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ABSTRACT

This chapter examines how smart materials are driving a paradigm shift in disability
rehabilitation, offering groundbreaking solutions to restore mobility, independence,
and dignity. By leveraging responsive technologies like shape-memory alloys,
electroactive polymers, and piezoelectric sensors, smart materials enable adaptive,
personalized therapies that address the unique challenges faced by individuals with
physical, sensory, or neurological disabilities. The chapter highlights real-world
applications—from Al-powered prosthetics to self-adjusting exoskeletons—while
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addressing barriers like cost and accessibility. It concludes with a vision for an
inclusive future where smart materials erase limitations and redefine what’s possible
in rehabilitation.

1. INTRODUCTION: THE NEW ERA OF
DISABILITY REHABILITATION

The field of disability rehabilitation is undergoing a extreme transformation, due
to the advent of smart materials(Benouhiba et al., 2025). These innovative materials
have the ability to sense, adapt, and respond in real time, revolutionizing rehabilitation
approaches(Sali, Chai, & Ganesan, 2025). Traditional methods often fail to address
the dynamic needs of individuals with disabilities, but smart materials are changing
this narrative(Oro, 2025). For example, shape-memory alloys used in spinal braces
can adjust their support as a patient progress, while electroactive polymers enable
prosthetics to “learn’” and adapt to grip patterns for amputees(Gherman et al., 2025).
This technology is not just about creating better devices—it’s about empowering
individuals to reclaim their autonomy and live more independently.

¢  Enhancing Adaptability - One of the key features that make smart materials
revolutionary is their responsiveness. These materials react to physiological
cues such as temperature, pressure, and muscle activity, allowing prosthetics
and orthotics to adjust themselves in real time based on the user's needs(Kan-
taros, Petrescu, &Ganetsos, 2025).For instance, a prosthetic limb made with
smart materials can detect when the user is walking uphill and automatically
adjust its stiffness to provide better support(Tabucol et al., 2025). This real-
time adaptation is crucial for dynamic therapy, enabling individuals to par-
ticipate in activities that were previously challenging or impossible(Zaydi,
Maleh, &Khourdifi, 2025).

e  Personalization (Responsiveness): Tailoring Rehabilitation to Individual
Needs - Another major advantage of smart materials is their ability to provide
personalized interventions. Traditional rehabilitation devices are often mass-
produced with standard sizes and settings, which may not accommodate an
individual’s unique needs(Giansanti, 2025).Smart materials, however, can be
customized to fit specific disabilities. For example, orthotic devices for chil-
dren with cerebral palsy can have adjustable stiffness, allowing them to adapt
as the child grows or as their condition evolves(Zawar et al., 2024). This level
of personalization ensures that rehabilitation devices offer the most effective
support possible, enhancing long-term outcomes(Abbas &Zlopasa, 2025).
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