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. of interest within the body. Smart materials have significant potential in energy
|ntr0duct|0n harvesting, converting ambient energy sources into usable electrical energy.
These devices can harvest energy from vibrations in the environment, such

Smart materials, known for their ability to respond dynamically to external a5 footsteps or machinery, and convert it into electricity. This application is
stimuli such as temperature, pressure, magnetic fields, and electric fields,  especially beneficial for powering small devices in remote locations. Materials
have become pivotal in various sectors, particularly in health and technology.  that convert temperature differences into electrical energy can be utilized in

This review delves into the current state of smart materials, eXp|0reS their waste heat recovery Systems’ comributing to energy efﬁciency in industrial
innovative applications in healthcare and technology, and anticipates future  processes.

advancements and trends that could shape these fields. Shape Memory

Alloys (SMAs) materials can return to a predetermined shape upon heating. ~ The integration of smart materials into textiles is paving the way for
Commonly used in medical devices like stents, SMAs enhance the minimally innovative clothing solutions. Smart textiles embedded with sensors can
invasive techniques of surgery. monitor health parameters such as heart rate, temperature, and even hydration

levels. These garments can relay information to smartphones or healthcare

PCMs can absorb or release latent heat during phase transitions,  providers, enabling proactive health management. Materials that change color
making them ideal for thermal management applications. Electrochromic o texture in response to environmental factors (like temperature or light) are
Materials These materials change color in response to an electric current  gaining popularity in fashion and home decor. These textiles can offer aesthetic
and are being explored for applications in smart windows and displays. Self-  appeal while enhancing functionality. Smart materials are increasingly used in
healing Materials: Inspired by biological systems, these materials can repair  the construction and design of buildings, enhancing their sustainability and
themselves after damage, promising longevity and sustainability. Smart  resilience. Innovative concrete formulations that can self-repair cracks have the
materials are revolutionizing medical devices, enhancing their functionality, potential to extend the lifespan of infrastructure; reducing maintenance costs
efficacy, and patient outcomes. Shape memory alloys are extensively used  and resource consumption.Materials that change their properties based on
in the production of stents that expand at body temperature, allowing for  temperature or light can improve energy efficiency in buildings. Thermochromic

minimally invasive insertion. These materials also adapt to the physiological  windows can reduce cooling costs, while photovoltaic materials can hamess
environment, reducing the risk of complications. Smart hydrogels respond  gsolar energy [3].

to physiological triggers (like pH or temperature) to release drugs at specific

sites within the body. This targeted delivery enhances the effectiveness of the ~ The future of smart materials will be heavily influenced by advancements
medication while minimizing side effects [1]. in manufacturing technologies such as 3D printing and nanotechnology.

These techniques allow for the creation of complex structures that enhance
. .- the functionality of smart materials. 3D printing enables the production of
Desc"ptlon tailored smart materials for specific applications, particularly in healthcare
where patient-specific implants can be fabricated. The incorporation of

The integration of piezoelectric materials in wearables enables real-time nanotechnology in smart materials can enhance their properties, such as
health monitoring by converting body movements into electrical signals. This  increasing strength, conductivity, and responsiveness. This will open new
technology is crucial for tracking physical activity, heart rate, and other vital  avenues for applications across various industries. The integration of Al and
signs. Smart materials play a significant role in tissue engineering, where  machine learning in the development and application of smart materials is an
they support the growth of new tissues. Biodegradable scaffolds made from  emerging trend. These technologies can optimize material performance, predict
smart materials provide structural support while promoting cell adhesion  behavior under different conditions, and even assist in real-time monitoring. In
and proliferation. These scaffolds can change their properties in response to  industrial settings, smart materials equipped with sensors can communicate
environmental stimuli, optimizing the conditions for tissue regeneration. For  thgir condition and predict when maintenance is needed, minimizing downtime
instance, temperature-sensitive polymers can facilitate the controlled release and reducing costs. As the demand for sustainable materials grows, the

of growth factors [2]. development of eco-friendly smart materials is gaining traction. This includes
Smart materials are also transforming diagnostic tools, enabling faster  biodegradable polymers and materials derived from renewable resources.
and more accurate disease detection. Using piezoelectric and electrochemical ~ Innovative smart materials that can be recycled or repurposed contribute to

properties, biosensors can detect specific biomolecules at low concentrations, @ circular economy, reducing waste and resource consumption. Research in
allowing for early diagnosis of diseases. These sensors can be integrated into  this area is focusing on materials that retain their smart properties even after
wearable devices for continuous monitoring. Smart materials enhance imaging ~ fecycling. The Internet of Things (loT) s revolutionizing how smart materials are
techniques like MRI and ultrasound by improving contrast and resolution. utilized. Materials equipped with sensors can connect to the internet, enabling

Materials that respond to magnetic fields can help in targeting specific areas ~ data collection and analysis for improved functionality. In smart homes,
integrated smart materials can monitor environmental conditions, optimize

energy use, and enhance occupant comfort through automated adjustments.
In healthcare, loT-enabled smart materials can facilitate continuous monitoring
of patients, providing real-time data to healthcare professionals and enabling
timely interventions [4,5].
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we can expect to see innovative applications that enhance patient care,
improve energy efficiency, and create smarter, more responsive environments.
The integration of advanced manufacturing techniques, Al, and sustainable
practices will drive the evolution of smart materials, making them indispensable
in addressing some of the most pressing challenges of our time. By embracing
these innovations, industries can not only improve their offerings but also
contribute to a more sustainable and efficient future.
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