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Abstract

Oral bacterial infections, including secondary caries, periodontal diseases, and peri-implantitis,
remain significant challenges in modern dentistry. These conditions often lead to treatment failure
and contribute to the alarming rise of antibiotic resistance. In response to these persistent issues,
the development of smart antibacterial nanomaterials in dentistry offers an innovative and highly
promising approach. Structurally, they encompass a wide array of compounds, such as metallic
nanoparticles (e.g., silver and metallic oxides) and polymeric nanocomposites incorporating
antimicrobial agents. The primary antimicrobial mechanisms involve direct damage to bacterial
cell membrane integrity, disruption of cellular genome synthesis and vital proteins, and the
generation of reactive oxygen species (ROS), all effectively leading to bacterial cell death. The
“smart” aspect of these nanomaterials stems from their ability to selectively respond to specific
environmental stimuli. These stimuli include pH changes (commonly found in acidic, infected oral
environments), the presence of bacterial enzymes, or temperature variations. This intelligent
responsiveness enables the targeted release of antimicrobial agents, resulting in more precise
treatments and a significant reduction in undesirable toxicity to host cells. The applications of
these nanomaterials in dentistry are vast and diverse, holding substantial potential to revolutionize
current therapeutic methods. Ultimately, recent advancements in this field clearly indicate that
smart antibacterial nanomaterials will play a pivotal and undeniable role in the future of oral
health. This article comprehensively reviews the structure, antimicrobial mechanisms, “smart”
characteristics, and clinical applications of these nanomaterials.
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1. Streptococcus mutans
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