
ISSN 0973-2063 (online) 0973-8894 (print)  

©Biomedical Informatics (2026) Bioinformation 22(7): 4028-4033 (2026) 
 

4028 

 

  

 

www.bioinformation.net 
Review 

Volume 22(7) 
Received July 1, 2026; Revised July 31, 2026; Accepted July 31, 2026, Published July 31, 2026 

DOI: 10.6026/973206300224028 
SJIF 2026 (Scientific Journal Impact Factor for 2026) = 8.478 
2022 Impact Factor (2023 Clarivate Inc. release) is 1.9 
 
Declaration on Publication Ethics:  
The author’s state that they adhere with COPE guidelines on publishing ethics as described elsewhere at https://publicationethics.org/. The authors 
also undertake that they are not associated with any other third party (governmental or non-governmental agencies) linking with any form of 
unethical issues connecting to this publication. The authors also declare that they are not withholding any information that is misleading to the 
publisher in regard to this article. 
 
Declaration on official E-mail: 
The corresponding author declares that lifetime official e-mail from their institution is not available for all authors 
 
License statement:  
This is an Open Access article which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly 
credited. This is distributed under the terms of the Creative Commons Attribution License 
 
Comments from readers: 
Articles published in BIOINFORMATION are open for relevant post publication comments and criticisms, which will be published immediately 
linking to the original article without open access charges. Comments should be concise, coherent and critical in less than 1000 words. 
 
Disclaimer: 
Bioinformation provides a platform for scholarly communication of data and information to create knowledge in the Biological/Biomedical domain 
after adequate peer/editorial reviews and editing entertaining revisions where required. The views and opinions expressed are those of the author(s) 
and do not reflect the views or opinions of Bioinformation and (or) its publisher Biomedical Informatics. Biomedical Informatics remains neutral and 
allows authors to specify their address and affiliation details including territory where required. 

Edited by Hiroj Bagde    
E-mail: hirojbagde8@gmail.com  

Phone: +91 9766105900 
Citation: Devi et al. Bioinformation 22(7): 4028-4033 (2026) 

 

Zinc oxide nanoparticles for dental applications: A 
narrative review 
 

S. Sindhuja Devi 1, 2, B. Sathyapriya Lakshmanan3,*, Effie Edsor4, G. Balaji2,* & Revathi Duraisamy5 

 
1Department of Oral and Maxillofacial Surgery, Bharath Institute of Higher Education and Research, Chennai, Tamil Nadu, India; 
2Department of Oral and Maxillofacial Surgery, Rajas Dental College and Hospital, Kavalkinaru, Tirunelveli, Tamil Nadu, India; 
3Department of Anatomy, Balaji Dental College and Hospital, Selaiyur, Chennai, Tamil Nadu, India; 4Department of Oral and 
Maxillofacial Surgery, RVS Dental College and Hospital, Coimbatore, Tamil Nadu, India; 5Department of Prosthodontics, Saveetha 
Dental College and Hospital, Chennai, Tamil Nadu, India; *Corresponding author 
 
Affiliation URL: 
https://www.bharathuniv.ac.in/ 
https://rajasdentalcollege.edu.in/ 



ISSN 0973-2063 (online) 0973-8894 (print)  

©Biomedical Informatics (2026) Bioinformation 22(7): 4028-4033 (2026) 
 

4029 

 

https://sbdch.ac.in/ 
https://www.rvsdental.ac.in/ 
https://saveethadental.com/ 
 
Author contact:  
S. Sindhuja Devi - E-mail: dr.sindhujadevi@rajasdentalcollege.edu.in; Phone: +91 9524170007  

Sathyapriya Lakshmanan B - E-mail: sathyapriyas.anatomy@sbdch.bharathuniv.ac.in; Phone: +91 9600033301 

Effie Edsor - E-mail: effieedsor@gmail.com; Phone: +91 9488830111 

G. Balaji - E-mail: balajigs110@gmail.com; Phone: +91 8248444015 
Revathi Duraisamy -E-mail: revathi.sdc@saveetha.com; Phone: +91 7598267022 

 
Abstract: 
Oral biofilms and antimicrobial resistance reduce the durability of dental materials. ZnO-NPs offer broad antimicrobial activity and 
can be incorporated into resins, cements, coatings and drug carriers. Therefore, it is of interest to describe the synthesis, mechanisms, 
dental applications, biocompatibility and comparison with other nanoparticles. Evidence suggests that optimized ZnO loading 
reduces biofilm formation without major loss of material performance. Thus, data shows the standardized synthesis, long-term safety 
testing and clinical trials are required before routine dental use. 
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Background: 
Nanotechnology permits the development of dental materials 
with nanoscale control over surface area, morphology and 
interfacial activity. Among inorganic antimicrobial agents, zinc 
oxide nanoparticles (ZnO-NPs) are widely investigated because 
they are inexpensive, stable, white in color and compatible with 
restorative, prosthetic and implant materials [1, 2]. Their 
antimicrobial effect is mainly attributed to reactive oxygen 
species generation, zinc-ion release, membrane disruption and 
interference with microbial enzymes, with activity against 
Streptococcus mutans, Enterococcus faecalis, Porphyromonas 
gingivalis and Candida albicans [3-5]. These features make ZnO-
NPs clinically relevant for reducing secondary caries, root-canal 
biofilms, denture stomatitis, plaque around orthodontic 
appliances and early peri-implant colonization. The biological 
response is dose dependent: optimized concentrations may 
preserve fibroblast, pulp-cell and osteoblast viability, whereas 
excessive loading or very small particles may produce oxidative 
stress [6, 7]. Surface modification with biopolymers, silica or 
other carriers can improve dispersion; regulate zinc release and 
lower cytotoxicity [8]. ZnO-based systems have also been linked 
with mineralization, angiogenesis and pulp or periodontal 
healing, supporting their use beyond simple antimicrobial 
reinforcement [9]. Therefore, it is of interest to describe the 
synthesis, characterization, antimicrobial mechanisms, clinical 
applications, biocompatibility and limitations of ZnO-NPs as 
dental biomaterials in a narrative review. 
 
Synthesis and characterization of ZnO nanoparticles: 
ZnO-NPs are synthesized by sol-gel, precipitation, 
hydrothermal, solvothermal, combustion and green routes. Sol-
gel and precipitation methods are common in dental material 
studies because they are scalable, inexpensive and allow control 
over crystallinity and particle uniformity [10]. Hydrothermal 
methods provide defined morphologies, including rods, spheres 

and plates, while plant- or microbe-assisted synthesis can reduce 
toxic residues and improve cytocompatibility [7]. 
Characterization by X-ray diffraction confirms the wurtzite 
crystalline phase, scanning and transmission electron 
microscopy define morphology and particle size and Fourier 
transform infrared spectroscopy identifies Zn-O bonds and 
stabilizing functional groups [2]. Smaller particles and positively 
charged surfaces generally show greater contact with microbial 
cells, but ion release and reactive oxygen species generation 
increase as size decreases, making dose control essential [11]. In 
dental matrices, dispersion is critical: well-dispersed particles 
below 50 nm may preserve optical and mechanical properties, 
whereas agglomeration can reduce curing efficiency and 
strength. Antibacterial and antifungal activity occurs through 
simultaneous reactive oxygen species production, zinc-ion 
release, membrane damage, enzyme inhibition and biofilm 
disruption. Reactive oxygen species oxidize microbial lipids and 
nucleic acids; zinc ions interfere with metabolism, ribosomes and 
quorum sensing; and direct particle contact produces pits and 
pores on cell walls. These mechanisms explain activity against 
cariogenic bacteria, endodontic pathogens and Candida species, 
while also emphasizing the need for coating, encapsulation and 
standardized characterization. 
 
Zinc oxide nanoparticles in dentistry: 

ZnO-NPs are used in dentistry as antimicrobial fillers, 
reinforcing particles and ion-releasing additives. In resin 
composites, 1-3 wt% loading may reduce Streptococcus mutans 
and Lactobacillus biofilm formation while preserving flexural 
strength, microhardness and color stability when particles are 
uniformly dispersed [12, 13]. Excessive loading can interfere 
with light transmission and polymerization, so the antimicrobial 
gain must be balanced against mechanical and esthetic 
requirements. In glass ionomer cements, ZnO-NPs can 
complement fluoride release and reduce S. mutans adhesion 
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without a meaningful reduction in bond strength or compressive 
resistance [14]. Endodontic sealers and filling materials 
containing ZnO-NPs may suppress Enterococcus faecalis biofilms 
and improve penetration into dentinal tubules [3, 4]. In 
prosthodontics, PMMA-ZnO nanocomposites at optimized 
concentrations inhibit Candida albicans adhesion and can improve 
hardness, impact resistance and flexural behavior [15]. In 
periodontology, chitosan- or hydrogel-based ZnO carriers 
provide localized antimicrobial and anti-inflammatory effects 
with sustained release of adjunctive drugs [8, 16]. Orthodontic 
adhesives and bracket or wire coatings reduce plaque 
accumulation and white spot lesion risk while maintaining 
sliding mechanics [17]. Preventive products and implant 
coatings use controlled zinc release to support plaque control, 
enamel protection and early osseointegration [13, 18]. 
 
The use of ZnO nanocomposites in dentistry: 
Zinc oxide nanocomposites combine the antimicrobial activity of 
ZnO-NPs with the stability and structural benefits of natural or 
synthetic matrices. Pure nanoparticles may aggregate, release 
ions rapidly and cause dose-dependent cytotoxicity; embedding 
them in chitosan, approved drugs, glass ionomer cement, 

PMMA or resin matrices improves dispersion and moderates 
release. This approach allows sustained antimicrobial activity in 
saliva while reducing direct exposure of oral cells to free 
nanoparticles. The most relevant dental systems include 
chitosan-ZnO gels, drug-ZnO conjugates, polymer-based 
restorative composites, denture-based nanocomposites and 
implant coatings. 
 
Chitosan-ZnO nanocomposites: 
Chitosan-ZnO nanocomposites are usually prepared by in situ 
precipitation of ZnO-NPs in chitosan solution or by adding pre-
synthesized particles to the polymer. Interactions between 
chitosan amino groups and Zn2+ ions stabilize the particles, 
reduce agglomeration and improve dispersion [8, 19]. Their 
antimicrobial effect is synergistic: ZnO generates reactive oxygen 
species and releases zinc ions, while the cationic chitosan surface 
disrupts microbial membranes. This combination improves 
activity against Streptococcus mutans, Enterococcus faecalis and 
Candida albicans and may provide better fibroblast compatibility 
than uncoated ZnO-NPs [20]. Potential dental uses include pulp-
capping materials, periodontal dressings, socket dressings and 
wound-healing formulations (Table 1, 2 and Figure 1).

 
Table 1: Comparative antimicrobial mechanisms of ZnO and MgO nanoparticles in dentistry 

Parameter ZnO Nanoparticles MgO Nanoparticles References 

Primary Mechanism ROS generation, Zn²⁺ ion release Alkalinization, limited ROS generation [2] 

ROS Activity High (light-activated, surface defects) Moderate to low [5] 

Ion Release Zn²⁺ ions disrupt enzymes and ribosomes Mg²⁺ release less biologically active [11] 

Effect on Biofilms Inhibits adhesion, quorum sensing, EPS Alters local pH, reduces microbial growth [8] 

Efficacy Against Oral Pathogens Strong activity vs. S. mutans and Candida Moderate activity vs. bacteria and fungi [3, 7] 

Cytotoxicity to Oral Cells Higher at >100 µg/mL, mitigated by coatings Generally lower than ZnO [6, 15] 

Clinical Relevance Effective in sealers, resins, temporary fills Suitable for long-term restoratives, coatings [10, 14] 

Footnote: ROS: Reactive Oxygen Species; Zn²⁺: Zinc ions; Mg²⁺: Magnesium ions; EPS: Extracellular Polymeric Substances; S. mutans: Streptococcus mutans. 
 
Table 2: Consolidated applications of ZnO nanoparticles in dentistry: concentrations, biological and mechanical effects  

Dental speciality ZnO-NP Application & 
Concentration 

Biological Effects Mechanical/Material Effects References 

Restorative 
Dentistry 

Composite resins (1–3 wt %) Inhibits Streptococcus mutans and Lactobacillus; 
reduces biofilm formation; sustained Zn²⁺ release 
and ROS-mediated bacterial killing 

Maintains flexural strength, compressive 
resistance and optical clarity; acceptable color 
stability at nanoscale uniform dispersion 

[12, 13] 

Glass Ionomer 
Cements (GICs) 

GICs with 5 wt% ZnO-NPs Up to 75% reduction in S. mutans adhesion; 
antibacterial zones; synergistic fluoride and zinc 
ion release 

Maintains bond strength; fluoride release 
kinetics unaffected; slight improvement in 
compressive strength 

[14] 

Endodontics Root canal sealers/filling 
materials (2–4 wt%) 

Suppresses Enterococcus faecalis penetration into 
dentinal tubules; reduces residual biofilm 
viability; effective disinfection of complex 
anatomy 

Nanoparticle penetration into canal 
irregularities; biocompatible with periapical 
cells at clinical levels 

[3, 4] 

Prosthodontics PMMA denture bases (2–5 
wt%) 

Inhibits Candida albicans adhesion and hyphal 
growth; prevents denture stomatitis 

Increases flexural strength, impact resistance 
and hardness; no alteration of surface finish at 
optimal loading 

[15, 30] 

Periodontology Hydrogel/chitosan drug 
delivery systems (0.5–2 
mg/mL) 

Reduces periodontal pathogens; lowers 
inflammatory mediator expression; promotes 
healing; dual antimicrobial and anti-
inflammatory effect 

Provides sustained release of loaded agents 
(e.g., minocycline, serum albumin complexes) 

[8, 16] 

Orthodontics Bracket and wire coatings 
(thin film) 

Reduces microbial accumulation on appliance 
surfaces; lowers risk of enamel demineralization 
and white spot lesions 

Maintains mechanical durability; no increase in 
sliding friction; stable coatings in oral 
environment 

[17] 

Preventive 
Dentistry 

Toothpastes, mouth rinses, 
varnishes (1–3% w/v) 

Inhibits plaque formation; reduces 
demineralization; aids remineralization; 
improves enamel microhardness 

Stable formulations; controlled zinc release; safe 
for long-term daily use 

[13] 

Implantology Titanium implant coatings 
(50–100 nm nanolayer) 

Inhibits Staphylococcus aureus and Porphyromonas 
gingivalis; reduces peri-implantitis risk; improves 
osseointegration 

Increases surface roughness and hydrophilicity; 
enhances osteoblast adhesion and 
differentiation; better bone–implant contact 

[1, 18] 
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Footnote: ZnO-NPs: Zinc Oxide Nanoparticles; Zn²⁺: Zinc ions; ROS: Reactive Oxygen Species; GICs: Glass Ionomer Cements; PMMA: Polymethyl Methacrylate; S. mutans: 
Streptococcus mutans; E. faecalis: Enterococcus faecalis; C. albicans: Candida albicans; S. aureus: Staphylococcus aureus; P. gingivalis: Porphyromonas gingivalis; wt%: Weight Percent; 
w/v: Weight per Volume. 

 

 
Figure 1: Flowchart showing the synthesis of ZnO nanoparticles, their integration into chitosan, drug, or polymer matrices and final 
applications in dentistry 
 
Combination of ZnO with approved medicines: 
Conjugating ZnO-NPs with approved antimicrobial agents can 
increase biofilm control by combining nanoparticle-mediated 
membrane damage with drug-specific activity. Drug attachment 
may occur through adsorption or covalent bonding, allowing 
gradual release and improved local bioavailability. ZnO-
antibiotic or ZnO-antifungal combinations have been explored 
for cavity disinfectants, restorative liners and root canal 
irrigants, where local delivery may reduce reliance on higher 
systemic drug exposure [21, 22]. The key translational 
requirement is to demonstrate stable release, compatibility with 
dental substrates and absence of host-cell toxicity at clinically 
useful concentrations. 
 
Polymer-based ZnO nanocomposites in prosthodontic and 
restorative dentistry: 
Polymer-based ZnO nanocomposites are relevant for restorative 
and prosthodontic materials because they can reinforce the 
matrix while controlling zinc-ion release. In restorative systems, 
ZnO-NPs have been incorporated into GICs and resin 
composites to reduce bacterial adhesion while maintaining 
setting behavior, fluoride release, degree of conversion and 
esthetic stability at optimized concentrations [23]. In PMMA 
denture bases, 1-5 wt% ZnO-NP loading has been associated 
with improved hardness, flexural behavior, reduced water 
sorption and lower Candida adhesion [24, 25]. Controlled release 
from polymer matrices is slower than release from free 
nanoparticles, which may reduce sudden cytotoxic ion bursts 
and support longer antimicrobial action in simulated saliva [26]. 
However, excessive filler loading can impair polishability, color, 

surface roughness and mechanical integrity, so standardized 
concentration windows are needed. Adding ZnO reduced 
mechanical properties except in PCL-based membranes 
containing 30 wt% ZnO. It is used in prevention 
of Porphyromonas gingivalis colonization in periodontitis-related 
regeneration settings [31]. 
 
Clinical relevance of ZnO nanocomposites: 
Clinically, ZnO nanocomposites are attractive because they can 
combine antimicrobial protection with material reinforcement. 
Chitosan-ZnO systems may be useful in periodontal therapy and 
postoperative dressings, drug-ZnO conjugates may support 
localized cavity or canal disinfection and polymer-based systems 
may enhance restorations and denture bases. The loading range 
remains critical: too little ZnO may be ineffective, whereas 
excessive loading may compromise strength or tissue 
compatibility. A practical therapeutic window is likely to 
depend on particle size, surface coating, matrix type and 
expected duration of intraoral exposure. 
 
Biocompatibility and cytotoxicity concerns: 
The biological effect of ZnO-NPs depends on concentration, 
exposure time, particle size, surface chemistry and release 
pattern. Low concentrations may maintain gingival fibroblast 
morphology and metabolic activity, whereas higher exposure 
can cause cell shrinkage, detachment, mitochondrial dysfunction 
and DNA damage through oxidative stress and excess zinc ions 
[5, 7]. Dental pulp stem cells may be more sensitive, with 
excessive exposure reducing proliferation and expression of 
dentin-related markers such as DSPP and alkaline phosphatase 
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[6]. Oral epithelial cells can also show increased permeability 
and inflammatory cytokine expression when concentrations 
exceed clinically acceptable levels. These findings indicate that 
antimicrobial performance must be interpreted together with 
cell-type-specific safety data. ZnO-containing membranes 
showed antibacterial activity, and all synthesized membranes 
were considered satisfactorily cytocompatible, although 30 wt% 
ZnO reduced cell viability [31].  
 
Risk-benefit evaluation for clinical application: 

The clinical value of ZnO-NPs is strongest when antimicrobial 
activity is achieved within a safe concentration range. For 
restorative materials, lower filler percentages are usually 
preferred because they can reduce bacterial colonization without 
damaging pulp-related cells. For denture bases, moderate 
loading may reduce fungal adhesion, but long-term mucosal 
safety needs confirmation. Risk assessment should therefore 
consider intended use, contact tissue, exposure duration, release 
rate and the possibility of multiple ZnO-containing materials in 
the same oral cavity. 
 
Release pattern and long-term stability: 
Dental materials containing ZnO-NPs are not completely inert 
because zinc ions can dissolve into saliva. Most systems show an 
early release phase during the first 24-48 hours followed by 
slower sustained release. Acidic pH, low salivary flow, 
enzymatic activity and mechanical wear may increase release 
and should be considered in safety testing. Long-term stability is 
especially important for restorations, dentures, orthodontic 
coatings and implants, where the material remains in contact 
with oral tissues for months or years. 
 
Strategies to improve safety: 

Safety can be improved by surface coating, polymer 
encapsulation, controlled-release design and combination with 
other bioactive agents. Chitosan, silica, polyethylene glycol and 
similar coatings can reduce aggregation, moderate ion 
dissolution and lower direct oxidative stress. Co-loading ZnO-
NPs with fluoride, calcium phosphate or remineralizing fillers 
may allow antimicrobial action at lower nanoparticle 
concentrations. Future studies should evaluate chronic exposure, 
pulpal response, mucosal response and cumulative exposure 
from multiple ZnO-containing dental materials. 
 
Need for standardized testing: 
Standardized testing is needed because most available evidence 
is based on in vitro methods that do not fully reproduce the oral 
environment. Salivary proteins, pellicle formation, biofilm 
thickness, pH changes and occlusal wear can change 
nanoparticle behavior. Future protocols should define particle 
size, morphology, surface charge, loading concentration, ion-
release limits, antimicrobial endpoints and host-cell 
compatibility. Long-term in vivo and clinical studies are 
required before clear exposure limits can be established. 
 
Clinical perspective: 

The safe use of ZnO-NPs in dentistry depends on maintaining a 
therapeutic window in which biofilm control is achieved 
without excessive host-cell damage. Restorative, prosthodontic, 
orthodontic, periodontal and implant applications should each 
be evaluated separately because their exposure patterns differ. 
Surface functionalization, encapsulation and controlled ion 
release may improve predictability. At present, ZnO-NPs should 
be viewed as promising adjunctive additives rather than fully 
validated routine clinical materials. 
 
Comparative evaluation with other nanoparticles: 

ZnO-NPs occupy an intermediate position among dental 
nanoparticles because they combine antimicrobial activity, 
mechanical reinforcement and acceptable esthetics. Silver 
nanoparticles show strong antibacterial action at low 
concentrations but may cause discoloration, optical changes and 
greater cytotoxic concerns in esthetic restorative areas [27]. 
Titanium dioxide nanoparticles are stable and biocompatible, 
but their antimicrobial action is more dependent on 
photocatalytic activation, which limits effectiveness in deep or 
poorly illuminated oral sites [28]. Magnesium oxide 
nanoparticles act mainly through alkalinization and oxidative 
stress but may require higher concentrations for similar 
antimicrobial effects [29]. Hydroxyapatite nanoparticles are 
valuable for remineralization and dentinal tubule occlusion but 
have weaker direct antimicrobial activity [9]. Zirconia 
nanoparticles reinforce polymers and ceramics but contribute 
less to infection control [30]. Bioactive glass nanoparticles 
support mineralization and tissue regeneration, while ZnO 
coatings can add antimicrobial protection and may improve 
early osteoblast response on implant surfaces [16, 18]. Therefore, 
ZnO-NPs are particularly useful when the clinical aim is to 
combine plaque control, material reinforcement and color 
stability in one additive. 
 
Challenges and future perspectives: 
Laboratory evidence supports the dental use of ZnO-NPs, but 
clinical translation faces several challenges. Different synthesis 
routes produce particles with varying size, morphology, surface 
charge and ion-release behavior, which make comparison 
between studies difficult. Long-term exposure in saliva, 
changing pH, enzyme activity, mastication and protein pellicle 
formation may alter release, stability and cell response. Most 
evidence remains in vitro or short-term preclinical work, so 
toxicological evaluation, restoration-survival studies and human 
trials are required. Future development should focus on 
standardized synthesis, validated concentration windows, 
controlled ion-release systems, durable implant or orthodontic 
coatings and multifunctional composites with antimicrobial, 
remineralizing and mechanical benefits. Collaboration among 
material scientists, toxicologists, clinicians and regulators will be 
necessary for predictable clinical translation. 
 
Conclusion: 
ZnO-NPs are promising dental additives because they provide 
antimicrobial activity, controlled bioactivity and material 
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reinforcement. Their clinical value depends on optimized 
concentration, stable dispersion and safe zinc-ion release. Thus, 
standardized protocols and long-term clinical trials are needed 
before routine dental use. 
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