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ABSTRACT 

 

Nanotechnology, defined as the design, characterization, production, and application of materials and systems at 

the nanometer scale, has profoundly influenced biomedical sciences, including dentistry. In periodontics, 

nanotechnology is being increasingly integrated into both diagnostic and therapeutic modalities, enhancing the 

efficacy and predictability of periodontal treatment. Applications range from nanoparticle-based drug delivery 

systems and antimicrobial agents to nanostructured scaffolds for periodontal regeneration and biosensors for 

early disease detection. This review provides a comprehensive overview of the current applications, recent 

advancements, and future prospects of nanotechnology in periodontics, while addressing the limitations and 

challenges associated with clinical translation. 
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INTRODUCTION 

 

Periodontal diseases, characterized by chronic inflammation of the supporting tissues of teeth, remain a major cause of 

tooth loss globally. Conventional therapies, including mechanical debridement and systemic or local delivery of 

antimicrobials, have shown limited success in achieving complete regeneration of periodontal tissues or in preventing 

disease recurrence. The advent of nanotechnology, which involves manipulating matter at dimensions between 

approximately 1 and 100 nanometers, has opened new frontiers in personalized, site-specific and minimally invasive 

periodontal care. 

 

Nanotechnology allows for precise control over material properties, including surface characteristics, drug release 

kinetics and biological interactions. These attributes enable the design of smart nanomaterials that can modulate host 

responses, enhance tissue regeneration and target specific microbial populations implicated in periodontitis. 

 

Nanomaterials in Periodontics 

 Nanoparticles for Targeted Drug Delivery 

Nanoparticles (NPs) serve as efficient carriers for the controlled release of therapeutic agents, improving bioavailability 

and reducing systemic side effects. Biodegradable polymers such as chitosan, poly(lactic-co-glycolic acid) (PLGA) and 

alginate are commonly used to fabricate NPs encapsulating antibiotics (e.g., doxycycline, metronidazole), anti-

inflammatory agents, or growth factors.
1
 These nanocarriers can be engineered to respond to environmental stimuli 

such as pH, enzymes, or redox potential within the periodontal pocket, thereby enabling site-specific release.
2 

 

For example, chitosan nanoparticles loaded with doxycycline have demonstrated superior penetration into the 

periodontal pocket and sustained drug release, effectively inhibiting Porphyromonas gingivalis and Aggregatibacter 

actinomycetemcomitans.
1 

 

 Nanofibers and Electrospun Scaffolds for Regenerative Therapy
 

Nanofibrous scaffolds, particularly those fabricated via electrospinning techniques, mimic the native extracellular 

matrix (ECM), promoting cellular adhesion, proliferation, and differentiation. Materials such as polycaprolactone 

(PCL), collagen and hydroxyapatite have been utilized to create nanofibrous membranes for guided tissue regeneration 

(GTR) and bone regeneration.
3,4

 Functionalization with bioactive molecules, such as bone morphogenetic proteins 

(BMPs) or enamel matrix derivatives, further enhances regenerative potential. 

 

 Carbon-Based Nanomaterials 

Carbon nanotubes (CNTs) and graphene oxide (GO) possess remarkable mechanical strength, electrical conductivity 

and biocompatibility. When incorporated into composite scaffolds, these materials have been shown to stimulate 

osteogenic differentiation of periodontal ligament stem cells (PDLSCs) and promote mineralized tissue formation.
5 
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Antimicrobial Applications of Nanotechnology 

Metallic nanoparticles, especially silver (AgNPs), zinc oxide (ZnO) and titanium dioxide (TiO₂), exhibit potent 

antimicrobial effects through mechanisms including generation of reactive oxygen species (ROS), disruption of 

microbial membranes and inhibition of biofilm formation.
6
 These properties are harnessed in various periodontal 

formulations such as mouth rinses, gels, periodontal chips, and implant coatings.
7 

 

For instance, AgNPs embedded in biocompatible gels have been demonstrated to significantly reduce subgingival 

microbial load and inflammation in chronic periodontitis patients.
2
 Furthermore, nanocoatings on titanium implants can 

prevent colonization by peri-implant pathogens, thereby reducing the risk of peri-implantitis.
7 

 

Diagnostic Applications of Nanotechnology 

Early detection of periodontal disease is critical for effective management. Nanodiagnostics employs nanosensors and 

nanobiosensors to detect specific biomarkers (e.g., interleukin-1β, matrix metalloproteinases) and bacterial components 

in saliva or gingival crevicular fluid (GCF).
8
 Gold nanoparticles and quantum dots have been integrated into point-of-

care devices, offering high sensitivity, specificity, and multiplexing capabilities. 

 

Emerging platforms include electrochemical biosensors functionalized with antibodies or aptamers that can quantify 

inflammatory mediators in real-time, enabling precision diagnostics and monitoring of periodontal disease progression. 

  

Limitations and Future Perspectives 

While the benefits of nanotechnology in periodontics are compelling, several challenges must be addressed. These 

include: 

 Cytotoxicity and Biocompatibility: Long-term safety of certain nanoparticles remains unclear, particularly 

regarding accumulation in tissues and potential systemic effects. 

 Regulatory Hurdles: Lack of standardized guidelines for clinical evaluation and approval of nanomedicines 

impedes their commercialization. 

 Cost and Scalability: High manufacturing costs and complexities in large-scale production limit widespread 

clinical application. 

 

Future research should prioritize the development of multifunctional, stimuli-responsive nanoplatforms that combine 

antimicrobial, regenerative, and diagnostic capabilities. Personalized nanotherapeutics tailored to an individual’s 

microbiome and host immune profile represent the next frontier in periodontal care. 

 

CONCLUSION 

 

Nanotechnology represents a paradigm shift in the field of periodontics, offering innovative tools for precision 

diagnostics, targeted therapy, and tissue regeneration. While the clinical translation of many of these technologies is 

still evolving, ongoing advances in materials science, bioengineering, and molecular biology will likely accelerate their 

integration into routine periodontal practice. Interdisciplinary collaboration and rigorous clinical validation are essential 

to realize the full potential of nanotechnology in achieving optimal periodontal health outcomes. 
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