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Introduction:

N

Nano Glass-Ionomer Cement (GIC): 

Nano-composites: 

Nano-structured Ceramics: 

synthesized from a colloidal solution of a omposites in two main features. A 
ano-dentistry is defined as“ the zirconyl salt and silica. The primary particle methacrylate-modifiedsilicon-dioxide-
science and technology of size of this NC filler ranges from 2-20 nm containing nanofiller (10 nm) with a filler 
d i a g n o s i n g ,  t r e a t i n g  a n d  while the spheroidal agglomerated particles concentration of 76% by weight and 57% by 

preventing oral and dental diseases, relieving have a broad sized distribution with an volume substitutes for the micro-filler that are 
pain, preserving and improving dental health average particle size of 0.6 ìm. The second typically used in hybridcomposites 

1 type of nanocluster filler  which is (agglomerates of silicon dioxide particles). using nanostructured material.” There has 
synthesized from 75 nm primary particles of Most of the conventional resin matrix is also been considerable research on nanomaterials 
silica has a broad secondary particle size replaced by a matrix that is full of highly in the past three decades, leading to a 

19 d i s p e r s e d  m e t h a c r y l a t e - m o d i f i e d  paradigm shift in the use of nanotechnology in distribution with a 0.6 ìm average.
polysiloxane particles (2 - 3 nm). These different applications in the field of dentistry. Extremely small filler particles have 
nanoceramic particles are organic–inorganic While newer materials are being developed dimensions below the wavelength of visible 
hybrid particles. Both the nanoceramic using nanotechnology, the basic requirements light (0.4 - 0.8 ìm) hence are unable to scatter 

 19 particles and nano fillers have methacrylate of a dental restorative material should not be or absorb visible light.  Thus, nanofillers are 
21forgotten. The newer nanomaterials should groups available for polymerization.usually invisible and render the advantage of 

19have physical properties that correspond to optical property. The colour of the material 
the dental hard tissues and optical properties The invention of the original glass-appears more physiologic as they cease to 
like dental tissues while being easily ionomer cement by Wilson and Kent in 1969 reflect light. Due to the small particle sizes of 
distinguishable from them radiographically. and its subsequent development by McLean nanofillers an overall increased filler level is 
Newer nanomaterials should be able to bond and Wilson in the 1970s resulted in a seen since more filler can be accommodated 

20 with dental tissues and be easy to manipulate. translucent material that has long term for particle packing. Theoretically, with the 
Most importantly these materials should be adhesion to tooth structure and cariostatic use of nanofillers, filler levels could be as 

2 23,2420  biocompatible. properties. Due to these properties glass-much as 90 - 95% by weight. However, the 
This review article is confined only to the ionomer cements could be used in a wide increase in nanofillers also increases the 

25materials that are being developed and used in range of clinical applications.  Despite surface area of the filler particles which in 
the field of restorative dentistry. favourable properties, their use as a turn limits the total amount of filler content. 

Currently a wide range of restorative restorative material in stress bearing areas is This could be attributed to the wettability of 
materials are being manufactured using l imi ted  by  the i r  poor  mechanica l  the fillers. Since polymerization shrinkage is 

1,3-15 2 6 , 2 7  nanotechnology: properties. The incorporation of mainly because of the resin matrix, the 
1. Nano-composites, nanoparticles as fillers into the powder of increase in filler level results in a lower 
2. Nano glass-ionomers, glass-ionomers improved the mechanical amount of resin in nano-composites. This 

28 3. Nano structured ceramics, significantly reduces polymerization properties by reinforcing its matrix.
4. Nano-adhesives, shrinkage and dramatically improves its Incorporation of nanofillers in resin-modified 
5. Endodontic sealers and, physical properties. Thus, increasing the filler glass-ionomer resulted in improved 

296. Tooth  remineralization materials. fraction in a Nano-composite is a good resistance to bio mechanical degradation.  
s t ra tegy for  improved mechanica l  Addition of nano-fluorapatite to resin 

Development of resin based composite performance. A higher filler fraction helps in modified glass-ionomer cement resulted in 
has been a great innovation in the field of increasing the fracture toughness because improved fluoride release while maintaining 

30restorative dentistry. Composite resins were they decrease the volume of the weak polymer clinically sufficient bond strengths. Nano-
introduced in dentistry to overcome the matrix and act as toughening sources besides hydro-xyapatite addition to conventional 
drawbacks of the acrylic resins which were increasing the elastic modulus. glass-ionomer resulted in improved 

16used as tooth coloured restorative materials. Nanohybrid composites are composed of mechanical properties, reduced microleakage 
The physical, mechanical and aesthetic 3 different types of filler components namely and deposition of new hydroxyapatite crystals 

31properties of composites and their clinical n o n - a g g l o m e r a t e d  d i s c r e t e  s i l i c a  at tooth-restoration interface. This could 
behavior depend on their structure. Dental nanoparticles, pre-polymerized fillers (PPF) possibly result in better seal between the tooth 

2 1composites are composed of three different and barium glass fillers. The non- and the restoration. Nano-hydroxyapatite 
materials namely the organic matrix, the in agglomerated “discrete” silica nanoparticles added glass ionomer cement exhibited 
organic matrix consisting of the filler or are spheroidal and measure about 20 nm in increased resistance to demineralization 
disperse phase and an organo-silane, which is size. The pre-polymerized fillers are about compared to micro-hydroxy apatite added 

32 a coupling agent that bonds the filler to the 30-50 ìm in size, while the barium glass filler glass ionomer cement. Although glass-
16organic resin. When inorganic phases in the comes with an average particle size of 0.4 ìm. ionomer is cariostatic due to fluoride release, 

composite become nano-sized or atleast one This combination of three fillers allows for addition of silver nano-particles to resin 
of the phase shows dimensions in nanometer increased filler loading of 84% by weight and modified glass ionomer enhanced its 

17 21 33range they are called nanocomposites. 69% by volume. Thes pheroidal shape of the bactericidal activity. The use of nano-
Nanocomposites consist of two types of filler nanoparticles provides for its smooth and technology to modify glass-ionomers can 
pa r t i c l e s  i . eNanomer ic  (NM)  and  rounded edges there by distributing stress enhance its properties, resulting in a highly 
Nanoclusters (NCs). NM particles are mono- more uniformly throughout the composite desirable material for clinical use.

22dispersed, non-aggregated and non- resin.
agglomerated silica nanoparticles with Another commercially available nano The need for tough, strong and stable 

18 average particle size of 5-75 nm. There are 2 composite is a ceramic based nano- bioinert ceramics should be met by either 
types of nanocluster fillers. The first type composite. It contains glass fillers   (1.1 - 1.5 Nano-structured, alumina and zirconia based 
consists of zirconia-silica particles ìm) but, differs from the conventional hybrid ceramics and composites or by non-oxide 
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traditional microhybrid resins? Operative dentistry. ceramics.  Nano-structured calcium oral cavity allowing easy entry into the 
2009 Sep;34(5):551-7.phosphate ceramics and porous bioactive bloodstream (or lymph fluid) via absorption 22. Lyapina M, Cekova M, Dencheva M, Krasteva A, 

glasses, possibly combined with an organic through oral mucosa or through the digestive Yaneva-Deliverska M, Deliverski J, Kisselova A. 
Application of Nanobiomaterials in Restorative phase should present the desired properties tract on swallowing. Further research needs to 

33 Dentistry. Journal Of Imab–Annual Proceeding be carried out to study the potential for bone substitution and tissue engineering.
Scientific Papers. 2016 Mar 16;22(1):1050-5.

neurotoxicity these materials could induce. The organically modified ceramic nano- 23. Wilson AD, Kent BE. A new translucent cement for 
particles comprise a polysiloxane backbone. dentistry: The glass ionomer cement. Brit Dent J. 

1. Mantri SS, Mantri SP. The nano era in dentistry. J Nat 1972;132:133-135.These Nano-Ceramic particles can be best 
Sc Biol Med [serial online] 2013 [cited 2016 Nov 24. McLean JW, Nicholson JW, Wilson AD. Suggested described as inorganic-organic hybrid 2 ] ; 4 : 3 9 - 4 4 .  A v a i l a b l e  f r o m :  nomenclature for glass ionomer cements and related 

particles where the inorganic part consists of http://www.jnsbm.org/text.asp ?2013/4/1/39/107258 materials (editorial). Quintessence Int. 1994;25:587-
2. Zimmerli B, Strub M, Jeger F, Stadler O, Lussi A. 589.siloxane and the methacrylic organic part 

Composite materials: composition, properties and 25. Nicholson JW. Chemistry of glass-ionomer cements: blends all the particles with resin matrix. The 
clinical applications. A literature review. Schweiz A review. Biomaterials. 1998 Mar;19:485–494

good resistance to microcrack propagation MonatsschrZahnmed. 2010;120(11) 972-986. 26. Xie D, Brantley WA, Culbertson BM, Wang G. 
might be related to the strengthening effect of 3. Mikkilineni, M.; Rao, A.; Tummala, M.; Elkanti, S. Mechanical properties and microstructures of glass-

Nanodentistry: New buzz in dentistry. Eur. J. Gen. ionomer cements. Dent. Mater. 2000 Mar; 16(2):129-the nano-ceramic particles. Propagating 
Dent. 2013, 2, 109. 138.cracks are either more often reflected or 4. Dresch, W.; Volpato, S.; Gomes, J.; Ribeiro, N.; Reis, 27. Pelka M, Ebert J, Schneider H, Krämer N, Petschelt 14absorbed by the nanoceramic particles. A.; Loguercio, A. Clinical evaluation of a nanofilled A. Comparison of two-and three-body wear of 
composite in posterior teeth: 12-month results. Oper. glassionomers and composites. Eur J Oral Sci. 1996 
Dent. 2006, 31, 409–417. Apr;104:132–137. The new bonding agents are prepared 5. Jandt, K.D.; Sigusch, B.W. Future perspectives of 28. Moshaverinia A, Ansari S, Movasaghi Z, Billington 

from nano solutions which contain resin-based dental materials. Dent. Mater. 2009, 25, RW, Darr JA, Rehman IU. Modification of 
1001–1006. conventional glass-ionomercements with N-homogenous nanoparticles dispersed in the 

6. Khan, A.S.; Aamer, S.; Chaudhry, A.A.; Wong, F.S.; vinylpyrrolidone containing polyacids, nano-solution. Silica nano fillers are stable and do 
Rehman, I.U. Synthesis and characterizations of a hydroxy and fluoroapatite to improve mechanical 

not cluster in the solution so provide the fluoride-releasing dental restorative material. Mater. properties. Dental Mater. 2008;24:1381-1390
superior bond strength values. Nano Sci. Eng. C 2013, 33, 3458–3464. 29. AB de Paula, SBP Fucio, GMB Ambrosano, RCB 

7. Mitra, S.B.; Oxman, J.D.; Falsafi, A.; Ton, T.T. Alonso, JCO Sardi, and RM Puppin-Rontani (2011) interaction zone (NIZ - <300 nm) with 
Fluoride release and recharge behavior of a nano- Biodegradation and Abrasive Wear of Nano minimal decalcification and almost no filled resin-modified glass ionomer compared with Restorative Materials. Operative Dentistry: 

exposure to collagen fibers produce an that of other fluoride releasing materials. Am. J. Dent. November/December 2011, Vol. 36, No. 6, pp. 670-
2011, 24, 372–378 677.insoluble calcium compound for a better bond 

8. Morozova, L.V., Kalinina, M.V., Koval'ko, N.Y. et al. 30. Lin J, Zhu J, Gu X, Wen W, Li Q, Fischer-Brandies H, less likely to deteriorate from enzymes 
Preparation of zirconia-based nanoceramics with a Wang H, Mehl C. Effects of incorporation of nano-15contained in the mouth. high degree of tetragonality. Glass Phys Chem (2014) fluorapatite or nano-fluorohydroxyapatite on a resin-
40: 352.  modified glass ionomer cement. Acta Biomater. 2011 

9. Yoshida Y, Yoshihara K, Nagaoka N, Hayakawa S, Mar;7(3):46-53.These solutions have homogenously 
Torii Y, Ogawa T, Osaka A, Van Meerbeek B. Self- 31. Mu YB, Zang GX, Sun HC, Wang CK. Effect of nano-dispersed nanoparticles that extend their use assembled nano-layering at the adhesive interface. hydroxyapatite to glass ionomer cement. Hua Xi Kou 

in bonding agents. The new generation of Journal of Dental Research. 2012 Apr 1;91(4):376- Qiang Yi Xue Za Zhi. 2007 Dec; 25(6):544-7.
81. 32. Lee JJ, Lee YK, Choi BJ, Lee JH, Choi HJ, Son HK, bonding agents are one-step application. The 

10. Ye Q, Park JG, Topp E, Wang Y, Misra A, Spencer P. In Hwang JW, Kim SO. Physical properties of resin-homo-geneously dispersed nanofillers 
vitro performance of nano-heterogeneous dentin reinforced glass ionomer cement modified with micro 

provide the maximum bond strength and adhesive. Journal of Dental Research. 2008 Sep and nano-hydroxyapatite. J NanosciNanotechnol. 
12

1;87(9):829-33. 2010 Aug;10(8): 5270-6.prevent particle settling.
11. Li F, Weir MD, Chen J, Xu HH. Comparison of 33. Magalhaes APR, Santos LB, Lopes LG, Estrela CRA, 

quaternary ammonium-containing with nano-silver- Estrela C, Torres EM, et al. Nanosilver application in 
These agents contain light activated containing adhesive in antibacterial properties and dental cements. ISRN Nanotechnology. 2012 (2012), 

nanosized fillers which can be used as coating cytotoxicity. Dental Materials. 2013 Apr Article ID 365438, 6 pages.
30;29(4):450-61. 34. Chevalier J, Gremillard L. Ceramics for medical over the composite, glass inomer cements 

12. Zhang K, Li F, Imazato S, Cheng L, Liu H, Arola DD, applications: A picture for the next 20 years. Journal ,jacket crowns and veneers. Incorporation of 
Bai Y, Xu HH. Dual antibacterial agents of of the European Ceramic Society. 2009 Apr 

nanofillers provide superb polish on the n a n o - s i l v e r  a n d  30;29(7):1245-55.
12- methacryloyloxydodecylpyridinium bromide in 35. Lee CM, Jeong HJ, Yun KN, et al. Optical imaging to restorations which prevents staining, 

19 dental adhesive to inhibit caries. Journal of trace near infrared fluorescent zinc oxide increases abrasion and wear resistance.
Biomedical Materials Research Part B: Applied nanoparticles following oral exposure. Int J 
Biomaterials. 2013 Aug 1;101(6):929-38. Nanomedicine. 2012;7:3203–3209. [PMC free 

13. Sadat-Shojai M, Atai M, Nodehi A, Khanlar LN. Nanomaterials and their biological effects article] [PubMed]
Hydroxyapatite nanorods as novel fillers for 36. Wang Y, Chen Z, Ba T, et al. Susceptibility of young may lie in the interaction mechanisms 
improving the properties of dental adhesives: and adult rats to the oral toxicity of titanium dioxide between living things and the environment, as synthesis and application. Dental Materials. 2010 nanoparticles.Small. 2013;9(9–10):1742–1752. 

they are similar in size to DNA molecules, May 31;26(5):471-82. [PubMed]
29 14. Atai M, Solhi L, Nodehi A, Mirabedini SM, Kasraei 37. Stern ST, McNeil SE. Nanotechnology safety proteins, viruses, and biological molecules.

S, Akbari K, Babanzadeh S. PMMA-grafted nanoclay concerns revisited. Toxicol Sci. 2008;101(1):4–21. These particles show interactions in the 
as novel filler for dental adhesives. Dental Materials. [PubMed]

cellular, subcellular, and protein levels by 2009 Mar 31;25(3):339-47. 38. Medina C, Santos-Martinez MJ, Radomski A, 
15. Hannig M, Hannig C. Nanomaterials in preventive Corrigan OI, Radomski MW. Nanoparticles: mechanisms of oxidative stress and 

dentistry. Nature nanotechnology. 2010 Aug pharmacological and toxicological significance. Br J inflammation. On exposure nanomaterials are 
1;5(8):565-9. Pharmacol. 2007;150(5):552–558. [PMC free article] known to readily travel throughout the body. 16. Milnar, F.J., 2011. The evolution of direct composites. [PubMed]

The particles deposit in target organs, Compendium of continuing education in dentistry. 
Jan/Feb 2011, 32(1).penetrate cell membranes, lodge in the 

17. Camargo PH, Satyanarayana KG, Wypych F. mitochondria, and trigger injurious 
Nanocomposites: synthesis, structure, properties and 

responses. Many studies in recent years have new application opportunities. Materials Research. 
2009 Mar;12(1):1-39.demonstrated that nanomaterials can 

18. Itanto BS, Usman M, Margono A. Comparison of accumulate in various organs in our body. 
surface roughness of nanofilled and nanohybrid Though the brain is an exception as the composite resins after polishing with a multi-step 

blood–brain barrier (BBB) can prevent the technique. InJournal of Physics: Conference Series 
2017 Aug (Vol. 884, No. 1, p. 012091). IOP majority of substances from entering the 
Publishing.brain, few studies have shown cerebral 

19. Mitra SB, Wu D, Holmes BN. An application of 
damage due to nanoparticle toxicity. nanotechnology in advanced dental materials. J Am 

DentAssoc. 2003;134(10):1382-1390Assessment of nanoparticle induced toxicity 
20. Low IM, editor. Advances in ceramic matrix requires novel techniques, tools, assays and 

30,31,32 composites. Woodhead Publishing; 2014 Feb 14.
approaches for their assessment. In 21. Moraes RR, Goncalves LD, Lancellotti AC, Consani 

S, Correr-Sobrinho L, Sinhoreti MA. Nanohybrid res tora t ive  dent is t ry,  most  of  the  
resin composites: nanofiller loaded materials or nanomaterials were directly applied in the 
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