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Introduction

Oral infections, including dental caries, periodontal disease, and other oral
mucosal diseases, are a widespread public health concern worldwide. They not
only cause pain and discomfort but also lead to significant morbidity, affecting
the quality of life of individuals. Conventional treatments for oral infections often
involve the use of antibiotics, antiseptic agents, and mechanical interventions
like scaling and root planing. However, these approaches have limitations,
such as resistance development, limited efficacy, and undesirable side effects.
In recent years, the field of nanotechnology has emerged as a promising
area for the development of novel therapeutic strategies for preventing and
treating oral infections [1]. Nanoparticles, with their unique size, surface
area, and reactivity, offer significant advantages over traditional materials in
various biomedical applications. Their small size allows them to interact with
bacteria, viruses, and host cells at the molecular level, improving the delivery
of therapeutic agents, enhancing antimicrobial activity, and promoting tissue
regeneration. This article explores the diverse applications of nanoparticles in
the prevention and treatment of oral infections, discussing their mechanisms of
action, types, and potential benefits in clinical practice [2].

Description

Nanoparticles are particles with sizes ranging from 1 to 100 nanometers
(nm) in at least one dimension. Due to their small size, nanoparticles exhibit
unique physical, chemical, and biological properties that differ significantly
from bulk materials. These properties include a high surface-area-to-volume
ratio, which enhances their reactivity and interaction with biological systems.
Additionally, nanoparticles can be engineered to possess specific surface
characteristics, such as surface charge and hydrophobicity, which further
enhance their ability to interact with bacterial cells or mucosal tissues. The
versatility of nanoparticles arises from their potential to deliver drugs or active
compounds in a controlled and sustained manner, improve bioavailability,
and reduce systemic side effects. Various types of nanoparticles, such
as liposomes, dendrimers, silica nanoparticles, silver nanoparticles, and
polymeric nanoparticles, have been developed for biomedical applications,
including drug delivery, imaging, and therapy. Among these, nanoparticles
have shown significant promise in addressing oral infections due to their ability
to target pathogens and deliver localized therapeutic effects [3].

Dental caries (tooth decay) is one of the most common chronic diseases,
primarily caused by the demineralization of tooth enamel due to acids
produced by bacterial fermentation of carbohydrates. Traditional preventive
measures, such as fluoride application and dental sealants, have been
effective to some extent but have limitations in terms of long-term protection
and the inability to regenerate damaged enamel. Nanoparticles, especially
fluoride-releasing nanoparticles, have been studied as potential agents for
the prevention of dental caries. These nanopatrticles can release fluoride ions
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slowly over time, enhancing remineralization of the tooth surface and reducing
the formation of dental biofilms. Furthermore, the small size of nanoparticles
allows them to penetrate deeper into the enamel, promoting more efficient
remineralization. Another promising approach is the use of calcium phosphate
nanoparticles, which can mimic the mineral composition of enamel and help
in the remineralization of demineralized teeth. These nanoparticles can be
incorporated into toothpastes or mouthwashes, providing sustained protection
against dental caries [4].

Oral mucosal infections, such as those caused by Candida albicans,
are common and can lead to painful conditions like oral thrush. Traditional
antifungal treatments, including systemic medications, may have limited
effectiveness and cause adverse side effects. Nanoparticles can serve as
carriers for antifungal drugs, improving their local delivery and enhancing
their therapeutic effects. Periodontal disease, which includes gingivitis and
periodontitis, is characterized by inflammation and infection of the gums and
supporting tissues. The condition is often associated with the overgrowth of
specific pathogens, including P. gingivalis, Tannerella forsythia, and Treponema
denticola, leading to tissue destruction, tooth loss, and systemic complications.
Nanoparticles can be used to deliver anti-inflammatory and antimicrobial
agents directly to the periodontal tissues. For instance, nanoparticle-based
drug delivery systems, such as liposomes and polymeric nanoparticles, can
encapsulate drugs like antibiotics (e.g., tetracycline) or anti-inflammatory
agents (e.g., dexamethasone) and release them locally at the site of infection.
This targeted approach enhances the therapeutic effects while minimizing
systemic side effects. Nanoparticles can also be used to deliver growth factors,
such as bone morphogenetic proteins (BMPs), to promote tissue regeneration
and repair damaged periodontal tissues. By improving the localized delivery
and controlled release of these therapeutic agents, nanoparticles hold promise
for enhancing periodontal therapy and reducing the need for invasive surgical
procedures [5].

Conclusion

Nanoparticles represent a groundbreaking advancement in the prevention
and treatment of oral infections. Their unique size, surface properties, and
ability to interact with biological systems at the molecular level make them
ideal candidates for enhancing oral health. From preventing dental caries
and controlling plaque formation to treating periodontal disease, endodontic
infections, and oral cancer, nanoparticles offer versatile and effective solutions
for a wide range of oral health challenges. The future of oral infection
management will likely involve the integration of nanoparticles into routine
dental care, improving both the prevention and treatment of oral diseases.
However, the successful translation of these technologies into clinical practice
will require further research to address challenges related to safety, toxicity,
and long-term efficacy. As the field of nanomedicine continues to evolve,
nanoparticles will undoubtedly play an increasingly central role in advancing
oral health and combating oral infections.

Acknowledgement

None.

Conflict of Interest

None.


mailto:stumpfingliang@ian.cn

Mingliang S. Oral Health Case Rep, Volume 11: 01, 2025

4. El-Rab, Sanaa MF Gad, Sakeenabi Basha, Amal A. Ashour and Enas Tawfik
Refe rences Enan, et al. "Green synthesis of copper nano-drug and its dental application upon
periodontal disease-causing microorganisms." Microb Biotechnol 31 (2021): 1656.
1. Mohammadipour, Hamideh Sadat, Parastoo Tajzadeh, Mahshid Atashparvar and
Samira Yeganehzad, et al. "Formulation and antibacterial properties of lollipops
containing of chitosan-zinc oxide nano particles on planktonic and biofilm forms of
Streptococcus mutans and Lactobacillus acidophilus." BMC Oral Health 23 (2023):
957.

5. Chen, Xiaoyu, Ning Huang, Danyang Wang and Miao Zhang, et al. "Sulfated
chitosan-modified CuS nanocluster: A versatile nanoformulation for simultaneous
antibacterial and bone regenerative therapy in periodontitis." ACS Nano 18 (2024):
14312-14326.

2. Barma, Manali Deb, Indumathy Muthupandiyan, Srinivasan Raj Samuel and
Bennett T. Amaechi. "Inhibition of Streptococcus mutans, antioxidant property and
cytotoxicity of novel nano-zinc oxide varnish." Arch Oral Biol 126 (2021): 105132.

3. Kasraei, Shahin, Lida Sami, Sareh Hendi and Mohammad-Yousef Alikhani, et al.
"Antibacterial properties of composite resins incorporating silver and zinc oxide
nanoparticles on Streptococcus mutans and Lactobacillus." Restor Dent Endod 39
(2014): 109-114.

How to cite this article: Mingliang, Stumpf. “Applications of Nanoparticles
in Preventing and Treating Oral Infections.” Oral Health Case Rep 11 (2025):
177.

Page 2 of 2


https://link.springer.com/article/10.1186/s12903-023-03604-9
https://link.springer.com/article/10.1186/s12903-023-03604-9
https://link.springer.com/article/10.1186/s12903-023-03604-9
https://www.sciencedirect.com/science/article/pii/S0003996921000959
https://www.sciencedirect.com/science/article/pii/S0003996921000959
https://synapse.koreamed.org/articles/1090050
https://synapse.koreamed.org/articles/1090050
https://pmc.ncbi.nlm.nih.gov/articles/PMC9706032/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9706032/
https://pubs.acs.org/doi/abs/10.1021/acsnano.4c00137
https://pubs.acs.org/doi/abs/10.1021/acsnano.4c00137
https://pubs.acs.org/doi/abs/10.1021/acsnano.4c00137

