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Executive Summary 

The advent of Artificial Intelligence (AI) and robotics in remote upper extremity rehabilitation 

represents a significant transformation in healthcare, addressing long-standing challenges such as 

geographical barriers and limited access to specialized care. These technologies promise to 

improve patient outcomes through personalized and accessible rehabilitation services. However, 

the deployment of AI-driven systems raises critical privacy concerns, necessitating the 

development of comprehensive policy interventions. This policy brief explores the balance 

between leveraging the efficacy of AI-enabled robotics and ensuring robust privacy protections for 

patients. 

In the background section, we explored how AI and robotics can transform upper extremity 

rehabilitation by offering real-time feedback and adaptive therapy, enhancing the consistency and 

effectiveness of rehabilitation remotely. However, the extensive data collection necessary for these 

technologies poses significant ethical and legal challenges, particularly concerning patient consent, 

data security, and privacy protection. Current regulations, such as Canada’s PIPEDA and PHIPA, 

are discussed, emphasizing the need for updates to address the specific nuances of AI applications 

in healthcare.  

The policy recommendations focus on three key areas: establishing comprehensive privacy 

guidelines, promoting transparency and informed consent, and investing in privacy-preserving 

technologies. Comprehensive privacy guidelines should ensure compliance with existing 

regulations and address all aspects of data handling. Transparency and informed consent 

mechanisms are essential to empower patients and build trust. Investing in privacy-preserving 

technologies can secure data sharing and analysis while safeguarding patient privacy. These 

recommendations aim to protect patient data without stifling innovation, ensuring the safe and 

effective realization of AI-driven rehabilitation benefits. 
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Introduction 

The healthcare sector is undergoing a significant transformation through the integration of artificial 

intelligence (AI) and robotics, particularly in the field of remote upper extremity rehabilitation. 

These technologies offer an innovative opportunity to overcome geographical barriers and improve 

patient outcomes by providing personalized and accessible rehabilitation services (Vélez-Guerrero 

et al., 2021). The potential benefits of AI and robotics in this area are substantial, promising to 

transform how rehabilitation is delivered and experienced by patients.  

However, alongside these advancements come essential privacy concerns. The deployment of AI-

driven technologies in healthcare requires collecting and processing sensitive health data and 

raising ethical and legal questions. Ensuring the privacy and security of patient information is vital 

to gaining public trust and achieving successful implementation (Arigbabu et al., 2024; Li et al., 

2023).  

To address these challenges, this policy brief explores how to balance the efficacy of AI-enabled 

robotics in remote rehabilitation with the obligation to protect patient privacy, calling for 

thoughtful policy interventions and stakeholder collaboration. 

 

Background 

Rehabilitation services for individuals with upper extremity impairments have traditionally faced 

significant challenges, including geographical barriers, limited access to specialized care, and 

resource constraints. These limitations often result in delayed or inadequate rehabilitation, 

negatively impacting patient outcomes (Salter et al., 2006). In recent years, artificial intelligence 

(AI)-enabled robotics have emerged as a solution to some of these issues, offering the potential for 

personalized and remote rehabilitation interventions that can be tailored to individual needs 

(Huang et al., 2024). 

Artificial intelligence robotic systems in rehabilitation utilize advanced algorithms and machine 

learning techniques to provide real-time feedback and adaptive therapy (Ness et al., 2024). These 

systems can assess a patient’s progress, adjust exercises dynamically, and ensure that rehabilitation 

is consistent and effective, even from a distance. For instance, robotic exoskeletons and smart 

prosthetics equipped with AI can guide patients through exercises, monitor their movements, and 

make precise adjustments to optimize therapy outcomes (Fulk, 2023). The integration of 

telemedicine with AI robotics further enhances the accessibility of these interventions, allowing 

patients to receive high-quality care without the need to travel to specialized centres. 

However, the widespread implementation of AI-driven technologies is accompanied by significant 

privacy concerns (Holstein et al., 2019). The collection, storage, and use of sensitive health 

information are inherent to the operation of these systems (Arigbabu et al., 2024). This data 

includes medical records and real-time information about a patient’s physical and potentially even 
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emotional state. The potential for data misuse raises serious ethical and legal issues, particularly 

concerning patient consent, data security, and privacy protection (Adeniyi et al., 2024). 

Current policy approaches to managing these privacy concerns are varied and often inadequate. 

Existing regulations may not fully address the unique challenges posed by AI-driven rehabilitation 

technologies (Williamson & Prybutok, 2024). For instance, Canada’s Personal Information 

Protection and Electronic Documents Act (PIPEDA) provides a framework for data privacy. 

However, it may need to be updated to cover the specific nuances of AI applications in remote 

healthcare (Szeto & Miri, 2007). Healthcare data is some of the most personal and sensitive 

information we possess. A breach of such data could have severe consequences, damaging a 

patient’s reputation, affecting their relationships, and influencing their overall well-being (Ion, 

2016). 

Stakeholders in this domain include healthcare providers, technology developers, regulatory 

bodies, and patients. Healthcare providers are responsible for integrating these technologies into 

clinical practice while ensuring patient safety and confidentiality. Technology developers must 

design secure AI systems that comply with privacy regulations. Regulatory bodies, such as Health 

Canada, play a crucial role in establishing and enforcing standards that safeguard patient data and 

ensure the ethical use of AI in healthcare. As the end-users, patients must be informed and 

empowered to make decisions about their health data (Xie et al., 2010). 

In conclusion, while AI-enabled robotics offer a promising solution to the challenges of upper 

extremity rehabilitation, balancing efficacy with privacy is critical. Policymakers must collaborate 

with all stakeholders to develop comprehensive regulations that protect patient data without 

stifling innovation. This will ensure that the benefits of AI-driven rehabilitation can be realized 

safely and effectively. 

Policy Recommendations 

1. Establish Comprehensive Privacy Guidelines: Develop robust privacy guidelines 

tailored specifically to the integration of AI in remote rehabilitation (Arigbabu et al., 2024). 

These guidelines should cover all aspects of data collection, storage, transmission, and 

access protocols, ensuring compliance with existing data protection regulations such as the 

Personal Information Protection and Electronic Documents Act (PIPEDA), which is the 

federal act, and other provincial regulations for protecting personal information, such as 

PHIPA (Personal Health Information Protection Act), specifically designed for clients in 

Ontario. Key principles include: 

a. Consent: Policies must ensure that consent is explicit, informed, and obtained 

without deception, particularly for sensitive information (PIPEDA S.C. 2000, c.5, 

principles 4.3.5, 4.3.6, and 4.3.7) (Canada, 2015; SC 2000, c 5 | Personal 

Information Protection and Electronic Documents Act, n.d.). 

b. Use and disclosure: clear guidelines on how personal information can be used and 

disclosed, ensuring that data is only shared with entities with appropriate consent. 
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c. Openness and transparency: Organizations must maintain transparency about their 

data practices and policies. 

d. Retention and disposal: this defines how long personal data should be retained and 

the methods for secure disposal once it is no longer needed (Canada, 2014). 

This approach enhances patient trust, mitigates risks of data breaches, and aligns with international 

privacy standards. However, the dynamic nature of AI technologies requires these guidelines to be 

regularly updated (Williamson & Prybutok, 2024). 

2. Promote Transparency and Informed Consent: Prioritize transparency and informed 

consent mechanisms to empower patients in making decisions about how their data is used. 

This involves: 

a. Providing clear information about the types of data collected, purposes of data 

processing, and potential risks involved.  

b. Ensuring consent forms are understandable, enabling patients to make informed 

decisions regarding their participation in AI-driven rehabilitation programs. 

Promoting transparency fosters trust and accountability, but ensuring clarity of consent forms and 

upholding patient autonomy within complex technological processes pose notable challenges 

(Amann et al., 2020; Reddy et al., 2020). 

3. Invest in Privacy-Preserving Technologies: Allocate resources towards developing and 

implementing privacy-preserving technologies within AI-driven rehabilitation systems. 

Techniques to consider include: 

a. Federated learning: this enables AI models to be trained across multiple 

decentralized devices or servers holding local data samples without exchanging 

them. 

b. Differential privacy: this adds noise to data to ensure individual data points cannot 

be distinguished, enhancing privacy. 

c. Blockchain-based data management: this uses blockchain technology to provide 

secure and transparent data transactions.  

Investing in these technologies improves data security and promotes innovation and 

competitiveness in the healthcare sector. However, the adoption of these technologies may demand 

initial investment costs and require ongoing maintenance and updates to sustain effectiveness (Al-

Kuwari, 2021; Khalid et al., 2023; Silva & Soto, 2022). 

Conclusion 

The integration of artificial intelligence (AI) and robotics in remote upper extremity rehabilitation 

addresses long-standing challenges in healthcare. Balancing the effectiveness of these technologies 

with stringent privacy protections is essential. Policymakers, healthcare providers, technology 

developers, regulatory bodies, and patients must collaborate to develop a robust framework that 
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protects patient data and encourages innovation. This collaborative approach will ensure that AI-

driven rehabilitation technologies improve patient outcomes while safeguarding privacy. 
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