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Abstract: Application of nanotechnology in dental composites can enhance properties like bringing anticariogenic
potential, incorporate antibacterial property and even provide remineralization of demineralized enamel. We will
explore recent thoughts, present applications, and succeeding aspects of nanoparticles mixed into composite restorative
materials to enhance antibacterial properties as a beneficial technique for dental caries treatment in this review. We
will also emphasise the hypothesised antibacterial mechanism by incorporating a variety of components into
nanostructures, such as polylysine, chlorhexidine, various quaternary ammonium compounds, sliver particles, and
triclosan, to achieve the required antibacterial potential. These nanostructured materials have great potential in
decreasing the antibiofilm accumulation and decrease the streptococcus count.
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1. INTRODUCTION

Composite is the most popular and adaptable material for filling cavities in teeth. It has many advantages
but still consists of certain drawback related to mechanical properties, micro leakage and shrinkage during
the process of polymerization which will causes fracture or recurrent caries. Various modifications have
been experimented to increase the biological as well the mechanical properties, especially wrt antibacterial
property[1]. Adding an antibacterial element to a composite can be done in three ways: packaging the
inorganic antibacterial agent, directly adding the organic agent, or utilising a polymeric antibacterial
agent. Based on the type of agent they can also be classified as organic or inorganic antibacterial agent[1]
(figure 1). Below are some antibacterial agents which have been added at nanoscale into composites to
bring out the desired antibacterial potential.
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Figure: 1 Methods of adding antibacterial agent into composite
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1. FLUORIDE

The antibacterial action of fluoride is by making itself resistant to cariogenic bacteria by forming
fluorapatite crystals. This action is enhanced by use of nanotechnology. When calcium fluoride
nanoparticles are added into composite it resists the acidic challenge caused by cariogenic bacteria [2]. In
a study done by Mitwalli et al the incorporation of calcium fluoride nanoparticles showed the ability to
reduce biofilm acid production and reduce secondary caries formation [2]. In another study nanoparticles
of fluoride when doped with silver particles and added to composite, proved that there was 30 %
reduction of bacterial growth and the natural morphology of fluorapatite was maintained[3]. Even when
nanoparticles of fluoride were added with other antibacterial agent like chlorhexidine, calcium phosphate
into composite resins it showed reduced biofilm formation with reduction in bacterial colony forming
units and enhanced anticaries action[4], proving dual effects of composite.

2. ZINC OXIDE

Zinc is nontoxic, stable antibacterial agent which acts by preventing the proliferation of bacteria[5].
Nanoparticles of zinc when coupled with copper and fluoride ions and added to composite showed to
have antibacterial and remineralization properties, indicating their potential as multifunctional dental
materials [6] However in a study done by Xingxing et al shows Zn doped mesoporous silica nanoparticles
when added to composite resins for restorative purpose improved the mechanical property of the material
and exhibited antibacterial effects[7].

3. CHLORHEXIDINE

CHX is bactericidal (kills microorganisms) and bacteriostatic (prevents their growth when present in small
concentrations). Incorporating CHX into composites has a negative impact on their mechanical
properties. As a result, mesoporous silica nanoparticles were used to encase the CHX and maintain
mechanical characteristics[8]. The pH of composites containing nanoparticles and CHX was found to be
6.5, which is higher than the 5.5 critical pH. This outcome in 10-20 fold reduced the bacterial motion
when compared to composites lacking nanoparticles. [9]. This is also supported by a study done by Tejas
et al where chlorhexidine loaded halloysite nanotube based (HNTCHX) newly formulated dental
composite were successfully prepared. They were subjected to check mechanical, biological and cytotoxic
activity, these newly formulated HNT/CHX dental composite displayed nontoxicity, enhanced
mechanical activity and showed good antimicrobial action[10]. In another study CHX was added with
nanoparticles of ACP into composites where they exhibited dual property of remineralization and
antibacterial action[11].

4. QUATERNARY AMMONIUM COMPOUNDS

Nanoparticles of quaternary ammonium compounds (QAC) were added to a resin composite utilising
nanotechnology and showed strong and wide antibacterial activity against salivary bacteria. [12]. After 6
and 12 months, the composite's anti-biofilm effect comprising QAM was proved to be sustained. After
12 months, there was no discernible difference in anti-biofilm action as the water-aging time was
extended. [12,13]. Of late, a novel antibacterial monomer, dimethylaminohex-adecyl methacrylate
(DMAHDM), was discovered and integrated into dental resins, demonstrating powerful antibacterial
capabilities without impairing the resin's mechanical properties [12].QAC are also added with several
other antibacterial agents like silver nanoparticles [13], chlorhexidine, along with remineralizing agents
like titanium oxide ,nanoparticles of calcium phosphate[13] and calcium fluoride[2] into composite.
Together it exhibits good remineralization, antibacterial action and reduces the biofilm formation.

5. SILVER PARTICLES

Silver (Ag), the next antibacterial agent, possesses antibacterial, antifungal, and antiviral effects. Silver's
antibacterial process involves inactivating critical enzymes and reducing bacteria's ability to reproduce
DNA, causing cell damage. The inclusion of Ag micro particles to resin dental composite can enhance
surface hydrophobicity, which brought about fewer adhering streptococci on composite surfaces and a
higher ratio of dead and inactive cells. Because of advances in nanotechnology, silver's cosmetic problem
has been resolved [14]. Ag nanoparticles (NAg) exhibit antimicrobial properties as well. In comparison to
other metal ions, Hernandez et al [15] discovered that NAg require low doses to suppress the development
of the S. mutans strain because of large surface area to mass ratio. In a study done by Keskar et al showed
that when silver nanoparticles were added with nanoparticles of ACP it showed dual benefits of
antibacterial as well as remineralization process [16].
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6. TRICLOSAN

Triclosan was first introduced in 1972 as an effective antibacterial agent. It is frequently utilised in the
manufacture of dental care products such as toothpaste & mouthwash due to its wide range of action and
low toxicity.[17]. TCN when incorporated in resin-based materials it showed significant leachability,
resulting in a quick loss of antibacterial characteristics. To solve this problem, TCN is placed in
nanotubes, that are special "vehicles" which allow an antibacterial medicine to be delivered more slowly
and more precisely [18]. Another study done by de Paulaet al showed that when triclosan was added to
resin composite it would reduce biofilm formation and bacterial adhesion[17]. These same results were
confirmed by a de Souza Araujo et al where triclosan monomer caused molecular and cellular level
destruction of S.mutans indicating a reduction of their virulence [19].

8. POLYLYSINE

A more resent antibacterial agent is polylysine which is widely used as a broad antimicrobial agent[20].
Polylysine causes electrostatic adsorption on the outer bacterial membrane, resulting in cytoplasm disarray
and bacterial cell death[21]. Polylysine has been added into composite more recently. In addition, adding
polylysine to composites with CaPO, can boost apatite crystalization on their surfaces when replicated
bodily fluid is applied. As a result, polylysine may improve the remineralization potential of
composites[20]. However in a study done by Kangwankai et al where polylysine was added with calcium
phosphate it helped in apatite precipitation and reduced the surface roughness upon wear[22]. Its
antibacterial affectivity was confirmed by Nikos et al where composite containing polylysine [23]drastically
reduced cariogenic bacterial count. Further studies are yet to be conducted with the role of
nanotechnology in the use of polylysine.

9. CONCLUSION

These resin-based composites incorporated with antibacterial agents can prevent formation of caries,
reduce biofilm formation and improve some of the drawbacks of composite materials. This novel
approach in composite materials will enable a less aggressive approach and more conservative tooth
preparation. However, more research into the role of nanotechnology with the inclusion of antibacterial
compounds is needed. As a result, this composite will benefit children, anxious patients, and
underdeveloped areas with few dental facilities.
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