
NANO TECHNOLOGY –A NOVEL APPROACH TO DENTISTRY 

Nanotechnology can be defined as a technology that deals with small structures or small sized 

materials.44Nanostruc-tures or nanosized materials can be created by two different strategies. The 

top down strategy starts normally with a bulk material much larger than “nano”, and then uses 

externally applied forces (mechanical or other), to break the material down for example into 

nanoparticles. The bottom up strategy, essentially proposed by Feynman, assembles materials or 

structures atom by atom or molecule by molecule to obtain the desired result. 45 

Nano materials are defined as a natural, incidental or manufactured material containing particles 

in an unbound state or as an aggregate or as an agglomerate and where 50% or more of the particles 

in the number size distribution, one or more external dimensions is in the range 1nm-100nm. The 

Greek word   Nano means dwarf. In science nano refers to one billionth (American scale), denoting 

a factor of 10−9. 

Production of Nano particles 

Two methods are involved in the production of  Nano particles 

Conventional- Emulsification/Lyophilisation 

Recent- Communition of Larger particles /grinding technique 

Classification: 

Based on their size the particles are classified as …. 

Zero dimensional- Eg:nano particles 

One dimensional- Eg:Nano rods 

Two dimensional- Eg:Thin films 

MECHANISM OF ACTION 

Surface characteristics of nanoparticles plays a vital role in determining their life span and duration 

of action during circulation. Nanomaterials   used  invivo has to undergo surface modification with 

a hydrophilic and biocompatible coating where ligands may be bound on the surface to promote 

cellular interactions with its receptors. 



MICROPARTICLE NANOPARTICLE 

Drug is dispersed in a matrix of a 

biodegradable polymer and the drug is released 

through a diffusional mechanism. 

Particles have a hydrophilic and biocompatible 

surface and undergoes cellular penetration. 

 

APPLICATIONS OF NANO PARTICLES IN DENTISTRY 

NANO PARTICLES IN DIAGNOSIS 

 Drug/Gene delivery 

 Fluoroscent labelling for imaging 

 Detection of Pathogens 

 Probing DNA structure 

 Tissue engineering 

 Tumour destruction. 

Nano particles have advantageous application in biomedicine and it can exist in the form of 

metals/inorganic/polymeric forms. These nanoparticles can be administered Intravenously and can 

be distributed to organs and tissues and can also used as diagnostic/imaging agent. Behaviour of 

Nanoparticles are highly dependant on their physicochemical property. Nanoparticles upon 

intramuscular administration will immediately react with the blood and may induce agglomeration 

and sequestration. 

NANO MATERIALS IN PERIODONTICS 

 Commercially available dental prophylactic products containing biomimetic carbonate hydroxyl 

apatite nanoparticles have been used to fill microdefects on demineralized enamel or dentin 

surfaces and proved to be effective in vitro after a 10 min application. In bone tissue regenaration 

currently, nanoscale β-TCP has been used for bone tissue regeneration due to its higher 

compressive strength, degradation rate, osteoconductivity, and protein absorption compared to 

submicron β-TCP.  Commercially available dental prophylactic products containing biomimetic 

carbonate hydroxyl apatite nanoparticles have been used to fill microdefects on demineralized 

enamel or dentin surfaces and proved to be effective in vitro after a 10 min application. 

 



NANOMATERIALS IN PROSTHODONTICS 

A denture base material of choice made of  heat-cured acrylic resin, is cheap, biocompatible with 

good physicochemical properties and acceptable aesthetics .But its surface porosity makes it prone 

to plaque accumulation , polymer fatigue failure and oral mucosa irritation. impregnation of metal 

oxide nanoparticles, such as titanium dioxide or iron (III) oxide has been shown to reduce the 

porosities of PMMA and bacterial attachment.30,31,32Studies reveals that embedded titanium 

dioxide and silver nanoparticles have reduced the adherence of Candida species on denture resins. 

Silica nanoparticles treated with 3-methacryloxypropyltrimethoxysilane (MPTS) have led to 

higher bond strength and better adhesion [15], with MPTS aiding the chemical bonding of silica 

nanoparticle filler to the resin during curing.94 

 

Titanium alloy and chrome cobalt  used in removable partial dentures connectors 

and fixed prosthesis such as crowns and bridges. However, they are reported to have poor corrosion 

resistance, causing tooth mobility due to gingival inflammation.(32.33].It is observed that titanium 

and zirconia nanoparticles have significantly reduced the number of adherent bacteria.34Base metal 

alloys such as Cobalt and cobalt oxide nanoparticles were also recommended for their bactericidal 

properties. 

 

To improve implant–bone interconnection quality, including mechanical anchorage and bone 

remodelling, nanotopographies helps by increasing surface wetness, continuous protein adsorption 

and the formation of blood components at implant interface.35Titania nanosheet structures 

fabricated on titanium surfaces with coatings of HA and alumina nanoparticles provides good 

osteointegration. Nanocoating with quercitrin, a natural flavonoid reduces osteoclast 

activity.36,37,38Examples of other nanoparticles, are silver, zinc oxide, copper (II) oxide and 

chlorhexidine nanoparticles have also been used in dental implants fortheir antimicrobial 

properties. 

NANO PARTICLES IN RESTORATIVE DENTISTRY 

GIC 

GIC also known as polyalkenoate cements has very unique properties like chemical bonding,  

biocompatible and presents potential for release and uptake of fluoride ions .But its application as 



a restorative material is limited due to drawbacks such as low fracture toughness , brittle material 

leading to early bulk fracture when subjected to tensile stress high rate of occlusal wear when 

compared to amalgam and modern composite resin systems and so not currently recommended for 

permanent restorations in posterior teeth endodontic disinfection. Salt- or oxide-based 

nanoparticles added to GIC make them to react with thepolyacrylic acid in the matrix and increase 

the overall resistance of the material. Additionally, smaller gic fillers makes them capable of filling 

up interstitial spaces, thereby strengthening the cement even more.  

 

                           Addition of Nano hydroxyapetite and Nano fluorapetite particles at an average 

size of 100–200 nm to the powder component of commercial GIC (5 wt%, Fuji II, GC Corp) had 

a better effect on both the setting reaction mechanism and the degree of polysalt bridge formation, 

improving the mechanical properties of the cement after its final set. Bond strength to dentine was 

also improved in the experimental GIC, which could be due to the formation of ionic and hydrogen 

bonds between GIC and the tooth structure. 

Examples of other Nano particles incorporated in GIC were Chlorhexidine hexametaphosphate 

(CHX-HMP) which showed fluoride release for up to 33 days.6 

 

NANO COMPOSITES 

Resincomposites with filler loading smaller than 100 nm are considered as nanofill or 

nanocomposite. Restorative composites containing filler particles smaller than100 nm associated 

with microfillers (particles larger than 0.1 μm) are hybrid materials and maybe considered as 

nanohybrids The types of nanofillers in dental composites include silica,7,8 tantalum thoxide,9 

zirconia-silica,10alumina,11nano-fibrillar silicate 12and titanium oxide13among others. 

Incorporation of  nanofillers are advantageous by reducing polymerization shrinkage, maintaining 

good handling characteristics and manufacturing costs.14 

 

DENTIN BONDING AGENTS 

The ideal dentin bonding agent should provide high and stable mechanical properties to the hybrid 

layer and should have some level of bioactivity, which would decrease the incidence of pulpal 

damage and occurrence of secondary caries. Disadvantage with the conventional material is that 

when a dentin bonding agent is applied ,the filler content of the bonding agent agglomerate and 



forms clusters which then acts as a screener and prevents resin penetration to the underneath 

dentin.15According to Wagner et al, Dentin bonding agents with nano fillers though 

agglomerates,they are dispersed throughout the adhesive layer instead of being deposited on top 

of the demineralized dentin.16 Studies have shown that incorporation of QADM (Quartenary 

ammonium dimethacrylate)Nano silver particles and Zirconia nanoparticles added in different 

concentrations to the primer/adhesive of the Adper scotchbond multipurpose,3M had the potential 

to inhibit S.mutans both on the material surface and away from the surface and doesn’t affect the 

bond strength to dentine as well. 

 

NANO MATERIALS IN REMINERALISATION 

Etiology of hypersensitivity is due to the exposure of dentinal tubules.Remineralisation therapeutic 

approach involves formation of a remineralised layer on the surface of demineralized dentin which 

results in mineral deposit or plugs in the dentinal tubules.15An emerging view in hypersensitivity 

treatment is to delaye the restorative approach and to provide maximum possibilities for natural 

lesion repair and arrest.16Recently nanoparticles of hydroxyapatite (HAP), tricalcium phosphate 

(TCP), and amorphous calcium phosphate (ACP) have been developed as sources to release 

calcium/phosphate ions and increase the supersaturation of HAP in carious lesions.17-19 Karlinsey 

et al,reported that the combination of NaF & fTCP in a simple aqueous solution can significantly 

remineralize white spot enamel lesions relative to that achievable with fluoride alone.20 

 

ENDODONTIC APPLICATIONS 

NANOPARTICLES IN IRRIGATION AND   INTRACANAL MEDICAMENT 

Nanoparticle-based disinfection plays a vital role in root canal disinfection. Materials like 

Chitosan, zinc oxide, silver and Bioactive glass nano particles have been introduced in endodontics 

to provide more effective removal of microorganisms.21Chitosan, with its polycationic structure, 

binds to negatively charged bacterial cell walls due to the presence of carboxyl, phosphate and 

amino groups, altering membrane permeability and attaching to bacterial DNA and inhibiting 

replication.22 The more commonly proposed antimicrobial mechanism is contact - mediated killing 

that involves the electostatic attraction of positively charged chitosan with the negatively charged 

bacterial cell membrane. This altered cell wall permeability eventually results in rupture.Chitosan 



also chelates the trace metal elements that combine with cell wall molecules of microorganisms, 

destabilising the cell wall.Chitosan were found to retain their antibacterial properties after aging 

for 90 days.2 of cells and leakage of proteinaceous and other cellular components results in cell 

death.3,4 

              Zinc oxide nanoparticles under UV illumination generate reactive oxygen species (ROS) 

including hydrogen peroxide(H2O2),hydroxyl radicalsand superoxide ( Superoxide and hydroxyl 

radicals, due to their negative charges, stay on the outer surface of the bacteria. Meanwhile, 

hydrogen peroxide molecules can pass through the cell wall to cause oxidative damage to cellular 

structures. The uptake of toxic dissolved zinc ions also depletes intracellular ATP production and 

disrupts DNA replication.24 

                                             Mechanism of Silver nanoparticles is they anchor and infiltrate 

bacteria cell wall, then, electrostatic attraction between silver nanoparticles and sulfur-, nitrogen- 

or oxygen-containing functional groups on the cell membrane causes physical membrane damage 

and cellular leakage.Silver nanoparticles also produce high levels of ROS, together with dissolved 

silver ions they can increase cellular oxidative stress in microorganisms.24,25 

 

NANOPARTICLE-INCORPORATED ROOT CANAL SEALERS 

Root canal filling done with root canal sealers should eliminate bacteriaremaining in the root canal 

system and prevent bacterial recolonization in case of leakage. bacterial adhesion and formation 

of biofilms on gutta - percha could lead to the persistence of infection in the root canals. the 

common sealers are known to possess antibacterial activity for a maximum period of 1 week. it 

was observed that the addition of antibacterial NPs in root canal sealers would improve the direct 

and diffusible antibacterial effects  of the root canal sealers and the efficacy of root canal sealers 

were not lost even after 7 days of setting. The bactericidal effect was mainly by adsorption and 

penetration through the bacterial cell wall following which they interact with the protein and fat 

layer in the cell membrane blocking the exchange of essential ions. the destabilization of the cell 

membrane leads to leakage of intracellular constituents and cell death.5 

Eg- Quaternary ammonium polyethylenimine nanoparticles(QAPEI), Bioactive glass nano 

particles(BAG Nps). 

 

REGENARATIVE ENDODONTIC THERAPY 



 Nanoparticles were shown to improve SCAP adherence, viability and differentiation of stem cells. 

Increased surface area of nanoparticles is useful for cell adhesion and biological activity. They can 

also be developed into a controlled-release system with growth factors to support and regulate the 

differentiation of stem cells.25,26 A nanofiber scaffold system of chitosan nanoparticles loaded with 

dexamethasone sodium phosphate (DEXP) reduces inflammation , and when loaded with bovine 

serum albumin (BSA)maintains the osmotic pressure and transportation of nutrients into cells for 

bone tissue regeneration. Similarly, an injectable scaffold of poly-l-lactic acid (PLLA) nanofibrous 

microspheres with controlled release of bone morphogenic protein 2 (BMP-2) helps in the 

promotion of SCAP differentiation into odontoblast-like cells.27,28,29,30 

 

NANOMATERIALS IN ORTHODONTICS 

In orthodontia,to reduce friction between bracket slot and archwire for efficient tooth movement, 

inorganic fullerene-liketungsten disulfide (IF-WS2) and molybdenum disulfide (IF-MoS2) 

nanoparticles have been coated on orthodontic wires as a dry lubricant .39,40. To provide a firmer 

anchorage and increased mechanical strength, a combination of zirconia and titanium dioxide 

nanoparticles have  been added to orthodontic adhesive  and alumina nanoparticles have been 

added to clear plastic polymer braces.41,42Orthodontic adhesive  with europium-doped zinc oxide 

nanoparticles increases safety during complete removal of the adhesive after treatment. Shape 

memory polymer responsive to body temperature or light are modified with   photoactive 

nanoparticles to execute desired geometry and surface characteristics thereby influencing 

influence tooth movement.43 

 

CONCLUSION 

                         Applications of nanotechnology in dentistry is improving day by day.Many 

pragmatic challenges have hindered the clinical applications of newand emerging 

nanobiomaterials.On the other hand development of nanotech products in dentistryrequires a 

complete analysis and full appraisal before they are handed to the clinicians. The scientific hurdle 

for nanobiomaterials in dentistry lies in understanding theinteraction of materials being developed 

at the nanolevel with oral and maxillofacialtissues. Nanotechnology also paves the way for 

development of tools and techniques that will allow clinicians to diagnose, treat, and manage oral 

conditions at their earliest. Mechanistic research into how nanomaterials can strengthen tooth 



structure and further exploration of adding physiological function to nanoehnanced dental 

materials will deliver a paradigm shift in clinical dentisty. Further targeted investigations into the 

interactions of nanoparticles with oral biofilms are also the current need of time. 
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