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Abstract 

Modern adhesive systems have revolutionized medical procedures, offering 

less invasive alternatives to traditional sutures and staples for tissue repair and 

fixation. This review explores the materials and technologies behind these advanced 

adhesives, highlighting their advantages, limitations, and future directions. We 

discuss various classes of biocompatible materials used in adhesive systems, 

including natural polymers, synthetic polymers, and hybrid materials. We delve into 

the key properties of these materials, such as adhesion strength, biodegradability, 

and biocompatibility, exploring their impact on tissue healing and patient outcomes. 

The review examines the latest advancements in adhesive technologies, including 

injectable adhesives, bioresorbable adhesives, and drug-delivery systems, and 

discusses their potential for enhancing tissue regeneration and minimizing 

complications. 
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Introduction: 

Traditional surgical techniques for tissue repair often relied on sutures, 

staples, or clips, which can be invasive, time-consuming, and prone to complications 

such as infection, scarring, and tissue damage. The development of modern adhesive 

systems has offered a less invasive and more versatile approach, providing numerous 

advantages in various medical fields. 

Materials and Technologies for Bioadhesives: 

• Natural Polymers:  

  * Fibrin Glue: Derived from human plasma, this biocompatible and 

biodegradable adhesive promotes natural tissue healing. 
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  * Collagen-based Adhesives: Collagen, a natural protein found in connective 

tissues, provides excellent biocompatibility and can be used for tissue sealing and 

wound closure. 

  * Hyaluronic Acid Adhesives: Hyaluronic acid, a naturally occurring 

glycosaminoglycan, offers excellent biocompatibility and lubricity, making it 

suitable for wound healing and tissue regeneration. 

• Synthetic Polymers: 

  * Polyurethanes: Versatile polymers with tunable properties, offering good 

biocompatibility, mechanical strength, and controlled degradation. 

  * Polyesters: Biodegradable polymers commonly used in tissue engineering 

and drug delivery systems, offering controlled release and biocompatibility. 

  * Poly(ethylene glycol) (PEG): A biocompatible and hydrophilic polymer 

often used in drug delivery and tissue engineering applications. 

• Hybrid Materials: 

  * Combining natural and synthetic polymers can create adhesives with 

enhanced properties, such as improved adhesion strength, controlled degradation, 

and targeted drug delivery. 

Key Properties of Bioadhesives: 

• Adhesion Strength: Adhesives must possess sufficient adhesion strength to 

hold tissues together under physiological conditions, preventing tissue separation 

and promoting healing. 

• Biocompatibility: Adhesives should be biocompatible, minimizing tissue 

inflammation, rejection, and cytotoxicity.  

• Biodegradability: Many adhesives are designed to be biodegradable, 

gradually degrading over time, minimizing the need for surgical removal.  

• Controlled Release: Some adhesive systems are formulated to deliver drugs 

or growth factors in a controlled manner, promoting tissue regeneration and 

minimizing side effects. 

Advanced Adhesive Technologies: 
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• Injectable Adhesives: Liquid adhesives that can be injected into the desired 

site, facilitating minimally invasive tissue repair and reducing the need for open 

surgery. 

• Bioresorbable Adhesives: Adhesives that degrade and are absorbed by the 

body over time, eliminating the need for surgical removal and minimizing the risk 

of complications. 

• Drug Delivery Systems: Adhesives can be formulated to release drugs, 

growth factors, or other therapeutic agents in a controlled manner, enhancing 

treatment efficacy and reducing side effects. 

Applications in Medicine: 

 

• Wound Closure: Adhesives offer an alternative to sutures for closing 

wounds, reducing scarring, and minimizing infection risk. 

• Tissue Repair: Adhesives can be used to repair damaged tissues, such as 

tendons, ligaments, and nerves, promoting healing and restoring function. 

• Organ Transplantation: Adhesives play a crucial role in securing tissue 

grafts, minimizing rejection, and enhancing long-term outcomes in organ 

transplantation. 

• Drug Delivery: Adhesive-based drug delivery systems offer targeted drug 

administration, improving therapeutic efficacy and minimizing side effects. 

Challenges and Future Directions: 

• Improved Biocompatibility: Continued research focuses on developing 

adhesives with enhanced biocompatibility and reduced risk of tissue rejection or 

inflammatory responses. 

• Controlled Degradation: Optimizing the degradation rate and bioresorption 

of adhesives is crucial to ensure their efficacy and minimize complications. 

• Targeted Drug Delivery: Advances in drug delivery systems integrated with 

adhesives offer promising possibilities for localized drug administration and 

improved treatment outcomes. 
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• Injectable Adhesives: Developing injectable adhesives with controlled 

viscosity and gelation properties will facilitate minimally invasive procedures and 

improve patient comfort. 

Conclusion: 

Modern adhesive systems represent a significant advancement in medicine, 

providing less invasive, more efficient, and patient-friendly solutions for tissue 

repair and drug delivery. Continued research and development in biocompatible 

materials, advanced technologies, and controlled drug delivery systems will further 

enhance the efficacy and safety of these systems, revolutionizing medical practices 

and improving patient outcomes. 
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