International Journal of Medical and Pharmaceutical Sciences
Open access peer-reviewed Journal

Volume 2, Issue 3, Page 312-328.
https://doi.org/10.5281/zenodo.19133762

Review Article

Optimizing Recovery After Stroke: A Multidisciplinary

Rehabilitation Perspective

Pallavolu Sravya*!, Abu Sufiyan?, Dantu Lakshmi Sravani?, P. Sailaja?, M. Bhargavi®, Yadala

Prapurna Chandra*

'Ratnam Institute of Pharmacy, Pidatapolur (V & P), Muthukur (M), SPSR Nellore, Andhra Pradesh 524346
2Assistant Professor, Department of Pharmacology, Ratnam Institute of Pharmacy, Pidatapolur (V & P), Muthukur (M),

SPSR Nellore, Andhra Pradesh 524346

3Associate Professor, Department of Pharmacy Practice, Ratnam Institute of Pharmacy, Pidatapolur (V & P), Muthukur

(M), SPSR Nellore, Andhra Pradesh 524346

“Principal and Professor, Department of Pharmacology, Ratnam Institute of Pharmacy, Pidatapolur (V & P), Muthukur

(M), SPSR Nellore, Andhra Pradesh 524346

Worldwide, stroke is the most significant cause of long-term disability. Survivors frequently experience persistent
motor, cognitive, speech, and psychosocial impairments that limit their independence and reduce their quality of life.
Despite the improvement in survival rates due to advances in acute stroke management, functional recovery remains
highly variable and often incomplete. Therefore, post-stroke rehabilitation plays a crucial role in reducing disabilities
and promoting social reintegration. Increasing evidence supports the effectiveness of coordinated multidisciplinary
rehabilitation models that integrate medical, physical, cognitive, psychological, and social interventions across the
continuum of care. This narrative review provides a comprehensive overview of contemporary post-stroke
rehabilitation strategies from a multidisciplinary perspective. The pathophysiological basis of post-stroke disability
is outlined, followed by the key principles guiding rehabilitation, including early initiation, task-specific training,
intensity of therapy, and patient-centered goal-setting. The roles of core rehabilitation team members, including
neurologists, physiotherapists, occupational therapists, speech and language therapists, nurses, clinical pharmacists,
neuropsychologists, and social workers, are discussed in detail in this review. Phase-wise rehabilitation strategies
spanning the acute, subacute, and chronic stages of recovery are highlighted. Emerging rehabilitation modalities,
such as robot-assisted therapy, virtual reality, functional electrical stimulation, and telerehabilitation, are also
reviewed. Finally, challenges to effective rehabilitation implementation and future directions, including precision
rehabilitation and digital health integration, are explored in this review. Strengthening multidisciplinary rehabilitation
services is essential for optimizing functional recovery, improving the quality of life, and reducing the long-term
burden of stroke.

Keywords: Stroke rehabilitation; Multidisciplinary care; Neuroplasticity; Functional recovery; Telerehabilitation;
Quality of life.

INTRODUCTION

Stroke remains one of the most common causes of
death and disability globally.! Although mortality
rates have declined owing to advances in acute stroke
management, including reperfusion therapies and
improved supportive care, the prevalence of stroke-
related disabilities continues to rise.? A substantial

proportion of stroke survivors experience long-term
impairments that limit their independence, reduce
their participation in daily activities, and negatively
impact their quality of life.® These impairments place
a considerable burden on families, caregivers, and
healthcare systems, highlighting the need for effective
rehabilitation strategies.* Acute medical and
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interventional management alone are insufficient to
address the complex and multifaceted consequences
of stroke. Survivors frequently suffer from motor
weakness, spasticity, sensory loss, balance problems,
speech and swallowing disorders, cognitive deficits,
and emotional disturbances, such as depression and
anxiety.>8 Without appropriate rehabilitation, these
deficits may persist or worsen, leading to secondary
complications, institutionalization, and reduced
survival.” Post-stroke rehabilitation is a dynamic and
goal-oriented process aimed at minimizing disability,
restoring function, and facilitating reintegration into
society. In recent decades, rehabilitation has evolved
from  discipline-specific  interventions to a
coordinated, multidisciplinary model of care.?* This
approach recognizes that stroke affects multiple
functional domains and therefore requires the
expertise of various healthcare professionals working
collaboratively toward shared goals.® The concept of
neuroplasticity has further strengthened the scientific
basis of rehabilitation. The brain’s ability to
reorganize and adapt following an injury can be
enhanced through targeted, repetitive, and task-
specific training.>° Early initiation of rehabilitation,
appropriate intensity, and continuity of care across
different phases of recovery are critical factors
influencing outcomes.’*2 In addition, patient
motivation, caregiver involvement, and access to
rehabilitation services play important roles in
determining recovery trajectories.’®* This review
aimed to provide a comprehensive overview of post-
stroke rehabilitation strategies from a
multidisciplinary perspective. By outlining the
principles of rehabilitation, the roles of different team
members, phase-wise interventions, emerging
technologies, and current challenges, this review
emphasizes the importance of integrated
rehabilitation in optimizing functional recovery and
quality of life post-stroke.

2. Pathophysiological Basis of Post-Stroke

Disability

Stroke results in focal or global neurological injury
due to ischemic or hemorrhagic disruption of cerebral
blood flow, leading to neuronal death, synaptic
dysfunction, and network disconnection.? The
resulting impairments depend on the lesion location,
size, and severity, as well as the pre-existing
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comorbidities. Motor deficits are the most visible
sequelae and commonly arise from damage to the
corticospinal tract, manifesting as hemiparesis,
spasticity, abnormal synergies, and reduced motor
control.%  Sensory  impairments, including
proprioceptive loss and visuospatial neglect, further
compromise balance and functional performance.®®
Cognitive dysfunction, which affects attention,
memory, executive function, and processing speed, is
highly prevalent and often under-recognized;
however, it is strongly associated with poor
rehabilitation outcomes.’® Communication disorders,
such as aphasia, dysarthria, and apraxia of speech,
impair social participation, whereas dysphagia
increases the risk of aspiration pneumonia,
malnutrition, and death.”> Psychological and
emotional disturbances, including post-stroke
depression, anxiety, emotional lability, and apathy,
negatively influence motivation and engagement in
rehabilitation.'” Stroke recovery is mediated by
neuroplasticity, which is the brain’s ability to
reorganize neural networks through synaptic
strengthening, cortical remapping, and compensatory
pathway recruitment.®!° Rehabilitation interventions
that harness experience-dependent neuroplasticity
through repetitive task-specific practice is the basis of
functional recovery.

3. Principles of Post-Stroke Rehabilitation

Post-stroke rehabilitation is guided by several core
principles supported by international guidelines and
clinical evidence.®!! Early initiation of rehabilitation,
once the patient is medically stable, is associated with
improved functional outcomes and reduced
complications.'?> Task-specific training emphasizes
meaningful functional activities and enhances motor
learning and cortical reorganization.® The intensity,
frequency, and repetition of therapy are critical
determinants of recovery, with higher doses generally
associated with greater gains.’®!® Rehabilitation
should be individualized, goal-oriented, and patient-
centered, considering the survivor’s impairments,
preferences, psychosocial context, and environmental
factors.®® The active involvement of caregivers
enhances continuity of care and supports long-term
adherence.* Interdisciplinary communication and
coordinated care planning ensure that rehabilitation
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goals are aligned across disciplines, preventing
fragmentation and duplication of services.?

4. Multidisciplinary Rehabilitation Team and
Their Roles

Stroke recovery is a complex, dynamic process that
extends beyond neurological stabilization and
requires coordinated interventions in the physical,
cognitive, psychological, and social spheres.® A
multidisciplinary rehabilitation team (MDT) is central
to delivering comprehensive, patient-centered care,
with each professional contributing specialized
expertise while working toward shared functional
goals.® Evidence consistently demonstrates that
organized team-based rehabilitation improves
survival, functional independence, and quality of life
compared to fragmented or discipline-isolated care.>*

4.1 Neurologist / Rehabilitation Physician
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Neurologists  and  rehabilitation  physicians
(physiatrists) play a crucial leadership role in post-
stroke rehabilitation.? Responsibilities included
medical stabilization, determination of stroke
etiology, and initiation of secondary prevention
strategies to reduce the risk of recurrence.® During the
rehabilitation phase, the physician oversees the
comprehensive assessment, prognostication, and
coordination of individualized rehabilitation plans.2
Medical management of post-stroke complications,
such as spasticity, pain syndromes, seizures, fatigue,
autonomic  dysfunction, bladder and bowel
disturbances, and post-stroke shoulder pain, is
essential for enabling rehabilitation participation in
patients ~ with  stroke!®?, Pharmacological
interventions, including antispasticity agents and
neuromodulators, are optimized to support functional
recovery while minimizing the adverse effects.® The
rehabilitation physician also ensures continuity of
care across the acute, subacute, and chronic phases,
and facilitates interdisciplinary ~communication
within the MDT.2

Figure 1. Multidisciplinary Model of Post-Stroke Rehabilitation

A central illustration of the stroke survivor
surrounded by interconnected rehabilitation team
members (physician, physiotherapist, occupational
therapist, speech therapist, nurse, pharmacist,
neuropsychologist, and social worker), demonstrating
coordinated, patient-centered care.

4.2 Physiotherapy Interventions

Physiotherapists focus on restoring mobility, postural
control, balance, strength, endurance, and gait in
stroke patients.2® Interventions are grounded in the
principles of motor learning and neuroplasticity,
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emphasizing repetitive, task-specific, and
progressively challenging activities.>®

Key physiotherapy strategies include the following:

e Gait training and locomotor rehabilitation?*

e Balance and postural stability exercises®®

e Strength and endurance conditioning®

e Motor relearning and coordination training®

e Prevention of secondary musculoskeletal
complications??

Advanced technigues, such as robot-assisted therapy,
functional electrical stimulation, treadmill training
with body weight support, and task-oriented practice,
are increasingly being integrated into physiotherapy
programs.®514 Physiotherapists also play a critical
role in fall prevention, cardiorespiratory conditioning,
and promotion of physical activity across the recovery
continuum.®

4.3 Occupational Therapy Strategies

Occupational  therapists aim to  maximize
independence and participation in meaningful
activities of daily living (ADL).2 Therapy focuses on
activities of daily living (ADLSs), such as feeding,
dressing, grooming, toileting, household tasks, and
instrumental ADLs®, including cooking, financial
management, and community mobility.*3

Occupational interventions include the

following:

therapy

e Upper-limb motor rehabilitation and fine motor
training®*®

e Cognitive-perceptual retraining

e Adaptive equipment prescription®

e Environmental modification of home and
workplace settings**

e Energy conservation and fatigue management
strategies'®

Occupational therapists support reintegration into
vocational roles and social participation by addressing
the physical and cognitive barriers to participation.'*
Their role is especially critical in enabling the
functional transfer of motor gains into real-world
performance.®
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4.4 Speech and Language Therapy

Speech and language therapists (SLTs) manage
communication and swallowing disorders that are
commonly encountered after stroke.!> Aphasia,
dysarthria, apraxia of speech, and cognitive
communication impairments significantly affect
patient’s social participation and quality of life.!?!3

The SLT interventions included

e Language therapy for expressive and receptive
aphasia'?

e Speech intelligibility training for dysarthria®?

e  Cognitive-communication rehabilitation®*

e Dysphagia assessment and management*?

Early identification and management of swallowing
disorders reduces the risk of aspiration pneumonia,
malnutrition, and dehydration.’> SLTs also educate
caregivers and provide compensatory communication
strategies, augmentative and alternative
communication tools, and home-based therapy
programs for patients with dysphagia.*?

4.5 Neuropsychological and Psychiatric Care

Cognitive impairment and mood disorders are highly
prevalent after stroke and can profoundly influence
rehabilitation, engagement, and the outcomes.}*’
Neuropsychologists assess deficits in attention,
memory, executive function, visuospatial processing,
and behavior using standardized assessment tools.**

Interventions include:

e Cognitive rehabilitation and
strategies'

e Behavioral therapy and emotional regulation
support!’

e Management of post-stroke depression, anxiety,

and emotional lability'’

compensatory

Psychiatric care may involve both pharmacological
and nonpharmacological interventions.r” Early
identification and treatment of psychological sequelae
improve motivation, adherence to therapy, and long-
term recovery trajectories.'

4.6 Nursing Role in Stroke Rehabilitation

INTERNATIONAL JOURNAL OF MEDICAL AND PHARMACEUTICAL SCIENCES 315



Original Article

Rehabilitation nurses provide continuous patient-
centered care and play a vital role in translating
therapeutic goals into daily practice.?2 Their
responsibilities include monitoring the neurological
and medical status, assisting with mobility and self-
care, and preventing complications such as pressure
ulcers, infections, deep wvein thrombosis, and
contractures.'216

Nurses also:

o Reinforce rehabilitation strategies during routine
care?

e Educate patients
management*®

e Coordinate care
planning'

and caregivers on self-

transitions and discharge

Through sustained patient interaction, nurses act as
key facilitators of functional recovery and caregiver
confidence.?

4.7 Clinical Pharmacist in Post-Stroke Care

Clinical pharmacists should contribute to safe and
effective medication management during
rehabilitation.?®  Their roles include optimizing
pharmacotherapy for secondary stroke prevention,
managing polypharmacy, identifying drug-related
problems, and monitoring adverse drug reactions. ¢

Pharmacist-led interventions included:

e Medication reconciliation during transitions of
care®

e Adherence counseling and patient education?

e Dose adjustments based on renal or hepatic
function®

e Prevention of drug-drug and drug-disease
interactions?
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Clinical pharmacists support both short- and long-
term rehabilitation by improving medication safety
and treatment adherence.?

4.8 Social Worker and Community Reintegration

Social workers address the social, financial, and
environmental determinants of recovery and
rehabilitation and play a crucial role in discharge
planning, coordination of community resources, and
long-term support.**

The key responsibilities are as follows,

e Assessment of social support systems*

e Facilitation of access to rehabilitation services?
e Vocational counseling and disability support
e Caregiver education and psychosocial support®

Social workers play a central role in promoting
community reintegration, reducing caregiver burden,
and ensuring continuity of care beyond institutional
settings.*

4.9 Interdisciplinary Collaboration and Team-
Based Care

Effective stroke rehabilitation depends not only on
individual expertise, but also on structured
collaboration, shared goal-setting, and regular
interdisciplinary communication.?** MDT meetings,
standardized outcome assessments, and coordinated
care pathways enhance the efficiency and consistency
of rehabilitation.? A well-integrated MDT ensures that
rehabilitation addresses impairments, activity
limitations, and participation restrictions, thereby
aligning therapeutic interventions with patient
priorities and life contexts.?%

Table 1. Roles of the Multidisciplinary Stroke Rehabilitation Team

Team member

Key responsibilities

Neurologist /
Rehabilitation Physician

Medical stabilization, prognosis, secondary stroke prevention,
spasticity and pain management

Physiotherapist

Motor relearning, gait training, balance, strength, endurance

Occupational therapist

Activities of daily living, upper-limb rehabilitation, adaptive

strategies, home modification

Speech and language
therapist

Aphasia, dysarthria, dysphagia management, communication

strategies
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Neuropsychologist /
Psychiatrist

Cognitive rehabilitation, mood and behavioral management

Nurse

Prevention of complications, patient monitoring, education
and caregiver training medication optimization, drug-red
problem identification, adherence counseling

Clinical pharmacist

Medication optimization, drug-red problem identification,

adherence counseling

Social worker

Discharge planning, community reintegration, vocational and

caregiver support

5. Phase-Wise Rehabilitation Across the Stroke
Continuum

5.1 Acute Phase Rehabilitation
The acute phase focuses on medical stabilization,

prevention  of  complications, and early

Acute Phase
(Early Mobilization,
Prevention of Complications)

Subacute Phase
(Intensive MDT
Rehabilitation)

mobilization.>?® Rehabilitation interventions include
positioning, range-of-motion exercises, early sitting
and standing, respiratory care, and swallowing
assessment.>1? Early mobilization reduces the risk of
pressure ulcers, deep vein thrombosis, and
deconditioning when applied judiciously.*23t

Chronic Phase
(Community &
Telerehabilitation)

]

Figure 2. Stroke Recovery Timeline and Rehabilitation Interventions

A horizontal timeline illustrating acute, subacute, and
chronic phases of stroke recovery, with corresponding
rehabilitation intensity and modalities (early
mobilization, intensive therapy, advanced
technologies, community-based rehabilitation).

5.2 Subacute Phase Rehabilitation

The subacute phase represents the period of greatest
recovery  potential owing to  heightened
neuroplasticity.>?®  Intensive  multidisciplinary
inpatient or outpatient rehabilitation aims to restore
functional  independence  through  structured

physiotherapy, occupational therapy, speech therapy,
and cognitive rehabilitation.?°!*  Goal-directed
training and progressive task complexity are
emphasized.?>2®

5.3 Chronic and Community-Based Rehabilitation

In the chronic phase, rehabilitation shifts toward long-
term maintenance, adaptation, and participation.®**
Community-based  programs, home  exercise
regimens, vocational rehabilitation, and
telerehabilitation support sustained recovery, social
reintegration, and quality of life.”*4

Table 2. Phase-Wise Stroke Rehabilitation Strategies

Rehabilitation phase Primary goals

Key interventions

Acute phase
prevention

Stabilization, complication

Early mobilization, positioning,
swallowing screening, nursing care

Sub-acute phase

Functional recovery

Intensive PT/OT, speech therapy,
cognitive rehabilitation

Chronic phase

Long-term participation

Home-based programs, telerehabilitation,
vocational and social reintegration
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6. Rehabilitation Modalities and Emerging
Technologies in Stroke Rehabilitation

Technological innovations are transforming post-
stroke rehabilitation by enhancing therapy intensity,

personalization, accessibility, and  outcome
monitoring.82®  Emerging modalities, including
robotics-assisted therapy, virtual reality (VR),
artificial intelligence (Al), functional electrical

stimulation (FES), wearable sensors, brain—computer
interfaces (BCls), and telerehabilitation, are
increasingly being integrated into multidisciplinary
stroke care.”1°%0 These technologies aim to augment
conventional therapy rather than replace clinician-
guided rehabilitation.®

6.1 Constraint-Induced Movement
(CIMT)

Therapy
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Constraint-Induced Movement Therapy (CIMT) is an
evidence-based neurorehabilitation approach
designed to improve upper limb function following
stroke. It is based on the principle of overcoming
“learned non-use,” a phenomenon in which patients
preferentially rely on the unaffected limb, leading to a
further decline in the functional use of the paretic
extremity.®>? CIMT promotes intensive task-specific
practice in the affected limb while restraining the
unaffected limb for a defined period each day.

Principle and Neurophysiological Basis

e Targets learned non-use and promotes active
engagement of the paretic limb.?®

e Encourages experience-dependent
neuroplasticity through repetitive, task-oriented
training.82

e Facilitates cortical reorganization and motor map
expansion in the affected hemisphere.?

Constraint-Induced Movement Therapy

Figure 3. Constraint-Induced Movement Therapy (CIMT)

A patient undergoing constraint-induced movement
therapy, in which the unaffected upper limb is
restrained to promote repetitive, task-specific use of
the affected limb. CIMT is designed to overcome
learned non-use and enhance cortical reorganization
through intensive motor practice.

Core Components of CIMT

1. Constraint on the unaffected limb (mitt, sling, or
splint) for several hours per day.

2. Intensive task-oriented training of the affected
limbs.

3. Shaping techniques involve progressively more
challenging motor tasks.

4. Transfer package strategies encourage real-world
use of the affected limb.3%

Classification
» Traditional CIMT:

e Restraint of the unaffected limb for ~90% of
waking hours.

e Intensive therapy (up to 6 hours/day for 2-3
weeks).

» Modified CIMT (mCIMT):

INTERNATIONAL JOURNAL OF MEDICAL AND PHARMACEUTICAL SCIENCES 318



Original Article

o Reduced restraint duration and lower therapeutic
intensity.
e More feasible in routine clinical settings.>*°

Evidence and Clinical Effectiveness

High-quality randomized controlled trials and
systematic reviews have demonstrated that CIMT
significantly improves motor function, arm use, and
functional independence in selected stroke survivors
with some residual voluntary movement.®>1°2% The
benefits are particularly evident in the subacute and
chronic stroke phases when patients retain minimal
wrist and finger extension.?® Dose-response
relationships suggest that higher intensity and
repetition enhance outcomes, aligning with modern
neurorehabilitation  principles. 2%  CIMT s
recommended in contemporary stroke rehabilitation
guidelines as part of upper limb motor recovery
programs.®24

Limitations and Considerations

e Requires patient
abilities

motivation and cognitive

Robotics-Assisted Rehabilitation
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e Not suitable for patients with severe motor
deficits or significant spasticity.*?

e May lead to fatigue or frustration
individualized.?

if not

Overall, CIMT remains a cornerstone intervention in
upper-limb stroke rehabilitation, supported by strong
evidence and grounded in neuroplastic principles,
particularly when integrated into a multidisciplinary
and task-oriented rehabilitation framework.?®

6.2 Robotics-Assisted Rehabilitation

Robotic devices provide repetitive, high-intensity,

task-specific training for both upper and lower

limbs.'® These systems can be categorized as

follows:

e End-effector limb
movement)

e Exoskeleton robots (align with anatomical joints)

e Robot-assisted gait trainers (e.g., body-weight-
supported treadmill systems)

robots (focus on distal

Figure 4. Robotics-Assisted Rehabilitation

Upper-limb robotic-assisted therapy demonstrating
task-oriented, repetitive movement training with real-
time feedback. Robotic systems facilitate high-
intensity, precise, and quantifiable  motor
rehabilitation to improve strength, coordination, and
functional recovery. Robotic therapy allows for
precise control of movement parameters, including
the range of motion, velocity, resistance, and task
difficulty.™ Importantly, robotics enables the delivery
of hundreds to thousands of movement repetitions per

session, which is substantially higher than that of
conventional therapy, thereby promoting experience-
dependent neuroplasticity.>? Evidence suggests that
robot-assisted upper limb rehabilitation improves
motor impairment, particularly when it is combined
with conventional physiotherapy.® Lower limb
robotic systems enhance gait symmetry, endurance,
and walking speed, particularly in patients with
subacute stroke.?* However, functional carryover to
real-world activities remains dependent on integration
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with task-oriented therapy, guided by clinicians.?
However, their high cost, infrastructure requirements,
and need for trained personnel may restrict their
accessibility in low-resource settings.?

6.3 Virtual and Gamified

Rehabilitation

Reality (VR)
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Virtual reality—based therapy creates immersive or
semi-immersive environments in which patients
perform goal-directed tasks.”?® VR systems range
from:

e Non-immersive systems (screen-based interactive
platforms)

e Semi-immersive systems

e Fully immersive head-mounted displays

Virtual Reality Therapy

Figure 5. Virtual Reality (VR)-Based Rehabilitation

A patient engaging in immersive virtual reality
therapy using motion controllers. VR-based
rehabilitation provides interactive, task-specific
training environments that enhance motivation, motor
learning, and neuroplasticity through multisensory
feedback. VR enhances engagement, motivation, and
adherence through gamification principles.?® Real-
time visual and auditory feedback supports motor
learning, balance training, and  cognitive
rehabilitation.??® VR has demonstrated benefits in
improving upper limb function, postural control,
spatial awareness, and even cognitive domains, such
as attention and executive function”?. Exergaming
platforms and motion-sensor systems allow patients
to practice functional tasks in simulated real-world
environments, thereby improving skill
transferability.?t Furthermore, VR enables graded

task progression and data capture for objective
performance monitoring.?® Barriers include motion
sickness in some users, equipment costs, and the need
for standardized protocols.’

6.4 Artificial Intelligence and Machine Learning in
Rehabilitation

Artificial intelligence (Al) is emerging as a powerful
tool for personalizing stroke rehabilitation.®2
Machine learning algorithms can analyze large
datasets, including clinical variables, imaging
findings, and wearable sensor data, to:

e Predict functional recovery trajectories

e Stratify patients based on recovery potential

e Optimize therapy intensity and modality selection
o Detect early signs of plateau or complication
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Artificial Intelligence and Machine Learning in Rehab-

Figure 6. Artificial Intelligence and Machine Learning in Rehabilitation

Digital analytics platform integrating neuroimaging,
biomechanical, and performance data for
personalized rehabilitation planning.  Atrtificial
intelligence and machine learning algorithms enable
predictive modeling, adaptive therapy progression,
and data-driven clinical decision-making. Al-driven
adaptive systems can dynamically adjust exercise
difficulty in real time based on patient performance
metrics.’®*?° Predictive models may help clinicians
tailor rehabilitation programs according to lesion
characteristics, neurophysiological markers, and
behavioral responses.®?®  Additionally, natural
language processing tools are being explored for
aphasia rehabilitation, whereas Al-based motion-
tracking systems can provide automated movement
correction  feedback.’>®®  Despite  promising
developments, challenges remain regarding algorithm
transparency, data privacy, ethical considerations, and
the need for large, diverse validation cohorts.81°

6.5 Telerehabilitation and Remote Monitoring

Telerehabilitation ~ has  gained  prominence,
particularly following the COVID-19 pandemic, as a
means of delivering rehabilitation  services
remotely.”1® Using videoconferencing platforms,
mobile applications, and web-based systems,
clinicians can supervise therapy sessions, provide
exercise prescriptions, and monitor progress in real
time.1®

Benefits include:

e Increased access in rural or underserved areas
e Reduced travel burden

e Continuity of care beyond inpatient discharge
e Cost-effectiveness in selected populations

Telerehabilitation

Figure 7. Telerehabilitation

Remote physiotherapy session conducted via video
conferencing, allowing supervised home-based

exercises. Telerehabilitation improves access to care,
ensures continuity of rehabilitation, and supports real-
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time monitoring and feedback in community settings.
Home-based telerehabilitation  programs have
demonstrated outcomes comparable to conventional
outpatient therapy for selected stroke survivors,
particularly in  mild-to-moderate impairment.’®
Remote monitoring technologies, including wearable
accelerometers, inertial measurement units (IMUs),
and smart sensors, allow for the objective tracking of
activity levels, step counts, arm use, and adherence.*
These data facilitate individualized adjustments and
long-term engagement.?>% However, digital literacy,
Internet connectivity, and reimbursement policies
remain critical barriers to widespread
implementation.
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6.6 Functional Electrical Stimulation (FES)

Functional electrical stimulation applies controlled
electrical impulses to peripheral nerves, eliciting
muscle contractions that support functional
movement.®

FES is commonly used for the following:

Foot drop correction
Upper-limb motor activation
Shoulder subluxation management

Functional ﬂecgicjalStimulaﬂon (FES)

Figure 8. Functional Electrical Stimulation (FES)

Application of surface electrodes delivering electrical
stimulation to lower-limb muscles to facilitate
functional movement. FES enhances motor recovery
by activating paralyzed or weak muscles, promoting
neuromuscular re-education and gait improvement.
When synchronized with voluntary movement
attempts, FES enhances sensorimotor integration and
cortical reorganization.?® Combining FES with task-
specific training yields greater improvements than
passive stimulation alone.®

6.7 Brain—Computer Interfaces (BCIs)

Brain—computer interface systems detect neural
signals (often via EEG) and translate them into
commands that drive external devices, such as robotic
arms or FES systems.’ BCls are particularly
promising for patients with severe motor impairment
because they allow motor intention signals to be
converted into functional movements.?®
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Brain-Computer Interfaces (BCIS)

Figure 9. Brain—-Computer Interface (BCl)-Assisted Rehabilitation

EEG-based brain—computer interface  system
translating neural signals into external device control.
BCl-assisted therapy promotes motor recovery by
reinforcing neuroplasticity and enabling voluntary
control of assistive technologies in patients with
severe motor impairment. Preliminary studies have
indicated that BCl-assisted rehabilitation may
enhance cortical reorganization and motor recovery in
selected patients.’® However, their clinical application
remains largely investigational .®

6.8 Wearable and

Biomarkers

Technologies Digital

Wearable devices provide continuous monitoring of
physical activity, gait parameters, arm-use
asymmetry, heart rate variability, and sleep patterns.®
These objective metrics serve as digital biomarkers
for recovery and engagement.?°

Wearable Technologies and Digital Biomarkers

Figure 10. Wearable Technologies and Digital Biomarkers

Use of wearable sensors and mobile health
applications to monitor physical activity, movement
patterns, and physiological parameters. Wearable
technologies provide continuous data collection,
enabling objective assessment, remote monitoring,
and personalized rehabilitation adjustments. Data-
driven rehabilitation allows clinicians to move
beyond episodic clinic-based assessments to
continuous outcome tracking.?>*° The integration of
wearable analytics with Al algorithms may enable

precision rehabilitation models tailored to individual
performance patterns.®2°

6.9 Integration into Multidisciplinary Care

Importantly, technological modalities  should
complement—not replace—clinician expertise.>® The
most effective rehabilitation models combine
advanced technologies with:
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o Skilled therapeutic guidance

e Patient-centered goal setting

e Context-specific functional training
e Psychosocial support

Future rehabilitation paradigms are likely to integrate
robotics, VR, Al analytics, and telerehabilitation
within coordinated multidisciplinary frameworks to
optimize both impairment-level recovery and real-
world participation.?8

6.10 Future Outlook
Emerging research emphasizes:

e Hybrid models combining in-clinic robotics with
home-based telerehabilitation®-2°

e Al-guided adaptive therapy dosing®%

o Integration of neuroimaging biomarkers into
rehabilitation planning®2

e Scalable low-cost technologies for low- and
middle-income countries'?

As digital health ecosystems mature, technology-
enabled stroke rehabilitation may shift from
standardized protocols toward highly personalized,
data-driven recovery pathways.®

7. Outcome Measures and Assessment Tools in
Stroke Rehabilitation

Outcome measurement is a cornerstone of effective
stroke rehabilitation, enabling clinicians to quantify
impairments, monitor recovery trajectories, guide
individualized treatment planning, and evaluate
intervention efficacy.!*2? Given the multidimensional
impact of stroke, assessment tools must capture
outcomes across impairment, activity, participation,
and quality of life domains, in line with the
International Classification of Functioning, Disability
and Health (ICF) framework.*

Neurological severity is commonly assessed using
standardized tools, such as the National Institutes of
Health Stroke Scale (NIHSS), which provides
prognostic information and helps stratify patients for,
rehabilitation intensity.® Functional independence is
frequently measured using the Barthel Index and the
Functional Independence Measure (FIM), both of
which assess performance in activities of daily living
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and are sensitive to clinically meaningful changes
over time.’*? Disability and global outcomes are
often evaluated using the Modified Rankin Scale
(mRS), particularly in clinical trials and longitudinal
follow-up.® Motor recovery is assessed using tools
such as the Fugl-Meyer Assessment, Action Research
Arm Test, and Berg Balance Scale, which evaluate
motor control, coordination, balance, and postural
stability.'>2?? Cognitive outcomes are measured using
instruments such as the Montreal Cognitive
Assessment and Mini-Mental State Examination,
although more domain-specific neuropsychological
batteries are increasingly being recommended.?
Communication and swallowing functions are
assessed using aphasia batteries, speech intelligibility
scales, and standardized dysphagia screening tools.?
Patient-reported outcome measures, including the
Stroke-Specific Quality of Life scale and EuroQol-
5D, provide critical insight into the survivors’
perceived recovery, emotional well-being, and social
participation.**  Increasingly, digital outcome
measures derived from wearable sensors, mobile
applications, and telerehabilitation platforms allow
continuous real-world monitoring of activity levels
and functional performance.?® The integration of
standardized multidimensional outcome measures is
essential for advancing evidence-based, patient-
centered stroke rehabilitation.?

8. Challenges and Barriers to Effective

Multidisciplinary Rehabilitation

Despite robust evidence supporting multidisciplinary
stroke rehabilitation, significant barriers limit its
consistent  implementation  across  healthcare
systems.?% One of the most prominent challenges is
inequitable access to rehabilitation services,
particularly in low- and middle-income countries,
rural regions, and resource-constrained settings.
Shortages of trained rehabilitation professionals,
limited infrastructure, and inadequate funding
contribute to the delayed initiation and suboptimal
intensity of therapy.** Health system fragmentation
is another major barrier. Poor coordination between
acute care hospitals, rehabilitation facilities, and
community services often results in discontinuity of
care, delayed transitions, and loss to follow-up.'*
Inadequate communication among multidisciplinary
team members can lead to overlapping roles,

INTERNATIONAL JOURNAL OF MEDICAL AND PHARMACEUTICAL SCIENCES 324



Original Article

inconsistent goal setting, and reduced treatment
efficiency.? The lack of standardized rehabilitation
pathways further exacerbates the variability in care
delivery.t® Patient-related factors also influence the
rehabilitation outcomes. Advanced age, multiple
comorbidities, severe neurological deficits, cognitive
impairment, depression, and reduced social support
are associated with poor engagement and slower
recovery.}?’ Caregiver burden, particularly in home-
based and long-term rehabilitation, may lead to
burnout and reduced adherence to prescribed
interventions.’* Economic constraints remain a
critical issue, as rehabilitation services are often
under-reimbursed or excluded from insurance
coverage.?” The cost of emerging technologies,
assistive devices, and long-term therapy limits their
widespread adoption, despite demonstrated benefits.?°
Addressing these challenges requires coordinated
policy initiatives, workforce development, integration
of digital health solutions, and the establishment of
sustainable and scalable rehabilitation models.**4

9. Future Directions and Research Gaps in Stroke
Rehabilitation

The future of stroke rehabilitation is increasingly
oriented toward precision medicine and personalized
care.®? Advances in neuroimaging, neurophysiology,
and biomarker research are expected to improve
prognostication and guide individualized
rehabilitation strategies.® ldentifying predictors of
recovery responsiveness may allow clinicians to tailor
the therapy type, intensity, and timing to maximize
functional gains.>? Technology-enabled
rehabilitation is likely to play a central role in future
care models.®?® Al-driven decision support systems,
wearable sensors, and digital biomarkers offer
opportunities for real-time monitoring, adaptive
therapy progression, and data-driven outcome
prediction.?2*° Hybrid rehabilitation models that
combine in-person therapy with home-based
telerehabilitation may enhance accessibility while
maintaining treatment intensity.!® Despite these
advances, several research gaps still remain. Optimal
dosing parameters for rehabilitation interventions,
including frequency, duration, and task specificity,
have not been fully established.>?23! The long-term
effectiveness and cost-effectiveness of emerging
technologies require further validation through large
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pragmatic clinical trials.?® Additionally, evidence is
limited regarding rehabilitation strategies for
individuals with severe stroke, multimorbidity, and
cognitive or behavioral impairments.?2? Future
research should prioritize inclusive study designs,
implementation science approaches, and health
systems research to bridge the gap between evidence
and practice.* Strengthening global collaboration and
data sharing is essential for advancing equitable, high-
quality stroke rehabilitation worldwide.*

DISCUSSION

This review highlights the evolving paradigm of post-
stroke rehabilitation, from  discipline-specific
interventions to coordinated, multidisciplinary, and
technology-enhanced models of care. Given the
growing global burden of stroke and persistent
disability =~ among  survivors,*®  optimizing
rehabilitation delivery remains a public health
priority. A central theme emerging from
contemporary literature is the importance of early,
intensive, and task-specific rehabilitation.?® Evidence
consistently supports the initiation of rehabilitation
once patients are medically stable, as early
mobilization and structured therapy are associated
with improved functional outcomes and reduced
complications.***3! The neurobiological rationale
underlying these strategies is grounded in experience-
dependent neuroplasticity, whereby repetitive goal-
directed practice strengthens synaptic connectivity
and promotes cortical reorganization.822% However,
despite strong theoretical foundations, optimal dosing
parameters, such as frequency, intensity, and
duration,  remain  incompletely  defined.?.%
Multidisciplinary team (MDT)-based care is another
cornerstone of effective stroke rehabilitation.
Coordinated  models  integrating  physicians,
physiotherapists, occupational therapists, speech-
language therapists, neuropsychologists, nurses,
pharmacists, and social workers have demonstrated
superior outcomes compared to fragmented care.?*®
Beyond impairment reduction, MDT care addresses
activity limitations and participation restrictions in
accordance  with  contemporary rehabilitation
frameworks.?* Nevertheless, implementation gaps
persist, particularly in low-resource settings, where
workforce shortages and infrastructure limitations
restrict access to comprehensive services.lt?
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Technological innovations are increasingly reshaping
the field of rehabilitation. Robotics-assisted therapy,
virtual  reality, artificial  intelligence, and
telerehabilitation platforms enable high-intensity,
data-driven, and remotely accessible
interventions.®71630 These modalities may enhance
patient engagement, provide objective performance
metrics, and extend care beyond institutional
environments.®2° However, current evidence suggests
that technology is most effective when integrated with
clinician-guided, task-oriented therapy rather than
being used in isolation.** Furthermore, cost-
effectiveness, long-term sustainability, and equitable
implementation require further investigation.? The
psychological and cognitive sequelae of stroke remain
under-recognized as barriers to recovery. Post-stroke
depression and cognitive impairment significantly
influence motivation, adherence, and long-term
outcomes.?*?” Thus, integrating neuropsychological
and psychiatric care into routine rehabilitation
pathways is essential for holistic recovery.
Importantly, the field is gradually transitioning
toward precision rehabilitation models that
incorporate biomarkers, neuroimaging, wearable
sensor data, and predictive analytics to tailor
interventions to individual recovery trajectories.®?
While promising, these approaches require robust
validation in diverse populations and health systems
to avoid widening disparities in care.%?® Overall,
effective stroke rehabilitation requires the alignment
of the biological principles of neuroplasticity with
structured multidisciplinary collaboration,
standardized outcome measurement, and equitable
access to services.?® Future research should prioritize
implementation science, pragmatic trials, and scalable
models of care to bridge the gap between evidence
and routine practice.»*® Strengthening global
rehabilitation systems is essential to address the rising
burden of stroke-related disability and ensure that
survivors achieve maximal functional recovery.

CONCLUSION

Stroke rehabilitation is a complex dynamic process
that extends far beyond the acute management of
neurological injury. A coordinated, multidisciplinary
rehabilitation approach is fundamental to optimizing
functional recovery, reducing long-term disability,
and enhancing the quality of life of stroke survivors.
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Early initiation, individualized goal setting, and
continuity of care across the recovery continuum are
key determinants of successful outcomes. The
integration of emerging technologies with established
rehabilitation  principles  offers  unprecedented
opportunities to personalize therapy, increase
intensity, and expand access to care. However,
technological innovation must be accompanied by
strong multidisciplinary collaboration, patient and
caregiver engagement, and supportive health policies
to achieve a meaningful and sustainable impact. In
conclusion, strengthening multidisciplinary stroke
rehabilitation services and embracing evidence-based
innovations should remain global priorities.
Continued research, investment, and system-level
integration are essential to meet the growing burden
of stroke and ensure that survivors achieve their
maximum recovery potential.
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