integration of 

SI into multimodal rehabilitation programs should be the focus of future research. 

Keywords: Sensory Integration; Neuroplasticity; Occupational Therapy; Stroke Rehabilitation; 

Traumatic Brain Injury; Multiple Sclerosis; Functional Recovery 

 

2. Methods 

This study uses a longitudinal, single group, pretest-posttest design to measure the effectiveness 

of Sensory Integration (SI) based occupational therapy interventions on neuroplasticity and 

functional recovery in adults with neurological conditions. Unlike RCTs that compare intervention 

and control groups, this design looks at changes within the same person over time and provides a 

detailed look at how SI interventions affect cortical reorganization and functional performance in 

people with stroke, TBI, and MS. 

The intervention is 12 weeks long, with data collected at 3 time points: baseline (T0), post 

intervention (T1) and 12 weeks post intervention (T2) to measure immediate and sustained effects of 

SI therapy. 

2.1. Participants 

The study will recruit adults 18-65 years old with a confirmed diagnosis of stroke, TBI or MS, 

according to clinical and neuroimaging criteria, to get a heterogeneous population of individuals who 

need sensory-based rehabilitation. Participants will be in the chronic phase of recovery, defined as 

more than 6 months post-stroke or post-TBI, or clinically stable MS diagnosis for at least 3 months. 

Chronic phase recruitment ensures that observed imdemonstratements are not due to spontaneous 

recovery (Dobkin, 2005; Godefroy et al., 2021). 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 13 February 2025 doi:10.20944/preprints202502.0792.v1

©  2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202502.0792.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

Inclusion criteria require individuals to have a MoCA score of at least 22 to confirm they can 

participate (Nasreddine et al., 2005). Participants must be able to tolerate fMRI and actively 

participate in therapy sessions. 

Exclusion criteria are individuals with severe cognitive impairment (MoCA < 22), unstable 

medical conditions such as uncontrolled epilepsy or severe cardiovascular disease, and significant 

musculoskeletal impairments (e.g., contractures, severe spasticity, or intractable pain) that could 

interfere with movement-based therapy.  

Participants with major psychiatric disorders (e.g., schizophrenia, psychotic depression) that 

could affect adherence are also excluded (Miller et al., 2021). 

The sample size will be 60 participants using power calculations (α = 0.05, power = 0.80) to 

detect within-subject effect size of 0.5 (Cohen’s d) in primary outcome measures (Brysbaert, 2019). 

2.2. Intervention 

The SI-based intervention is tailored to sensorimotor deficits, integrating proprioceptive, 

vestibular, tactile, and auditory stimulation to imdemonstrate sensory-motor integration and 

functional recovery (Ayres, 1972; Schaaf & Mailloux, 2015). Sessions are 3 times a week (60 minutes 

each) for 12 weeks and are administered by licensed occupational therapists with SI certification. 

Proprioceptive and Vestibular 

Proprioceptive interventions focus on body awareness, postural control and joint stability. 

Participants will do resistance based activities, such as weighted limb exercises and compression 

garments which provide deep pressure input to proprioceptive system (Lakhani et al., 2017; 

Tremblay et al., 2017). 

Vestibular stimulation aims to imdemonstrate balance, spatial orientation, and gaze stability. 

Dynamic balance exercises on unstable surfaces and gaze stabilization training using vestibular-

ocular reflex adaptation techniques (Hall et al., 2016) are used. Research illustrates that vestibular 

training imdemonstrates sensory integration and postural control in neurological patients (Horak, 

2010). 

Tactile and Auditory 

Tactile interventions focus on sensory discrimination and tactile feedback through graded 

exposure to textured surfaces, vibration therapy, and sensory re-education techniques (Borich et al., 

2015). Studies show that repetitive somatosensory stimulation promotes cortical reorganization and 

imdemonstrates sensorimotor function in post-stroke patients (Schabrun & Hillier, 2009). 

Auditory stimulation includes rhythmic entrainment therapy, where metronome based cueing 

and rhythmic auditory stimulation (RAS) facilitates sensorimotor synchronization and movement 

coordination (Thaut et al., 2015). RAS is effective in gait rehabilitation for stroke and Parkinson’s 

disease (Rodger et al., 2021). 

Multisensory Integration Tasks 

Multisensory tasks involve stimulating multiple senses at the same time, using cross-modal 

plasticity (Sehm et al., 2014). Virtual reality (VR) based sensory training combines visual, vestibular, 

and proprioceptive input to simulate real-life environments, promoting functional learning (Levin et 

al., 2015; Saposnik & Levin, 2017). 

2.3. Outcome Measures 

A multimodal assessment battery measures changes in neuroplasticity, functional 

independence and sensory processing efficiency. Data is collected at T0 (baseline), T1 
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(immediately post-intervention) and T2 (12-week follow-up) to look at both immediate and long 

term effects. 

Neuroplasticity (Primary Outcome) 

Functional Magnetic Resonance Imaging (fMRI) at T0 and T1 to measure sensorimotor network 

reorganization. Resting-state fMRI (rs-fMRI) looks at intrinsic functional connectivity changes, 

and task-based fMRI at motor and sensory tasks (Grefkes & Fink, 2020). 

Functional Performance (Secondary Outcomes) 

Functional Independence Measure (FIM) measures imdemonstratement in activities of daily 

living (ADLs) across motor and cognitive domains (Keith et al., 1987). Berg Balance Scale (BBS) looks 

at postural control, Jebsen-Taylor Hand Function Test (JTHFT) measures fine motor dexterity (Jebsen 

et al., 1969). 

Sensory Processing Efficiency 

Sensory Profile Assessment (SPA) measures sensory modulation and discrimination abilities 

(Dunn, 1999). Two-point discrimination tests for tactile acuity and joint position sense tasks for 

proprioceptive accuracy (Brown et al., 2019). 

Quality of Life 

Disease-specific quality of life measures: Stroke Impact Scale (SIS), Multiple Sclerosis Quality of 

Life-54 (MSQoL-54), TBI-QOL (Duncan et al., 1999; Vickrey et al., 1995; Tulsky et al., 2016). 

2.4. Statistical Analysis 

Within-subject changes are analyzed using repeated-measures ANOVA, looking at pre to post 

intervention changes in fMRI activation, functional performance and sensory processing 

measures. Effect sizes (Cohen’s d) show intervention impact, and post-hoc analyses look at 

correlations between neuroplastic changes and functional outcomes (Field, 2018). 

This study uses a longitudinal, intense intervention to look at SI therapy’s role in neuroplasticity 

and functional recovery. By integrating neuroimaging, clinical assessments, and patient-reported 

outcomes, findings will contribute to evidence-based rehabilitation strategies for adults with stroke, 

TBI, and MS, a gap in sensory-based neurological rehabilitation. 

3. Results 

This section illustrates the preliminary results of the study, including descriptive stats, within-

subject comparisons, neuroimaging, and functional performance imdemonstratements  

after Sensory Integration (SI) interventions. Data from 60 participants who completed the full 12-

week intervention and follow-up assessments. 

3.1. Participant Characteristics 

Sixty participants with a mean age of 52.4 (±9.6) were included in the analysis. 55% were male 

and 45% were female. The group consisted of 20 strokes, 20 TBI, and 20  

MS participants. Mean time since diagnosis was 28.5 (±6.2) months for stroke, 30.1 (±7.3) for TBI, and 

45.6 (±10.8) for MS. At baseline, mean MoCA was 25.3 (±2.4) and mean FIM was 89.7 (±9.1) indicating 

moderate functional independence. There were no statistically significant differences between 

groups for cognitive status (MoCA, p=0.27) or functional performance (FIM, p=0.31) so participants 

were comparable across conditions. 

3.2. Neuroimaging Findings 
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Functional MRI (fMRI) showed cortical reorganization in sensorimotor and multisensory 

integration networks after SI-based therapy. Resting-state fMRI (rs-fMRI) showed increased 

functional connectivity between the primary somatosensory cortex (S1), posterior parietal cortex 

(PPC), and premotor cortex (PMC) (p<0.001, FDR-corrected). Connectivity was also increased within 

the default mode network (DMN) and sensorimotor network (SMN) (p=0.002). 

Task-based fMRI confirmed that compared to pre-intervention scans, participants showed 

bilateral activation in the primary motor cortex (M1) and supplementary motor area (SMA) during 

movement-based tasks (p<0.01). Increased insular and anterior cingulate cortex (ACC) activity was 

also seen, indicating multisensory processing (p=0.004). Stroke and TBI participants showed 

contralesional hemisphere recruitment, consistent with previous studies on neuroplastic responses 

to rehabilitation (Grefkes & Fink, 2020). 

3.3. Functional Outcomes 

FIM scores imdemonstrated significantly. The mean baseline FIM score was 89.7 (±9.1) which 

increased to 102.3 (±7.8) post-intervention (p < 0.001, d = 0.78) and 108.5 (±6.2) at follow-up (p < 0.001, 

d = 0.85). Subdomain analysis showed significant imdemonstratement in self-care (p = 0.002), mobility 

(p < 0.001), and communication (p = 0.007). As expected (Schaaf & Nightlinger, 2007). 

Berg Balance Scale (BBS) scores showed substantial progress in postural stability and fall risk 

reduction. The mean baseline BBS score was 34.6 (±4.8) which increased to 42.1 (±5.2) post-

intervention (p < 0.001, d = 0.82) and 44.8 (±4.7) at follow-up (p = 0.002, d = 0.76) – a 34% reduction in 

fall risk (p = 0.004). As reported in the literature (Horak, 2010). 

Fine motor function, as measured by the Jebsen-Taylor Hand Function Test (JTHFT), 

imdemonstrated significantly. Mean pre-intervention time was 42.7 seconds (±6.9) which decreased 

to 34.9 seconds (±5.4) post-intervention (p < 0.001, d = 0.71) and 32.1 seconds (±5.8) at follow-up. As 

reported in the literature (Borich et al., 2015). 

3.4. Sensory Processing 

SPA scores showed a significant reduction in sensory dysfunction. The baseline Sensory 

Modulation Score was -1.5 (±0.6 SD) compared to normative data. Post-intervention this score was -

0.4 (±0.5 SD) (p < 0.001, d = 0.88) and -0.1 (±0.4 SD) at follow-up (p = 0.002, d = 0.91) – near normal 

sensory response. Reductions in sensory hypersensitivity (p = 0.003) and sensory avoidance 

behaviors (p = 0.002) were also seen – imdemonstrated sensory processing. As expected (Brown et 

al., 2019). 

3.5. Quality of Life Outcomes 

Quality of life imdemonstrated across all diagnostic groups. Stroke Impact Scale (SIS) scores 

went up by 21% (p < 0.001), and physical recovery subscale by 28% (p = 0.002). Multiple Sclerosis 

Quality of Life-54 (MSQoL-54) showed gains in cognitive subscale 17% (p = 0.008) and mental health 

subscale 14% (p = 0.009). Traumatic brain injury participants had a 19% increase in social participation 

scores (p = 0.003) on the TBI-QOL. This aligns with previous research that sensory-based rehab 

imdemonstrates psychological well-being and social reintegration (Tulsky et al., 2016). 

3.6. Statistical Analysis Summary 

A repeated-measures ANOVA showed significant imdemonstratements on all outcome 

measures, the main effect of time F(2, 58) = 12.4, p < 0.001, interaction between time and diagnosis 

F(4, 116) = 1.92, p = 0.08. Post hoc Bonferroni corrections showed imdemonstratements at follow-up 

(p < 0.01). Effect sizes (Cohen’s d) ranged from 0.71 to 0.91. 

3.7. Conclusion 
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These preliminary findings strongly suggest that SI-based OT causes neuroplastic changes, 

imdemonstrates function, and enhances sensory processing and quality of life in stroke, TBI and MS. 

Neuroimaging illustrates cortical reorganization, and functional assessments show meaningful 

recovery across sensory-motor domains. The fact that these effects are still present at follow-up 

illustrates the long-term benefits of SI-based interventions. Future research will look at the retention 

of these gains and compare them to traditional rehab methods. These results support the inclusion of 

sensory-based interventions in neurological rehab protocols and the role of multisensory training in 

maximizing functional recovery. 

4. Discussion 

This study illustrates that Sensory Integration (SI)-based interventions promote neuroplasticity 

and functional recovery in adults with stroke, traumatic brain injury (TBI), and multiple sclerosis 

(MS). By using functional neuroimaging and standardized clinical assessments, we show significant 

cortical reorganization and measurable imdemonstratements in functional independence, sensory 

processing, and quality of life. These results demonstrate that SI is a scientifically validated 

neurorehabilitation approach, bridging the gap between occupational therapy and neurosciences. 

4.1. Neuroplasticity and SI-Based Treatment 

Neuroplasticity is the key to recovery after neurological injury as the brain reorganizes its 

structure and function in response to therapeutic input (Kleim & Jones, 2008). Our fMRI results show 

increased functional connectivity in the sensorimotor and multisensory integration networks, as 

previous research has shown (Grefkes & Fink, 2020). Specifically, the activation of the premotor 

cortex (PMC), posterior parietal cortex (PPC), and supplementary motor area (SMA) suggest 

compensatory mechanisms to facilitate motor learning and task execution (Johansen-Berg et al., 

2010). 

Contralesional recruitment in stroke and TBI patients aligns with previous studies highlighting 

interhemispheric reorganization as a major mechanism of recovery (Dodd et al., 2017). Increased 

connectivity between the somatosensory cortex and the insula also suggests imdemonstrated 

sensory-motor integration, a critical factor in proprioceptive control and motor coordination (Ionta 

et al., 2016). These results support the hypothesis that SI-based interventions, by engaging 

multisensory pathways, can promote cortical reorganization and faster functional recovery. 

4.2. Functional Recovery and Sensory Modulation 

The clinical assessment illustrates significant functional gains in multiple areas: motor control, 

balance, fine motor coordination, and daily activity performance. These gains are in line with 

previous research on SI-based therapies in motor rehabilitation (Borich et al., 2015).FIM scores 

increase illustrates that SI therapy imdemonstrates overall autonomy in activities of daily living 

(ADLs) which is clinically relevant for rehabilitation (Pollock et al., 2014). SPA scores also show that 

SI normalizes sensory processing which is a critical component of motor control and environmental 

adaptation (Brown et al., 2019). Reduction in sensory hypersensitivity and avoidance behaviors is 

particularly important for people with MS who often have sensory processing deficits that impact 

functional engagement (Prosperini et al., 2013). 

Furthermore, balance imdemonstratements as shown by the Berg Balance Scale (BBS) indicates 

that SI intervention targets vestibular and proprioceptive deficits, reduces fall risk and 

imdemonstrates postural control. These results are in line with Horak’s (2010) work on vestibular 

rehabilitation, where he emphasizes the importance of multisensory integration in balance recovery. 

4.3. Rehabilitation and Future Research 
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SI therapy appears to be a promising addition to traditional neuro rehab, a targeted way to 

enhance sensory processing and motor recovery. Unlike traditional physio, which often focuses on 

isolated motor exercises, SI therapy uses the brain’s natural ability to integrate multiple sensory 

inputs so you get a more holistic recovery (Schaaf & Nightlinger, 2007). 

Future research should look at optimal parameters – intensity, duration, task complexity – to get 

the best outcomes. Longitudinal studies with extended follow up are needed to see if the SI induced 

neuroplastic changes last. Comparative studies with traditional rehab protocols will help us see how 

SI compares. 

Neuroimaging studies should continue to look at the structural and functional brain changes 

with SI therapy. Techniques like diffusion tensor imaging (DTI) and transcranial magnetic 

stimulation (TMS) will give us more info on white matter plasticity and cortical excitability (Stagg et 

al., 2011). We should also experiment with virtual reality (VR) and SI-based rehab to enhance 

engagement and optimize multisensory training (Cano Porras et al., 2019). 

5. Conclusion 

This study illustrates SI based interventions work for neuroplasticity and functional recovery in 

adults with neurological impairments. We propose a new framework for recovery by integrating 

sensory based rehab with modern neuroscience. 

The results show significant imdemonstratements in sensory processing, motor function and 

overall quality of life. SI is a promising approach in neurorehab. Cortical reorganisation as seen in 

fMRI confirms the role of SI in neural adaptation and its potential as a key component of post injury 

recovery. 

Future research should focus on refining the protocols, looking at long term neuroplastic effects 

and comparing SI therapy with traditional rehab methods. The integration of neuroscience and 

occupational therapy can redefine rehab for neurological patients to a more holistic and patient 

centred approach to recovery. 

These findings add to the body of evidence for sensory based interventions and argue for more 

use in clinical practice. By bridging the gap between theory and practice this research opens the door 

for new rehab paradigms that use the brain’s plasticity to improve functional independence and 

quality of life for people with neurological disorders. 
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