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ABSTRACT
Background and Review: Nanotechnology is the science involved in design, synthesis, characterization, and application of 

materials and devices. Different approaches are used to introduce organic and inorganic nanoparticles in dentistry. 
Nanoparticles are used in preventive dentistry, strategies for the management of biofilm, demineralization inhibition and pro-
mote remineralization. Incorporation of different nanoparticles in fissure sealants, bonding agents, dentifrices, mouthwashes 
and glass ionomers were studied in vivo and vitro. 

Conclusion: This article summaries the science of nanotechnology, that achieved and introduced in the dentistry and is 
promising that needs further research.
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INTRODUCTION

Nanotechnology is the science involved in the design, synthesis, 
characterization, and application of materials and devices whose small-
est functional organization in at least one dimension is on the nanometer 
scale1). 

Approaches to nano-dentistry2)

A. Bottom-up approaches 

Arrange smaller components into more complex assemblies. The 
covalent bonds 

of which are extremely strong and applied in:

1. Anesthesia 
2. Local drug delivery 
3. Nano diagnostics 
4. Nano robotics dentifrice 
5. Hypersensitivity cure 
6. Dental durability and cosmetics 

B. The Top Down Approach 

Produce smaller devices by using larger ones in achieving precision 
in structure and assembly and applied in:

1. Nano composite 
2. Nano Needles 
3. Nano impression materials 

4. Nano solutions 

Types of nano particles

1. Inorganic nano-particles 

●	 Hydroxyapatite (HA) or its derivatives modified with zinc, fluo-
ride, or carbonate are mostly applied nano particles. 

●	 HA does not exhibit cytotoxic effects and shows excellent bio-
compatibility3-10).

2. Organic nano-particles 

●　Nano organic structures are components of several beverages and 
food stuffs. 

●	 Milk containing casein micelles and lipid vesicles are similar to 
micelle like salivary structures involved in the formation of the 
pellicle layer. 

●	 It may serve as carriers with high affinity to the pellicle to accu-
mulate minerals and protective proteins at the tooth surface. 

●	 Silver nanoparticles synthetic glass structures also have been 
described for possible application in preventive dentistry. 

Nanoparticles in Preventive Dentistry 

1. Silver nanoparticles 

●　Nano Silver (NAg) in composites and adhesive provide antibacte-
rial effects on biofilms without impacting their main mechanical 
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proprieties and bond strength to dental structures11,12).
●　NAg containing dental composite was shown to inhibit S. mutans 

growth when tested over a 6-month duration. 
●　A recent study showed better result in combined NAg with NACP 

in a composite to obtain antibacterial and remineralization capa-
bilities13).

2. Zinc oxide nanoparticles(NZn) 

●　Similar to silver, ZnO has antibacterial effects against types of 
bacteria, including S. mutans. 

●　NZn was found more effective than conventional particles against 
Gram negative and Gram positive bacteria14).

●　Antimicrobial mechanism of NZn is leaching of Zn into the 
growth media decreasing biofilm formation by15-17):

○ Modified cell membrane activity and oxidative stress that gener-
ate active oxygen species such as H2O2 that inhibit growth of 
microbes. 

○ Inhibiting the active transport and metabolism of sugars. 
○ Disrupting enzyme systems by displacing magnesium ions 

essential for enzymatic activity of the of dental biofilms.

3. Quaternary ammonium poly ethyleniamine nanoparticles (QAS)

(QAS-PEI)18,19)

●　Antibacterial agent of QAS is copoly-merized with the resin by a 
covalent bond, so it is immobilized in the composite and not 
released or lost over time. 

●　Gives a durable and permanent antibacterial capability to the 
dental material without significantly affecting the biologic bal-
ance in the oral cavity. 

●　QAS cause bacterial lysis by binding to the cell membrane. 
●　Adhesive systems containing QAS presented anti biofilm prop-

erties after 6 months of water aging. 
●　1% QAS nanoparticles in composite exhibited strong antibacteri-

al effect against S. mutans sustained over 1 month without 
leaching out and with no alteration of the original mecha-nical 
properties of the composite. 

●　QAS-PEI nanoparticles were incor-porated in conventional glass 
ionomer and tested on S. mutans and Lactobacillus. 

4. The nano sized CaF2 will be: 

●　Effectively retained in the mouth due its high affinity to oral 
substances. 

●　A long-lasting source for fluoride than currently used NaF20).
●　NCaF2 powder displayed much higher solubility and reactivi-

ty.21).
●　NCaF2 are effective anticaries agent by increasing the fluoride 

concentration and enhancing remineralization. 
●　Composites containing 20 0% NCaF2 match the fluoride release 

rates of traditional resin modified GI due to a 20-fold higher sur-
face area22). 

●　In vivo study indicate a 1 min application of this NCaF2 rinse 
produces greater post rinse fluoride content (158 .mol/L) than a 
NaF rinse (36 .mol/L) within 1 hour23).

5. Nano hydroxyapatite and nano fluoro hydroxyapatite

●　HA powders was added to materials for:
○ Remineralization 
○ Improve the mechanical properties due to its excellent biocom-

patibility and bioactivity. 
○ A logical substitute for the natural mineral constituent of tooth. 
○ Fabricate materials that imitate hard tissues 
○ NHA were incorporated in resin modified GI. 
○ Toothpastes 
○ Mouth rinsing solutions 
○ Remineralizing pastes for use in preventive dentistry23-25).

●　Apatite nanoparticles could become 
Integrated in the pellicle layer at the enamel surface under oral con-

ditions 

○ Change the chemical composition and tenacity of the pellicle.
○ Then modify the subsequent bacterial adherence and the pattern 

of biofilm formation27).
○ 10% nNHA (60-100 nm) to Glass ionomer (GI) resulted in an 

increased resistance to demineralization and acceptable bonding 
strength compared with micro HA added to GI28,29).

○ Fluoride in NFHA increase the amount of fluoride release from 
the GI. 

○ Besinis (2016) - Acetone was shown to act as a vehicle to 
enhance the capacity to infiltrate demineralized dentin with HA 
NPs30).

6. Carbon nanotubes 

●　Tubes are categorized into single and multi-walled nanotubes. 
●　Literature shows that single walled nanotubes have antimicrobial 

activity. 
●　Nano tubes may be used for water filtration and surface coating so 

used in dental water filtration systems and manufacture of dental 
equipment31-34).

7. Nano Encapsulated Chlorhexidine35)

●　Seneviratne CJ (2014) in study of Nano CHX demonstrated potent 
antibacterial effects on bacteria and mono species biofilms at the 
concentrations of 50-200.g/mL against Streptococcus mutans, 
Streptococcus sobrinus, Aggregatibacter actnomycetemcomitans 
and Enterococcus faecalis.

●　Nano CHX effectively suppressed multi species biofilms such as 
S. mutans, F. nucleatum, up to 72 hours. 

8. Nano catalysts (CAT-NP)36)

●　Lizeng Gao (2016) developed a novel multi-functional approach 
with both anti plaque and anti caries properties using nanoparticles with 
catalytic properties termed nanocatalysts. 

●　Their approach has 2 major biological effects: 
●　CAT-NP are retained within 3D biofilm structure after briefing 

topical exposure. 
●　CAT-NP rapidly catalyze low concentrations of H2O2 at acidic pH 

to produce free radicals in situ that simultaneously kill bacteria embed-
ded within biofilms. 

Various nanostructures used in dentistry  
1. Nanoparticles 
2. Nanorods 
3. Nanospheres 
4. Nanotubes 
5. Nanofibers 
6. Dendrimers and dendritic copolymers 
7. Nanopores 
8. Nanoshells 

Strategies of nano materials in Preventive dentistry  
1. Interaction with bacterial adherence and oral biofilm formation. 
2. Impact on de and remineralization. 

Management of Biofilm  
○ Dental caries is caused by bacterial bioflms on the tooth sur-

face37-40).
○ Proteinaceous surface coating termed pellicle is formed on all 

tooth substrates. 
○ This is conditioning layer changes the properties of the substrate. 
○ Bacteria colonize the surface by adhering to the pellicle through 

adhesion receptor interactions and form a biofilm known as dental 
plaque. 

○ Maturation of the plaque is characterized by bacterial interactions, 
and increasingly diverse bacterial populations. 

○ Number of streptococci and lacto-bacilli bacteria increase, espe-
cially in the presence of dietary sugars. 

○ Bacterial produce acids as by products and cause demineralization 
below the surface of the tooth. 
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Approaches to minimize biofilm formation: 
1. Establish a permanent modification or coating of the surface pro-

viding anti adhesive or easy to clean characteristics. 
2. Adopt dentifrices and mouthwashes, that will be applied fre-

quently. 

Wear resistant nano composite surface coatings modify the 
tooth surface41,42)

●　Easy to clean surface properties. 
●　These biocompatible surface coatings have a surface free energy 

that facilitate the detachment of adsorbed salivary proteins and 
adherent bacteria under the physiological shearing forces. 

●　Indicated for patients with high caries risk suffering dry mouth or 
for individuals who do not practice proper oral hygiene. 

●　To prevent the pathogenic effect of biofilm formation: 

NANO COAT - Composite Varnish43)

●　Nano Coat is revolutionary, nano filled, light cured, protective 
coating which effectively seals the surface to create smooth and 
glossy surface 

●　It can be used on the glass ionomer and composite restorations 
and in difficult to polish areas such as posterior fissures or inter-
proximal areas of indirect composite restorations. 

Fusion D. Sensy44)

Light Curing Nano Filled Fluoride Releasing Dentin Desensitizer 
Varnish and offer: 

1. Prevent second caries 
2. Biocompatibility 
3. Decrease tooth wear 
4. Superior dentin adhesive 
5. Cures hypersensitivity caused by Open tubules. 
6. Sealing of the dentinal tubules and reduces penetration of fluids 

into the tooth. 

Apatite nanoparticles alone or incombination with protein-
aceous additives such as casein phospho-peptides45,50)

●　CPP stabilized amorphous calcium phosphate (ACP) nano com-
plexes play a role in strategies for biofilm management and 
reduce bacterial adherence by binding to the surfaces of bacterial 
cells, the components of the intercellular plaque matrix and to 
adsorbed macromolecules on the tooth surface. 

●　CPP-ACP treated surfaces up to one week have been shown to 
delay the formation of biofilms. 

●　In vitro experiments have shown that non aggregated and clus-
tered hydroxyl apatite nano crystallite particles (average size 100, 
10, 5 nm) can adsorb onto the bacterial surface, and interact with 
bacterial adhesion to interfere with the binding of microorganisms 
to the tooth surface. 

Demineralization, Erosion and remineralization -51-55)

●　Demineralization starts at the nano level caused by either caries or 
erosion induced acidic challenges. 

●　It makes sense to supply small nano sized building units for opti-
mized remineralization. 

●　This applies also for particle size interactions with bacteria and the 
bacterial membrane, where nano particles are much more effec-
tive than micro particles. 

●　For treatment of eroded tooth surfaces, carbonate HA nano crys-
tals were synthesized by precipitation from an aqueous suspension 
of Ca(OH)2 by slow addition of H3PO4. 

●　They are quite similar as compared to dentinal apatite crystals. 

REFERENCES

 1) Silva GA. Introduction to nanotechnology and its applications to medicine.Surg Neurol. 

2004; 61(3): 216-20.
 2) Das S, Gates AJ, Abdu HA, Rose GS, Picconatto CA and Ellenbogen JC. "Designs for 

Ultra-Tiny, Special-Purpose Nanoelectronic Circuits". IEEE Transactions on Circuits 
and Systems, 2007; 54(11): 2528-2540. 

 3) M. Hannig, C. Hannig, Nanomaterials in preventive dentistry, Nat. Nanotechnol. 5 
(2010) 565 569. 

 4) R.P. Allaker, The use of nanoparticles to control oral biofilm formation, J. Dent. Res. 
89 (2010) 1175 1186. 

 5) L. Li, H.H. Pan, J.H. Tao, X.R. Xu, C.Y. Mao, X.H. Gu, et al., Repair of enamel by 
using hydroxyapatite nanoparticles as the building blocks, J. Mater. Chem. 18 (2008) 
4079 4084. 

 6) Y.M. Chen, T.F. Xi, Y.P. Lv, Y.D. Zheng, In vitro biological performance of nano-par-
ticles on the surface of hydroxyapatite coatings, Appl. Surf. Sci. 255 (2008) 375 378. 

 7) S.H. Jung, E. Oh, K.H. Lee, W. Park, S.H. Jeong, A sonochemical method for fabricat-
ing aligned ZnO nanorods, Adv. Mater. 19 (2007) 749.

 8) E.C. Reynolds, F. Cai, N.J. Cochrane, P. Shen, G.D. Walker, M.V. Morgan, et al., 
Fluoride and casein phosphopeptide-amorphous calcium phosphate, J. Dent. Res. 87 
(2008) 344 348. 

 9) K.J. Cross, N.L. Huq, E.C. Reynolds, Casein phosphopeptides in oral health---chemistry 
and clinical applications, Curr. Pharm. Des. 13 (2007) 793 800. 

 10) P. Richthammer, M. Bormel, E. Brunner, K.H. van Pee, Biomineralization in diatoms: 
the role of silacidins, Chembiochem 12 (2011) 1362 1366. 

 11) Cheng, L. et al. (2012) Effect of amorphous calcium phosphate and silver nanocompos-
ites on dental plaque microcosm biofilms. J. Biomed. Mater. Res. B: Appl. Biomater. 
100, 1378-1386 

 12) Zhang, K. et al. (2012) Effect of quaternary ammonium and silver nanoparticle-con-
taining adhesives on dentin bond strength and dental plaque microcosm biofilms. 
Dent. Mater. 28, 842-852 

 13) Yoshida, K. et al. (1999) Characterization and inhibitory effect of antibacterial dental 
resin composites incorporating silver-supported materials. J. Biomed. Mater. Res. B: 
Appl. Biomater. 4, 516-522 

 14) Jones, N. et al. (2008) Antibacterial activity of ZnO nanoparticle suspensions on a 
broad spectrum of microorganisms. FEMS Microbiol. Lett. 279, 71-76 

 15) Xie, Y. et al. (2011) Antibacterial activity and mechanism of action of zinc oxide 
nanoparticles against Campylobacter jejuni. Appl. Environ. Microbiol. 77, 2325-2331 

 16) Sharma, V. et al. (2009) DNA damaging potential of zinc oxide nanoparticles in human 
epidermal cells. Toxicol. Lett. 185, 211-218 

 17) Gu, H. et al. (2012) Effect of ZnCl2 on plaque growth and biofilm vitality. Arch. Oral 
Biol. 57, 369-375 

 18) Beyth, N. et al. (2010) Long-term antibacterial surface properties of composite resin 
incorporating polyethyleneimine nanoparticles. Quintessence Int. 41, 827-835

 19) Beyth, N. et al. (2012) Antibacterial activity of dental cements containing quaternary 
ammonium polyethylenimine nanoparticles. J. Nanomater. Article ID 814763, 6 pages, 
(http://dx.doi.org/ 10.1155/2012/814763) 

 20) Xu, H.H. et al. (2008) Strength and fluoride release characteristics of a calcium fluo-
ride based dental nanocomposite. Biomaterials 29, 4261-4267 

 21) Xu, H.H. et al. (2010) Novel CaF2 nanocomposite with high strength and fluoride ion 
release. J. Dent. Res. 89, 739-745.

 22) Weir, M.D. et al. (2012) Nanocomposite containing CaF2 nanoparticles: thermal 
cycling, wear and long-term water-aging. Dent. Mater. 28, 642-652 

 23) L. Sun, L.C. Chow, Preparation and properties of nano-sized calcium fluoride for dental 
applications, Dent. Mater. 24 (2008) 111 116. 

 24) Besinis, A. et al. (2012) Infiltration of demineralized dentin with silica and hydroxyap-
atite nanoparticles. Dent. Mater. 28, 1012-1023 

 25) Moshaverinia, A. et al. (2011) A review of powder modifications in conventional 
glass-ionomer dental cements. J. Mater. Chem. 21, 1319-1328 

 26) Zhang, H. and Darvell, B.W. (2012) Mechanical properties of hydroxyapatite whis-
ker-reinforced bis-GMA-based resin composites. Dent. Mater. 28, 824-830 

 27) K. Najibfard, K. Ramalingam, I. Chedjieu, B.T. Amaechi, Remineralization of early 
caries by a nano- hydroxyapatite dentifrice, J. Clin. Dent. 22 (2011) 139 143. 

 28) Wang, Q-S. et al. (2012) Effects of light-initiation agent on mechanical properties of 
light-cured nano-hydroxyapatite composite for dental restoration. Appl. Mech. Mater. 
138 39, 1012-1016 

 29) Lee, J.J. et al. (2010) Physical properties of resin-reinforced glass ionomer cement 
modified with micro and nano-hydroxyapatite. J. Nanosci. Nanotechnol. 10, 5270-
5276 

 30) Besinis A (2016) The use of acetone to enhance the infiltration of HA nanoparticles into 
a demineralized dentin collagen matrix. 2016 Mar; 32(3): 385-93. doi: 10.1016/
j.dental.2015.11.010. Epub 2016 Jan 26.

 31) Hyung H, Fortner JD, Hughes JB, Kim JH. Natural organic matter stabilizes. Carbon 
nanotubes in the aqueous phase. Environ Sci Technol 2007; 41: 179-184. 

 32) Li Q, Mahendra S, Lyon DY, Brunet L, Liga MV, Li D, et al. Antimicrobial nanomateri-
als for water disinfection and microbial control: potential applications and implica-
tions. Water Res 2008, 42: 4591-602. 

 33) Kang S, Pinault M, Pfefferle LD, Elimelech M. Single-walled carbon nanotubes exhibit 
strong antimicrobial activity. Langmuir 2007; 23: 8670-8673. 

 34) Brady-Estévez AS, Nguyen TH, Gutierrez L, Elimelech M. Impact of solution. Chemistry 
on viral removal by a single-walled carbon nanotube filter. Water Res 2010; 44: 3773-



Youssef A. et al.356

3780. 
 35) Seneviratne CJ (2014) Nanoparticle-Encapsulated Chlorhexidine against Oral Bacterial 

Biofilms 2014 Aug 29; 9(8): e103234. doi: 10.1371/journal.pone.0103234. eCollection 
2014.

 36) Lizeng Gao (2016). Nanocatalysts promote Streptococcus mutans biofilm matrix degra-
dation and enhance bacterial kil l ing to suppress dental caries in vivo.2016 
Sep;101:272-84. doi: 10.1016/j.biomaterials. 2016.05.051. Epub 2016 Jun 2.

 37) Selwitz, R. H., Ismail, A. I. & Pitts, N. B. Dental caries. Lancet 369, 51-89 (2007). 2. 
Takahashi, N. & Nyvad, B. Caries ecology revisited: microbial dynamics and the car-
ies process. Caries Res. 42, 409-418 (2008).

 38) Filoche, S., Wong, L. & Sissons, C. H. Oral bio lms: emerging concepts in microbial 
ecology. J. Dent. Res. 89, 8-18 (2010).

 39) Hannig, C. & Hannig, M. e oral cavity - a key system to understand substratum-depen-
dent bioadhesion on solid surfaces in man. Clin. Oral Investig. 13, 123-139 (2009).

 40) Kolenbrander, P. E. et al. Bacterial interactions and successions during plaque develop-
ment. Periodontol. 2000 42, (2006) 47-49.

 41) M. Hannig, L. Kriener, W. Hoth-Hannig, C. Becker-Willinger, H. Schmidt, Influence of 
nanocomposite surface coating on biofilm formation in situ, J. Nanosci. Nanotechnol. 
7 (2007) 4642-4648. 

 42) R.E. Baier, Surface behaviour of biomaterials: the theta surface for biocompatibility, J. 
Mater. Sci. Mater. Med. 17 (2006) 1057-1062. 

 43) NANO COAT - Composite Varnish product profile, prevest denpro limited.
 44) Fusion D. Sensy. product profile
 45) C. Rahiotis, G. Vougiouklakis, G. Eliades, Characterization of oral films formed in the 

presence of a CPP ACP agent: an in situ study, J. Dent. 36 (2008) 272-280. 
 46) E.C. Reynolds, F. Cai, P. Shen, G.D. Walker, Retention in plaque and remineralization 

of enamel lesions by various forms of calcium in a mouthrinse or sugar-free chewing 
gum, J. Dent. Res. 82 (2003) 206-211. 

 47) E.C. Reynolds, Calcium phosphate-based remineralization systems: scientific evi-
dence? Aust. Dent. J. 53 (2008) 268-273. 

 48) E.C. Reynolds, Remineralization of enamel subsurface lesions by casein phosphopep-
tide-stabilized calcium phosphate solutions, J. Dent. Res. 76 (1997) 1587-1595. 

 49) K.J. Cross, N.L. Huq, E.C. Reynolds, Casein phosphopeptides in oral health---chemistry 
and clinical applications, Curr. Pharm. Des. 13 (2007) 793-800. 

 50) R.K. Rose, Binding characteristics of Streptococcus mutans for calcium and casein 
phosphopeptide, Caries. Res. 34 (2000) 427-431. 

 51) E.C. Reynolds, Calcium phosphate-based remineralization systems: scientific evi-
dence? Aust. Dent. J. 53 (2008) 268-273. 

 52) P. Tschoppe, D.L. Zandim, P. Martus, A.M. Kielbassa, Enamel and dentin remineraliza-
tion by nano-hydroxyapatite toothpastes, J. Dent. 39 (2011) 430-437. 

 53) Y.J. Tang, Y.F. Tang, C.T. Lv, Z.H. Zhou, Preparation of uniform porous hydroxyapa-
tite biomaterials by a new method, Appl. Surf. Sci. 254 (2008) 5359-5362. 

 54) L.R. Mo, Y.B. Li, G.Y. Lv, J.D. Li, L. Zhang, Comparison of hydroxyapatite synthe-
sized under different conditions, Mater. Sci. Forum 510 511 (2006) 814-817. 

 55) M.Y. Ma, Y.J. Zhu, L. Li, S.W. Cao, Nanostructured porous hollow ellipsoidal capsules 
of hydroxyapatite and calcium silicate: preparation and application in drug delivery, J. 
Mater. Chem. 18 (2008) 2722-2727. 


