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Abstract

Introduction: The evolutionary microbes develop resistance against the prior encountered less-effective antimicrobial agents. 
Most of the conventional materials used in dental appliances, fail to achieve the efficacy to inhibit the biofilm accumulation 
and replication. The objective of this review article is to provide an update on applications of metal nanoparticles and metal 
oxide nanoparticles in the development of modern nanocomposites, nano-sealers, ionomeric cements, dental implants, and 
prosthetics of superior quality. 
Data Source: Electronic databases like PubMed/Medline, google scholar, and Scopus were searched with proper keywords. 
The final study was performed using 164 articles short-listed out of 349 total documents found. 
Conclusion: Nanotechnology can rightly be called the “disruptive technology” in dental science. It is successfully replacing 
the old technology along with its existing market and value network. Moreover, the development of stimuli-responsive self-
repairing materials and dental hard tissue regenerative materials are in demand. Nanotechnology is definitely the solution. 
Though different dental nanoceramics have enhanced structural integrity through defect control and damage tolerance, more 
extensive investigation is required for the successful clinical use of those products. Nano-biosensing is at an early stage in 
dental science, it will definitely play a critical role in the future development of dental materials.
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Introduction

The innovations in the field of nanoscience and 
nanotechnology helped in overcoming many problems 
associated with the evolutionary growth of bacterial 
resistance towards the present interventions in the field of 
dental diagnosis [1]. The human oral microbiota consists of 
several bacteria and other microorganisms that are genuinely 
helpful for digestion and metabolism. But sometimes they 
affect their own surrounding and give rise to acute and 

chronic infections in the oral cavity. The dental science 
believes in the complete elimination of the infection from the 
human system. The acute stage is treated with antibiotics and 
further severity leads to application of restorative dentistry 
and endodontics. Whereas, in extreme cases of infection, 
dental surgery and dental prosthetics are suggested [2].

The emergence of nanotechnology in dentistry has led to 
the modification of the dental materials with nanoparticles. 
The nanoparticles are advantageous due to their smaller 
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size and high drug loading capacity, rather they can also be 
specially functionalized to any predetermined target tissues 
and organs. But, cytotoxicity of nanomaterials is a major issue 
of concern. Keeping these facts in mind, the nanoparticles 
are incorporated with various dental materials like dental 
implants, polishing agent, caries prevention agent, teeth 
whitening agent, anti-sensitivity agent and dental fillings 
materials [3].

Materials and Methods

The electronic databases PubMed/Medline, Google 
Scholars, and Scopus have been searched with the phrases 
like “Metal nanoparticles in oral infection”, “Antimicrobial 
activity of nanoparticles”, “Application of nanoparticles in 
dentistry”, “Pharmacodynamics of metal nanoparticles”, 
“Interpretation of metal nanoparticles in dental science”, 
“Implication of metal nanoparticles in dental implants”, 
“Silver nanoparticles in dental materials”, and “Copper 
nanoparticles in dental materials”, Initially, the title, keywords, 
and abstract of individual manuscript was checked. The 
search result contained a total of 349 articles (review and 
research) published between 2011 to 2022. Out of them, 164 
documents were selected for study. 93 documents have been 
cited in this review work. The main study was performed on: 
(1) the present interventions that are used for the treatment 
of oral infections; (2) reasons for selecting nanoparticles as 
complementary to antibiotics; (3) application of different 
nanoparticles in various dental materials; and (4) toxicity 
effect of nanoparticles. 
  

Etiology of Oral Infections

The human oral microbiota consists of various bacteria, 
fungi (Candida, Cladosporium, Aureobasidium, Aspergillus, 
Fusarium, and Cryptococcus), and viruses. It has mostly 
similar composition in all healthy humans [4]. The most 
common oral bacteria include Streptococcus mutans [5] 
(main component of the oral microbiota and one of the main 
components of dental plague), Porphyromonas gingivalis 
[6] (Gram-negative anaerobic bacterium), Staphylococcus 
and Lactobacillus [4] Another important microorganism 
is Candida, that remains neutral in normal oral microbiota, 
but when the oral microbiota balance is broken, they form 
biofilms with Streptococcus to play a pathogenic role 
[7]. These accumulation of bacteria in dental cavities of 
molars and premolars results in spread-out of infection to 
adjacent structures. Some common oral infections have been 
discussed below.

Dental Caries or Cavities

Dental cavities are holes in the teeth that cause decaying 
of tooth. They are the most common oral infections; besides, it 

also provides shelter to most of the bacteria [8]. The bacteria 
present in oral cavities are also responsible for food digestion. 
The decaying of tooth is generally caused by the bacteria 
Streptococcus mutans (mostly in children) [4]. S. mutans are 
feed on sugary substances from foods and beverages. The 
consumed carbohydrates are also broken-down into glucose 
inside oral cavity. This initiates the bacteria to produce 
acid causing erosion of tooth [9]. Normally, the teeth are 
replenished by the saliva between meals [8]. However, when 
a person consumes fermented food frequently, more acid is 
produced by the bacteria that cause a sustained acidic pH at 
the site of erosion leading to decaying of tooth.

Gingivitis

The word ‘Gingivitis’ has been derived from the word 
“gingiva” which means “gums”. It’s generally referred as 
the development of bacterial settlement in the gumline. 
The bacteria produces toxin, which causes swelling and 
inflammation of gingiva (gums) [8]. Gingivitis is considered 
as the primary stage of infection, because the severity in this 
condition may lead to chronic periodontitis. The common 
symptoms of gingivitis are bleeding gums, sensitive gums, 
and swelling gums. The onset of gingivitis can be reversible 
and treatment at this stage is effective [10].

Periodontal Disease

Periodontitis is the secondary stage of gingivitis. The 
bacteria penetrate deep into the periodontium tissue and 
cause severe infection. With chronic effect it may lead to 
permanent loss of teeth [11]. Periodontal disease is a local 
infection with bacterial growth in the gingival cervices. It 
affects the structural organs surrounding the teeth such as 
periodontal ligament, connective tissue, and bone [12]. The 
warm and moist pocket environment of the cavity fasters 
the growth rate of Gram-negative, anaerobic bacteria that 
proliferate in the sub gingival space [13].

Dental Abscess: 

It is the formation of pus inside the soft pulp of the tooth 
and gum due to bacterial infection. It is also called periapical 
infection that arises typically at the secondary stage of dental 
caries [13]. Breakdown of the protective enamel layer due 
to poor dental hygiene causes invasion of oropharyngeal 
bacteria in the dental cavity leading to local infection [13].

Biofilms: A dental threat

Both the micro-organisms of endogenous source (i.e., 
microorganisms that are normally found in mouth like 
bacteria causing periodontal disease and dental caries) and 
exogenous source (i.e., microorganisms not normally present 
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in oral microbiota) are responsible for oral infection. They 
give rise to the formation of biofilms [14] that are the multi-
cellular colonies of bacteria adhering to the substratum 
and providing advanced protection against antibiotics 
and host defence mechanism [14]. Initially, the bacteria 
adhere reversibly to a substrate where it secrete binding 
molecules (like adhesion protein) that leads to irreversible 
attachment of the biofilms [15]. After settling at the site, the 
bacteria multiply to form colonies inside the peptidoglycan 
envelop resulting in the formation of mature biofilms. 
Hence, biofilm provides a reservoir of bacteria that leads to 
chronic infection [16]. Moreover, biofilm is poorly responsive 
towards conventional antibiotics and may develop resistance 
to antibiotics [17].

Antimicrobial Resistance of Biofilms

All the bacteria growing in biofilms are recognised to 
be more resistant to antibiotics as compared to the same 
microbe growing in planktonic state [18]. There are several 
factors related to the development of antibiotic resistance 
(against Penicillin, Sulphonamide, Ampicillin, Vancomycin, 
Erythromycin, Methicillin, Ciprofloxacin, Linezolid, and 
Ceftaroline) over a long period of time [19]. The most 
important factor is the slower growth rate of the bacteria 
in biofilms that makes them less available for most of the 
antibiotics, but not for all (like metronidazole, amoxicillin, 
and tetracycline) [14]. In many studies it is mentioned that, 
the response of the bacteria against antibiotics and biocides 
depends upon the growth rate, nutritional status, pH, 
temperature, or any kind of prior exposure to antimicrobial 
agents [20]. Changes in any of these parameters results in 
varied response to antibiotics within a biofilm. When the 
bacterial cell experiences environmental stress it secretes 
stress protein (also called as “Heat-shock proteins”) that 
protects the cell from the external damages [14]. The 
exopolymer matrix of the bacterial cell has the ability 
to retard the diffusion of antibiotics through it, and the 
antibiotic get trapped, concentrated in the polymer matrix, 
and subsequently get inactivated. Moreover, the bacterial 
cells within biofilms have expressed gene that is dormant 
in the same organism within planktonic system. Hence, the 
memory of the prior encounters promotes the resistivity of 
the cells against antibiotics [14].

Antibiofilm Activity of Nanoparticles

On the basis of bacterial cell wall formation, bacteria are 
classified as Gram-positive and Gram-negative bacteria. The 
gram-positive bacteria have a thicker layer of peptidoglycan 
cell wall in comparison to gram-negative bacteria, that 
composed of alternating linear chain formed by residues 

of N-acetylglucosamine (NAG) and N-acetylmuramic acid 
(NAM) arranged in a sequence of 3 to 5 amino acid that are 
cross linked to each other, results in a mess like structure [21]. 
Additionally, the presence of teichoic acid (with high level of 
phosphate group) starting from the cell wall to the surface of 
gram-positive bacteria makes them negatively charged [21]. 
Whereas, the gram-negative bacteria have a slight complex 
outer cell structure than gram-positive bacteria due to the 
presence lipopolysaccharide outer membrane covering the 
peptidoglycan cell wall [19]. The lipopolysaccharide (LPS) is 
composed of inner phospholipid layer and outer glycolipid 
layer that impart a strong negative charge on the cell surface. 
LPS is the major molecule responsible for the endotoxic 
shock associated with the septicaemia (blood poisoning) 
caused by gram-negative bacteria [22]. 

The metal and metal oxide nanoparticles are administered 
according to various strategies to combat with the microbial 
resistance by penetrating the bacterial cell wall, which 
further leads to destruction of bacterial cell due to oxidative 
stress [23]. Some nanoparticles are exclusively fabricated 
as the antibacterial agents, and they are quite effective 
as compare to other antimicrobial agents and antibiotics. 
Nanoparticles like nitric-oxide releasing nanoparticle (NO 
NPs), chitosan-containing nanoparticles (chitosan NPs), 
and metal nanoparticles (metal NPs) are widely used as 
the active antimicrobial agents [24]. Whereas, in some 
cases nanoparticles are also used as the carrier for several 
antibacterial agents. In this way nanoparticles are effectively 
overcome the problems of existing microbial resistance 
mechanisms like decreased uptake and increased efflux of 
drug from the bacterial cell (like liposomes and dendrimers) 
[25], formation of biofilms (like NO nanoparticles) [26], and 
intercellular bacterial growth (like liposomes) [27].
 

Application of Nanoparticles in Dental Materials 

The applications of nanotechnology in dentistry have 
been summarized in (Table 1). The nanotechnology is adapted 
in dentistry for maintenance of comprehensive oral health. 
Nanomaterials are the major part of nanodentistry as they 
act as the structural element for many dental restoratives and 
implants. The nanoparticles are used in dentistry as (1) drug 
carriers (Solid lipid nanoparticle, hydrogel and dendrimers) 
[28]; (2) antimicrobial therapeutics (chitosan nanoparticle, 
metal and metal oxide nanoparticles of Cu, Zn, Ag, Cr, and 
Ti) [29]; (3) Reinforcement nanoparticles (hydroxyapatite, 
nano-silica, nano-zirconia, nano-carbon) [30] (as shown in 
Figure 1). Nanomaterials are also find applications in the 
production of periodontic, endodontic, orthodontic, and 
prosthodontic materials.
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Figure 1: Various Applications of Nanomaterials in Dentistry. other Applications are Denture Base Resins (Zr, Zro2 & Ag Nps), 
Toothbrushes (Ag Nps), And Biosensors (Zr Nps).

Restorative Dentistry (Periodontic Treatments)

The patients with dental caries are usually treated 
with materials those are morphologically similar to human 
teeth. These materials are called dental restoratives as 
they assist to repair or replace the infected part. But the 
failure in restoration process may occurs due to lack of 
antimicrobial properties which leads to demineralization of 
tooth by microbial acid production [31]. The emergence of 
nanoparticles (including Ag NPs, ZnO NPs, and quaternary 
ammonium polyethyleneimine NPs) as dental restoratives 
and remineralizing substances (includes calcium 
phosphate nanoparticles, calcium fluoride nanoparticles, 
nanohydroxyapatite, and nanofluorohydroxyapatite ) [32], 
are introduced in the form of nanocomposites, glass ionomer 
cement, endodontic sealers (endodontics), and tooth 
regeneration.

Nanocomposites

The introduction of nanocomposites have solved the 
issues regarding strength, polymerization shrinkage, and 
wear resistance [33]. Incorporation of nanoparticles in resin 
composites are the primary approach to treat microorganism 
biofilm with direct contact [31]. Some studies involve the 
incorporation of 1% silver nanoparticle and zinc Oxide 
(ZnO) for effective antibacterial activity with direct contact. 
It was noted from the outcomes that the antibacterial 
effect of nanocomposite containing ZnO NPs on S. mutans 
was significantly higher than composite containing AgNPs 
[34,35]. Whereas, the AgNPs containing resin composites 
shows significant inhibition of S. mutans when they were 
synthesized in-situ using photoreduction mechanism 
accompanied by polymerization reaction [36]. 

Nanoparticles are also incorporated in restorative 
dentistry as nanofiller and nanohybrids because they 
increase the surface tension of adhesives [37]. Silver 
and amorphous calcium phosphate nanoparticles have 
widely been used as adhesives because they enhance the 
band strength with effective antibacterial effect [38]. The 
magnetic nanoparticles (containing an iron core and silica 
coating shell, silanized with vinyl groups on the surface to 
covalently bond to the resin matrix) loaded adhesives have 
better penetration ability in dentin due to better microshear 
bond strength [39]. 

Glass Ionomer Cements

The nanoparticles are also administered in the form of 
nanoionomers for the preparation of nano glass ionomers. 
The nano glass (made up of fluoroaluminosilicate glass) 
ionomers are more efficient as compare to conventional 
glass ionomers because the addition of nanomers in the 
cement reduces the porosity by filling the pockets between 
the glass particles present in the cement [40,41] (as shown 
in Figure 2). The nanoparticles like copper, titanium dioxide, 
hexametaphosphate, and zinc oxide are widely used in glass 
ionomer cements (GICs) that includes bioactive glass, CPP-
ACP (Casein phosphopeptide amorphous calcium phosphate 
complex), reinforced GIC, zirconomer, chlorhexidine GIC, 
nano bioceramic impregnated GIC, ceramirand giomer 
[42] for better antibacterial efficacy, improved mechanical 
strength, and reduced collagen degradation [43].

There is another development called “equia system”, 
which is a resin coated high viscosity GIC of 40nm size. 
Considering the evolution of GICs this glass ionomer filling 
technology focused on the limit of hardness and resistance 
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to strength through a novel high-viscosity GICs. It provides 
better resistance to dissolution, disintegration, and wear. 
They able to maintain a polished effect over the surface of 
restorative material for a longer period of time [44]. The 
smaller particle size of the nanomaterials present in equia 
system enhances the optical appearance and translucency 
as compared to conventional GICs. In a study performed 
by Friedl, et al. [45] on the performance of this new glass 
ionomer cements and concluded equia system as the better 
intervention for posterior filling material. 
 

There is also a secondary approach by organic 
nanoparticles to reduce demineralization of oral structures 
and results in remineralization by using the nanoparticles 
of amorphous calcium phosphate (NACP) combinedly 
with polymerizable quaternary ammonium methacrylates 
(QAMs). These modified composites have effective 
antibacterial action for long-term durability [46] and are 
applicable to various dental composites, adhesives and 
cements to reduce the chances of plaque biofilm formation 
due to restorative dentistry.
 

Figure 2: Nanoparticles Fills the Void between Large 
Particles of Dental Ceramics.

Root Canal Therapy (Endodontic Treatments)

The onset of secondary dental caries results in pulpitis 
and apical periodontitis, and the application of nanoparticles 
increases due to their benefits over conventional materials. 
These nanoparticles are incorporated in the form of sealer, 
obturating material, intracanal medicament, and irrigating 
solution to provide better results.

Root Canal Irrigation

It is a process of washing the root canal with a stream 
of fluid. Whereas, intracanal irrigation represents physically 
removal of materials from the canal and filling with 
chemical for antimicrobial activity, demineralization, tissue 
dissolution, bleaching, deodorizing, and haemorrhage 
controls. Some commonly used irrigants are chlorhexidine 

(CHX), ethylenediaminetetraacetic acid (EDTA) and sodium 
hypochlorite (NaOCl).

Sodium hypochlorite is an ideal irrigant used regularly. 
It can dissolve organic and inorganic tissues and also caused 
oxidation and hydrolysis of cellular protein. But, their 
accidental administration beyond apical foreman of the tooth 
having serious concerns of cytotoxicity [47]. Chlorhexidine 
is biologically safer than NaOCl but they have less ability to 
eliminate biofilm layer from the root canal. Introduction of 
chitosan nanoparticles on behalf of conventional irrigants 
have effective antibiofilm properties and ability to inhibit 
bacterial endotoxin. Hence, they are suggested to use as the 
finishing rinse in root canal irrigation and they are non-toxic 
to animal cells [48].

Bulk Fillers (Obturation)

Commonly used bulk fillers during obturations are 
Gutta percha (GP), silver points, and resilon. They are 
biocompatible, inert, and structurally stable. Lee, et al. [49] 
reported in a study that the incorporation of nano-diamond 
GP (NDGP) composite with amoxicillin results in enhanced 
mechanical properties like elastic modulus and strength, 
over other conventional GP. 

Sealers

The developing technology combines the endodontic 
sealants with obturating materials to achieve a three-
dimensional packing material for root canal. The endodontic 
sealers help to fill the gap between obturating materials and 
root dentin and to achieve a fluid-snug seal. Zinc oxide is 
used as nanoparticles in sealing agents and is commercially 
available as NanoSeal-S (Prevest DenPro) [50]. In a study 
performed by Del Carpio-Perochena, et al. [51] on addition 
of chitosan in endodontic sealers, results in enhanced 
antibacterial activity for longer period of time. 

Zoufan, et al. [52], in a study discuss about a bioceramic 
based nanomaterial is prepared using calcium silicate, calcium 
phosphate, calcium hydroxide, zirconia and a thickening 
agent. Their nano-sized particles allowed the delivery of 
sealing material through 0.012 capillary needle and adapt 
the irregular dentin surface. It sets hard with few hours 
and upon setting hard they form hydroxyapatite provides 
biocompatibility. They also have effective antimicrobial 
activity due to their high alkaline pH 12.8 [52]. Another 
development is a silicon-based sealer (Gutta-Flow sealer) 
which comprised with powder of gutta percha and silver 
nanoparticles. It’s found in the form of uni-dose capsule that 
are easy to mix and injected [52], they also have better sealing 
ability and prevention against bacterial invasion in root 
canal. Researchers also developed quaternary ammonium 
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polyethyleneimine (QPEI) nanoparticles for addition into 
existing sealers like AH plus, Epiphany, and Guttaflow. The 
addition of QPEI up to 2 % (w/w) does not compromise with 
the biocompatibility or the mechanical properties of the 
sealers, but provides prolonged antibacterial activity [53]. 

Orthodontic Treatments

The orthodontics is the part of dental science that 
deals with the problem of malocclusion or misalignment 
of teeth. The orthodontists are the specialist that focuses 
on correcting bite, occlusion, and the straightness of teeth 
to provide better oral health. But the fixed orthodontic 
appliances create areas inside the mouth that are difficult 
to keep clean. So, they are also one of the reasons for the 
biofilm accumulation in the oral cavity and increasing the 
chances of enamel demineralization in the patient. There is 
formation of “white spot lesions” or WSLs as a consequences 
of dental caries due to the production of organic acid by 
the microorganisms present in the biofilm [54]. So modern 
nanotechnology develops several other interventions to 
successfully inhibit the biofilm accumulation. 

Orthodontic ligatures 

The orthodontic elastomeric ligature (OEL) are synthetic 
elastic modules made up of polyurethane material, that makes 
their application towards patient compliance. Whereas, they 
are also used most as they’re inexpensive. Some studies 
shows the long term ineffectiveness of conventional elastic 
ligatures and also their ineffectiveness over decalcification 
[55-57]. So, the proposal of administering the conventional 
elastomeric ligatures as the transporter of nanoparticles, 
which may include molecules with anticarcinogenic 
properties or anti-inflammatory activity, and also antibiotics 
with elastomeric matrix. The application of medicated wax 
in orthodontic brackets successfully reduce the mucosal 
irritation cause due to brackets with a continuous release of 
benzocaine shown more effective results [58]. Hernández-
Gómora, et al. [57], in a study stated that the incorporation 
of silver nanoparticles in orthodontic elastomeric ligatures 
is convenient due to the strong antibacterial mechanism of 
silver nanoparticles and also the silver is not much toxic for 
human cells (Table 1). 

SL. NO. Nanoparticle Use in dentistry
Antimicrobial nanoparticles

1 Chitosan •	 Restorative composites
  •	 Adhesive dentistry
  •	 Periodontology
  •	 Implant odontology
2 Quaternary ammonium compound •	 Restorative composites
  •	 Adhesive dentistry
  •	 Periodontology
  •	 Endodontics 
3 Polymeric triclosan •	 Periodontology
4 Copper-based nanomaterials •	 Implant odontology
5 Zinc-based nanomaterials •	 Temporary materials

  •	 Endodontics
  •	 Adhesive dentistry

6 Amorphous calcium phosphate •	 Periodontology
  •	 Endodontics 

7 Titanium dioxide •	 Implant odontology
  •	 Restorative composites
8 Nanosilver •	 Temporary materials

Therapeutic nanomaterials
1 Cisplatin PEG-PolyGA •	 Oral cancer
2 Solid lipid nanoparticles •	 Oral cancer
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  •	 Periodontology 
3 Hydrogels •	 Periodontology
4 Gold nanoparticles

•	 Oral cancer management
5 Quantum dots
6 Dendrimers •	 Biomineralization
  •	 Adhesive dentistry

Reinforcement nanostructures
1 Nanocarbon •	 Biomineralization
  •	 Adhesive dentistry
  •	 Prosthodontics (acrylic resins)
  •	 Restorative dentistry
2 Nanosilica •	 Endodontics
  •	 Biomineralization
  •	 Restorative composites
3 Nanozirconia •	 Endodontics
  •	 Biomineralization
  •	 Restorative composites
  •	 mplant odontology
  •	 Bioceramics
4 Polymeric nanogel •	 Restorative composites
  •	 Adhesive dentistry
5 Nanohydroxyapatite •	 Implant odontology
  •	 Biomineralization
  •	 Adhesive dentistry

Table 1: Application of nanotechnology in Dentistry.

Orthodontic Power Chains

Orthodontic power chains are regularly used 
intervention that composed of polymeric material like 
polyester and polyether, formed through the process 
of polymerization. They provide light mechanical force 
continuously and are highly flexible to get fit in any patient. 
But their mechanical effectiveness is for a limited time, and 
needed to replace periodically. On the other hand, their 
effectiveness got affected due to both intrinsic (material 
composition, production method, and external morphology) 
and extrinsic factors (oral cavity temperature, pH and 
moisture absorption). Their hydrophilic (absorb fluid from 
oral cavity) characteristics leads to discoloration of material 
over time.

In a study performed by Cheng, et al. [59] in Taiwan, they 
conduct an experiment on conventional orthodontic power 
chains and develop their physical characteristics by using a 
surface treatment called ‘nanoimprinting’. In this treatment 

process nanostructures are developed on the surface of the 
power chains and stated as ‘nanopillars’ that transforms 
them from hydrophilic to hydrophobic materials. 

Orthodontic Mini-Screws

The basic principle of orthodontic treatment is to 
develop a material with control anchorage at their site of 
application, along with a force system that apply desirable 
effect and avoid undesirable movements. They are inserted in 
bone and provide anchorage to the dental structures directly 
or indirectly to support the anchoring teeth. From past few 
years a lot of temporary anchorage devices (TADs) develop 
with orthodontic properties like mini-screws, miniplates, 
and implants [59]. Generally, TADs achieve their stability 
mechanically (cortical or bicortical stabilization) and do not 
require biomechanical osseointegration [60]. Mini-screws 
are commonly used due to their versatile nature (available 
in favourable size, simple to insert and remove, inexpensive, 
and easy to perform application by any skilled practitioner. 
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Two studies were performed [61,62], to evaluate the stability 
and osseointegration of mini-screws having modified surface 
due to nanoparticles. The surface study was characterised 
by titanium oxide nanotube array loaded with RhBMP-2 
(recombinant human bone morphogenicprotein-2) and 
ibuprofen were evaluated against standard mini-screws [61]. 
They concluded better effectiveness of the drug loaded mini-
screws and their positive impact on the tissue health. 
 

Prosthodontic Treatments

Dental prosthetics deals with complex dental cases 
including jaw surgery, dentures, and implants. Prosthodontic 
treatments are associated with missing or defect teeth and 
oral or maxillofacial tissues. They are generally categorized 
in four types: (i) Fixed prosthodontics [63] (includes crown 
and bridge); (ii) Removable prosthodontics [64] (includes 
complete dentures and partial dentures); (iii) Maxillofacial 
prosthodontics [65] (includes obturators, speech bulb, 
palatal lifts, palatal augmentation); (iv) Dental implants. In 
prosthodontics, polymethyl methacrylate (PMMA) is the 
most commonly used biomaterial for the removal of partial 
or complete dentures, but it does not have antibacterial 
property [66]. The biomaterials are modified with nanofillers 
to improve antimicrobial efficacy without affecting the 
mechanical properties of the appliances. The nanoparticles 
used in this case are of silver (Ag) [67], platinum (Pt) [68], 
zinc or zinc oxide (Zn/ZnO) [69], titanium or titanium dioxide 
(Ti/TiO2) [70], and zirconium oxide (ZrO2) [71]. Out of these, 
titanium dioxide exhibits better extent of activity against 
both Gram-positive and Gram-negative bacteria. In a study 
[70], four inorganic antibacterial material with nanofillers 
(like Ag-supported Zr phosphate (Navaron), tetrapod like 
Zn-oxide whiskers (T-ZnOw), TiO2NPs, AgNPs) are compared 
along with PMMA composites. The results indicated that 
the nanofiller like Navaron and T-ZnOw shows significantly 
better antibacterial activity and exhibits no cytotoxicity, 
whereas, the TiO2 and Ag-based nanoparticles have minimal 
cytotoxicity [70]. 
 

Toxicity 

The toxicity of the nanoparticles may be due to many 
factors like size, shape, surface area, surface charge, 
chemical composition, chemical stability, as well as route of 
exposure. Some studies reported no significant toxic effects 
of nanoparticles[1,72-76], while other studies found better 
antibacterial activity with no cytotoxic effect within a certain 
range of concentration administered [70,77,82]. The studies 
revealed that administration of nanoparticles exceeding a 
certain level of concentration causes accumulation of NPs 
in different organs leading to oxidative stress and toxicity. 
However, in a study it was explained that the toxicity 
of nanoparticles are time dependent rather than their 

concentration [35].

There are several techniques to reduce the toxicity of the 
metal nanoparticles in dental treatments. Some researchers 
have proven that variations in the methods to develop 
surface properties of the individual nanoparticles, lead to 
production of better non-toxic nanoparticles with desirable 
properties [83]. The above mentioned factors affects one or 
more of the following mechanisms to manifest the toxicity 
(i) direct association of nanoparticles with the organisms’ 
cell surface, (ii) dissolution of the nanomaterial through 
various delivery systems leads to release of toxic metal ions 
that impact the organisms, and (iii) generation of ROS and 
oxidative stress, that leads to the damage of the cells [84]. So, 
to overcome these limitations of nanoparticles in dentistry, 
several redesign strategies are evolving day-by-day. 

Like, the researchers develop toxicity study of several 
nanoparticles having variable surface charges. In a study, 
they used negatively charged ligands having PEG coating, 
and the PEG helps to reduce toxicity by reducing the binding 
affinity of the nanoparticles with the eukaryotic cells [85]. 
The PEG coating improves the nanoparticles’ stability that 
also elevate the bioavailability time and environmental 
persistence of the nanoparticles in the physiological medium 
[86]. Besides this, in an experimental study [87], associating 
NMC (Nickel, Manganese, Cobalt) demonstrate the release of 
nickel and cobalt ions dominates the toxicity to S. oneidensis 
for a study on Lithium-ion battery. This experiment aims to 
reduce the Ni and Co concentration and increasing the Mn. 
After performing respirometry to monitor the bacterial 
growth in both the cases with excess Mn and normal 
formulation. And that results in reduced overall toxicity of 
the nanomaterial, but reduced efficacy of the nanomaterial 
on the bacterial growth are also observed. On the other hand, 
the application of ZnS coating on the cadmium selenide 
quantum dots as high energy band gap material is done to 
maintain the core integrity and to improve the quantum yield 
of the nanoparticle, but the coating also reduce the material’s 
ability to produce ROS, hence reduce toxicity [88]. 

Conclusion and Future Prospects

The readers of this article are nurtured with the facts 
behind encouraging the application and bio-safety of 
nanoparticles in dental appliances. The work represented 
here contains the wide range of applications of antimicrobial 
nanoparticles in restorative dentistry, endodontics, dental 
implants, orthodontics, and dental prostheses. Besides, 
having significant antibacterial properties, the nanoparticles 
also exhibit toxicological effect depending on factors like 
concentration, time, size, shape, route of exposure, surface 
charge, chemical composition, and chemical stability. 
The modern dental science takes initiatives to overcome 
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the limitations but several studies are required in future 
to establish successful strategies for development of 
non-cytotoxic antibacterial nanoparticles loaded dental 
accessories. Hence, nanotechnology in dental materials can 
be called as “disruptive technology”, which means a new 
technology that can successfully replace the old technology 
along with its existing market and value network. The 
development of stimuli responsive self-repairing materials, 
and dental hard tissue regenerative material are in demand. 
The nanotechnology is definitely the solution. Though 
different dental nanoceramics have enhanced the structural 
integrity through defect control and damage tolerance [89], 
more extensive investigation is required for successful 
clinical use of those products. Nano-biosensing is at early 
stage in dental science [90], it will definitely play a critical 
role in the future development of dental materials [91]. 
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