Review Article

@www.biomedgrid.com

ISSN: 2642-1747

.o: American Journal of
S Biomedical Science & Research

Copyright© Waleed Jameel

Al-Guided Virtual Reality Rehabilitation in Post-Stroke
Patient: A Narrative Review

Waleed Jameel*, Muhammad Naveed Babur, Saleh Shah, Idrees Ahmed Zahoor and
Muhammad Zubair Nazar

Faculty of Allied Health sciences, Superior University Lahore, Pakistan

*Corresponding author: Waleed Jameel, Faculty of Allied Health sciences, Superior University Lahore, Pakistan

To Cite This Article: Waleed Jameel*, Muhammad Naveed Babur, Saleh Shah, Idrees Ahmed Zahoor, et al. Ai-Guided Virtual Reality Rehabilitation
in Post-Stroke Patient: A Narrative Review. Am ] Biomed Sci & Res. 2025 28(3) AJBSR.MS.1D.003678, DOI: 10.34297 /A]BSR.2025.28.003678

Received: & July 31, 2025; Published: & September 02,2025

Abstract

Objective: This narrative review aims to explore the current landscape of Al-guided virtual reality (VR) rehabilitation for post-stroke patients, ex-
amining its potential benefits, inherent challenges, and future directions.

Methodology: A narrative review of the current literature was conducted to synthesize information on the integration of artificial intelligence
with virtual reality in the context of stroke rehabilitation. The review focuses on how Al enhances VR interventions through personalization and
data-driven approaches.

Results: The integration of Al significantly enhances VR rehabilitation by enabling adaptive difficulty and progression, providing precise biofeed-
back and performance analysis, facilitating predictive analytics for outcome prediction, and powering virtual coaches for personalized guidance.
These advancements contribute to more engaging, effective, and individualized therapy, promoting neuroplasticity and motor learning. Despite its
promise, challenges include high costs, data privacy concerns, the need for rigorous clinical validation, and seamless integration into existing clinical
workflows.

Conclusions: Al-guided VR rehabilitation represents a significant advancement in stroke care, offering unprecedented opportunities for personal-
ized, adaptive, and accessible therapy. Continued research and technological development are essential to overcome current limitations and fully

realize its potential in optimizing recovery and improving the quality of life for stroke survivors.
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Introduction

Stroke remains a leading cause of long-term disability world-
wide, often resulting in significant motor, cognitive, and sensory im-
pairments that profoundly impact a survivor’s independence and
quality of life. Traditional rehabilitation approaches, while foun-
dational and effective in many aspects, frequently face limitations
such as being highly resource-intensive, requiring extensive one-
on-one therapist time, and often involving repetitive exercises that
can lead to patient fatigue, boredom, and reduced motivation over
extended periods. These factors can hinder adherence to therapy
protocols and ultimately limit functional recovery. In recent years,
Virtual Reality (VR) has emerged as a profoundly promising adjunct
to conventional therapy, offering immersive, interactive, and highly

customizable environments for rehabilitation [1,2]. The unique ca-
pability of VR to transport patients into engaging, simulated worlds
allows for the practice of functional movements and cognitive tasks
in a contextually rich and motivating setting [3]. The further inte-
gration of Artificial Intelligence (AI) with VR significantly enhances
its potential, moving beyond static programs to enable truly per-
sonalized, adaptive, and data-driven interventions that can dynam-
ically respond to a patient’s evolving needs and performance [4].
This narrative review delves into the current landscape of Al-guid-
ed VR rehabilitation for post-stroke patients, systematically exam-
ining its multifaceted benefits, the inherent challenges that must be
addressed for broader adoption, and the exciting future directions
that promise to further revolutionize stroke recovery.
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The Role of Virtual Reality in Stroke Rehabil-
itation

Virtual reality offers a unique therapeutic platform by provid-
ing a safe, controlled, and yet highly engaging environment where
patients can repeatedly practice motor tasks, improve balance, en-
hance cognitive functions, and even address sensory deficits [5,6].
Its inherent ability to create captivating scenarios, provide immedi-
ate, objective feedback, and allow for progressive difficulty makes
it an exceptionally powerful tool for neurorehabilitation [7,8]. For
instance, patients can perform specific functional movements, such
as reaching for objects on a virtual shelf, grasping virtual tools, nav-
igating through a simulated street, or practicing walking on varied
terrains, all within a virtual setting that closely mimics real-world
scenarios [9,10]. This contextual practice can significantly improve
the transferability of newly acquired skills to activities of daily liv-
ing. Furthermore, the often-tedious and repetitive nature of exer-
cises in traditional therapy becomes far more palatable and even
enjoyable through the strategic application of gamification within
VR environments [11]. By transforming exercises into interactive
games with scores, challenges, and rewards, VR fosters greater
patient engagement, intrinsic motivation, and consequently, im-
proved adherence to intensive treatment protocols, which is crucial
for driving neuroplastic changes and functional gains [12,13]. The
ability to manipulate virtual environments also allows therapists
to isolate specific movements, introduce distractions, or simulate
challenging real-world situations in a controlled manner, providing
a graded exposure that supports progressive skill acquisition [14-
16].

Integrating Artificial Intelligence for En-
hanced Personalization

The true transformative potential of VR in stroke rehabilitation
is profoundly unlocked through its seamless synergy with artificial
intelligence [4,17]. Al algorithms possess the capacity to analyze
vast and complex datasets, encompassing detailed patient informa-
tion such as movement kinematics (e.g., joint angles, velocities, ac-
celerations), physiological responses (e.g., heart rate, galvanic skin
response), and nuanced performance metrics (e.g., task completion
time, error rates, movement smoothness). This comprehensive
analysis allows Al to create highly individualized and dynamically
responsive rehabilitation programs that are tailored to each pa-
tient’s unique recovery trajectory [18,19].

Adaptive Difficulty and Progression

One of the most significant advantages of Al integration is its
unparalleled ability to dynamically adjust the difficulty of VR tasks
in real-time [20,21]. Al systems continuously monitor a patient’s
performance, employing sophisticated algorithms to identify subtle
areas of struggle, compensation, or mastery. For instance, if a pa-
tient consistently performs well on a reaching task, demonstrating
improved range of motion and reduced compensatory movements,
the Al can automatically and subtly increase the complexity of the
task. This might involve introducing smaller or more distant tar-
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gets, adding cognitive distractors, or reducing the amount of visual
or haptic assistance provided. Conversely, if a patient is struggling,
exhibiting excessive compensatory movements or failing to com-
plete tasks, the Al can immediately simplify the task, provide more
explicit guidance (e.g., visual cues for correct movement paths), or
offer alternative, easier strategies. This continuous, adaptive learn-
ing ensures that the rehabilitation remains optimally challenging
yet consistently achievable, maintaining the delicate balance of the
“just-right” challenge that is absolutely crucial for effective mo-
tor learning, neuroplasticity, and preventing both frustration and
boredom [22,23]. This dynamic adjustment maximizes therapeutic
intensity while minimizing the risk of learned non-use or maladap-
tive movement patterns.

Biofeedback and Performance Analysis

Al plays a pivotal role in processing the rich sensor data
streamed from VR systems, including advanced motion capture
cameras, haptic feedback devices, and Even Electromyography
(EMG) sensors, to provide precise, objective, and actionable bio-
feedback [24]. This feedback can be delivered in multiple modali-
ties: visually (e.g., a virtual avatar demonstrating the ideal move-
ment trajectory, color-coded representations of muscle activation),
auditorily (e.g., a specific sound indicating successful completion
of a movement, an alarm for incorrect posture), or haptically (e.g.,
resistance from a haptic glove guiding the hand through a desired
path, vibrations indicating a deviation). Al algorithms are capable
of analyzing intricate movement patterns to detect subtle compen-
satory movements (e.g., trunk leaning instead of shoulder flexion),
inefficient strategies, or deviations from optimal performance. This
granular analysis guides both the patient in self-correction and the
therapist in refining the treatment plan. Detailed performance met-
rics, such as precise range of motion achieved, movement speed, ac-
curacy of targeting, and the smoothness or jerkiness of movement,
can be meticulously tracked and visualized over time. This pro-
vides objective progress monitoring, allowing therapists to make
data-driven adjustments to the treatment plan, quantify improve-
ments, and demonstrate tangible progress to the patient, thereby
boosting motivation [25-27].

Predictive Analytics and Outcome Prediction

Beyond real-time adaptation, Al can leverage advanced ma-
chine learning models to predict rehabilitation outcomes with in-
creasing accuracy [28,29]. By analyzing a comprehensive array of
data, including baseline patient characteristics (e.g., age, stroke
type, severity), precise stroke lesion location and volume (from
neuroimaging), and early rehabilitation progress (e.g., initial func-
tional scores, adherence rates), Al can help identify patients who
might benefit most from specific Al-guided VR interventions. It can
also flag those who may require more intensive or alternative sup-
port due to predicted slower recovery trajectories. This powerful
predictive capability can significantly aid in more efficient resource
allocation within healthcare systems, enable the personalization
of treatment intensity from the outset, and allow for the setting of
more realistic and individualized expectations for recovery, foster-
ing better patient and family engagement.
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Virtual Coaches and Intelligent Tutoring Systems

Al can effectively power sophisticated virtual coaches or intelli-
gent tutoring systems seamlessly integrated within the VR environ-
ment [30]. These Al entities are designed to provide personalized
instructions, offer timely motivational encouragement, and deliver
corrective feedback, effectively mimicking many aspects of a human
therapist’s interaction. For example, a virtual coach might demon-
strate a movement, explain why a particular exercise is important,
provide positive reinforcement for effort, or gently correct an in-
correct movement pattern. This capability is particularly beneficial
for extending the reach of therapy beyond traditional clinical set-
tings, enabling high-quality, continuous, and supervised rehabilita-
tion in the patient’s home. Such systems can significantly augment
the therapist’s capacity, allowing for more frequent and consistent
therapy sessions, and providing crucial support even when a hu-
man therapist is not physically present, thereby enhancing overall
treatment adherence and intensity.

Challenges and Considerations

Despite its immense promise and the rapid advancements in
the field, the widespread adoption and routine clinical implemen-
tation of Al-guided VR rehabilitation face several significant chal-
lenges that require careful consideration and concerted effort to
overcome.

Cost and Accessibility

The initial investment required for high-quality VR hardware
(e.g., advanced headsets, haptic feedback devices, motion capture
systems), specialized sensors, and the development or licensing
of sophisticated Al software can be substantial [31]. This high up-
front cost currently limits the accessibility of these cutting-edge
therapies, particularly in public healthcare systems or in low-re-
source settings where budgets are constrained. Efforts are urgent-
ly needed to develop more affordable, scalable, and user-friendly
solutions, potentially through the use of off-the-shelf consumer VR
equipment, open-source Al frameworks, and innovative funding
models to ensure equitable access to these beneficial technologies.

Data Privacy and Security

The very strength of Al-guided VR—its ability to collect and an-
alyze vast amounts of sensitive patient data, including highly per-
sonal physiological and movement patterns—simultaneously rais-
es significant concerns about privacy and data security [32]. Robust
ethical guidelines, stringent data protection regulations (such as
GDPR or HIPAA), and highly secure data management protocols are
absolutely essential. This includes implementing strong encryption
for data in transit and at rest, anonymization techniques where ap-
propriate, and clear consent mechanisms to build and maintain pa-
tient trust and ensure the utmost confidentiality of health informa-
tion. The potential for data breaches or misuse must be mitigated
through comprehensive cybersecurity measures.

Validation and Standardization

While many Al-guided VR interventions show immense prom-
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ise in preliminary studies and pilot programs, a significant number
are still in the research and development phases. For widespread
clinical adoption, rigorous, large-scale, multi-center randomized
controlled trials (RCTs) are critically needed to conclusively estab-
lish their efficacy, long-term safety, and cost-effectiveness when
compared to, or integrated with, traditional rehabilitation methods
[33]. Furthermore, the lack of standardized protocols, consistent
outcome measures, and uniform reporting guidelines across dif-
ferent studies and platforms makes meaningful comparisons and
meta-analyses challenging [34]. Developing consensus on these as-
pects is crucial for building a robust evidence base and facilitating
clinical translation.

Integration into Clinical Workflow

Integrating complex AI-VR systems into existing clinical work-
flows presents practical challenges [31,35]. This requires not only
significant training for therapists and other healthcare profession-
als to effectively operate and interpret data from these new tech-
nologies but also overcoming potential resistance to adopting un-
familiar tools. Therapists need to understand how to seamlessly
incorporate VR sessions into a patient’s overall rehabilitation plan,
how to troubleshoot technical issues, and how to leverage Al-gener-
ated insights to inform their clinical decision-making. User-friend-
ly interfaces, intuitive software designs, and seamless integration
with existing Electronic Health Records (EHR) systems will be vital
for successful and efficient implementation in busy clinical envi-
ronments.

Future Directions

The future of Al-guided VR rehabilitation is exceptionally
bright, with ongoing advancements in several key areas poised to
further enhance its capabilities and expand its reach.

Enhanced Realism and Immersion

Future VR systems are expected to offer even greater realism
and immersion, pushing the boundaries of sensory experience. This
will involve higher-resolution displays that eliminate the “screen-
door effect,” wider fields of view that encompass peripheral vision,
and more sophisticated haptic feedback systems that can simulate
a broader range of textures, weights, and resistances [36]. Beyond
visual and haptic, the integration of olfactory feedback (smell) and
even gustatory feedback (taste) in specialized scenarios could cre-
ate truly multi-sensory and hyper-realistic virtual environments,
further enhancing the sense of presence and engagement, making
the rehabilitation tasks feel even more like real-world activities.

Wearable Sensors and IoT Integration

The seamless integration of advanced wearable sensors (e.g.,
smart textiles, miniature IMUs, continuous glucose monitors) and
Internet of Things (IoT) devices will provide an even richer and
more continuous dataset for Al algorithms [37]. This will enable
comprehensive, real-time monitoring of patient activity, physiolog-
ical responses, and environmental interactions not just within the
clinic but also throughout their daily lives. This wealth of data will
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allow Al to develop even more precise and personalized rehabilita-
tion plans, detect subtle changes in condition, and provide timely
interventions, extending the therapeutic impact far beyond struc-
tured therapy sessions.

Multi-Modal Al and Generative Models

The evolution of Al towards multi-modal capabilities will allow
systems to process and integrate information from diverse sourc-
es—visual, auditory, haptic, and physiological—for an even more
nuanced understanding of patient performance and needs. Fur-
thermore, the advent of generative Al models (e.g., large language
models, image generation models) could revolutionize the creation
of VR content. These models could dynamically create and adapt
entire virtual environments, interactive scenarios, and even virtual
characters on the fly, adapting not just task difficulty but the entire
virtual world to suit individual patient needs, preferences, and even
their mood, offering an unparalleled level of personalization and
engagement [38].

Telerehabilitation and Home-Based Care

Al-guided VR is poised to revolutionize telerehabilitation, mak-
ing high-quality, personalized therapy accessible to patients re-
gardless of their geographical location or mobility limitations [39].
By enabling remote monitoring, adaptive exercise delivery, and vir-
tual therapist interaction, these technologies can overcome signif-
icant barriers to care, improve continuity of treatment, and signifi-
cantly reduce the burden of travel for patients and caregivers. This
shift towards more robust home-based care models, supported by
intelligent VR systems, will empower patients to take a more active
role in their recovery journey and facilitate long-term adherence to
rehabilitation programs [40].

Conclusion

Al-guided virtual reality rehabilitation represents a significant
and transformative leap forward in post-stroke care. By strategi-
cally combining the immersive, engaging, and motivating nature of
VR with the adaptive, data-driven, and intelligent capabilities of Al,
these interventions offer unprecedented opportunities for person-
alized, highly effective, and widely accessible therapy. This synergy
promises to optimize neuroplasticity, enhance motor learning, and
improve functional outcomes for stroke survivors. While formida-
ble challenges related to high costs, critical data privacy and secu-
rity concerns, the imperative for rigorous clinical validation, and
the complexities of integrating new technologies into established
clinical workflows remain, ongoing cutting-edge research and rapid
technological advancements are steadily paving the way. The trajec-
tory is clear: Al-guided VR is set to play an increasingly central and
indispensable role in optimizing recovery, fostering greater inde-
pendence, and profoundly improving the overall quality of life for
stroke survivors across the globe.
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