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10.1 Introduction

In the history of orthodontic bonding, the concept of acid etching techniques to bond
restorative materials with the tooth’s surface was a breakthrough. It is of paramount
importance to have good bond strength between adhesive material and the tooth sur-
face, so that masticatory forces and pressure exerted by wires can be well tolerated.
With advances in materials and technology, orthodontic bonding has become pre-
dictable, simpler, and less time consuming. Earlier restorative materials consisting of
diglycidylether methacrylate, coupling agents, and a high amount of inorganic fillers
(quartz and silica) have been used [1]. Inorganic fillers are known to improve the phys-
ical properties such as abrasion resistance, shear strength, and the coefficient of ther-
mal expansion. If the size of filler particles is reduced, more filler overload is achieved
that in turn, improves the physical and mechanical properties of restorative material.

In the conventional dental composite, the filler particle size ranges from a few
micrometers to millimeters. Nanotechnology is the production and manipulation of
materials in the range of 0.1-100 nm by various methods [2]. When the inorganic filler
particle size in a composite resin becomes nano-sized, the particles are called nano-
composites (Table 10.1). Nanofilled composites have a filler size ranging from 5 to
100 nm. Nanocomposites have been reported with a good marginal seal [3]. When the
filler content of resin-modified glass ionomer cements (RMGIC) is replaced with the
formulation based on bonded nanofiller technology, it is called a nanoionomer. Based
on bonded nanofiller technology, a nanoionomer, Ketac N100, has been developed [4].
This light-curing nanoionomer consists of flouroaluminosilicate glass and nanofill-
ers. It shows improved mechanical properties and high fluoride release. This chapter
addresses the physical, mechanical, and clinical applications of nanocomposites and
nanoionomers in relation to orthodontic tooth bonding.
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Table 10.1 Showing classification
of composites based on filler sizes

S. No. Filler category Filler size

1. Megafill 0.5-2mm

2. Macrofill 10-100 pm

3. Midifill 1-10 pm

4. Minifill 0.1-1 pm

S. Microfill 0.01-0.1 pm
6. Nanofill 0.005-0.01 pm

10.2 Development of composite resin from restorative
applications to orthodontic bonding

Modern dental composites started their journey long ago, back in the 1960s. Over the
past 55years, resin-based composite materials continue to evolve, with better han-
dling characteristics, finer filler particle size, and better bonding and curing systems
(Fig. 10.1). A typical dental composite consists of a triad of a synthetic polymeric
matrix (bisphenol A diglycidylether methacrylate: BIS-GMA), inorganic fillers
(quartz, silica), and a coupling agent (silane) to bind the matrix and filler together
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Fig. 10.1 Showing evolution of dental composites in last six decades.
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[5]. It also contains visible light initiators and activators that initiate the polymeriza-
tion processes; the most common one being camphoroquinine, which is accelerated
by amines.

Light-cure materials are gaining acceptance and popularity in orthodontic practices
because of their efficient working time, better handling characteristics, and high early
bond strength after their placement on the orthodontic bracket, followed by polym-
erization. In routine orthodontic practice, it is essential to obtain a reliable adhesive
bond between an orthodontic attachment and tooth enamel. Filled dental restorative
materials have been used as orthodontic adhesives [1]. Based on consistency and filler
content, composite materials range from flowable to packable composites. Flowable
composites have a lower viscosity, either due to reduced filler content, or due to the ad-
dition of surfactants, which increases fluidity of material without compromising filler
content. They have main advantages of injectibility and nonstickiness. With better
flowing characteristics, they can easily flow into the bracket base, and better mechan-
ical retention can be achieved.

Moreover, flowable resin reduces the filler load, so it is expected that it will ad-
versely affect the physical properties of the material, such as wear strength, abrasion
resistance, microhardness, and polymerization shrinkage. Inorganic filler also de-
creases the coefficient of thermal expansion, affecting long-term micro-leakage [6].
To have practical application in orthodontics, it should have sufficient bond strength so
that it can withstand forces of mastication. But evidence supports the fact that flowable
resin can be used as an orthodontic adhesive, although bond strength is low compared
with conventional composites, but it still exceeds the minimal acceptable value of
bond strength required for orthodontic bonding [7].

Based on particle size, composites can be further distinguished [8] as [Fig. 10.2]:

Conventional: Particle size is more than 1 pm. These are very strong, but difficult to polish,
and surface smoothness is difficult to attain.

Microfill: Particle size is approximately 40 nm. These are developed to overcome limitations
regarding aesthetics of conventional composites. They are polishable, but lack strength.
Hybrid: When the particle size of a conventional composite is further reduced to provide
strength, the resultant composite is called a hybrid. Hybrid composites are categorized as
midfill (average particle size greater than 1 pm, and a portion of 40 nm sized silica microfill-
ers), and minifill/microhybrid (particle size 0.4—1 pm).

Nanofill/nanohybrid: Microhybrid with more nanoparticles of size 5-100nm, and also con-
taining prepolymerized resin.

10.3 Nanocomposites and nanoionomers for orthodontic
bonding

When inorganic phases in a composite become nanosized, they are called nano-
composites. As the filler particle size decreases, there is an increased filler load, along
with reduced polymerization shrinkage. In nanocomposites, extremely small filler
particle has dimensions below the wavelength in the visible light range, thus offering
better optical properties and aesthetics. When the filler content of resin-modified glass
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Fig. 10.2 Showing dental composites based on filler sizes.

ionomer cements (RMGIC) is replaced with the formulation based on bonded nano-
filler technology, it is called a nanoionomer. Among various formulations of nano-
composites and nanoionomer available in the market, the most common commercially
available formulations of nanocomposites include Filtek Supreme, Premise, Ceram X,
and the nanoionomer Ketac N 10 [5]. A brief description of each of these is presented
as follows, and has been summarized in Table 10.2.

(a)

(b)

(c)

Filtek Supreme is a nanofilled composite containing nanomers and nanoclusters. Nanomers
contain silica particles of 20 and 75 nm in diameter, and are monodispersed, nonagglomer-
ated, and nonaggregated. Nanoclusters (NC) contains nanosized fillers and loosely bound
agglomerates. Two types of NCs have been synthesized. The first type of NCs are made
of zirconia-silica particles of 2-20nm with agglomerated particle size of less than 0.6 pm.
The second type consists of silica particles of 75nm with an agglomerated particle size of
0.6 pm. The filler content is about 58%—-60% by volume and 78.5% by weight.

Premise is a nanohybrid composed of three different types of fillers, such as prepolymer-
ized fillers (PPF) 30-50 pm, barium glass fillers (0.4 pm), and nonagglomerated “discrete”
silica nanoparticles of 20 nm. This combination of fillers allows for increased filler loading
of 69% by volume and 84% by weight. These nonagglomerated nanoparticles are so well
dispersed in the matrix that they allow increased filler loading, as well as flowability of
nanocomposites desired for orthodontic bonding.

Ceram-X is an ormocer-based nanoceramic composite having glass fillers (1.1-1.5 pm) and
methacrylate modified silicon-dioxide-containing nanofillers of a particle size of 10nm.
“Ormocer” is an acronym for “organically modified ceramic technology” and ormocer
materials contain inorganic—organic co-polymers in addition to the inorganic silanated
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Table 10.2 Showing most common commercially available
nanocomposites and nanoionomers

Band Filler composition, vol %
S. No. | name Type (Wt%) Manufacturer
Nanocomosites
1. Filtek Nanofilled Nanomers and nanoclusters 3M ESPE, St.
Supreme 58%—-60% by volume and Paul, MN, USA
78.5% by weight
2. Premise Nanohybrid Nonagglomerated “discrete” Kerr/Sybron,
silica nanoparticles, pre Orange, CA,
polymerized fillers (PPF), and | USA
barium glass fillers 69% by
volume and 84% by weight
3. Ceram-X | Nanohybrid Glass fillers (1.1-1.5 pm) Dentsply DeTrey,
ormocer-based, | Methacrylate modified Konstanz,
nanoceramic silicon-dioxide-containing Germany
composite nanofiller (10nm) 57% by
volume and 76% by weight.
Nanoionomer
1. Ketac N Light cure resin | Fluroaluminosilicate glass, (3M, ESPE, St.
100 modified GIC nanofillers, nanoclusters Paul, MN, USA)

filler particles. The filler concentration in ceram X is 57% by volume and 76% by weight.
Both nanoceramic particles and nanofillers have methacrylate groups, which are required
for polymerization.

(d) A nanoionomer is a resin-modified glass ionomer cement (GIC) developed through nan-
otechnology. It is composed of flouroaluminosilicate glass, nanofillers, and nanoclusters
combined to improve mechanical properties and fluoride release capacity.

10.4 Properties of nanoparticles’ orthodontic adhesive

Properties of composite materials depend basically on the three chemically different

components, that is, the organic matrix or the organic phase; the inorganic matrix,

which is the filler or disperse phase; and an organosilane, which is a coupling agent

to bond the filler to the organic resin. Nanocomposites contain a larger volume of the

small-sized filler particles in the resin matrix at a nanoscale level, thus resulting in

composite materials with improved physical, chemical, and biological properties [9].
Various properties of the composite materials are as follows.

10.4.1 Bond strength

For routine clinical orthodontic bonding, a bond strength of 5.9-7.8 MPa is adequate
[10], and an increase in filler content increases the bond strength of the orthodontic
composite. Many modifications have been suggested to improve the bond strength
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of orthodontic composites [11]. One is to increase the filler content in nanofillers.
A study was conducted to test the commercially available nanocomposite material
(Filtek Supreme Plus Universal), nanoionomer restorative material (KetactN100 Light
Curing Nano-lonomer), and conventional light-cure orthodontic bonding adhesive
(Transbond XT for orthodontic bracket bonding) [4]. It was concluded that the con-
ventional orthodontic composite had a higher shear bond strength than that of the
nanocomposite and the nanoionomer groups; but nanocomposites and nanoionomers
may be suitable for bonding, but are inferior to conventional orthodontic composites.
Another study showed that there was no significant difference in shear bond strength
and the bond failure interface between composite adhesive materials containing silica
nanofillers and silver nanoparticles, as well as two conventional adhesives composite
and resin-modified glass ionomers [12].

Another researcher found that the bond strength of nanoionomers was adequate
to bond to the enamel (14.465.8 MPa) and dentin (12.666.5 MPa) at the same extent
as other GICs (enamel: 12.963.3 MPa; dentin: 12.362.9 MPa), but less effectively
than conventional RMGIC (Fuji II LC) to the enamel (38.867.4MPa) and dentin
(31.464.3 MPa) [13]. For nanocomposite orthodontic bonding, different surface treat-
ments can be used, but the sandblasting surface treatment has been recommended
as a safe and effective method of bonding orthodontic metal brackets to nanohybrid
composite resins [14].

10.4.2 Flexural strength

The flexural strength, also known as the modulus of rupture, bend strength, or trans-
verse rupture strength, depends on the filler content and chemistry. Nanocomposites
possess a higher modulus of elasticity and greater flexural, compressive, and diamet-
rical tensile strengths, along with improved hardness, fracture toughness, and wear re-
sistance [15]. Nanocomposites have flexural strength statistically equivalent or higher
than those of the hybrid or microhybrid composites, and significantly higher than
those of the microfill composites. However, nanofill composites, which have a higher
filler loading, showed greater flexural strength than nanohybrid composites, which
have less filler loading [16].

It was also found that the response of nanocomposites was much better to the func-
tional stresses of mastication as compared with the conventional resins because the
smooth and rounded edges of the spheroidal nanoparticles tended to distribute stress
more evenly throughout the composite resin [17].

10.4.3 Polymerization shrinkage

The volumetric shrinkage of composite materials depends upon the total organic ma-
trix content. The smaller size of filler particles reduces the organic matrix of compos-
ites, enables higher filler packing and distribution in the resin matrix, and also tends
to increase the interfacial area between the filler and the matrix, leading to better
dispersion and reduced polymerization shrinkage. Nanohybrid composites (Grandio)
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showed the least amount of organic matrix (13.0wt%), and the least shrinkage,
when compared with nanofill composites (Filtek Supreme Translucent), which had a
30.0 wt% organic matrix [18,19].

10.4.4 Water sorption

Generally, nanohybrid composites show less water sorption than nanofill composites.
In a nanohybrid composite, there is decreased water diffusion into the polymer net-
work, which prevents the separation of chains. This decreased interparticle distance
between the nanofillers reduces the tendency for crack formation, as well as propaga-
tion, which results in a better marginal seal and color stability [20].

10.4.5 Cytotoxicity

The orthodontic adhesive containing TiO, nanoparticles indicated comparable or even
lower toxicity than its nanoparticle-free counterpart, indicating that incorporation of
1wt% TiO, nanoparticles into the composite structure does not result in additional
health hazards compared with that occurring with the pure adhesive [21].

10.5 Antibacterial and anticaries activity nanocomposite

Apart from better physical properties, it is also necessary that nanocomposites should
have antibacterial and anticaries activities. A study was done to demonstrate the ef-
fect of nanoparticles on bacteria. In this study, an experimental composite adhesive
material (ECA) containing silica nanofillers and silver nanoparticles was compared
with two conventional adhesives (composite- and resin-modified glass ionomers) to
evaluate the antibacterial activity against cariogenic bacteria. Bacterial adhesion was
measured by incubating the adhesive discs for 6h in a saliva sample. The results of
this study showed that the bacterial adhesion and bacterial growth to ECA were less
than the conventional adhesives. However, ECA had rougher surfaces than conven-
tional adhesives due to the addition of silver nanoparticles. Finally, it was concluded
that nanoparticles can be incorporated into orthodontic adhesive materials to prevent
bacterial adhesion during orthodontic treatment [12].

Many types of particles can be added as nanoparticles for antibacterial and anti-
caries activities, such as silica-based NACP (nanoamorphous calcium phosphate) and
TiO,, which have been very important. The addition of the NACP to the composite
caused a significant reduction in the S. mutans population around the brackets when
compared with the control side at 3months and 6 months after the initiation of or-
thodontic treatment [22]. NACP have the advantage of color stability, and have both
bactericidal and remineralization effects by releasing calcium and phosphate ions,
as compared with nano-Ag, which have only bactericidal action. These silica-based
nanoparticles damage bacteria by altering the enamel surface or releasing antimicro-
bial agents [22].
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The flowability of the nanoionomer is higher than composite resin, and thus it is su-
perior to composite resins for penetrating the bracket retention features, and possibly
coating the enamel during the bonding procedure. Such an attribute might reduce the
possibility of caries forming under brackets during treatment. Fluoride release and re-
charge might also reduce the possibility of caries formation near the bonding material
excess interface between the bonding material/enamel/oral environment lines. From
this perspective, nanoionomers should be considered a potentially useful adhesive for
bonding orthodontic brackets [23].

10.6 Are nanocomposites and nanoionomers suitable
for orthodontic bracket bonding?

Bonding between the enamel surface and orthodontic bracket using an adhesive system is
routine practice. Bonding performance depends upon the type of adhesive material used
and the interaction between the various interfaces of adhesive material, tooth material,
and orthodontic brackets. The maximum bond strength recommended for successful clin-
ical bonding is estimated to be 7MPa [24]. Reynolds (1975) suggested that a minimum
bond strength of 5.9-7.8 MPa is adequate for most orthodontic needs during routine clin-
ical use [10]. Higher stress is expected during mastication. The metal brackets bonded
with composite resin have shown a bond strength ranging from 2 to 13MPa [25].

Evidence supports the finding that nanocomposites and nanoionomers can be used
for orthodontic bonding [4]. Due to reduced particle size in nanocomposites and nano-
ionomers, there is increased filler size and a wider distribution of particles. As a result,
more filler load and material with less polymerization shrinkage can be achieved.
Uysal T. demonstrated that bond strength of nanocomposites and nanoionomers used
was lesser than conventional adhesives, but the range was 1.71 to 20.71 Mpa. For
nanocomposites and nanoionomers, it was between 2.43 and 10.00 MPa, which is clin-
ically acceptable [4].

Bishara in 2007 investigated nanofilled composites (Grandio), and found that bond
strength was not significantly different from conventional composites. However, the
author found that consistency of these materials was higher during penetration into
orthodontic brackets [26].

S.J. Ahen demonstrated that experimental composite material containing silica
nanofillers and nanoparticles had less bacterial adhesion than conventional compos-
ites, although surface roughness was more in the experimental group. However, there
was no difference between shear bond strength between these [12].

10.7 Future trends

Recent developments in this research area are increasing the strength of nanocompos-
ites by reinforcing fillers with nanofibers, E-glass fibers (3 nm in length) with BaAlSiO,
in semi-interpenetrating polymer network (IPN) matrices, and TiO, nanoparticles [5].
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Another area of research is modification for incorporating antibacterial and caries
prevention agents. Scientists have increased the mineral content of dental caries le-
sions by releasing Ca and PO, ions [nano-dicalcium phosphate anhydrous (DCPA)
whiskers] [27], or by fluoride release (calcium fluoride (CaF,, kaolinite). Efforts to
modify resin matrices is aimed at reducing polymerization shrinkage by incorporating
ring opening resin matrices using epoxy phenols, epoxy resin, or using siloxane. Self-
adhesive composites are currently being investigated. Future nanocomposite materials
must be modified, so that nanocomposites can bond with the tooth structure through
chemical and mechanical retention with antibacterial and anticaries activities.

10.8 Summary

An optimal composite material should bond to the tooth structure to resist the functional
forces in the oral environment without affecting oral tissue adversely. Researchers and
manufacturers are continuously introducing new adhesives for orthodontics bonding
with better properties and handling features. In the future, with the refinement of nan-
otechnology and nanomaterial science, better filler particles may be synthesized to
enhance the bond strength of the nanocomposite. As newly introduced materials and
techniques are refined, orthodontists will likely adopt these innovations, and add them
to their armamentarium for routine clinical practice.
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