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bioactive glass, offer a slower degradation rate, making them 
ideal for bone regeneration and reconstruction applications 
where mechanical support is needed for extended periods as 
the natural bone gradually heals. The degradation of these 
ceramics is typically controlled by resorption mechanisms that 
mimic the natural turnover of bone tissue, and their bioactivity 
encourages the formation of new bone at the implant site. 
Despite their promise, there are several challenges that need to 
be addressed in the design and application of biodegradable 
materials for implantable devices. One of the most critical 
challenges is achieving precise control over the degradation 
rate. The material must maintain its structural integrity and 
mechanical strength for the required duration before beginning 
to degrade at a predictable pace. This is particularly important 
for load-bearing applications, where the premature degradation 
of a device could compromise its mechanical support. 
Conversely, if a material degrades too slowly, it may cause 
long-term complications, such as chronic inflammation or 
fibrotic encapsulation, similar to those associated with 
permanent implants. Another challenge lies in ensuring the 
biocompatibility of the degradation by-products. While many 
biodegradable materials, such as PLA and PGA, degrade into 
naturally occurring metabolites, the accumulation of these by-
products in localized areas could lead to adverse effects such 
as tissue irritation or an imbalance in the local pH. Careful 
material selection and design can mitigate these issues by 
ensuring that degradation occurs at a rate that allows the body 
to effectively metabolize or excrete the by-products. 
Additionally, the mechanical properties of biodegradable 
materials are typically inferior to those of traditional non-
degradable materials like titanium or stainless steel, limiting 
their use in high-load applications. Researchers are actively 
exploring strategies to enhance the mechanical properties of 
biodegradable materials, such as using composite materials or 
applying surface treatments to strengthen the material without 
compromising its degradability. Finally, understanding the 
physiological environment in which the material will degrade 
is critical to predicting its behavior in vivo. Factors such as the 
pH, enzyme activity, and local blood flow at the implantation 
site can significantly influence the rate and manner of 
degradation, necessitating the development of sophisticated 
models and in vivo testing protocols to accurately predict 
material performance. Here we review the importance of 
biodegradable materials to clinical application, especially stent 
intervention. Then, chemical mechanisms of biodegradable 
materials that have been reported will be addressed in next 
section. Moreover, design and material approaches to achieve 
mechanical robustness as well as compatibility with blood 
vessel will be discussed. With advances in material science, 
particularly in the synthesis of novel polymers, metals, and 
ceramics with tailored degradation profiles, biodegradable 
materials are set to play a central role in the future of 
personalized medicine and minimally invasive healthcare 
solutions. By harnessing the inherent biocompatibility and 
biodegradability of these materials, engineers and clinicians 
can design devices that meet the body’s changing needs, 
offering temporary solutions that disappear once their work is 
done, paving the way for safer, more effective, and less 
invasive medical interventions. 

 
Clinical requirement of biodegradable materials to medical 
system 
 
Biodegradable materials have become increasingly significant 
in the medical system due to their unique ability to decompose 

naturally within the body, eliminating the need for surgical 
removal and offering a range of benefits across various 
medical applications. These materials, primarily composed of 
polymers, for examples, poly(lactic-co-glycolic acid) (PLGA), 
polylactic acid (PLA), and magnesium-based alloys, must meet 
stringent clinical requirements to ensure they are both 
biocompatible and effective. One of the most important 
requirements is biocompatibility, which ensures that the 
material does not trigger adverse immune responses, such as 
inflammation or toxicity, during its interaction with biological 
tissues. Another important aspect is the control of the 
degradation rate, where materials need to degrade at a pace 
that complements tissue healing or regeneration, maintaining 
mechanical support until the biological structures can 
independently handle the physiological loads. For instance, 
biodegradable stents and bone fixation devices must provide 
initial strength while gradually transferring mechanical load to 
the healing tissue (10). This highlights the necessity for 
mechanical integrity, as the materials must possess properties 
tailored to their specific functions, whether intended for use as 
scaffolds in tissue engineering, sutures, or implants. The 
structural integrity of materials must remain stable during the 
requirement period before degrading in a predictable manner 
without early breakdown, which could cause complications 
such as structural collapse or premature release of embedded 
drugs. Furthermore, products result from degradation must be 
non-toxic and easily metabolizable or excretable by the body. 
For example, PLGA degrades into lactic and glycolic acid, 
both of which are naturally processed by the body without 
causing harm. With increasing applications in areas like 
controlled drug delivery, tissue engineering, and wound 
healing, biodegradable materials must not only fulfill these 
clinical requirements but also adapt to emerging medical 
needs. In drug-eluting stent systems, for instance, 
biodegradable polymers are being engineered to provide 
sustained release of drugs over extended periods, effectively 
preventing the regeneration of cells near the blood vessel. In 
tissue engineering, biodegradable scaffolds play a pivotal role 
in supporting cell growth and tissue formation for complex 
structures like bone, cartilage, and skin, eventually degrading 
as the tissue regenerates. The advent of bioresorbable stents 
and grafts in cardiovascular treatments has also highlighted the 
potential of biodegradable materials in reducing long-term 
complications and eliminating the need for secondary 
surgeries. While the future of biodegradable materials in the 
medical field is promising, it is crucial that these materials 
continue to evolve with innovations that ensure their 
degradation rate, mechanical properties, and biocompatibility 
align with specific medical applications to optimize patient 
outcomes, safety, and effectiveness. 
 
Basic mechanism of biodegradable materials 
 
The basic mechanism of biodegradable materials revolves 
around their ability to naturally decompose into non-toxic 
byproducts through the action of biological agents such as 
microorganisms, enzymes, or environmental factors like 
moisture and temperature. These materials are designed to 
break down into water, carbon dioxide, methane, biomass, and 
inorganic compounds, depending on the environmental 
conditions and the composition of the material. At the core of 
this mechanism is the molecular structure of the material, often 
featuring hydrolytically or enzymatically cleavable bonds, 
such as ester, amide, or glycosidic linkages. For example, 
polylactic acid (PLA), a commonly used biodegradable 
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