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Abstract: 

Chitosan nanoparticles have emerged as a promising avenue in dentistry, offering a range of applications 

from drug delivery to tissue engineering. This review explores the diverse uses of chitosan nanoparticles in oral 

healthcare, including their role in periodontal therapy, dental drug delivery systems, and tissue regeneration. The 

unique properties of chitosan, such as biocompatibility, mucoadhesion, and antimicrobial activity, make it an 

attractive material for addressing various dental challenges. Additionally, the versatility of chitosan nanoparticles 

allows for tailored approaches to meet specific clinical needs. This article give recent advancements, challenges, 

and future directions in utilizing chitosan nanoparticles to revolutionize dental care. 

Keywords: Chitosan nanoparticles, dentistry, periodontal therapy, drug delivery, tissue engineering, 

antimicrobial activity 

Introduction: 

Chitosan is a derivative of chitin that is widely distributed in the exoskeletons of crustaceans. It has 

unique characteristics that make it an good choice for dental uses. Due to its antibacterial activity, 

biocompatibility, and biodegradability, it is a desirable option for treating common oral health conditions such 

tooth caries, periodontal disease, and tissue injuries.[1]. Chitosan also shows increased properties when it is 

made into nanoparticles, such as better drug encapsulation, regulated release kinetics, and targeted 

administration to particular oral locations. The goal of this review is to examine the various uses of chitosan 

nanoparticles in dentistry, includes periodontal therapy, tissue engineering, and dental drug delivery systems.[2] 

By analysing recent advancements, challenges, and future prospects, this review seeks to provide insights into 

the transformative potential of chitosan nanoparticles in revolutionizing dental care. Through collaborative 

efforts the harnessing of chitosan nanoparticles could pave the way for innovative treatment modalities that 

offer improved therapeutic outcomes, reduced side effects, and enhanced patient satisfaction. As dentistry plays 

role in continues to evolve, embracing the capabilities of chitosan nanoparticles promises to propel oral 

healthcare into a new era of precision, efficacy, and patient-centricity.[3] 

Chitosan Nanoparticles in Periodontal Therapy 

One of the most difficult issues in periodontal therapy is efficiently targeting and eliminating pathogenic 

bacteria found in periodontal pockets and biofilms.[4] Chitosan nanoparticles have significant antibacterial 

properties against a variety of oral infections, including Porphyromonas gingivalis and Aggregatibacter 

actinomycetemcomitans. Their positively charged surface allows for electrostatic interactions with the 

negatively charged bacterial cell membrane, resulting in membrane breakdown and bacterial death. 

Furthermore, chitosan nanoparticles can enter biofilms, disrupting their structure and increasing the 

effectiveness of antimicrobial agents.[5] In addition to their antibacterial capabilities, chitosan nanoparticles are 

effective carriers for delivering therapeutic medicines to periodontal tissues. Encapsulating antibacterial 

medicines, anti-inflammatory medications, or growth factors into chitosan nanoparticles enables targeted and 

sustained release of drug in infection site. Localized delivery maximizes therapeutic efficacy by reducing 

systemic side effects and, overcoming limitations associated with conventional drug administration routes. 

Furthermore, chitosan nanoparticles can improve the stability and bioavailability of encapsulated drugs, 

prolonging their therapeutic effects within the periodontal environment.[5] Beyond antibacterial therapy, 

chitosan nanoparticles show promise in stimulating regeneration of tissue and wound healing in periodontal 

abnormalities. Their biocompatibility and biodegradability make integration into periodontal tissues easier, 
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providing a structure for cell adhesion, differentiation, and proliferation. Chitosan nanoparticles functionalised 

with bioactive compounds, like growth factors which promote tissue repair and wound closure. Chitosan 

nanoparticles promote periodontal tissue regeneration, providing a comprehensive approach to periodontal 

therapy restoring functional and architecture. 

Despite promising potential for chitosan nanoparticles in periodontal therapy, several challenges remain to be 

addressed, including optimization of nanoparticle properties and standardized protocols for synthesis and 

functionalization. Future research efforts may focus on elucidating interactions between chitosan nanoparticles 

and periodontal tissues, as well as exploring novel strategies to enhance their antimicrobial activity and tissue 

regenerative properties. Through interdisciplinary collaborations and translational efforts, chitosan 

nanoparticles hold the promise of revolutionizing periodontal therapy and improving oral health outcomes.[6] 

Dental Drug Delivery Systems 

Dental drug delivery systems are critical to the effective therapy of a variety of oral health disorders, 

including dental caries and periodontal disease. These systems are intended to deliver therapeutic chemicals to 

specific areas in the mouth cavity, resulting in tailored treatment while minimising systemic negative effects. 

Here, we look at the importance of dental drug delivery systems, their uses, and recent advances in the field.[7] 

One of the most common applications for dental drug delivery systems is the treatment of dental caries, which 

are caused by bacterial infection and demineralisation of tooth enamel. Topical administration of fluoride- 

containing products, such as gels, varnishes, and toothpaste, is a popular method for preventing and arresting 

caries progression. These formulations release fluoride ions to remineralise enamel and block bacterial acid 

production, thereby reducing the risk of cavities. 

In addition to fluoride therapy, oral drug delivery devices are used to treat periodontal disorders, which are 

characterised by inflammation and infection of the tooth's supporting tissues. Local delivery of antimicrobial 

drugs, such as chlorhexidine, minocycline, or metronidazole, using gels, chips, or controlled-release devices, 

can successfully target periodontal infections and reduce inflammation within periodontal pockets. Furthermore, 

drug-eluting implants or membranes are used to deliver therapeutic agents throughout time, supporting tissue 

regeneration and wound repair in severe periodontal defects.[7] 

Recent advancements in dental drug delivery systems have focused on enhancing their efficacy, patient 

compliance, and convenience. Nanotechnology-based approaches, such as nanoparticles and nanofibers, enable 

controlled release of drugs, improve their stability, and enhance their penetration into dental biofilms. 

Furthermore, mucoadhesive formulations, which adhere to oral mucosa for prolonged drug exposure, are being 

developed to enhance drug retention and efficacy in the oral cavity. 

Clinicians can obtain individualized therapy outcomes by taking into account patient-specific aspects such as 

oral microbiota composition, genetic predisposition, and treatment history. 

Despite these advances, obstacles in the development of oral medication delivery systems remain, such as 

optimizing drug release kinetics, assuring biocompatibility, and overcoming patient variability. Future research 

efforts may concentrate on tackling these difficulties through interdisciplinary collaborations and novel 

technologies, such as bioresponsive materials, gene therapy, and precision medicine approaches.[8] 

Tissue regeneration 

Tissue regeneration using chitosan nanoparticles provides innovative uses in dentistry, offering 

customized solutions for repairing and regenerating damaged dental tissues. Chitosan, which is derived from 

chitin in crustacean shells, has distinct characteristics that make it highly suitable for tissue engineering 

applications, including its biocompatibility, biodegradability, and antimicrobial properties. When formed into 

nanoparticles, chitosan’s enhanced features further improve its effectiveness for tissue regeneration. 

Chitosan nanoparticles can be integrated into scaffolds or matrices designed to imitate the extracellular 
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matrix of enamel, dentin, cementum, and periodontal ligament. These temporary platforms create a solid 

environment that helps in attachment of cell, growth, and differentiation, thus facilitating tissue regeneration. 

Furthermore, chitosan nanoparticles can be functionalized with bioactive molecules, growth factors, or drugs to 

influence cellular behavior and enhance tissue repair processes. 

In these conditions of dental pulp regeneration, chitosan nanoparticles provide an essential 

microenvironment for recruiting and differentiating stem cells.[9] Chitosan-based scaffolds can encapsulate 

dental pulp stem cells (DPSCs) or mesenchymal stem cells (MSCs) and deliver growth factors like basic 

fibroblast growth factor (bFGF) or vascular endothelial growth factor (VEGF) to promote angiogenesis and 

odontogenesis. This approach aids in regenerating dentin and pulp-like tissue, ultimately restoring the tooth’s 

vitality and function. Additionally, chitosan nanoparticles are effective in periodontal tissue engineering, 

facilitating the regeneration of periodontal ligaments, cementum, and alveolar bone. Chitosan-based scaffolds 

can be enriched with growth factors such as platelet-derived growth factor (PDGF) or bone morphogenetic 

protein (BMP) to enhance the osteogenic and cementogenic differentiation of periodontal ligament stem cells 

(PDLSCs) and dental follicle cells (DFCs). By supporting regeneration of periodontal tissues, chitosan 

nanoparticles contribute to the repair of periodontal defects and the restoration of structures that support 

teeth.[10] 

Recent advancements in the use of chitosan nanoparticles in tissue engineering include the creation of 

multifunctional scaffolds capable of controlled drug release, bioimaging, and targeted therapies. Techniques for 

modifying nanoparticle surfaces allow for clear cut control over temporary properties such as porosity, 

degradation rates, and mechanical strength, optimizing outcomes in tissue regeneration.[11] 

Challenges and Future Directions 

Despite the promising applications of chitosan nanoparticles in dentistry, several challenges must be 

addressed to translate research findings into clinical practice.[12] These challenges include optimizing the 

formulation of nanoparticles, improving the bioavailability of encapsulated drugs, promising long-term 

biocompatibility, and navigating regulatory requirements. Future research should focus on developing 

multifunctional chitosan nanoparticles that can achieve delivery by targeted drug, imaging, and diagnostic 

purposes in dentistry. Collaborative efforts between clinicians, researcher and industry stakeholders will be 

essential to fully realize the potential of chitosan nanoparticles in enhancing oral healthcare outcomes.[12] 

Conclusion 

Chitosan nanoparticles represent a unique platform for addressing a variety of dental issues, including 

periodontal diseases and tissue regeneration. Their distinctive properties make them well-suited for use in 

periodontal therapy, tissue engineering and delivery of drug. By leveraging the capabilities of chitosan 

nanoparticles, dental professionals can significantly advance the field of oral healthcare, offering more 

promising treatment options for patients. Ongoing research and innovation in this domain are vital to unlocking 

the full clinical benefits of chitosan nanoparticles in dentistry. 
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