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Effect of insertion techniques on the shear bond strength of low-
shrinkage (Silorane) composite restorative materials.
By:
Asma H E Abdelmawla (BDs 2004)

Supervisor:
Prof: Ahmed A El-Hejazi (BDs. MSc. PhD)

Abstract

Objective: to evaluate the shear bond strength of low shrinkage (Silorane) based
composite with different insertion techniques (layering and bulk) and storage
conditions (wet, dry) and compare with conventional methacrylate composites.
Materials and methods: 108 specimens were fabricated by used cylindrical
shaped mould for SBS test, prepared from three types of composite materials,
low shrinkage (Filtek Silorane), and two MBCs resins, Tetric EvoCeram, and
Filtek Supreme resin composites, subdivided to 12 groups according to insertion
technique (layering, bulk) and the storage condition (wet, dry at £37°C for one
week) (n=9/groups). The SBS were measured with a crosshead speed of 0.5
mm/min. Ultimate shear strength data (MPa) from all tested groups were
submitted to analysis of variance (one-way ANOVA) and the Tukey test (p =
0.05). The fractured surfaces of the test samples were visually evaluated by a
light microscope at 20 and 40 times magnification. Fractures were classified as
either adhesive or cohesive or mixed.

Results: Filtek Supreme (MBCs) specimens inserted in bulk technique and
stored dry showed the highest mean SBS (36.45 MPa) values. Silorane and
Tetric Ceram (MBCs) were lower in their all groups (26.45, 26.78, 27.50 MPa
for Silorane, 27.51, 27.02, 27.29, 28.21 MPa for Tetric Ceram resin specimens)
except for Silorane specimens inserted in layers which was further decreased by
wet storage (21.90 MPa), this was slightly similar to the result of Filtek Supreme
specimens inserted in layers and stored dry, which showed the lowest (21.35
MPa) SBS among the groups.
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Conclusion: insertion technique type and storage condition didn’t significantly
affect SBS of Silorane resin in compare with methacrylate resin, except for the
specimens inserted in layers and wet condition, there was a significant decrease
in SBS values. This finding support the clinical reliability of insertion the

Silorane composite in bulk with a cavity deeper than 2 mm depth.
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Chapter 1

Introduction.



Introduction:

Composites are essentially made of three basic components: resin based
organic matrix, organic filler particles or organic dispersed phases and an
organic-inorganic bonding agent, a Silane coupling agent. Organic matrix is
made of monomers that converted into polymers and form cross-linked three-

dimensional network.®2

For more than 50 years, Dimetacrylate-based dental composite resin has been
used in dentistry offering a significant number of benefits and advantages.
During this time, many developments in filler technology and initiation systems
have considerably improved composite physical properties and expanded their
clinical applications. However, the polymerization shrinkage resulting from the
conversion of Dimetacrylate monomers into long cross-linked polymeric chains
(free radical polymerization), remain a major drawback.t® Polymerization
shrinkage and the related polymerization stress, both contributed different
challenges such as reduced marginal integrity and post-operative sensitivity .4
Imperfect margins result in marginal staining and eventually secondary cavities,
and represent the most important reason for the replacement of existing

insufficient composite fillings.®

There are many strategies and approaches that have been proposed to reduce
the magnitude and effect of polymerization shrinkage and the related
polymerization stress. Moreover, some of them intend to attain this goal by
using different strategies from clinical techniques by changing the insertion
technique of resin composite in dental cavities, or by changing to filler
technology and light cure methods.(” Others aimed at changing the matrix
chemistry (the monomer matrix) of the resin composite. However, insertion
techniques would be in the incremental technique, polymerization would be

more uniform and efficient through the composite’s entire thickness. This will



reduce the possibility of composite flow.® In addition, increments applied in a
layering technique depend on their bonding together in an oxygen inhibition
layer formed on the surface of previous polymerized composite increment in
atmosphere.®% Conversely, for cavities restored in bulk, a gradient of
conversion due to light attenuation through the composite, would allow the
composite to flow from the bottom of the restoration, which might result in
internal gaps as the viscosity of material compromised adaptation to the cavity

wall.®

Apart to the changes in the filler particles amount, shape, size or surface
treatment, the main approaches adapted so far are to change the monomer

structure and chemistry.?

In the last decade, a new low-shrinkage Silorane-based resin composite
material was developed from the reaction of oxirane and siloxane molecules.
The reduced polymerization shrinkage property attributed to compensating the
volumetric shrinkage by opening of the oxirane ring during polymerization
(cationic polymerization). It is also aided by its highly hydrophobic nature, due

to the presence of siloxane species.®

Previous studies confirmed “living” polymerization in the Silorane system,?
in which the degree of cure continued to increase even 20 minutes after photo
initiation. “@This in return, raised the question of whether the insertion in bulk
could be used.®™ In a cationic polymerization reaction, the oxygen inhibition
layer which is known to allow good interfacial bonding between increments of
composite, is eliminated and reduced.®® Therefore, it is important to evaluate
the composite-composite interfacial bonding strength properties of the Silorane-
based resin as the material still has polymerization shrinkage to some extent.
This is particularly true in the deep cavities where incremental technique is still

the technique of choice.¥
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2.1. Brief history of tooth-coloured restorative material:

The first tooth-colored restorative material, silicate cement, was introduced to
restore the anterior teeth in 1870. The major advantage of these cements were
better tooth colour match, @ and their anticariogenic property due to the
fluoride content. On the other hand, the drawbacks of these cements are that
they were brittle, stained quickly,® underwent dissolution in oral fluid, lost their
translucency, exhibited surface crazing, and lacked adequate mechanical
properties.®

The development of the first polymeric tooth-colored acrylic resin in dentistry
was in 1940. It was based on poly (methacrylate) powder, methyl methacrylate
monomer (Figurel), benzoyl peroxide, and n,n- dimethylparatoluidine. Upon
mixing, polymerization will occur, by which covalent bonds are formed between
the molecules to form a large molecule and the continuous phase.®® This
unfilled acrylic resin was used as an anterior restorative material because of its
tooth-like appearance. However, this was for a short period of time due to a
variety of problems associated with an increase in discoloration, lack of colour

stability, recurrent tooth decay, and pulp reactions.*”

These problems are mainly attributed to the polymerization shrinkage, a large
coefficient of thermal expansion, and monomer leaching.*®The inherent
drawbacks and the use limitation of the unfilled resin, led to the development of
a filled acrylic resin by Dr Rafael (Bowen) in the 1960s.%) Improvements in the
formulation of the resin matrix (Bis-GMA) were achieved by adding the filler
particles and coupling agents. The resulting composites have better mechanical

properties and wear resistance. 19

In composite material technology, the term “composite" refers to a multiphase
material formed from a combination of materials that differ in composition or

form that remain bonded together yet retain their identities and properties.”



Composite, the universally used tooth-colored direct restorative material, was
developed by combining Dimetacrylate (epoxy resin and methacrylic acid) with
silanized quartz powder, the relative amounts and types of each of these
components varies with each product and its clinical indication. Thanks to the
components’ properties (aesthetics, and advantages of adhesive technology),

composites have taken the place that was occupied by amalgam.‘®)

Figure 1: Structure of methyl methacrylate.®



2.2. Composition of resin-based composite:

The resin based composite restorative materials that are used in dentistry have
three major components:
I.  Anorganic resin matrix (continues phase).
Il.  Aninorganic filler (dispersed phase).
1. A coupling agent.(®
Other components include:
Initiator accelerator systems.
Inhibitors.
Stabilizer.
Pigment (Optical modifier).
Viscosity controllers such as :
TEGDMA (triethylene glycol dimetacrylate) (Figure 2).
MMA (methyl methacrylate)

o 2 o bk~ w bk

c. EDMA (ethylene glycol dimetacrylate) (Figure 2).&"

2.2.1. Organic resin matrix:

The organic matrix of composite resins is made up, in essence, of a system of
mono-, di- or tri-functional monomers. In 1962, Bowen introduced the monomer
bisphenol A-glycidyl methacrylate (Bis-GMA) (Figure 2) by attaching
Methylmethacrylate groups to epoxy monomer. (Bis-GMA) has a relatively high
polymerization rate and low hardening shrinkage. It has some drawbacks,
however, such as its high viscosity because of its high molecular weight and

lack of colour stability which gives it a tendency to become yellower.9

Other high molecular weight monomers have since been developed and
introduced in commercial materials to overcome the limitations of Bis-GMA
based systems. UDMA (Figure 2) formulations based on urethane
dimethacrylate, have become increasingly common due to this monomer’s low

7



viscosity and high flexibility in relation to Bis-GM. UDMA copolymers, in
general, present higher flexural strength, elastic modulus and hardness.Y Both
Bis-GMA and UDMA have high molecular weight and are highly viscose. To
facilitate the manufacturing process and clinical handling, it is diluted with other
low-viscosity monomers (low molecular weight) which are considered viscosity
controllers, such triethylene glycol dimethacrylate (TEGDMA) (Figure 2),
methyl methacrylate (MMA) or ethylene glycol dimethacrylate (EDMA). @



O CH-
T /—(
04>_/

CHs
H,C
HaC O
Structure of Bis-GMA
CHs o)
. CH, o) CHa
~_
H.C o NH o
? N o \CHQ
o] CH, HaC

Structure of UDMA

O
\l.H'l\o/\/O\/\o/\/o\nJ'L

o

Structure of TEGDMA

Figure 2: 3 Diagrams representing the chemical structure of monomers commonly used in
resin-based composites.?%



2.2.2. Inorganic phase (filler):

The disperse phase of the resin composite is composed of an inorganic filler.
This provides mechanical reinforcement to the mixture and allows light
transmission and scattering that gives an enamel-like translucency to the
material.?? Filler loading has been shown to influence the strength, elastic
modulus, wear resistance, water absorption, coefficient of thermal expansion
and most importantly lower polymerization shrinkage of the material.?® In
addition, the size of the filler influences the polishability of the restoration.??
Examples of the fillers used in dental composites are ground quartz, pyrolytic
silica, aluminium silicate, lithium-aluminium silicates, borosilicate glasses and
various other types of glass, including some containing oxides of heavy metals

such as barium which render the composite material radiopaque.®@®

In chronological developments, the filler particle size was reduced from
macro filler to micro fillers where the size of particles was just few micro
meters. Then came the hybrids, a combination of micro and mini fillers, ®® thus
improving the strength and handling properties. With the advent of
Nanotechnology, the filler particle size went down to as low as a few
nanometres there by enabling us to have very high filler loading for use in both
the anterior and posterior regions. Thus it became easy to develop exclusive
posterior composites having very high compressive strength and low wear

rate.(9

2.2.3. The interfacial phase (coupling agent):

The most commonly used Silane (Coupling agent) are the organosilanes such
as ,_methacryloxy propyltrimethoxysilane (MPS) (Figure 3). The unique dual
functionality of Silane coupling agents can form chemical bridges that unite
disparate organic and inorganic components. % This is exemplified by their use
in creating an adhesive interphase in silica-reinforced polymeric dental

10



composites (Figure 4).?" Stable adhesive bonding of the filler to the resin is
essential for the strength and durability of the composite and it may also act as a
stress absorber at the filler-resin interface.?® Lack of an adequate bond will
permit dislodgment of the filler from the surface or ready penetration of water
along the filler-matrix interface. As result, the manufacturer coats the surface of

the filler with a suitable 'coupling agent'.?%

11
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Figure 3: Chemical structure _, -methacryloxypropyl tri-methoxysilane.%
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Figure 4: Silane Molecule .9
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2.2.4. Initiator and accelerator:

The polymerisation of composites can be attained by chemical means (self-
curing) or by activation using visible light (light-curing). In chemical activation,
polymerization is achieved by the reaction between an organic amine and a
peroxide to produce free radicals, which in turn, attack the carbon double bonds
and cause polymerisation. The components are supplied as a two-pack system,
one containing a benzoyl peroxide initiator and the other a tertiary amine
activator such as dimethyl- or dihydroxethyl-p-toluidine (DMPTI or DHEPTI).
Polymerisation starts as soon as the two pastes are mixed.> 17 Light-activated
materials are supplied as a single paste and alpha diketone (Camphoroquinone)
is the most frequently encountered photo-activator used in combination with a
tertiary aliphatic amine reducing agent (4-n,n-dimethylamino-phenyl-ethanol,
DMAPE). Rapid- photo curable composites are used in conjunction with
plasma-arc lights. Dual-cure composites are also available, comprising initiators

and accelerators that allow light-cure activation followed by self-curing.(®

2.2.5. Inhibitor:

Inhibitors or stabiliser system is used to prevent unwanted polymerisation
when the material is exposed to room light or to maximise the product’s storage
life prior to curing. Butylated Hydroxy Toluene [BHT] in concentration of

0.01wt% is the most common used inhibitor. 1%28)

2.2.6. Pigments:

Optical modifiers or pigments are added to resin composite to give the
material a natural appearance to resemble the tooth and also to achieve good
colour stability. The most commonly used opacifiers are titanium dioxide and
aluminium oxide (0.001 to 0.007 wt %).These optical modifiers can affect

13



transmission of curing light through layers of resin composite and thus the

darker the shade, the more curing time is needed.®®

2.3. Photo-initiated polymerization.

Resin polymerisation is characterised by three processes; initiation,
propagation and termination (Figure 5). As described earlier, the photo initiator
iIs responsible for the initiation of the reaction by the production of free
radicals(R). These promote polymerizations of monomers, these being formed
when Photo-initiators are excited by irradiation (either UV or visible light),?®
which can then open the double bonds at both ends of the monomer leading to

cross-linking and propagation.©® 8

Typically, commercial dental composites are bi-functional methacrylate
monomers, i.e. they have two reactive methacrylate groups per monomer in
which following a free-radical-induced polymerization reaction, two carbon to
carbon double bonds will have the capability to react and convert to a polymer.
(30.8) This degree of conversion (DC) is a measure of the amount of methacrylate
carbon double bonds (C=C) which have reacted to form covalent bonds with
adjacent methacrylate groups.(31) The DC is a critical factor that greatly
influences several properties related to the composite restoration longevity such
as the solubility, color stability, mechanical properties and even
biocompatibility.®? This type of reaction is strongly inhibited by free-radical

scavengers such as oxygen in the surrounding atmosphere @ 3%

14
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Figure 5: Representation of the initiation and propagation process during photo-
polymerisation.®®
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2.4. The oxygen inhibition layer:

The inhibition resulting from oxygen diffusing from the atmosphere into
curing resins, is responsible for the formation of soft, sticky superficial layers
commonly found on freshly polymerized resins, referred to as oxygen inhibition
layer.@®% This is due to the oxidation of radicals into stable species known as
peroxides, which have low reactivity toward the methacrylate carbon-carbon

double bonds thus retarding the formation of a polymer. (@ 3435
Re + 02 = R-OO0s (stable radical)®9C?

The oxygen inhibition layer can be defined as a layer of inhibited or retarded
monomer present on the surface layer of methacrylate resins cured in the
presence of oxygen. As result of that, the efficiency of initiation is reduced,
leading to significant retardation (or even inhibition) of the polymerization.G%
The degree of oxygen inhibition during polymerization and the thickness of OIL
may potentially be affected by factors such as monomer functionality and
structure, the type and concentration of photo-initiators, the type of fillers,
temperature, and polymerization conditions.®® The oxygen inhibited layer is
primarily composed of unreacted monomers and oligomers which are purported
to have a similar composition to the uncured resin, although with partially
consumed photo-initiators and co-initiators possessing a liquid-like

consistency.®?

In the incremental insertion technique, which is recommended for ultimate
success of resin based dental composite, the bond strength between different
layers becomes important. The oxygen inhibition layer and it’s undesirable
reactions of photo-initiated polymerization, not only readily adopts the overlying
increment to increase contact area, but also allows materials on both sides,

where a covalent bond is established with the newly applied composite material,

16



to cross and bend together to form an inter-diffused zone. Copolymerization can

then take place to produce a chemical bond. 4%

All these actions will tend to strengthen dental composite layer-layer
interaction.®3049  However, it remains unclear whether the OIL serves a
beneficial purpose in interfacial resin composite bond strength as a number of
studies state that the oxygen inhibited layer is detrimental to bond strength due
to its brittleness.®83% Another studies concludes that the oxygen inhibited layer
made no significant difference in bond strength between increments.%4136) On
the other hand, a recent study by Al Hmedat et al,“? showed that the presence of

OIL will achieve maximum shear bond strength of composite increments.

2.5. Requirements of resin composite for dental restoration:

Firstly, functional properties, including enhanced longevity of the restoratives
by excellent mechanical properties, These are high strength, fracture toughness,
surface hardness, optimized modulus of elasticity, low wear, low water sorption
and solubility, low polymerization shrinkage, low fatigue and degradation, and
high radiopacity for better detection of the material during the removal of a
composite restoration.®Y Secondly, biological properties including good
biocompatibility (systemic and local), no postoperative pain or hypersensitivity,
preservation of tooth integrity in terms of not causing fractures or cracks, as well
as caries-inhibiting abilities are required.“® Finally, aesthetic considerations,
such as good colour matching and stability (translucency, shades), optimum
polishability, long-term surface gloss, absence of marginal or surface staining,

and a good long-term anatomical form should also be fulfilled.®4)
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2.6. Classification of dental composite:

To improve many of the previously -mentioned properties, the size of filler

particles incorporated in the resin matrix of commercial dental composites has

continuously decreased over the years, from traditional to the Nano-composite
materials.**49 The Lutz & Philips (1983) classification, “® which is still

popular, allows composites to be ordered according to filler size into four main

types (Figure 6). ®® These types are:

1.

Conventional or Macro filled resin composites, had filler particles with a
size of 10 —100 um and their disadvantages were poor finish and relatively
high wear. The most common used fillers were quartz and strontium or
barium glass. Quartz filler had good aesthetics and durability but suffered
from absence of radiopacity and high wear of antagonist teeth. 744
Microfilled resin composites were introduced in the late 1970s. They
contain colloidal silica filler with a particle size of 0.01 — 0.05 um. The
small size made it possible to polish the resin composite to a smooth surface
finish. A problem was in obtaining a high filler load. Compared to
macrofilled resin composites, the microfilled did not have such good
physical properties.?7444%)

Hybrid resin composites were introduced to solve shrinkage problems of
resin composites. The first introduced hybrid resin composites contained
large filler particles of a size of 15-20 um as well ascolloidal silica of a
particle size of 0.01- 0.05 pm.®

Nanofilled resin composites contain filler particles with a size range from
20-1400nm, and are claimed to provide increased aesthetics, strength and
durability.®® Nanofilled composites are also available as Nano-hybrid
composites, resulting from the introduction of Nano-sized particles into

micro-hybrid composites. ?® This, consequently, reduces the polymerization
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shrinkage and increases the mechanical properties. These characteristics are

superior to those of microfilled composites.?428)
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Figure 6: Classification of resin composites based on filler size. 46)
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2.7. Polymerization shrinkage:

Polymerization shrinkage is considered a major drawback of all
dimethacrylate-based resin-matrix composites and is a critical limitation of
dental resin-matrix composite.“® This volumetric reduction occurs due to the
formation of polymer out of monomers, were covalent bonds are created. In
addition, intermolecular distance and free volume are reduced, which results in a
shrinkage of the resin-matrix composite in the range of 2-6% (44647
Polymerization shrinkage generates stress, resulting in debonding when the
shrinkage stress surpasses the tooth-restoration interface bond strength.®) This
in turn, leads to a number of potential clinical problems such as penetration of
saliva, bacteria, and other irritating substances through the debonded interface
resulting in the postoperative hypersensitivity, secondary caries and pulpal
inflammation.“® This, finally, leads to restoration failure and replacing the

whole composite materials.“

2.7.1. Factors affecting the stress from polymerization shrinkage:

Stress from polymerization shrinkage is influenced by:

Chemical composition of the resin matrix and filler load percentage.
Incremental filling of RBCs.
Modulus of resin elasticity.

Polymerization rate.

A A

Cavity configuration or the C-Factor.®?

2.7.1.1. Resin matrix/Filler load percentage:

Composite resins consist of polymer matrix and filler material. Shrinkage is a
direct function of the volume fraction of polymer matrix in the composite. The
more monomer entities unite into polymer chains and form networks, the higher

the composite contraction.®® On the other hand, the space occupied by filler
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particles does not participate in the curing contraction. Therefore, composites
that contain lower levels of inorganic filler particles are more likely to produce
high levels of polymerization stress.“*®Modifications to traditional composite
chemistry can result in materials that produce lower polymerization stress

levels.(52:50)

2.7.1.2. Incremental filling of RBCs:

Concerns have been raised about the validity of this widely-practiced
technique. As the RBC materials does not polymerise completely at the time of
placement, in addition, the RBC does not fully shrink (only 70-85% shrinkage)
at placement.® Consequently, when the subsequent increment is placed, it may
not fully compensate the shrinkage of the underlying layer. ®35V It has also been
suggested that the main advantage of using an incremental placement technique
is to reduce shrinkage stress which is achieved by reduction of the C-factor via
decreasing the volume of the restoration through reducing depth and/or diameter
of the cavity. In turn this reduces the interface stress developed by the RBC

polymerization.®¥

2.7.1.3. Modulus of elasticity:

The elastic modulus is a measurement of a material’s stiffness or rigidity, the
lower the modulus the more elastic the material. The most rigid RBCs may
generate the highest stress where as low viscosity resins are generally more
flexible and therefore have a low elastic modulus which, purportedly, enables

the material to absorb the stresses generated by shrinkage.®?

2.7.1.4. Polymerization rate (curing protocol):

When composite resin polymerizes, it goes through various stages of
polymerisation. The most important stage regarding stress formation is when the
material begins to solidify; this point is referred to as the gel point.®®

21



Shrinkage stresses are developed post-gelation of the resin, at which stage the
material can no longer flow sufficiently to absorb the contraction caused by
polymerisation. ®° Prior to gelation of the monomer, there is adequate monomer
flow to overcome the stress developed.®® Therefore, any forces developed
before the gel point, contribute minimally to the overall stress of the polymer.
Thus, a major area of interest is to delay the onset of the gel point by different
curing regimes. However, Christensen et al,®® suggested that different curing
techniques resulted in no significant differences in the reduction of stress. Other
techniques such as soft-start, two-step and pulse delay have also been used to try
to decrease stress development,®® although much controversy exists as to

whether any significant reduction in stress can be achieved. %557

2.7.1.5. The C-Factor:

C-Factor is the ratio between bonded and unbonded surface area of the
restoration, an increase in this ratio results in increased polymerization stress.
For example: three-dimensional cavity preparations (Class 1) have the highest
polymerization stress.“5%) Controversially, another study by Pfeifer et al,
reported that for a given restoration, stress generation was more influenced by
cavity depth and diameter, where increasing depth and/or diameter caused an

increased stress production, regardless of C-factor values. ®

Furthermore, the authors concluded that the C-factor may only be useful to
compare stress generation where similar volumes of restorative material are
tested. Therefore the Configuration factor as a significant issue in stress

generation in RBC restorations will continue to be debated in dental literature.®”

2.7.2. Alternative methods for reducing shrinkage in dental composites:

There have been many attempts to minimize the stress from polymerization

shrinkage either by:
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2.7.2.1. Improving curing technique and methods:

The composite exhibited improved physical properties when cured at a low
intensity and with slow polymerization vs. higher intensity and faster
polymerization. For example; “soft-start” polymerization enables, for as long as
possible, the pre-gelation phase to permit slow polymerization by increasing
light intensity more gradually from the curing units as this may reduce the
polymerisation shrinkage stress.(®%%) Moreover, Meereis et al, stated that the use
of an alternative photo-activation mode (intermittent light, exponential, soft-start
or pulse delay modes) was shown to be an effective strategy for reducing and

controlling stress development in resin-based dental materials. 6%

2.7.2.2. Improving placement technique:

Another approach which has been proposed to overcome the polymerization
shrinkage stress is the use of different restorative insertion techniques
(Figure7).(” By using specific restorative techniques, stresses resulting from
polymerization shrinkage might be reduced. However, it is not clear which
restorative technique should be used to reduce the shrinkage and resulting

stresses. 62

Applying the composite in increments instead of using a bulk technique, is
suggested to overcome the limited depth of cure of the material and to reduce
the shrinkage stresses. It initially reduces micro leakage at the interface (resin-
tooth) eliminating undesirable consequences.®® The clinically advised
maximum thickness of RBCs material during incremental placement, is around
2-3 mm (dependent on material and curing light properties). ¢ ) If the RBC is
layered any thicker this will reduce the energy transferred to the bottom level of
the cavity, leading to inadequate polymerization of the deeper segments of the

composite,® which may adversely affect the longevity and overall mechanical,
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physical and biological (increases its cytotoxicity) properties of the

restoration.®”

Unfortunately, layering technique has certain disadvantages, such as the
possibility of contamination, failures in bonding between resin composite layers,
and void formation . 6 All of this increases the treatment time/chair time,
mainly when compared with the bulk insertion technique.®® Conflicting results
have been reported regarding the efficacy of incremental filling technique.®®
According to Abbas et al, ®® by using cuspal deflection measurements in
premolars, multiple increments induced higher shrinkage stress and cuspal

deflection.

On the other hand, Deliperri et al, recommended the use of a bulk technique
because it reduces the stress at the cavo-surface margin. ) In contrast, Park JK et
al, and Kwon Y et al, state that using “modified bonded disc method” and a
universal testing machine respectively, had shown considerably reduced cuspal

deflection with incremental filling compared to the bulk filling technique. ©¢79

In other studies, different layering techniques have been shown to be
unrelated to polymerization shrinkage stresses and cuspal deformation. Kuijs et
al, used 3D FEA (Finite Element Analysis) to show that the differences
produced by various filling techniques were smaller than expected. #”) In the
experimental setups with tooth models, Kwon Y, et al, have seen that the
magnitude of the cuspal deflection was not significantly different among the
groups using different filling techniques.’® Moreover, Opdam et al, have
reported that there is no difference between bulk or layering techniques when

pain or microleakage is concerned. 'V

Despite the controversy over the advantages of incremental build-up of
composites, this technique has been broadly recommended in direct resin

composite restoration as it is expected to decrease the C-factor (the ratio of
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bonded surface to unbonded free surface).® The presence of a high C-factor is a

risk for debonding within the resin—dentin interface .("?

This C-factor can be minimized by increasing the free surface and decreasing
the bonded surface. This can be done by using an incremental layering technique
which can be through either a horizontal layering technique or an oblique

layering technique (Figure 7). (2

For deep Class | cavities, a study made by Nikolaenko, et al,(®
recommended that horizontal layering is the most promising way to get a good
bond to the cavity floor. In another study by Jafarpour, et al, it is shown that
there were no significant differences in cusp deformation among different

incremental insertion techniques neither horizontal nor oblique (Figure 7). )
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Figure 6: Schematic diagram illustrating the different composite placement techniques.

Horizontal-incremental — Oblique-incremental

Bulk-fill
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2.7.2.3. Improving composite resin composition and formulation:

In recent years, dental manufacturers have tried to address the deficiencies in
dental composite restoratives through the development of enhanced dental
composite formulas with reduced shrinkage, or reduced shrinkage stress.“* The
ideal dental composite would undergo zero, or at least low, shrinkage whilst
setting. Zero shrinkage would ensure that the material remained physically

adjacent to the tooth surface if originally placed there .(

One of the promising contributions, in this sense, refers to the use of
nanotechnology in novel material formulation. It consists in the production of
materials and functional structures in the range of 0.1 to 100 nm (Nano scale).
This is done through several physical and chemical methods where quartz, glass
and ceramic fillers are converted in Nano fillers,?® this in turn, higher filler
content in composites lead to reduced shrinkage stress.™ However, the
dimensional stability of the composite restorative material is compromised by
the polymerization reaction of the matrix phase.® The conversion of the
monomer molecules into a polymer network, is accompanied by a closer
packing of the molecules. This leads to polymerization shrinkage, @V therefore,
modification and alteration in formula and composition of the resin matrix,
aimed at reducing the polymerization shrinkage and improving the marginal

adaptation.(’®

Since Bowen introduced Bis-GMA (bisphenol glycidyl dimethacrylate), in
1963 @ as the monomer system for dental composites, resin matrix composition
changed and modified in various ways leading to superior physical, chemical
and mechanical properties as well as clinical longevity.® These changes were
developed over time and contributed in very different directions to the product
profile of the composites polymerize by their methacrylate functionality such as

Triethylene glycol methacrylate, Polyacid-modified resin composites or
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compomers,’? and so called Ormocer (organically modified ceramics),*®
these have their common Dbasis in the radical polymerization of
methacrylate.(28) However, the two major drawbacks of dental composites,
polymerization shrinkage and the related polymerization stress still have to be

worked on. ©

2.8. Development of a Silorane-based composite system:

Many vyears ago, efforts to overcome clinical deficiencies of RBCs
have led to the development of new matrix materials.(’® In the last decade, 3M
ESPE introduced Silorane, the new cationic ring opening monomer, as
alternatives to methacrylate, the components of the RBC polymer matrix, due to
its hydrophobicity and low polymerization shrinkage.®® Silorane is hybrid

systems that contain both siloxane and oxirane-based monomers (Figure 8 ).©®

The individual components of the Silorane base resin, combined to provide
two main advantages: low polymerization shrinkage, due to ring opening
polymerization of the oxirane monomer which exhibit approximately 1%
shrinkage compared to 1.5-5% that is typical of traditional methacrylate.
Secondly, increased hydrophobicity due to the hydrophobic nature of siloxane

species. (69108182

The reduction in shrinkage stress has been attributed to the slow started
polymerization associated with the cationic ring-opening polymerization which
may last up to 20 minutes with delay at the gel point.®2" This is achieved by
opening of the oxirane ring during polymerization that extends their linkage
through ring opening, flattening and extending toward each other (Figure 9). ¢:10
This in turn, will compensate the contraction-induced stress of resin
composite.(82) Commercially silorane-based resin, is available as Filtek P90
(3M ESPE). It is a microhybrid composite composed of silorane matrix (23.0%),
filled with fillers (76.0%) which are fine quartz particles and radio-opaque
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yttrium fluoride (filler size between 0.1 and 2 pm),® initiators (0.9%),
stabilizers (0.13%), and pigments (0.005%).€%

Moreover, like the methacrylate based composite, Silorane-based composite
also contains Camphorquinone, so that currently available dental curing units
can be used for polymerization initiation.V

Figure 7: Silorane monomer .©®
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Figure 8: Polymerization of radical curing methacrylates and cationic curing ring opening
epoxies. As shown, methacrylates are cured by radical intermediates and oxiranes
polymerize via cationic intermediates. ©
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Silorane-based composites are extremely hydrophobic, like other silicon
containing monomers, in which siloxane (one of chemical building block of
silorane composite) makes Silorane composites more stable for use in the oral
environment as compared to conventional methacrylate.®828% The advantage of
the hydrophobicity of this restorative material, is that it leads to lower
absorption of pigments present in the diet, and may reduce the potential for the

adhesion of oral biofilms.("*%

Additionally, Siloranes have been shown to have good storage stability in
various media, and compared to conventional composites, they are less
susceptible to changes if stored in ethanol.(®84 On the other hand, compounds
containing oxirane in their chemical building blocks are usually known to be
reactive with water,®® this in turn raising the questions on the stability of
silorane-based composites in the oral environment. Eick et al, stated that
siloxane makes the oxirane groups unreachable to water attack. @@ This is
supported by studies by Panahandeh et al, Kaleem et al, who reported that the
hydrophobicity nature of silorane composite, preserved its integrity and
mechanical properties to a greater extent, even if stored in water for a year

compared to methacrylate-based composites.®* 83)

Apart from the predominant radical polymerization initiation in conventional
methacrylate-based composites, the cationic ring-opening polymerization
associated with the oxirane groups within Silorane is insensitive to oxygen.
Tezvergil-Mutluay et al,® has suggested that no OIL exists on the surface of
the freshly cured sample, this explained why cationic polymerization is called
“living polymerization”®? as there is no inhibition or deactiv