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Abstract
One of the real breakthrough in restorative dentistry has been the development of resin- based 
composite technology. Today composite resins have widely dominated the field of aesthetic dentistry for 
both anterior and posterior restorations. Still, polymerization shrinkage and low strength are considered 
as one of the most challenging problem in the application of dental composite in restorative techniques.  
It has been the topic of exploration to develop low shrinkage dental composite resins over past decades. 
A major hault in developing low shrinkage dental composite materials is their inferior mechanical 
properties to clinical use. The demand for improved aesthetic restorations has led to the development of 
several new restorative materials in market. Recently, nanocomposites materials utilizing nanofillers are 
being used extensively to produce restorative materials with improved adhesive, aesthetics and 
mechanical properties compared to earlier composites. The aim of this article is to review improved 
properties and clinical applications of nanocomposites in restorative dentistry. 
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composites since their arrival in 1980's. 
Hybrid composites were developed by 
combining glass particles with fillers of 
various sizes (aluminosilicates, quartz or 
barium aluminosilicate silica glasses)  to 

2  provide better strength and smooth finish. 

Several improvements are still going on to 
produce materials of adequate clinical 
success . Continued effort in reducing the 
size of fillers to improve properties has led 
to development of dental composites based 
on nanotechnology. Nanotechnology also 
known as molecular engineering is the 
production of functional materials and 
structures in the range of 0.1 to 100 
nanometers by various physical and 
chemical  methods.  A nanomer is  
1/1,000,000,000 (one-billionth) of a meter 
or 1/1000 of a micron ( fig:1).

The newly available nanomaterials are 
nanocomposi tes  and nanohybrids .  
Nanocomposites use nanometer-sized 
particles throughout the resin matrix, 
whereas nanohybrids take the approach of 
combining nanometer-sized particles with 
more conventional filler technology. Both 
approaches can provide good composite 
materials, but the nanohybrid approach still 
may suffer from the loss of larger particles 

3and the potential loss of initial gloss.

Nanocomposite restorative materials have 
excellent aesthetics, polishability and very 
low degree of polymerization shrinkage. 
The development of the nanofilled 
composite restorative materials that have 
enhanced aesthetic features of high 
translucency and lustre still maintaining 
strength and wear resistance provides 
clinicians a reliable option for anterior and 

4posterior restorations.

Nanotechnology in composites

To effectively know the use and rationale of 
a specific composite resin system it requires 
an overview of the system's infrastructure. 
The infrastructure of composite resins 
consists of three basic phases - the organic 
phase (matrix), the dispersed phase (filler) 

5and the interfacial phase (coupling agent).  

INTRODUCTION
The demand for aesthetic  and functional 
restorations has been simplified by the 
development of resin-based composites. 
The potential for greater application of 
resins came about with the introduction of 
the Bisphenol A glycidyl methacrylate, or 
Bis-GMA, by R.L. Bowen in the early 
1960s. While the Bis-GMA formulations 
developed by Bowen were a major move in 
the right direction, the effort fell short of 

1 clinical success. Since their arrival in 
dentistry, its chemical structure has changed 
dramatically, to overcome the problem of 
shrinkage, thermal expansion, and low 
strength. Inorganic filler size is the critical 
area that can be manipulated to improve its 
properties. The early generation of 
composites proved to be failure for posterior 
restorations due to their poor wear 
resistance, rough surface and high rate of 
polymerization shrinkage. This was due to 
large particles size of fillers. In 1970's , 
microfilled composites composed of 
colloidal silica, with small particle size 
fillers 0.04 m were developed to improve 
wear resistance and produce a lustrous 
surface. However, they could not attain 
higher degree of filler loading which lead to 
expansion of resin matrix. Therefore they 
have poor mechanical properties and are 
avoided in high stress areas. Till now, the 
market is mainly dominated by hybrid 

ì
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The organic phase or matrix of this 
composite resin system consists of blend of  
monomers that  include Bis-GMA 
(Bisphenol-A-glycidyl methacrylate), 
UDMA (Urethane dimethacrylate), and Bis-
EMA (Bisphenal-A-polyethylene glycol 
diether dimethacrylate). TEGDMA 
(Triethylene glycol dimethacrylate) is added 
to control viscosity. Matrix components also 
include an initiator (e. g, benzoyl peroxide 
f o r  c h e m i c a l  a c t i v a t i o n  o r  
camphoroquinone for visible light 
activation), polymerization inhibitors (to 
extend working time and storage stability), 

6,7,8 opacifiers, and various pigments. The 
dispersed phase or the filler particles 
provide strength and reinforcement to the 

9,10matrix.  Currently nanofillers, the 
smallest filler particles are widely used in 
dentis try.  The adoption of  small  
nanoparticle fillers technology  has  
noticeably improved many of the properties 
of composite resins. Nanoparticles  are 
available in two forms: a single nanomer 
particles and a group of nanoparticles 

 4 (nanocluster).

The nanomer particles are individual filler 
particles mainly spheroidal in shape. The 
size of nanomer-sized filler is 5-75nm as 
compared to the size of approx. 1 micron for 
conventional fillers. Nanoclusters are 
loosely agglomerated collections of these 
nanoparticles and size of approx. 2-20nm 
(fig:2). 

The introduction of these nanosized 
particles allows for an increased filler 
loading that ultimately provide improved 
clinical performance through increased 
polishability, increased wear resistance, 
reduced polymerization shrinkage, and 
increased fracture resistance. As the particle 
concentration depends on the viscosity, the 
filler loading that can be attained 69% by 
volume and 84% by weight, results in 
reduced polymerization shrinkage and 
shrinkage stress. The interfacial phase or 
coupling agent consists of a bifunctional 
coupling agent that can connect the resin 
matrix and the inorganic filler. The most 
commonly used coupling agents are 

organosilanes.

The particle size and quantity are two crucial 
factors when determining how to best utilize 
the restorative materials. Alteration of the 
filler component remains the most 
significant development in the evolution of 
composite resins, because the filler particle 
size, distribution, and the quantity 
incorporated dramatically influence the 
mechanical properties and clinical success 
of composite resins. In general, the 
mechanical and physical properties of 
composites improve in relation to the 
amount of filler added. Many of the 
mechanical properties depend on this filler 
phase, including compression strength 
and/or hardness, flexural strength, elastic 
modulus, coefficient of thermal expansion, 
water absorption, and wear resistance.

Nanotechnology manufacture composite 
resin with nanofiller particles that are quiet 
small, can be dissolved in higher 
concentrations, and are polymerized into the 
resin system with molecules designed to be 
compatible when coupled with a polymer, 
and provide unique characteristics 

11 (physical, mechanical, and optical). 
Adhesion of restorative biomaterials to the 
mineralized hard tissues of the tooth is a 
controlling factor for improving the 
marginal adaptation and seal, in addition 
enhancing the longevity and reliability of 
the adhesive restorations. The particle size 
of conventional composites are very 
dissimilar to the structural sizes of the 
hydroxyapatite crystal, dentinal tubule, and 
enamel rods, that there is a potential for loss 
of adhesion between the macroscopic (40 
nm to 0.7 nm) restorative material and the 
nanoscopic (1nm to 10 nm in size) tooth 

12 structure.  Nanocomposite resin system 
has the ability to improve this continuity 
between the tooth structure and the 
nanosized filler particle to provide a good 
marginal seal between the mineralized hard 
tissues of the tooth and these improved 
restorative biomaterials.

Manufacturing approach with bottom-
up approach

Nanotechnology has reintroduced the focus 
on manufacturing newer and smaller 
materials. Traditional manufacture of filler 
particles for dental composites has required 
the comminution of larger particles of 
quartz, glass, or ceramics through  grinding 
or milling to small particle size. But this 
process can not reduce the filler particle size 

below 100 nm (1 nm=1/1000 µm) in 
diameter. To overcome this problem, direct 
molecular assembly, or "bottom-up" 
processes that   involve synthetic chemical 
processes is used. It is the assembly of these 
materials into progressively larger 
structures and then transform  them into 
nanosized fillers suitable for a dental 

4composite. 

DISCUSSION

Providing laudable advantages of tooth 
s t ruc ture  conserva t ion ,  improved 
biomechanical properties and metal-free 
alternative, direct composite resin 
restorations are now routinely used in 

13restorative dentistry.  Composite resins 
were first recommended for use in posterior 
teeth restoration more than two decades ago. 
While the early formulations were 
characterized by numerous problems, the 
most significant were polymerization 
s h r i n k a g e ,  m a rg i n a l  a d a p t a t i o n ,  
inappropriate proximal contact and 
secondary caries still persist for many 
practitioners.

Recently, a new concept based on 
nanofillers in composite resin has 
developed. Due to improvement in both 
esthetic and physicomechanical properties, 
nanocomposites are becoming the popular 
esthetic and durable restorative materials in 
clinical practice. In addition it has directed 
the clinician's attention toward more 

14 conservative and non-invasive treatments. 
Nanocomposites,  where nanosized 
reinforcements (fillers) are dispersed in the 
base material (matrix), offer a novel class of 
composites with superior properties and 
added functionalities. The color change in a 
composite restorative material may be 
easily related to the nature of its resin matrix. 
The presence of low TEGDMA content in 
nanocomposites may its limit water uptake 
and, consequently, less staining. Filler 
particle size and distribution have been also 
shown to play an important role in this 

 15context.  Some studies have reported high 
surface roughness of composites, even after 
finishing and polishing, due to irregularly 
arranged inorganic filler particles, which 
could result in easier staining over time. 
16,17Surface gloss is another factor playing an 
important role on the appearance of tooth-

18  coloured restorative resins. Proper 
finishing and polishing should establish a 
smooth, glossy surface texture with 
optimum restoration contour facilitating the 

1 9 - 2 1  removal of plaque. Especially 
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restorations in close contact to gingival 
tissues require surface smoothness for 
optimal gingival health. The size and 
composition of the filler particles of the 
restoratives determine the material's ability 
to be finished and polished, thus the 

 22smoothness of the restoration.

Another phenomenon that contributes to 
aesthetic restorations is the translucency of 
disperse nanoparticles. Since the particles 
are smaller than wavelength of visible light, 
absorption does not occur and light shines 
through it. There is also greater scattering of 
light with the small sized nanoparticles as 
compared to a larger-particle composite. 
More scattering of light produces excellent 
blending of the restoration (the “Chameleon 
effect”) and gives it a life-like effect. In 
addition, the resins made with this type of 
small particles give the restoration a better 
finish, which is observed in its surface 
texture, and the likelihood of the material's 
biodegrading over time is reduced. This 
technology has also achieved sufficiently 
competent mechanical properties for the 
resin to be indicated for use in the anterior 
and posterior segments thus making them 
“universal” composites.  It should also be 
mentioned that the lower size of the particles 
leads to less curing shrinkage, creates less 
cusp wall deflection and reduces the 
presence of microfissures in the enamel 
edges, which are responsible for marginal 
leakage, colour changes, bacterial 
penetration and possible post-operative 

 23,24sensitivity.

Under controlled wear conditions, it was 
found that nanocluters are formed by fusing 
or sintering these nanometer-sized particles 
and only very small, individual nanometer-
sized particles can break from the clusters. 
The nanoclusters are designed to fracture 
only during wear conditions, rather than be 
plucked out. Thus, a smoother finish and 
higher gloss is retained. In comparison, a 
hybrid is comprised of large, micron-sized 
particles that, when plucked out or broken 
off, leave voids that  significantly reduce 
initial polish. The initial gloss of these 
hybrids can be very impressive clinically. 
But with time and wear, individual particles 
of conventional hybrids are plucked from 
the resin matrix resulting in a reduction of 
gloss on the surface. It is suggested that the 
long-term polishing retention arises from 
the exposed nanoparticle fillers in the resin 
matrix during wear, tooth brushing, or 
polishing. These fillers may act as a nano-

polishing medium on the surface of the 
composite providing long-term retention of 

25gloss.  These nanocomposite restoratives 
have also proven to have the strength 
comparable to a hybrid. This is because of its 
high-filler loading and advanced resin 
matrix that result in improved strength 
measurements like compressive, flexural, 
diametral strength and fracture toughness 
needed for posterior restorations. It was also 
shown that different formulations of 
nanocomposites display similar or even 
better results regarding compressive 
strength and fracture toughness than 

26conventional composite materials. 

The polymerization shrinkage in composite 
resin is reported to be 1.4% to 1.6%. The low 
shrinkage value of nanocomposites is due to 
the low shrinkage epoxy resin and strong 
interfacial interactions between resin and 
nanoparticles.

As the interparticle dimension in 
nanocomposite decreases, the loadbearing 
stress on the resin is reduced, inhibiting 
crack formation and propogation. The 
spheroidal shape of the nanofillers provides 
smooth and rounded edges, distributing 
stress more uniformly throughout the 
composite resin. This phenomenon has been 
termed the “roller bearing” effect, and is said 
to improve the sculptability and handling 
characteristics.

Recently, nanoparticles of calcium 
phosphates were synthesized and 

27,28,29 incorporated into dental resins. The 
high surface area of the nanoparticles, 
coupled with strong reinforcement fillers, 
resulted in composites with stress-bearing 
and Ca and PO4 releasing capabilities. Its 
strength was 2-3 times higher than 
previously-known Ca-PO4 composites and 
resin-modified glass ionomer. This 
composite may have the potential to provide 
the necessary combination of load-bearing 

 30and caries-inhibiting capabilities.

CONCLUSION

N o w a d a y s ,  c o m p o s i t e s  h a v e  
unquestionably acquired a prominent place 
among the restorative materials employed in 
direct techniques. The recent integration of 
nanoparticles represents the continued 
research in the profession toward the ideal 
composite material. Earlier it was often 
difficult to achieve aesthetics as well as 

mechanical stability with resin- based 
composites. Adding nanoparticles into 
d e n t a l  c o m p o s i t e  h a s  i m p a r t e d  
extraordinary physical properties, in 
reference to strength and durability, long 
term polish retention and high surface gloss 
beyond what current restorative materials 
offer. In the ending note it can be concluded, 
that the long standing wait for a universal 
restorative material in dental application 
may be considered over with the advent of 
nanocomposites.  
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