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Integrating Artificial Intelligence in Stroke Rehabilitation: Current Trends and

Future Directions; A mini review.
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Abstract

Rehabilitation following a stroke faces challenges in
offering customized treatment and attaining the best
possible outcomes. The utilization of artificial intelligence
(Al) presents transformative solutions that have the
potential to revolutionize existing practices. This mini-
review discusses the use of Al in rehabilitation after
stroke, in form of customized intervention, task-specific
training with robotics, real time monitoring by wearable
devices and remote monitoring through tele
rehabilitation. Despite the recent advances, issues such as
algorithm bias, concerns about data security, and access
disparities remain. Future directions include creating
predictive analytics for tailored stroke therapies,
incorporating virtual reality for increased participation,
and assuring ethical and equitable distribution.
Collaborative efforts are necessary to address these
challenges and advance Al-driven stroke therapy. This
review highlights the potential of Al to revolutionize
stroke rehabilitation outcomes through interdisciplinary
collaboration and ethical implementation.
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Introduction

Stroke is a major cause of chronic disability in adults
globally. It impairs function and mobility and reduces the
quality of life (QOL) of stroke survivors. Rehabilitation can
significantly improve the functional status and QOL for
most of stroke survivors.! Recognizing the vital role of
rehabilitation in quality healthcare, the WHO
Rehabilitation 2030 agenda emphasizes its importance.
Providing cost-effective and accessible rehabilitation
services to the right recipients at the appropriate times
poses a significant global health service challenge. This
challenge is exacerbated in low- and middle-income
countries (LMICs), where there is a considerable unmet
demand for rehabilitation interventions.2 Although
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conventional rehabilitation practices have evolved, the
persistent variability in patient responses and the
necessity for personalized interventions pose significant
challenges in achieving maximal recovery.3 Conventional
rehabilitation services mainly rely on physical and
occupational therapy sessions, which involve direct
interactions between patients and healthcare
professionals. These sessions are typically administered
either during hospitalization, (acute and sub-acute stages
), or via scheduled visits to outpatient clinics, during the
chronic phase.#

Integrating Al and machine learning (ML) into
rehabilitation strategies holds promise for addressing
these challenges. Al is a field within computer science,
seeking to replicate human cognitive functions. It
encompasses a spectrum of techniques with varying
complexities for addressing diverse problems.5> Machine
learning, notably advanced deep learning methods, has
recently attracted considerable attention. ML endeavors
to autonomously discern intricate patterns within
datasets, enabling predictions or classifications with
novel datasets. ML includes supervised, unsupervised,
and reinforcement learning. Supervised ML, particularly
pertinent in precision medicine, relies on labelled data to
train models for pattern recognition in feature data,
offering valuable insights for medical applications.>

Novel developments in Al offer potential solutions for the
limitations observed in traditional rehabilitation services
delivery. This includes challenges related to time
constraints, geographical distances, fatigue factor for the
therapist, financial constraints, and restricted access to
clinical settings. Proposed strategies range from real-time
communication platforms enabling guidance and
motivation from rehabilitation professionals while
monitoring patient progress to advanced methodologies
integrating sensor technologies and information and
communication technologies (ICTs). These innovations,
occasionally incorporating Al algorithms, facilitate remote
monitoring and assistance in diverse contexts.*

This mini review discusses current trends and future
directions of application of Al in stroke rehabilitation. It
examines potential benefits, challenges, and ethical
considerations  while  emphasizing  stakeholder
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involvement and multidisciplinary cooperation.

Utilization of Artificial Intelligence in Stroke
Rehabilitation; Current Trends

Al applications are important for advancing a
decentralized rehabilitation model, where intelligent
connected tools aid clinical decision-making and health
outcomes monitoring. In the Recent years many Al-
based methods and solutions were proposed to facilitate
assisted physical therapy and assessments in a minimally
supervised and decentralized fashion, ideally within the
patient's home.#

- Customized intervention using Al algorithms: A study
conducted by Victor et al based on personalized
algorithms suggested that it can record functional
disparities among stroke participants, facilitating tailored
rehabilitation exercises aimed at enhancing bilateral and
symmetric mobility.6 Another study conducted on
interactive machine learning strategy that progressively
merged a data-driven model with expert insights to
evaluate the effectiveness of rehabilitation exercises.
Within a wide array of kinematic features associated with
exercise movements, their method employed
reinforcement learning to pinpoint the most significant
features for evaluation. Subsequently, it produced a
personalized analysis tailored to individual users, seeking
input from therapists to ascertain the relevance of specific
features for personalized rehabilitation assessment. By
incorporating therapist feedback regarding feature
relevance, this interactive hybrid approach has the
capability to refine a standard assessment model into a
personalized one.”

+ Robot assisted task specific training: Robot-assisted
rehabilitation, by repetitive, intensive, task specific and
precise physical training, contributes positively to motor
function recovery in stroke patients. However, , there is a
pressing need for greater intelligence and reliability in
current robotic systems for clinical deployment.8 Machine
learning algorithms adept at learning from data and
predicting future conditions, offer potential to enhance
the effectiveness of robot-assisted rehabilitation.
Rehabilitation robots demonstrate the ability to
accurately adhere to predetermined trajectories, execute
a variety of training modes tailored to the patient's
recovery status, objectively record patient data, and
assess performance during exercises.8

- Early detection of Stroke through Al-driven
diagnostic tools: Al has the potential to significantly
enhance the speed and accuracy of stroke diagnosis,
which can indirectly improve patient outcomes in
rehabilitation. Early detection of stroke through Al-driven
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diagnostic tools, such as medical imaging that closely
inspects brain images for early indicators like internal
haemorrhage and arterial blockages, allows for timely
intervention. Early identification of stroke risk factors can
now be done through wearable technology (e.g., Al
algorithms in smartwatches that track heart rate and
rhythm).? This can lead to early and timely interventions
resulting in better outcomes

- Tele rehabilitation technologies: Tele-rehabilitation
provides affordable alternatives that reduce hospital
stays, address transportation issues, and the lack of
nearby rehabilitation facilities by enabling service users to
remotely access treatments through video conferencing
or phone conversations. By offering consistent direction
and feedback, this approach successfully involves stroke
patients in at-home training.™0

Challenges and Considerations

The quest for Al has captured the attention of both
researchers and industry leaders, envisioning a future
where machines exhibit human-like cognitive
capabilities. Nonetheless, this ambitious pursuit is
accompanied by complex challenges and ethical
considerations that demand thorough scrutiny.’’ The
integration of Al into healthcare can introduce biases and
disparities, potentially exacerbating healthcare inequity.
Models trained on relatively homogeneous data, lacking
diversity in patient populations, and often derived from
limited clinical settings, may lead to biased Al-driven
decisions, and hinder the generalizability of results.2 Al
programmes require accurately labelled data for
generating precise Al-driven conclusions. However, there
are ethical considerations associated with granting
commercial access to patient data like accountability and
transparency. Safeguarding patient privacy and
preventing unethical data utilization are crucial
imperatives in this context.'3

Future directions in the use of Al

In clinical practice, Al's role should involve integrating
multidisciplinary teams including medical, psychological,
and technical expertise through embedded algorithms
that analyze and process data generated by digital
technologies in real-time. Al is anticipated to play a
pivotal role in clinical decision-making, adapting therapy
exercises online, and monitoring progress by extracting
validated assessment scores.' Future research in Al-
supported stroke rehabilitation should prioritize refining
predictive analytical model to anticipate patient recovery
trajectories and therapeutic responses. Utilizing machine
learning algorithms, these models can discern predictive
factors from diverse data sources like genetic profiles and
clinical assessments, requiring collaborative efforts for
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comprehensive data collection, validation, and clinical
integration. Longitudinal studies are required to evaluate
the accuracy and practical utility of predictive analytics in
guiding stroke rehabilitation efforts.1>

Integrating Virtual Reality (VR) into stroke therapy could
enhance patient outcomes, motivation, and engagement.
Future studies should explore novel VR-based
approaches to stimulate brain rewiring, improve motor
skills, and aid cognitive recovery through immersive
environments, game-like challenges, and interactive
platforms. Conducting randomized controlled trials to
compare VR therapies with conventional methods is
essential for assessing effectiveness, safety, and cost-
efficiency.’¢ Addressing technical issues like motion
sickness and simplifying device use could improve
accessibility for stroke survivors. Maximizing the benefits
of Al-driven stroke rehabilitation necessitates ensuring
fair and ethical distribution. This involves addressing
issues such as biased algorithms, data privacy, and access
disparities. Establishing clear guidelines is necessary for
the ethical development, deployment, and oversight of

Al-based rehabilitation tools. This will require
collaboration among policymakers, rehabilitation
physicians, neurologists, businesses, and patient

advocacy groups to create inclusive solutions that uphold
ethical standards and cater to diverse patient needs.16

Conclusion

Integrating Al into stroke rehabilitation holds promise for
personalized care and decentralized services. Current
trends highlight Al's potential in customized
interventions, robot-assisted training, early detection,
and remote monitoring. However, addressing algorithm
bias and ethical considerations is crucial. Future directions
include refining predictive analytics, integrating virtual
reality, and ensuring equitable distribution. Collaboration
among stakeholders is essential for maximizing Al's
impact in stroke rehabilitation.

Disclosure: After preparing the final draft of the
manuscript, Dr. Rathore utilized Al-powered editing
(OpenAl. (2024). ChatGPT40 (12 June version) [Large
language model]. https://chat.openai.com/chat) to
enhance the article's clarity, grammatical accuracy, and
overall flow

References

1. Pu L, Wang L, Zhang R, Zhao T, Jiang Y, Han L. Projected global
trends in ischemic stroke incidence, deaths and disability-

10.

11.

12.

13.

14.

15.

16.

A Afridi, S Obaid, N Raheel

adjusted life years from 2020 to 2030. Stroke. 2023;54:1330-9.
Bernhardt J, Urimubenshi G, Gandhi DB, Eng JJ. Stroke
rehabilitation in low-income and middle-income countries: a call
to action. The Lancet. 2020;396:1452-62.

Vidaurre C, Irastorza-Landa N, Sarasola-Sanz A, Insausti-Delgado
A, Ray AM, Bibian C, et al. Challenges of neural interfaces for stroke
motor rehabilitation. Front Hum Neurosci. 2023;17:1070404.
Mennella C, Maniscalco U, De Pietro G, Esposito M. The role of
artificial intelligence in future rehabilitation services: a systematic
literature review. |[EEE Access. 2023;11:11024-43.

Yedavalli VS, Tong E, Martin D, Yeom KW, Forkert ND. Artificial
intelligence in stroke imaging: Current and future perspectives.
Clin Imaging. 2021;69:246-54.

Espinoza Bernal VC, Hiremath SV, Wolf B, Riley B, Mendonca RJ,
Johnson MJ. Classifying and tracking rehabilitation interventions
through machine-learning algorithms in individuals with stroke. J.
Rehabil. Assist. Technol. Eng. 2021;8:20556683211044640.

Lee MH, Siewiorek DP, Smailagic A, Bernardino A, Bermudez i
Badia S, editors. Interactive hybrid approach to combine machine
and human intelligence for personalized rehabilitation
assessment. Proceedings of the ACM Conference on Health,
Inference, and Learning; 2020.

Ai Q, Liu Z, Meng W, Liu Q, Xie SQ. Machine learning in robot
assisted upper limb rehabilitation: A focused review. IEEE
Transactions on Cognitive and Developmental Systems. 2021.
Nithya R, Senthilkumar S, Kalyanasundaram V, Annamala K,
Yogaraj T, editors. Transforming Stroke Care: The Impact of
Artificial Intelligence in Early Detection, Prediction, and
Rehabilitation. Proceedings of the First International Conference
on Science, Engineering and Technology Practices for Sustainable
Development, ICSETPSD 2023, 17th-18th November 2023,
Coimbatore, Tamilnadu, India; 2024.

Malik AN, Tariq H, Afridi A, Azam Rathore F. Technological
advancements in stroke rehabilitation. J Pak Med Assoc.
2022;72:1672-4.

Voigtlaender S, Pawelczyk J, Geiger M, Vaios EJ, Karschnia P,
Cudkowicz M, et al. Artificial intelligence in neurology:
opportunities, challenges, and policy implications. J Neurol.
2024:1-16.

Celi LA, Cellini J, Charpignon M-L, Dee EC, Dernoncourt F, Eber R,
et al. Sources of bias in artificial intelligence that perpetuate
healthcare disparities—A global review. PLOS Digital Health.
2022;1:e0000022.

Martin C, DeStefano K, Haran H, Zink S, Dai J, Ahmed D, et al. The
ethical considerations including inclusion and biases, data
protection, and proper implementation among Al in radiology
and potential implications. Intelligence-Based Medicine.
2022;6:100073.

Lambercy O, Lehner R, Chua K, Wee SK, Rajeswaran DK, Kuah CWK,
et al. Neurorehabilitation from a distance: can intelligent
technology support decentralized access to quality therapy?
Frontiers in Robotics and Al. 2021;8:612415.

Dev S, Wang H, Nwosu CS, Jain N, Veeravalli B, John D. A predictive
analytics approach for stroke prediction using machine learning
and neural networks. Healthcare Analytics. 2022;2:100032.

Bai Y, Liu F, Zhang H. Artificial intelligence limb rehabilitation
system on account of virtual reality technology on long-term
health management of stroke patients in the context of the
internet. Comput Math Methods Med. 2022; 2022:2688003. doi:
10.1155/2022/2688003. PMID: 35651925; PMCID: PMC9150992.

Open Access

J Pak Med Assoc





