
Exp. Theo. NANOTECHNOLOGY 10 (2026) 965-978                       https://doi.org/10.56053/10.S.965 

 

Aya Kahled Jabbar1, Hussein Ali Hussein1,*, M. Al Nuaimi2

Hussein.A.Aldaffaie@uotechnology.edu.iq

Received 7/2/2026, Received in revised form 17/4/2026, Accepted 26/4/2026, Published 15/5/2026

https://doi.org/10.56053/10.S.965
mailto:Hussein.A.Aldaffaie@uotechnology.edu.iq


Exp. Theo. NANOTECHNOLOGY 10 (2026) 965-978                       

 

 

Magnesium (Mg) and its alloys, particularly Mg-AZ31, have emerged as promising materials for 

biodegradable orthopedic implants due to their excellent biocompatibility, suitable mechanical 

properties, and ability to degrade naturally within the human body [1-3]. Unlike traditional metallic 

implants, magnesium-based systems can gradually dissolve after fulfilling their mechanical function, 

thereby eliminating the need for secondary surgical removal [4,5]. In addition, magnesium ions play a 

beneficial role in stimulating bone growth and enhancing osteointegration [6,7]. These advantages 

position Mg-AZ31 as a strong candidate for next-generation biomedical implants that aim to integrate 

seamlessly with biological tissues while supporting the natural healing process [8,9]. However, the 

clinical application of Mg-AZ31 alloys is significantly hindered by their high chemical reactivity in 

physiological environments [10,11]. The alloy undergoes rapid corrosion when exposed to body fluids, 

leading to premature degradation, excessive hydrogen gas evolution, and localized alkalization [12,13]. 

These effects can compromise the mechanical stability of the implant and negatively impact 

surrounding tissues. Furthermore, the implant surface is highly susceptible to bacterial colonization, 

which can result in biofilm formation and post-surgical infections [14,15]. These combined 

electrochemical and biological challenges represent critical barriers to the widespread use of 

magnesium-based implants in orthopedic applications [16-20]. To address these issues, various surface 

modification techniques have been explored, including polymer coatings, ceramic layers, and 

corrosion inhibitors. While these strategies have shown some success, most approaches focus on either 

improving corrosion resistance or enhancing antimicrobial activity independently, without achieving a 

synergistic effect. Additionally, many conventional coatings are passive in nature and lack the ability 

to respond dynamically to changes in the physiological environment, such as fluctuations in pH caused 

by corrosion or microbial activity. This limitation reduces their effectiveness over time and highlights 

the need for more advanced, multifunctional coating systems.  

 

Recent advancements in nanotechnology have opened new pathways for the development of smart, 

stimuli-responsive coatings capable of addressing multiple challenges simultaneously. In particular, 

nanocapsule-based systems fabricated through complex coacervation offer the ability to encapsulate 

functional agents and release them in a controlled manner in response to environmental triggers. By 

integrating corrosion inhibitors and antimicrobial nanoparticles within a polymeric matrix, it becomes 

possible to design coatings that provide both chemical protection and biological defense. Moreover, 

engineered nano-topographies can mimic natural bone structures, promoting cell adhesion and 

facilitating hydroxyapatite formation, which is essential for successful osseointegration. Despite these 

advances, there remains a significant research gap in the development of integrated systems that 

combine corrosion control, antimicrobial functionality, and bioactivity within a single smart coating. 

Existing solutions often lack responsiveness, long-term stability, or the ability to synchronize 

degradation with the bone healing process. Therefore, a comprehensive approach that unifies these 

functionalities into a single platform is essential for achieving reliable and clinically viable 

magnesium-based implants. Recent progress in nanotechnology has enabled the development of 

multifunctional smart coatings capable of responding dynamically to physiological conditions. 

Nanoscale engineering allows precise control over surface morphology, chemical functionality, and 

release kinetics of active agents. These advancements contribute to improved corrosion resistance, 

enhanced antibacterial performance, and superior biointegration in biomedical implants, making 
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nanotechnology a key driver in next-generation implant design. In this paper, a dual-action, stimuli-

responsive nanocoating system is developed for Mg-AZ31 alloy to overcome the limitations of 

conventional surface treatments. The proposed coating is based on complex coacervation of natural 

polymers, incorporating 2-mercaptobenzothiazole (MBT) as a corrosion inhibitor and silver 

nanoparticles (AgNPs) as antimicrobial agents within nanocapsules. The coating is applied using a dip-

coating technique to form a uniform and bioactive nano-interface with a characteristic ñcauliflower-

likeò morphology. Comprehensive characterization is performed using FTIR, FE-SEM, 

electrochemical Tafel analysis, antibacterial Zone of Inhibition tests, and EDX analysis. The study 

aims to demonstrate that the developed system can achieve synchronized corrosion protection, 

antimicrobial activity, and enhanced biointegration, paving the way for a new generation of smart 

biodegradable orthopedic implants. 
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