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Summary

Introduction: Resin composite is a popular, universally used, tooth coloured direct
restorative material. Although much progress has been made to the filler technology
in resin composites over the years, no fundamental changes have been made to the
composition of the monomer matrix since Bowen introduced dimethacrylates in the
early 1960s. As an alternative group of polymers, ormocers were developed as a new
material class. Ormocer is an acronym for Organically Modified Ceramic. The first
generation of ormocers were expected to combine both the advantages of inorganic
polymers and organic polymers. However, due to the ongoing challenges to improve
handling properties and to incorporate filler particles, conventional dental monomers,
such as Bis-GMA and UDMA, had to be added to the ormocer matrix, diminishing the
initial promising advantages of this material. It therefore becomes necessary to refer
to this added dimethacrylate, first generation ormocer materials as ormocer-based
composites. Pure ormocers are organically modified, non-metallic, inorganic
compounds that are dimethacrylate-diluent-free. This unique material group differ from
conventional composites in that the matrix has an organic but also an inorganic
component. Ormocers are expected to combine both the advantages of inorganic
polymers such as mechanical strength and thermal stability, as well as the advantages
of organic polymers such as impact resistance and flexibility. Disadvantages such as
polymerization shrinkage, high wear and leaching of monomers may be reduced by
the large size of the ormocers’ monomer molecules. Aim: The aim of this in vitro study
was to determine whether a new generation of pure ormocers offer any clear
differences when compared to a first generation ormocer-based composite and
conventional nanocomposite in terms of surface roughness, surface hardness and
microleakage. Materials and Methods: A pure ormocer (Admira Fusion) a first
generation ormocer-based composite (Admira) and a nanocomposite (Filtek Z350 XT)
were evaluated. Twelve disk samples (10mm x 2mm) of each material were prepared
for both surface roughness and surface hardness. For surface roughness, all samples
were finished and polished strictly according to the manufacturers’ instructions and
measured with a profilometer. For surface hardness, samples were stored in an
incubator, polished and a Vickers diamond indenter (500g load and dwell time of

40sec) was used to record values. For microleakage, 36 standardised, Class V
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cavities were prepared and randomly divided into three groups. Restored teeth were
thermally fatigued, immersed in 2% methylene blue solution for 48 hours, sectioned
and scored for occlusal and gingival microleakage.

Results: Statistical significance was set at p<0.05. With surface roughness, there
was no statistical significant difference between the experimental conditions after
curing the materials through a Mylar strip and before polishing. The one-way analysis
of variance (ANOVA) identified no significant difference in terms of surface roughness
between the three material groups (p>0.05) when polished with water-cooling. There
was however a statistical significant difference when the ormocer-based composite
(p=0.003) and the nanocomposite (p<0.001) was compared with the pure ormocer
when polished dry. A significant statistically higher surface hardness was identified for
the nanocomposite compared to both the pure ormocer (p<0.001) and ormocer-based
composite (p<0.001). Fisher’s exact test identified no significant difference in terms of
occlusal microleakage (p=0.534). Gingival microleakage revealed a marginal
significant difference with the nanocomposite leaking marginally less compared to the
pure ormocer (p=0.093). Conclusion: Based on the comparative evaluation and
statistical analysis of the surface roughness and microleakage, there is no difference
in using a pure ormocer compared to an ormocer-based composite or nanocomposite.
The surface hardness of the nanocomposite was statistically significantly higher than
for the pure ormocer and ormocer-based composite. The choice of material would be
subject to the clinical condition and the practitioner's preference; however, the

nanocomposite should be used in areas, which require increased surface hardness.
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Chapter 1: Introduction and Literature Review

Much progress has been made on the composition of filler technology in composite
resins over the years.! However, no fundamental changes have been made to the
composition of the monomer matrix since the introduction of dimethacrylates by
Bowen in early 1960.2 As an alternative group of polymers, ormocers were developed
as a new material class.® Ormocer is an acronym for Organically Modified Ceramic.3
The first generation of ormocers were expected to combine both the advantages of
inorganic polymers and organic polymers. However, due to the ongoing challenges to
improve handling properties and to incorporate filler particles, conventional dental
dimethacrylate monomers, such as Bis-GMA and UDMA, had to be added to the
ormocer matrix, diminishing the initial promising advantages of this material.® It
therefore becomes necessary to refer to this added dimethacrylate, first generation

ormocer materials as ormocer-based composites.?

Controlling the degree of cure, polymerization shrinkage and adhesion to adhesive
systems and tooth structure become critical in order to improve biocompatibility and
biofunctional properties of resin-based dental composites.*>6 Materials are exposed
to stresses during polymerization shrinkage of the matrix as well as aging in the oral
environment.® Saliva’s aqueous medium, masticatory forces, variations in pH and
temperature fluctuations exert detrimental effects on the resin matrix and fillers.®’
Persistent complications were experienced with initial tooth-coloured restorations such
as gap formation with the possibility of secondary caries, caused by polymerization
shrinkage.® Additional complications included: fractures due to the loss of occlusal
relationships, increased degradation, and wear.2 To overcome these obstacles, new
matrices were developed and the filler content manipulated in terms of size, shape,

type and amount of filler used in the composite resin matrix.®

As an alternative group of polymers, pure ormocers were introduced as a new
restorative material.®° This unique material group is an organically modified, non-
metallic, inorganic compound material.** The ormocer, Admira Fusion (VOCO GmbH,

Cuxhaven, Germany), was introduced to the market in 2015, as the world’s first pure
1
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ceramic-based restorative material.'> Admira Fusion features pure ormocer matrix

chemistry without the addition of conventional dimethacrylates.3*?

1.1 The Historical Evolution of Composite Resin Materials

Composite resin is a popular, universally used, tooth coloured, direct restorative
material.'®> Due to the material’'s superior aesthetics and advantages of adhesive
technology when used in conjunction with a bonding system, it is favoured above

dental amalgams.3

In dentistry, composite resins are used for multiple applications since they tend to
resemble dental hard tissues in both function and appearance.* These applications
include but are not limited to restorative materials, pit and fissure sealants, cavity
liners, crowns, core build-ups, overlays, inlays, cements for single or multiple tooth
indirect prostheses, provisional restorations, endodontic sealers, root canal posts and
orthodontic devices.®

The formulation of dental composites is tailored to meet particular requirements and
distinguish the different dental composites from one another.'>'6 The structure and
composition of a composite will determine its clinical behaviour regarding mechanical,

physical and aesthetic properties.1’18

Composite resins were introduced in the 1940s in an attempt to overcome the
shortcomings of acrylic resins used in the field of basic conservative dentistry.*819 In
1955, Buonocore?® made use of orthophosphoric acid in an attempt to improve the
adhesion of acrylic resins to the enamel tooth surface. Acrylic resin monomers could

only form linear chain polymers.181°

Bisphenol-A glycidyl dimethacrylate (Bis-GMA) monomers, developed by Bowen in
1962, were then developed to attempt improvement of the physical properties of

acrylic resins.??! These early composites required mixing of a base paste with a

2
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catalyst paste and were chemically cured.'® Problems were however experienced with

the mixing process, colour stability and proportions of these materials.*81°

Composites requiring electromagnetic radiation for polymerization were developed in
the 1970s. These composites replaced composite materials which required mixing,
together with their associated disadvantages.'®1° The development of a photo-curable
composite resin system, Nuva (Dentsply Sirona/Caulk, Konstanz, Germany) in the late
1970s was considered a major breakthrough in composite technology.1%22

The ideal dental restorative material should be biocompatible, resistant to masticatory
forces and should aesthetically resemble that of natural enamel and dentine.1%23
Furthermore, to ensure adequate longevity of a dental restoration, its mechanical and

physical properties should mimic that of a natural tooth.%:23

Because of many modifications over the years, modern composite materials are
reliable restorative materials for nearly all dental applications when used correctly.3
Scientists, manufacturers, researchers and clinicians will continue their pursuit for an

ideal restorative material that more closely resembles healthy tooth structure.®23

1.2 Composition of Composite Resins

The various types of composite materials are identified by their consistency.® They
vary from packable composites, designed to avoid collapsing and to form tight contacts
with adjacent teeth, to flowable composites with a viscosity so low they can be
dispensed from fine bore syringes.'%2425 Packable composites were designed in an
attempt to limit wear of a restoration, polymerization shrinkage and fracture resistance
within the body and margins of the restoration.?®> Flowable composites are commonly
used in areas where additional removal of tooth structure can be avoided such as
small pits and grooves.?® Flowable composites can also contain fluoride, making them

ideal as a preventable sealant, especially for children with a high caries risk.?®

3
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There are three main components in the composition of composites.'>17:18 The first
component is the organic matrix, which has a dimethacrylate polymeric matrix.1>17.18
The second component is a dispersed phase consisting of reinforced filler particles,
usually fabricated of radiopaque glass, making up the inorganic matrix.t>17:18 The third
component is an interfacial phase of organo-silane coupling agents, fusing the filler

particles to the organic matrix.1>17.18

Furthermore, composites also contain chemicals that control the polymerization
process.>192627 These chemicals are photoinitiators and co-initiators for visible light
activation, and polymerization inhibitors that allow for the extension of working time
and storage stability.1>1926.27 Surfactants are also added to enhance fluidity without
reducing filler particles resulting in a decrease in mechanical properties and an
increase in shrinkage.>1926.27 Composites contains various pigments to allow for the

various shades that can be utilized for aesthetic restorations.1°19.26.27

Each component of the composite material influences the properties of the composite
in a different manner.?> Typically, the filler content will determine the material’s
properties such as hardness, wear resistance, gloss, polishability, radiopacity and the
release of fluoride.?®> The organic matrix determines the curing rate, polymerization
shrinkage, water uptake, storage stability, light sensitivity and colour stability of the
material.?®> The chemical composition of both the fillers and organic matrix will
determine the material’s translucency, thermal expansion coefficient, flexural strength,

flexural modulus of elasticity, water solubility, consistency, and biocompatibility.2®

1.2.1 Inorganic Matrix

The inorganic matrix or dispersed phase is the mineral component of a composite
resin and consists of filler particles.'®22 The filler type and filler morphology have been
areas of significant advancement, much more than that of the organic matrix.1>29

Because the physical properties of a composite is so dependent on the influence of

the filler particles, they are often used in the classification of dental composites based
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on the particle size and type of filler used.?® Quartz, silica and / or ceramic are usually

used to fabricate filler particles.?

The higher the filler content of a composite, the greater the elastic modulus, wear
resistance, tensile strength, surface hardness and flexural strength of the material.'®
Polymerization shrinkage, water absorption and linear coefficient are also reduced
with increased filler content of a composite resin material.*31%3° The strength of a
material is subjective to the chemistry of the resin phase at a given filler size, content

and geometry.29.31,32.33

Conventional composites had macro-filler particles that far surpassed 1pum in size,
often exceeding 50um, the diameter of a human hair.*> Macrofiller particles made
polishing, and the retention of surface smoothness, very difficult even though the
materials were very strong.'® To aid in the reinforcement of filler particles into the
matrix, the size of the particles were purposely reduced.® Wear resistance and
polishability of materials improved significantly with the addition of smaller filler

particles.1529

“Microfill” composites were manufactured in an attempt to address long-term aesthetic
issues and consisted of amorphous spherical silica reinforced particles approximately
40nm in size.!® Lack of the concept of “nano” at the time prevented appropriate naming
since these microfill composites would have been more accurately called “nancfills”.*®
These materials contained low filler levels but levels could be increased with the
incorporation of highly filled, pre-polymerized resin fillers (PPRF) into the matrix to
which further “microfill” particles could be added.!® Although these “microfill”
composites were more polishable, they were also weaker due to their low filler

content.1®

In order to achieve the manufacturing of a composite that provided both strength and
enhanced polishability, further adjustment of the particle size was done to produce
small particle hybrid composites.*® Nearly all composites currently in use are hybrid

composites.?® This means that the composite contains at least two different fillers in
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terms of shape, size or chemical composition.?®> Hybrid composites can further be
divided into “midifills”, with a particle size slightly greater than 1um but also containing

some 40nm sized silica “microfillers”.1®

“Minifill” or “microhybrids” resulted from further grinding and milling techniques and
provided filler particles averaging 0.4-1.0um in size.’® Because of the strength and
polishability provided by these materials, they can be considered universal composites
suitable for both anterior and posterior restorations. %24

“Nanofill” composites contain filler particles of nanoscale and most microhybrids have
been adjusted by the manufacturers to include more nanoparticles and pre-
polymerized resin fillers, resembling those found in microfill composites.*® This group
of composites are referred to as “nanohybrids”.’®> Distinguishing this group of
composites from microhybrids are difficult.'> The linear development of dental
composite formulations based on their filler particle adaptations are depicted in Figure
1-1.

Macrofill Microfill

40-50 um / 10-50 pm + 40 nm

Small particle Hybrid

Nanofill Minifill Midifill

1-10 pm +40 nm

Nanohybrid* Microhybrid*

*may include PPRF

Figure 1-1: The linear development of dental composite formulations based on filler
particle adaptations.®
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The classification of composite resins based on filler size does not necessarily reflect
the filler composition, the use of PPRF or filler morphology of the material.3* Therefore,
not all nanohybrids will display the same properties and some commercially available
nanohybrids will have filler particles of a larger size (>1um).343%36 Physical and
mechanical properties differ greatly among materials or test-centres, a fact
documented by numerous data reporting on nanohybrid comparisons.** Hardness,
flexural strength or fracture toughness, for example, vary between 19-80HV 0.5/20,
50-150MPa and 1-2.5MPa +/m respectively.343537.3839 These properties are

interconnected and depend upon filler geometry, composition, size distribution,

surface coating, mass and filler volume content.3

1.2.2 Organic Matrix

Currently the focus for improvement has shifted from the inorganic filler matrix to the
polymeric organic matrix.’® This is done in an attempt to reduce polymerization

shrinkage and its related stresses on tooth structure.®
The monomer content of an organic matrix should meet certain requirements:?®
e The dental monomers must be colourless, in liquid form and show a high
conversion rate  during  polymerization = (homopolymerization  or
copolymerization with other monomers).
e Monomers must remain stable over a period of time.?? Premature
polymerization during storage in the refrigerator or at room temperature should

be avoided.

e After light polymerization, polymers should show a high light and discolouration
stability.
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e The dental monomers must be resistant to the functional challenges of the oral

environment and be biocompatible without any cancerogenic or mutagenic

potential.

The ideal monomer for a restorative composite should have low polymerization
shrinkage and low water resorption with exceptional mechanical properties after

polymerization.?®

In current commercial composites, the most predominant base monomer used is
Bisphenol-A glycidyl dimethacrylate (Bis-GMA).1516.25 Bis-GMA has a very high
viscosity and is often mixed with other dimethacrylates such as Urethane
dimethacrylate (UDMA), Triethylene glycol dimethacrylate (TEGDMA) and other
monomers to reduce the viscosity of the material.1>162> The higher the proportion of
TEGDMA and the lower the proportion of Bis-GMA, the more polymerization shrinkage
will occur.134° Replacing Bis-GMA with TEGDMA will reduce the flexural strength but

increase the tensile strength of the material.134°

Light polymerization converts monomers into polymer chains via cross-linking of the
individual monomers.*® Monomers that are not converted to polymers will be released
from the restorative material during degradation.® The longer and more complete the

light polymerization, the less the release of residual monomers.13

1.2.3 Organosilane Coupling Agent

Without a coupling agent, there is no chemical bond between the filler particles of a
conventional composite and its organic matrix.*® The surface of the filler particles are
usually modified with a coupling agent to ensure a strong and lasting bond between
the matrix and filler particles.?® The coupling agents have a methacrylate group on one
end and a silane group on the other end which can bond the resin matrix to the filler

particles, thus reducing the loss of filler particles over time.%41

8

A Comparative Evaluation of the Surface Roughness, Surface Hardness and Microleakage of a Pure Ormocer with
an Ormocer-Based Composite and a Nanocomposite Restorative Material.



P

<
Material properties are dependent on a stable bond between the filler particles and the
organic matrix.1® Abrasion and fracture resistance of a restorative material are affected

by the quality of the bond.*? Vinyl, methyl-silane and epoxy are the most commonly

used coupling agents.*®

1.2.4 Photoinitiator System
Polymerization of most composites are solely light activated which depend completely
on blue light to activate the photo-initiators.'>43 Other composites have a chemically
cured component giving it a dual-cure property.1543
Photoinitiators must meet certain basic requirements:2°
e show strong visible light absorption. Visible light absorption should relate with
the emission spectrum of popular used light sources such as quartz-tungsten-
halogen lights and light emitting diodes (LED). Light absorption should therefore
fall within the blue region of the visible light spectrum (400-500nm).
e must have a high photoreactivity.
e should be soluble and compatible with commercially used dental resins.

e thermal storage stability should be sufficient.

e the photoinitiator and corresponding photolytic reaction products should be

toxicologically harmless.

e must not form coloured by-products and should show good bleaching

behaviour.
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Camphoroquinone (CQ), with tertiary amines as co-initiators, meets most of these
requirements and is therefore the most commonly used photoinitiator system.152543
Other photoinitiators used in some commercial formulations include PPD (1-phenyl-
1,2-propanedione), Irgacure 819 (bisacylphosphine oxide) and Lucirin TPO
(monoacylphosphine oxide).** Based on promising experimental results additional

photoinitiators such as OPPI (p-octyloxy-phenyl-phenyl jodonium

hexafluoroantimonate), have been proposed.*44°46

1.3 Nanocomposite Resins

The adhesion of a composite resin restorative material to enamel and dentine
becomes a vital decisive factor in the longevity and reliability of a restoration.*® The
guality of the bond between tooth structure and restorative material will ultimately
influence the mechanical strength, marginal adaptation and marginal seal of an

adhesive restoration.®

Structurally the particle size of conventional composites (40nm to 0.7nm) differ
extensively from that of hydroxyapatite crystals, enamel rods and dentinal tubules
(Inm to 10nm).*® This could compromise the adhesion of restorative material to tooth
structure.’® The nanosized filler particles of nanocomposites have the potential to
provide a more natural and stable interface between the hard tissues of the tooth and

the adhesive restoration.1®

Nanocomposites are available as nanofill and nanohybrid types.4” Nanofill types
contain nanomers that are nano-sized filler particles.®4748.4% Groups of these particles
form nanoclusters.t®474849  Nanohybrids contain milled glass fillers and

nanoparticles.184748:49

Nanofillers greatly differ from traditional fillers.*® Various techniques are used to

manufacture nanofillers such as flame pyrolysis, flame spray pyrolysis and sol-gel
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processes.®4 Synthetic chemical processes are used to produce building blocks on

a molecular scale in order to produce filler particles below 100nm in size.*8

Nano-sized filler particles can further be categorized into two groups.** The first group,
nanomeric particles, contains discrete nanoparticles sized between 5-100nm.%* These
silica nanoparticles are monodispersed and non-aggregated.*® Thickening of the
composite paste consistency as a result of an increased filler surface area and due to
smaller filler particle sizes, allows for only a limited content of nanoparticles resulting

in low loading levels within the composite matrix.1#2°

The second group of nano-sized fillers, nanoclusters, consists of clusters of primary
nanoparticles of which the size may exceed 100nm by far.184 With appropriate
surface treatment, these nanopatrticle clusters are manageable in high content within

the composite matrix.1848

Nanocluster fillers can be divided into two types.*® With the first type the primary
particle size ranges from 2-20nm, while the spheroidal cluster of particles has a broad
size averaging 0.6um.*8 It consists of zirconia-silica particles synthesized from a
colloidal solution of silica and a zirconyl salt.'848 The second type of nanocluster filler
has a general secondary particle size distribution with an average of 0.6um, and is
synthesized from 75nm primary particles of silica.*® These silica particles are treated
with 3-methacryloxypropyltrimethoxysilane (MPTS).*8 MPTS acts as a coupling agent
containing a silica ester functional group on the one end that enables bonding with the
inorganic surface.*® On its other end it contains a methacrylate group to make the filler
resin compatible before light polymerization in order to prevent any aggregation or

agglomeration of these filler particles.*®

Nanofiller particles are usually invisible due to their extremely small size.'® These
particles are unable to scatter or absorb visible light because their dimensions fall
below the wavelength of visible light (0.4 — 0.8um), therefore providing the advantage

of improved optical properties.18
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1.3.1 Properties of Nanocomposites

Polymerization Shrinkage

Nanocomposites have a low shrinkage value mainly due to the strong interfacial
interactions between the nanoparticles and the resin monomers as well as the low
shrinkage epoxy resin.85051.52 The degree of shrinkage between different commercial
nanocomposites also depends on the chemistry and total monomer content of the

organic matrix.18:50.5152

Nanocomposites can accommodate more filler particles due to their small size and
therefore less resin monomer matrix is present.'® Since the degree of polymerization
shrinkage is linked to the amount of resin monomer matrix, an increase in filler levels
with limited resin monomer matrix will ultimately result in reduced polymerization

shrinkage and improved physical properties.*®
Water Resorption

The chemical structure of a polymer matrix determines the dimensional changes of a
polymer composite in a solvent.’® These dimensional changes are complex and
difficult to predict, but generally, nanofill composites show more water resorption than

nanohybrid composites.1853
Flexural Strength

Filler content and filler chemistry of a composite determine the flexural strength
properties.>? Compared to hybrid or microhybrid composites, the flexural strength of
nanocomposites were found to be statistically equivalent and even significantly higher
than that of microfill composites.>* Nanofill composites have a higher filler load than

nanohybrids, and therefore show a greater flexural strength.5
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Wear and Gloss Retention

Due to the uniqueness of nanofiller particles, nanocomposites can provide a superior
polish and gloss retention comparable to that of microfill composites, and mechanical

strength and wear resistance comparable to that of hybrid composites.!8

With hybrid and microhybrid composites, Scanning Electron Microscope (SEM)
images reveal pits where particles have been plucked from the surface, as well as
large particles protruding from the surface.>>°6:57.58 The surface is therefore not as

smooth or glossy as that of nanocomposites and microfills.55:56:57.58

In nanocomposites wear occurs less from larger secondary particles being plucked
out of the resin and more from breaking off of nano-sized primary particles from
nanoclusters.>>%6:5758  This results in smaller defects and better gloss
retention.5%56:57.58 Nanocomposites also offer wear resistance and physical properties

equal to that of several commercial hybrid composites.!8

With the combination of good long term aesthetics and optimal physical and
mechanical properties, it can be concluded that nanocomposites are indicated for use
of all posterior and anterior restorative applications.*®

1.4 Ormocers

A restorative material with a new type of resin matrix called ORMOCER, was
developed by the Fraunhofer Institute of Silicate Research (ISC) and introduced to the
market in 1998.%°

Ormocers were originally designed for use in science and technology.%13 They were
manufactured for special surfaces such as non-stick surfaces, non-reflective coatings,
protective coatings, and anti-static coatings.!%1360 To synthesize ormocers,
monomers such as silicone alkoxides, various other metal alkoxides, organically

modified silicon alkoxides and in some cases organic monomers are used.®!
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Inorganic-organic co-polymers with inorganic silanated filler particles make up the
composition of this unique material.®> Ormocers differ uniquely from conventional
composites in that the matrix has an organic, but also an inorganic component.*?
Synthesis of the ormocer matrix is based on a saline precursor.®? Multifunctional
urethane and thioether(meth)acrylate alkoxysilanes are used to synthesize this
material via a solution and gelation (sol-gel) process.®? Organically modified ceramic
particles are created by hydrolyses and inorganic polycondensation in this sol-gel
process.5364 Unlike conventional composites that present with a carbon backbone,
ormocer resin matrix consists of an inorganic silicon dioxide backbone on which
polymerizable carbon-carbon double-bond-containing side-chains are grafted,
producing three-dimensional compound polymers (Figure 1-2).6566 Ormocers are
therefore correctly described as three dimensionally cross-linked co-polymers within

the matrix presenting as a polymer even before light curing.6567.68

Inorganic backbone

?i@?w

wg S O== Si V\/VW
O A\Y
~o
\SI
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Polymerizable organic groups 2

Figure 1-2: Ormocer resin matrix with organic polymerizable side chains added to an
inorganic polysiloxane backbone. Multiple methacrylate groups with double bonds are
available for bonding.%°
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Pure ormocers such as Admira Fusion are formed with the combination of nanohybrid
technology and ormocer technology.®3%4 They contain three main elements, which are

all based on silicate oxide.53.64

The three elements of a pure ormocer are:

1. Inorganic mixture of different sized glass particles:

A silicone oxide network forms the base of each glass particle.®® Each silicon
atom is tetrahedrally surrounded by oxygen atoms which then further connect
to more silicon atoms (Figure 1-3).%% Imbedded within this silicone oxide
network are metal atoms that provide increased radiopacity to improve the

radiological view of this material.®?

Through a salinization process that takes place in an upstream reaction, the
surface of each glass particle is modified by a special coating, indicated by the
yellow sphere in Figure 1-3.9364 The coating or coupling agent contains
methacrylate-saline compounds with double bonds that enable connection with

further double bonds of the other elements within the material matrix.53

Glass
particle

Figure 1-3: A silicon atom that is tetrahedrally surrounded by oxygen atoms and
a methacrylate saline compound with double bonds present as a special
coating (indicated by yellow sphere) on the surface of each glass particle.
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2. Nanoparticles:

These particles, although smaller than glass particles, are similar in structure.®?
A silicone oxide network also forms the base of these particles with the silicone
atom tetrahedrally surrounded by oxygen atoms (Figure 1-4).%3 The surfaces of
the silicone nanoparticles are also silanated.®3%4 During polymerization, the
different elements of the material connect via the double bonds of the
methacrylate compounds present on the surface of each element.®® Both the

nanoparticles and the glass particles are imbedded in the ormocer matrix.®3

Figure 1-4: Methacrylate saline compound with double bonds present on the
surface of the nanoparticles.

3. Ormocer Resin Matrix:

The unique ormocer resin matrix is also based on a silicon oxide network
(Figure 1-2 & Figure 1-5).53 It contains a silicate backbone which is highly cross-
linked and contains additional methacrylate groups (Figure 1-2).5% The
multifunctional ormocer resin enables a quantitative fixation inside the polymer
network of this material.63.64 After polymerization, a stable three-dimensional

network is created by the strong connection of the glass particles, nanoparticles
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and ormocer resin, in which all the solid particles are immobilized (Figure 1-
6).63

Ormocer

resin

Figure 1-5: Methacrylate saline compound with double bonds within the
ormocer matrix forming part of a network of linking units and double bonds.

During polymerization, the organic lateral side chains are able to react with
conventional photoinitiators.36266 A chain reaction is initiated by the blue light of the
curing light which enables the double bonds of each element to react with one another
to form a chain or a network respectively.3 A three-dimensional network of the organic

portion of the methacrylate groups form after polymerization (Figure 1-6).13

Ormocer resin is prominent because of its highly cross-linked structure on the one
hand and its tremendous amounts of linking units in the form of the double bonds on
the other hand (Figure 1-2).6263 |t has a much higher bond compatibility than
conventional composites because of the high degree of cross linkages between the

chemical elements (Figure 1-6).%2
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Figure 1-6: The blue light of light curing initiates a chain reaction and the double bonds
of the elements react with one another to form a stable three-dimensional network.

When compared to the organic dimethacrylate monomer matrix of conventional
composites, ormocers show considerably less polymerization shrinkage.®? The lower
volumetric shrinkage of ormocers can be explained by the longer inorganic
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polysiloxane molecules (Figure 1-2), which are much longer than Bis-GMA of

conventional composites (Figure 1-7).

(0] (0)
H,C s | CH,
o/\/\o o/\/\o
CH3 OH CH3 OH CH3

Bis-GMA

Figure 1-7: Shorter Bis-GMA molecule with only two methacrylate groups, with their
double bonds, available for bonding.”®

The multiple polymerization prospects in this material allow ormocers to cure without
leaving much residual monomers.®? Monomers are securely imbedded in the matrix
and due to the material’s ability to double the capacity of conversion of monomers to
polymers, the amount of free monomers is ultimately reduced, and the physical

properties are improved.1%1362 | arger monomer molecules may also reduce wear.®

1.4.1 Ormocer-Based Composites

The first generation of ormocers was expected to combine both the advantages of
inorganic polymers (e.g. thermal stability, mechanical strength and chemical
resistance) and organic polymers (e.g. flexibility and impact resistance).®” However,
due to the ongoing challenges to improve handling properties and to incorporate filler
particles, conventional dental dimethacrylate monomers, such as Bis-GMA and
UDMA, had to be added to the ormocer matrix, diminishing the initial promising
advantages of this material.36.8 It therefore becomes necessary to refer to this added

dimethacrylate, first generation ormocer materials as ormocer-based composites.®

19

A Comparative Evaluation of the Surface Roughness, Surface Hardness and Microleakage of a Pure Ormocer with
an Ormocer-Based Composite and a Nanocomposite Restorative Material.



<

During the process of polymerization of conventional composites, mobile monomers
start to link together forming an increasingly dense polymer network.®® At the
beginning of the process (pre-gel state), volumetric shrinkage is compensated for by
the flowable status of the material.®® As the network becomes more dense, internal
stresses created can no longer be compensated for by the flowable status of the
material (post-gel state).®® These internal stresses within the material during
polymerization can lead to detachment of the restorative material from the cavity walls

and lead to possible marginal deficiencies.®°

Since ormocer-based composites contain considerably less monomers than
conventional composites, reduced shrinkage and shrinkage stress can be expected
as well as improved biocompatibility.®® A clinical trial conducted over a one-year, and
another over a two-year period assessing the quality of ormocer-based restorations,
found the clinical application to be acceptable, but concerns were raised regarding the
marginal adaptation of the restorations.! Due to poor adaptation and adhesion, the

indication for Class V restorations were also questioned.?

A one-year study by Oberlander et al.”!, found that an ormocer-based composite
(Definite, Degussa, Hanau, Germany) failed to meet the requirements for longevity of
a Class Il restoration when compared to conventional composite resins.’? This is in
contrast with the study by Bottenberg et al.?¢72 that found no difference between the
longevity of the ormocer-based composite and Bis-GMA-based composite
restorations.®®72 The five-year control of the study did however show a stronger
tendency of one of the two ormocer-based composite materials to discolour compared

to other composite resin materials.”?

Tagtekin et al.”3 investigated the wear resistance of ormocers-based composites and
it was shown to be slightly more than that of conventional hybrid composites.”
However, this finding was contradicted in a study done by Say et al.”* that found the
wear resistance of ormocer-based composites to be much lower than and the

microhardness comparable to that of hybrid composites.”* Some ormocer-based
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composites contain nanoparticles such as zirconia-oxide nanoparticles.”
Theoretically, this should increase the surface hardness and therefore the polishability

of these restoration.”

The coefficient of thermal expansion for ormocer-based composites has been shown
to be similar to that of natural tooth structure.”® This property limits the possibility of
interfacial gap formation due to internal tension created by the expansion and
shrinkage of the material because of temperature changes in the oral cavity.”®

A systemic review and meta-analysis investigation of clinical trials concluded that
ormocer-based composites show evidence of inferior long-term clinical behaviour

when compared to conventional composites and do not live up to their initial promise.®

1.4.2 Pure Ormocers

Ormocers are a patented group of advanced restorative materials characterized by
their innovative ormocer matrix technology and nanohybrid technology. 4% Pure
ormocers differ from the first generation of ormocer-based composites in that the

ormocer matrix chemistry does not contain additional conventional dimethacrylates.?

Ormocers also differ from conventional polymers of composites as ormocers are a
three-dimensional polymeric composite.'# They consists of a large polymer back bone,
functionalized with organic units that are polymerizable (Figure 1-2).14 The resin
matrix is known for its large molecules, able to form significantly more double bond
linkages than those of conventional monomers.®° This leads to an extremely strong
and reliable polymer network, when undergoing polymerization, and prevents leaching
of matrix components such as uncured monomers.5°

These large ormocer molecules also ensure limited volumetric shrinkage during
polymerization, especially when compared to dimethacrylate-based composites.®°
According to the review article “Recent advances and modifications of dental

restorative materials — a review” by Sri Vasavi Kadiyala'4, ormocers show limited
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volumetric shrinkage of only 1.97% .1 This is the lowest value documented for a resin
based filling material up to date.*
The complete absence of conventional monomers is only one feature of this innovative
restorative material.®% Another is the use of nanohybrid filler technology that bounds
the ormocer resin.%0 Silicone oxide structures form the basis for the resin matrix and
the nano- and glass ceramic filler particles. %6 This system provides the foundation

for pure silicate technology.®° The use of nanotechnology for the ormocer resin matrix
allows for this restorative material to reach 84% fillers by weight.®°

To summarize the differences between pure ormocer and ormocer-based restorative

material:®°

e Pure ormocers do not have conventional monomers in the resin matrix.®°

e Pure ormocers make use of pure silicate technology.®°

1.4.2.1 Cytotoxicity of a Pure Ormocer vs. Dimethacrylate-Based

Composites:

Extensive research has shown adverse biocompatibility associated with conventional
composites mainly due to the release of unbound free/residual monomers.””:"8 It has
been shown that between 15-50% of the methacrylic groups remain as free monomers
in the organic matrix both during and after polymerization.””.’® Free monomers can
have an impact on the structural stability of composite, decreasing the physical and

mechanical properties of the material.”®

Moderate to severe cytotoxic effects have been detected throughout the extensive
group of monomers, co-monomers, initiators and co-initiators.”® Furthermore
mechanical and chemical degradation of the composite material over time leads to the

leaching of these substances that further contributes to composite toxicity.°
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Allergological and toxicological potential of ormocers are lower than that of
conventional composites since ormocer acrylates and methacrylates are silane-bound
and co-valently linked to the inorganic components.®* Several studies have shown
reduced amounts of free/residual monomers and therefore less cytotoxicity associated
with ormocers when compared to conventional dimethacrylate-based
composites.®8182 Research conducted by Schubert et al.”’, concluded that the pure
ormocer Admira Fusion was significantly less cytotoxic to mouse L929 cells and
human gingival fibroblasts than resin-based composites Filtek Supreme XTE (3M
ESPE, St Paul, USA) and GrandioSO (VOCO). Cytotoxicity of three different materials
and their flowable compositions were examined by Al-Hiyasat et al.8?, (ormocer-based
composite: Admira (VOCO), nanocomposite: Z350 (3M ESPE), and hybrid composite:
Tetric Ceram (lvoclar Vivadent, Schaan, Liechtenstein). The highest toxicity values for
standard composites were shown to be with the ormocer-based composite. However,
the flowable ormocer-based composite showed the least toxicity compared to the
standard flowable composites.®? These findings were contradicted by another study
done by Polydorou et al.83, that showed the ormocer-based composite, Ceram X
(Dentsply Sirona, Pennsylvania, USA) to release fewer free/residual monomers (such
as UDMA, TEGDMA or Bis-GMA) when compared to a self-curing composite such as
Clearfil-Core (Kuraray Noritake, Osaka, Japan), or a nanohybrid composite such as
Filtek Supreme XT (3M ESPE).# In vitro studies comparing polymerized disks of
Admira (ormocer-based composite) with Tetric Ceram (hybrid composite) or Z250 (3M
ESPE) (nanocomposite), revealed higher 3T3 fibroblast cytotoxicity for the ormocer-

based composite, which could be the result of higher release of Bis-GMA.76:82.83

Pure ormocers such as Admira Fusion might be the crucial technological advancement
necessary to overcome the recorded cytotoxic adverse effects of resin based dental
restorative materials.”” This new restorative material is handled in the same method
as conventional composites and is compatible with all conventional bonding system,
composites and light-curing units.®°

Due to the unique cross-linking and chemical nature of this material, it should be a
highly biocompatible filling material.1# Advantages expected from pure ormocers when

compared to conventional composites include minimal shrinkage, aesthetics

23

A Comparative Evaluation of the Surface Roughness, Surface Hardness and Microleakage of a Pure Ormocer with
an Ormocer-Based Composite and a Nanocomposite Restorative Material.



<
resembling that of natural tooth structure, resistance to masticatory forces and

outstanding biocompatibility.*4

1.5 The Importance of Surface Roughness Evaluation

Finishing and polishing techniques used can significantly affect the quality and
aesthetics of a restoration.8* Finishing of a restoration entails gross contouring to
obtain the correct tooth morphology, aesthetics and occlusion.®® Polishing reduces the
roughness and surface imperfections of restorations and is therefore critical to the

wear reduction and marginal integrity of a restoration.8®

Surface roughness seems to greatly affect early adhesion of bacterial cells on the
restoration surface.88” Together with surface texture, this will ultimately affect
periodontal health.8%87 In order to prevent bacterial adhesion and plaque accumulation
a surface roughness threshold of below 0.2um is necessary.?’ Profilometry makes use
of a profilometer that can measure the surface profile of a material in order to give a
guantitative measure of its roughness.2 It is the most common method to evaluate the

surface roughness of composite materials.888°

Various techniques for finishing and polishing are available and have been
investigated.®® It has been suggested in multiple studies that certain polishing

techniques are better suited to certain specific materials.®!

The physio-chemical properties of the material are closely related to its surface
roughness.®2%3 Filler particles are harder than the resin matrix and often the filler
particles will be exposed on the surface of the restoration after finishing and polishing
procedures. This leads to the formation of surface irregularities.®?9.°% Studies have
however shown that the particle structure and size rather than its hardness plays a

role in the final surface roughness of the restoration.%293
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Smoothly polished surfaces reduce plaque accumulation, gingival irritation and

secondary caries.® Surface discolouration can be minimized and aesthetics improved

with accurate finishing and polishing techniques.&-%

1.6 The Importance of Surface Hardness Evaluation

Physical properties of a material can greatly affect the clinical longevity of a
restoration.®® One such physical property is surface hardness, which in turn correlates

to compressive strength, abrasion resistance and degree of conversion.®’

Low surface hardness levels relate to poor wear resistance and low abrasion
resistance.%%° Low surface hardness levels can also result in a decrease in fatigue
resistance and ultimate failure of a restoration.°® Under occlusal forces composite
restorations undergo a degree of deformation, the amount of which will be determined
by their surface hardness.® Adequate surface hardness of a restoration is critical to
withstand high stress bearing forces in the oral evironment.'%* A high resistance to
these forces will improve the clinical performance of the restoration.0*

Vickers hardness tests are usually performed to determine the surface hardness of a
material.1%? This test is based on the ability of a material to resist surface penetration
of a diamond indenter under a specific load.1%?

1.7 The Importance of Microleakage Evaluation

Microleakage is a microscopic opening between the cavity walls and restoration that
cannot be detected clinically and acts as a passage for bacteria, molecules, ions and
fluids to enter through the tooth-restoration interface.®® To ensure longevity and a
good clinical performance of the restorative material, impenetrable adherence to the

cavity walls is of utmost importance.%3

25

A Comparative Evaluation of the Surface Roughness, Surface Hardness and Microleakage of a Pure Ormocer with
an Ormocer-Based Composite and a Nanocomposite Restorative Material.



ez

Microleakage can result in hypersensitivity, secondary caries, pulpal irritation,
increased wear of the restorative material and marginal staining.1°31%4 Microleakage
evaluation can be done through a variety of techniques, described in literature.1 The

dye penetration technique is often used and trusted.%¢
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Chapter 2 : Aim and Objectives

2.1 Aim

The aim of this study was to determine whether a new generation of pure ormocers
exhibits any clear differences when compared to a first generation ormocer-based

composite and conventional nanocomposite.
2.2 Objective

The objectives of this study was to determine and compare a pure ormocer (polished
both dry and wet), with a first generation ormocer-based composite and a
nanocomposite in terms of:
e surface roughness measured with a profilometer and scanning electron
microscope (SEM) analysis.
e surface hardness tested with a Vickers Diamond Indenter and

e microleakage evaluated by dye penetration under a Stereomicroscope.

2.3 Null Hypothesis

The null hypothesis was that there would be no difference in terms of surface
hardness, surface roughness and microleakage between the pure ormocer,

nanocomposite and ormocer-based composite.
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Chapter 3 : Materials and Methods

3.1 Study Design
In-vitro, quantitative comparative study.
3.2 Study Settings

e The Oral and Dental Hospital, School of Dentistry at the University of Pretoria;
¢ The Department of Material Sciences and Metallurgical Engineering, University

of Pretoria.

3.3 Research Object Selection

Non-carious premolars, with no restorations or developmental defects, were randomly

chosen from a pool of extracted adult human teeth.

A pure ormocer (Admira Fusion), a first generation ormocer-based composite
(Admira), and a nanocomposite resin (Filtek Z350 XT, 3M ESPE) were chosen for this
study. These products were chosen because they are readily available in South Africa.
Each of the restorative materials evaluated in this study was used in combination with

its corresponding adhesive system as recommended by the respective manufacturers.
The adhesive systems are (Figure 3-1: A-C and Table 3-1):
- Futurabond U (VOCO) for Admira Fusion.

- Adper Single Bond Universal Adhesive (3M ESPE) for Filtek Z350 XT.
- Admira Bond (VOCO) for Admira.
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Table 3-1: Materials used in this study.

Trade

name

Material

Composition

Filler
content,

percentage

Manufacturer

Batch

Number

Admira

Fusion

Nanohybrid
Pure

Ormocer

Matrix: Resin
Ormocer
Filler: Silicon
oxide nano
filler, glass

ceramics filler
(1pm)

84 (w/w)
69 (V/v)

VOCO
GmbH,
Cuxhaven,

Germany.

1915328
1945202

Futurabond
U

Bonding
System

34%
phosphoric acid
Adhesive:
Liquid 1:

Acidic adhesive
monomer
HEMA BIS-
GMA, HEDMA,
UDMA Catalyst
Liquid 2:
Ethanol
initiator,

catalyst.

VOCO
GmbH,
Cuxhaven,

Germany.

1917239
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Trade Material Composition Filler Manufacturer Batch
name content, Number
percentage
Admira Microhybrid | Matrix: Bis- 79 (wiw) VOCO 1908546
Ormocer- | GMA, UDMA, 56 (V/v) GmbH,
Based TEGDMA Cuxhaven,
Composite | Filler: Glass Germany.
ceramic silicon
oxide (0.7um)
Admira Bonding | 36% VOCO 1917136
Bond System phosphoric acid GmbH,
Adhesive: Cuxhaven,
Acetone, Germany.
ormocer matrix,
DMA
polyfunctional
methacrylate,
CQ stabilizer
Filtek Z350 | Nanofilled | Matrix: Bis- 78.5 (wiw) | 3M, ESPE, St NA62301
XT Composite | GMA, 59 (Viv) Paul, USA
Other trade TEGDMA,
names for UDMA, Bis-
Filtek Z350 EMA
XT: Filler: Silica
Filtek nanofillers (5-
Supreme 75nm)
XTE, Filtek zirconia/silica
Supreme nanoclusters
Plus, Filtek (0.6 — 1.4um)
Supreme
Ultra, Filtek
Supreme,
Filtek
supreme XT
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initiator, water,

ethanol

<
Trade Material Composition Filler Manufacturer Batch
name content, Number
percentage
ESPE Bonding 36% 3M, ESPE, St 5695133
Adper System phosphoric acid Paul, USA
Single with colloidal
Bond silica
Universal Adhesive: Bis-
Adhesive GMA, HEMA,
DMA,
polyalkenoic

All materials were polymerized with a dental curing light in accordance with the

respective manufacturer’s instructions (Table 3-2).

Table 3-2: Curing times for different materials as instructed by manufacturers.

Material

Duration of polymerization

(output 1000-2000
mW/cm2)

Admira Fusion

20sec per 2mm increment

Admira

40sec per 2mm increment

Filtek Z350 XT

10sec per 2mm increment

All three of these materials with their respective bonding systems are indicated for

direct anterior and posterior restorations, core build-ups, splinting and indirect inlays.
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Figure 3-1: The dental materials used in the current study: A) Admira with Admira
Bond, B) Admira Fusion with Futurabond U, C) Filtek Z350 XT with Single Bond

Universal Adhesive.

Polishing systems were chosen for each material based on the recommendation from
the manufacturers.

Polishing systems are (Figure 3-2):

- Dimanto (VOCO) for both Admira and Admira Fusion.
- Sof-Lex Diamond Polishing System (3M ESPE) for Filtek Z350 XT.
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Figure 3-2: The polishing systems used in the current study: A) Dimanto, B) Sof-lex
Diamond polishing system, Polishing Spiral (pink) and Pre-polishing Spiral (beige).

Table 3-3: Polishing systems, manufacturers’ details and batch numbers.

Polishing System Manufacturer Batch Number
Dimanto VOCO GmbH, Cuxhaven, 1921077
Germany.
Sof-Lex Diamond 3M, ESPE, St Paul, USA NA48359
Polishing System

3.4 Measurement

3.4.1 Surface Roughness

Twelve samples of each material, A2 shade, were prepared using cylindrical
aluminium moulds, 10mm diameter x 2mm height.1%” The shade A2 was chosen
because it is readily available and research has shown that this shade of composite
does not significantly influence curing at a depth of 2mm.% The height of 2mm for the
moulds are necessary since most composites are placed and cured in 2mm

increments.198.10% The cylindrical aluminium moulds were cut from aluminium pipe

using an ISOMET low speed saw (Buehler, Lake Bluff, USA), (Figure 3.3: A-C).
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Figure 3-3: A) ISOMET low speed saw used to cut aluminium pipe for cylindrical
moulds, B) Cylindrical mould being cut by low speed saw, C) Aluminium cylindrical
mould (10mm diameter x 2mm height).

The same investigator performed all sample preparations, finishing and polishing
procedures, strictly in accordance with the manufacturers’ instructions, in order to
reduce variability.'1° All materials were polymerized, using a D-Light Pro dual
wavelength LED curing light (Blue light: 460-465nm, Violet light: 400-405nm) (Figure
3-4) with irradiance of 1400mW/cm2 on high power mode and 700mW/cm2 in low
power mode (GC Europe, Leuven, Belgium). Polymerization was done on high power
mode through the top and bottom glass slide, for the duration instructed by the
individual manufacturers for each material (Table 3-1).11%
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Figure 3-4: D-Light Pro dual wavelength LED curing light.

A Bluephase radiometer (lvoclar Vivadent) was used to test the intensity of the curing

light before curing each sample (Figure 3-5).

Figure 3-5: Bluephase radiometer measuring light intensity before curing samples.
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Cylindrical moulds were slightly overfilled.1*? Mylar strips were placed on either side

of the uncured material and pressed between two glass slides, 1mm thick, with light

finger pressure to extrude excess material (Figure 3-6: A-D).107:112

Figure 3-6: A) Mylar strips were placed on both sides of the uncured material, B)
Sample pressed between two glass slabs, 1mm thick, C) Light finger pressure used
to extrude excess material, D) Polymerization of samples according to the
manufacturers’ instruction.
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After polymerization, the material samples were removed from the moulds using finger
pressure, and glued to a transparent plastic backing (Figure 3-7: A -D).

Figure 3-7: A) Samples removed from mould with finger pressure, B) Completed
Admira Fusion samples C) Completed Filtek Z350 XT samples, D) Completed Admira
samples.

Samples were then finished with a red stripe, flame shaped finishing diamond bur ISO
806 314 249 514 012 (Dentsply Sirona/Mailefer, Ballaigues, Switzerland) followed by
a yellow stripe, flame shaped finishing diamond bur, ISO 806 314 249 504 012
(Dentsply Sirona/Mailefer) (Figure 3-8: A), under copious amounts of water spray for
ten seconds each.%” The rotation speed of the bur, 200000rpm, was regulated by an
NSK NLX nano electric micromotor (NSK, 1800 Global Parkway, USA) (Figure 3-8:
B).
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Figure 3-8: A) Red and yellow striped, flame shaped finishing diamond burs, B) NSK
NLX nano electric micromotor.

Literature recommends the use of diamond burs rather than carbide burs during
finishing procedures.''314 The damage caused by diamond-finishing burs are more

easily corrected with a good polishing system than with carbide finishing burs. 113114

Samples were finished and polished, strictly according to the manufacturers’
instructions, in the direction of an arrow that was marked on a transparent plastic
backing as done in a study by Senawongse and Pongprueska''® who also polished all
samples in one direction (Figure 3-9).107:115 A new polishing bur was used for each
sample and each sample was polished for 20sec with the indicated polishing burs
(Table3-3 & Figure 3-2).

Figure 3-9: Arrow marked on transparent plastic so that all samples could be polished
in the same direction.
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Admira Fusion was polished with and without water since the Dimanto polishing

system can be used with or without water-cooling.'** Instructions for use of Admira

Fusion do not indicate whether polishing should be done under water-cooling or

not.}16.117 A separate set of 12 samples were consequently made and polished dry

instead of wet in order to see if any significant differences were apparent between dry

and wet finishing of the material.

Table 3-4: Polishing systems used according to the manufacturers' instruction.

Material Polishing Manufacturer Speed of Time period
system used handpiece polished
Admira Fusion | Dimanto VOCO 5000rpm 20sec
GmbH,
Cuxhaven,
Germany.
Admira Dimanto VOCO 5000rpm 20sec
GmbH,
Cuxhaven,
Germany.
Filtek Z350 XT | Sof-Lex 3M, ESPE, St 20000rpm 20sec
Diamond Paul, USA
Polishing
System
(Beige pre-
polishing bur
and pink
polishing bur)
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After polishing, the samples were mounted on a wheel template with three markings:
0°, 120° and 240° (Figure 3-10: A). Three measurements in different directions were
recorded for each sample of each group using a Surftest SJ 210 profilometer
(Mitutoyo,Tokyo,Japan) (Figure 3-10: B and Figure 3-11). This was done in
accordance with previous studies to ensure a representative surface roughness value
for the entire sample and not only the roughness of a certain area on the
sample.107.118.119.120.121 After the three readings per sample, the profilometer was

calibrated using the precision specimen (Figure 3-10: C).

2010701704 8pPc (4]
JIS1994 0.75 mm/s

X5

Figure 3-10: A) Wheel template with markings of 0°, 120° and 240°, B) Measurement
taken on 0° with the Surftest SJ 210 profilometer C) The profilometer being calibrated

using the precision specimen.
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Figure 3-11: A) Reading in progress B) Reading completed on the sample in the
specific direction.

After profilometry measurements, as a comparative measure of interest, random
samples from each group were evaluated under the scanning electron microscope
(SEM) (JEOL JSM-5800 LV, Tokyo, Japan) to visually examine and compare the
surface topography of the materials surfaces after polishing and to compare the SEM
images with the profilometry results (Figure 3-12: A and C).

41

A Comparative Evaluation of the Surface Roughness, Surface Hardness and Microleakage of a Pure Ormocer with
an Ormocer-Based Composite and a Nanocomposite Restorative Material.



R

The samples were carbon spattered, investigated and photographed under 500x and
1000x magpnification (Figure 3-12: B). 107

Figure 3-12: A) Two random samples from each group. B) Carbon spattered samples.
C) Scanning electron microscope.

3.4.2 Surface Hardness

Twelve specimens of each material were prepared using cylindrical aluminium moulds,
10mm diameter x 2mm height (Figure 3-13). This was done in the same method
described for the testing of surface roughness. For each brand, the A2 shade was
selected. All materials were polymerized according to the manufacturers’ instructions
(Table 3-2).36.122

Cylindrical moulds were slightly overfilled.1°7:112 Mylar strips were placed on either side
of the uncured material and pressed between two 1mm thick glass slides with light

finger pressure to extrude excess material (Figure 3-6).107112
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A Bluephase radiometer was used to test the intensity of the curing light after curing

each sample (Figure 3-5).
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Figure 3-13: Twelve completed samples of A) Admira Fusion, B) Admira and C) Filtek
Z350 XT.

After polymerization, the samples were placed in glass containers filled with distilled
water (Figure 3-14) and stored in an incubator (Binder ED23, Tuttlingen, Germany)
(Figure 3-15) at 37°C+/- 1°C, for 24 hours. This was done to allow water-absorption in

order to simulate the oral environment and to allow for dark polymerization.%123.124
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Figure 3-14: Samples stored in glass containers filled with distilled water. A) Admira
Fusion, B) Admira, C) Filtek Z350 XT.

Figure 3-15: Incubator.

Prior to testing of surface hardness, the outer surface of each sample was polished
with silicon carbide paper in the series of 400-800-1200 grit under profuse water-

cooling to prevent heat build-up.#?°8 This was done to remove any uncured resin. 122

44

A Comparative Evaluation of the Surface Roughness, Surface Hardness and Microleakage of a Pure Ormocer with
an Ormocer-Based Composite and a Nanocomposite Restorative Material.



£

<

.
-

Five hardness values were recorded for each sample surface and averaged as a
single value.’?>125 The five indentations were equally placed in a straight line and

neither closer than 0.5mm to the adjacent indentation (Figure 3-16).1%3

Figure 3-16: Five indentations in a straight line, no closer than 0.5mm to the adjacent
indentation.

Microhardness was tested with a microhardness tester using a Vickers Diamond
Indenter (Struers, Duramin-40 AC 3, Pederstrupvej, Denmark). A 500g load was
applied with a dwell time of 40sec (Figure 3-17). %8126
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Figure 3-17: A) Vickers Diamond Indenter, Struers, Duramin-40 AC 3. B) 5009 load
applied with a dwell time of 40sec. C) Projected image after indentation was made.
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3.4.3 Microleakage

A total of 18 non-carious, crack and restoration free human premolars, extracted for
reasons unrelated to this study, was collected. After debridement with a universal
scaler (NSK Varios 370, NSK, Tokyo, Japan), the teeth were stored in distilled water

at room temperature for no longer than one month,122.127,128

Using a high speed handpiece (NSK DynalLED M600LG QD, NSK) mounted with a
water-cooled, diamond dome end fissured bur (ISO 838.012 E11.001FG; Edenta AG,
Hauptstrasse, Switzerland), 36 box-shaped, standardized, non-bevelled Class V
cavities were prepared on the buccal and lingual surface of each tooth.122128
Parameters of each cavity preparation were approximately 3mm x 3mm x 2mm.'?2 To

ensure an even 2mm depth for each cavity, the burs were measured and a rubber

stopper was placed and secured with silicon, using a silicon glue gun (Figure 3-18: A-
C).

Figure 3-18: A) Diamond Dome shaped Fissure bur measured to 2mm with a rubber
stopper. B) Rubber stopper secured using silicone. C) Silicone glue gun used to
secure the rubber stopper.
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The cavities were prepared in such a way that the cemento-enamel junction was
located in the middle of each preparation (Figure 3-20: A).1?° 122130 The bur was
replaced after every fifth preparation.’?2130 The cavities were outlined with a
permanent marker and a silicone mould on both the buccal and lingual surfaces of

each tooth before preparation began (Figure 3-19: A-C).13!

Figure 3-19: A) Silicone mould used. B) A permanent marker was used to outline the
cavity form. C) The outlined box shaped cavity.

The dimensions of the preparations were confirmed using a Hu-Friedy Williams
periodontal probe (Hu-Friedy Mfg. Co.,LLC, United States) (Figure 3-20: B).13!
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Figure 3-20: A) Prepared cavity with the cemento-enamel junction located in the
middle of the cavity. B) Hu-Friedy Williams periodontal probe used to confirm
measurements.

Following the preparation of all teeth, they were stored in distilled water at room
temperature (23+/-1°C).*3? The teeth were then randomly divided into three groups of

six teeth containing a buccal and lingual cavity preparation.

In each group, the cavities were packed with a restorative material and its
corresponding bonding system according to the recommendations and instructions of

the respective manufacturers (Figure 3.1: A-C).

Group 1: A pure ormocer (Admira Fusion) with its

corresponding bonding system (Futurabond U).

Group 2: An ormocer-based composite (Admira) with its

corresponding bonding system (Admira Bond).

Group 3: A nanocomposite (Filtek Z350 XT) with its corresponding
bonding system (Adper Single Bond Universal Adhesive).
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The same operator prepared all of the cavity preparations, as well as the total etch
techniques, bonding and material placement procedures (Table 3-5). For each
material, A2 shade was selected. All the restorative materials were placed in a single
increment and light cured according to the manufacturers’ instructions (Table 3-2 and
Table 3-5).122 All materials were polymerized, using a D-Light Pro dual wavelength
LED curing light (Blue light: 460-465nm, Violet light: 400-405nm) with irradiance of
1400mW/cm2 on high power mode and 700mW/cm2 on low power mode) (Figure 3-

4). A Bluephase radiometer was used to test the intensity of the curing light before

curing each sample (Figure 3-5).

Table 3-5: Total etch, material placement, finishing and polishing procedures for each
material according to the manufacturers’ instructions:

Material: Admiral16:133 Admira Filtek Z350
Fusion116,117 XT134’135
Etching time: Etch was applied Etch was applied Etch was applied

to the enamel for to the enamel for to the enamel and
dentine and left for

15sec.134 Etchant

20sec and the 20sec and the

dentine for dentine for

15sec.133 Etchant
was rinsed off for
20sec and the

cavity air-dried.*®?

15sec.!!” Etchant
was then rinsed off
for 20sec and
lightly air-dried to a
silky matt

appearance. 117

was rinsed off for
20sec and the

cavity air-dried.*3*
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Material: Admiral?413t Admira Filtek Z350
Fusionll4,115 XT132,133
Bonding system | Admira Bond was | The single use Single Bond
and application: applied and left on | Futurabond U Universal

the cavity walls for
30sec.133

package was
activated for each
cavity. The liquid
was pressed out
and mixed with an
applicator before
applying the
bonding system to
the cavity walls.
The bonding
system was
rubbed against the
cavity walls for

20sec.11/

Adhesive was
applied to the
cavity walls and
rubbed for

20sec!34,

Curing time for

bonding system:

The bonding
system was lightly
air-dried for five
sec and light cured

for 20sec.133

The bonding
system was lightly
air-dried for five
sec and light cured

for 10sec.11?

The bonding
system was lightly
air-dried for five
sec and light cured

for 10sec.134
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placed in a single

placed in a single

<
Material: Admirall4131 Admira Filtek 2350
Fus | on 114,115 XT132,133
Curing time for Material was Material was Material was

placed in a single

diamond bur was
used to work off
the restoration for
10sec. Polishing
was done with a
Dimanto polishing

disc for 10sec.116

diamond bur was
used to work off
the restoration for
10sec. Polishing
was done with a
Dimanto polishing

disc for 10sec.116

material: increment and light | increment and light | increment and light
cured for 40sec.'®? | cured for 20sec.''’ | cured for 10sec
(with output 1000—
2000 mW/cm?2).134
Finishing and A yellow stripe A yellow stripe A yellow stripe
Polishing: flame shaped flame shaped flame shaped

diamond bur was
used to work off
the restoration for
10sec. Polishing
was done with a
beige Pre-
Polishing Spiral
Sof-lex disc
followed by a pink
Diamond Polishing
Spiral Sof-lex disc

for 10sec each.13

After placement of the restorative materials, the restorations were worked off with fine-

grit finishing diamond burs (yellow stripe flame shaped finishing diamond bur (ISO 806

52

A Comparative Evaluation of the Surface Roughness, Surface Hardness and Microleakage of a Pure Ormocer with
an Ormocer-Based Composite and a Nanocomposite Restorative Material.



3

Ruzs?

314 249 504 012), and polished according to the manufacturers’ instructions and

recommendations (Table 3-5, Figure 3-2 and Figure 3-8: A).122:136

All samples were then stored in distilled water within an Binder incubator (Figure 3-15)
at 37°C+/- 1°C, for seven days to allow for water-absorption and to simulate the oral
environment.%122.123.136 After storage each group was marked with a label (Figure 3-

21: A) and subjected to thermocycling. Thermocycling involved 3000 cycles varying
between 5°C (Figure 3-21: B) and 55°C (Figure 3-21: C), with a dwell time of 20sec.1??

Thermocycling was done to simulate clinical stress.'?°

Figure 3-21: A) Each group was marked with a label and placed within an enclosed
sift. B) 5°C Cold bath, C) 55°C Heat bath.
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For thermocycling, a cooling and heat bath (PolyScience, lllinois, USA), as well as a
thermal cycler (Proto-tech, Portland, USA), was used (Figure 3-22).

3
T

Figure 3-22: Proto-tech thermal cycler and PolyScience cooling and heat baths.

Following thermocycling, silicon moulds where used to seal the root apices with clear

self-cure acrylic resin (Excel Rapid Repair Cold Cure Acrylic, Wright Health Group Ltd,

Dundee DD2 3QD, United Kingdom), to prevent dye penetration through the apical
foramen (Figure 3-23: A-B).104

Figure 3-23: A) Silicone moulds used to embed the apices in acrylic resin, B) Apical
foramens of the teeth sealed with acrylic resin, to prevent dye penetration.
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Tooth surfaces were coated with two coats of nail varnish up to 2mm from the margins

of each restoration (Figure 3-24).122.137

Figure 3-24: Tooth surfaces coated with nail varnish, except for a 2mm band around
the margins of each restoration.

Samples were then immersed in 2% methylene blue dye solution for 48 hours at room

temperature, after which they were rinsed and dried (Figure 3-25). 62

Figure 3-25: Samples immersed in 2% methylene blue dye solution for 48 hours.
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The nail varnish was removed with hand instruments and the samples where then
embedded in clear self-cure acrylic resin (Excel Rapid Repair Cold Cure Acrylic,

Wright Health Group Ltd), using a silicone mould (Figure 3-26).136

Figure 3-26: Sample embedded in clear self-cure resin.

Using an ISOMET slow speed diamond saw (Figure 3-3: A) with water-cooling, each
sample was cut vertically in a bucco-lingual direction through the centre of the
restoration (Figure 3-27). 122137
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Figure 3-27: A) Slow-speed diamond saw cutting the sample vertically in a
buccolingual direction through the centre of the restoration. B) Example of a
vertically cut sample.

Under an Olympus SZX7 Stereomicroscope (Olympus Corporation, Shinjuku, Tokyo,
Japan) at 25x magnification, sections of each group were visually examined for dye
penetration (Figure 3-28).136:138
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Figure 3-28: Olympus SZX7 Stereomicroscope used to visually examine dye
penetration of each sample.
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Occlusal and gingival microleakage was scored according to the following criteria

(Figure 3-29):

Occlusal margin: 13°

0 - No dye penetration
1 - Dye penetration not beyond the dentine-enamel junction
2 - Dye penetration further than the dentine-enamel junction but not beyond

the junction of the occlusal and axial wall.
3 - Dye penetration along the axial wall

4 - Dye penetration beyond the cavity depth in pulpal direction.

Gingival margin: 136

0 - No dye penetration

1 - Dye penetration that extended less than or up to % of gingival wall

2 - Dye penetration further than ¥z or up to % of the gingival wall

3 - Dye penetration greater than % of the gingival wall or up to and along
the axial wall.

4 - Dye penetration beyond the gingival and axial wall in pulpal direction.
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Figure 3-29: Graphical illustration of the criteria used to score the occlusal and
gingival microleakage.
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3.4.4 Stereomicroscope images

Figures 3-30 to 3-34 are representative images of microleakage scoring under the

stereomicroscope (Magnification x25).

Figure 3-30: Sample with an occlusal microleakage score of 1 and a gingival
microleakage score of 4.

Gingival

Occlusal
g ™o |

Figure 3-31: Sample with an occlusal microleakage score of 3 and a gingival
microleakage score of 1.
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Figure 3-32: Sample with an occlusal microleakage score of 4 and a gingival
microleakage score of 2.

Figure 3-33: Sample with an occlusal microleakage score of 2 and a gingival
microleakage score of 0.
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Figure 3-34: Sample with an occlusal microleakage score of 4 and a gingival
microleakage score of 3.
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3.5 Ethical Considerations

Approval was obtained from the University of Pretoria’s Faculty of Health Sciences,
Research Ethics Committee (Reference number: 207/2019) (Appendix A). The

Helsinki Declaration was also signed.

The teeth collected for the purposes of this study were from a collection of adult teeth,
extracted as part of a comprehensive treatment plan for each individual patient and
therefore unrelated to the aims of this study. All patients are required to sign a patient
information leaflet and consent to any treatment plan before treatment commences.
The consent form gives the patient the option to allow extracted teeth to be used for

research purposes (Appendix B).

Teeth were collected from the Oral and Dental Hospital, Outpatient Dental Extraction
Clinic, University of Pretoria Oral Health Centre (UPOHC) (Appendix B).

Teeth are retained and distributed amongst researchers for research projects. It is not
possible to link a tooth to a specific patient since teeth are kept in a pool of extracted
teeth. The identities of the patients were therefore unknown. No genetic testing was
performed on the teeth and individual informed consent could be waived for the use

of extracted human teeth for the purpose of this study.

Safety and ethical guidelines for the handling of human teeth were adhered to at all
times. After the completion of all research on extracted teeth, the teeth will be
discarded subject to the provisions of the Waste Act 59 of 2008 and the Health
Professions Council of South Africa’s Guidelines for good practice in the health care

professions Booklet 16.

Since extracted teeth can be considered potentially infectious, they will be disposed
of in medical waste containers after the current dissertation has been examined in
fulfilment of the Degree of MSc at the Department of Odontology, School of Dentistry,

Faculty of Health Sciences university of Pretoria, Pretoria, South Africa.
63

A Comparative Evaluation of the Surface Roughness, Surface Hardness and Microleakage of a Pure Ormocer with
an Ormocer-Based Composite and a Nanocomposite Restorative Material.



P

<
There was no conflict of interest present between myself as the main researcher, and

the Dental Company VOCO, which provided sponsorship of all VOCO materials. 3M
products were not sponsored.

3.6 Statistical Considerations

3.6.1 Sample Size

Data was observed on a continuous scale and groups were compared using analysis
of variance (ANOVA) and when adjusting for baseline an analysis of covariance
(ANCOVA) was used.

Variation was expected to be small and hence for each of the three experiments a
sample size of at least 12 samples per group, i.e. at least 36 per experiment, were
adequate as the residual degrees of freedom were at least 33.

The latter is in line with the norm for acceptable sample size when residual degrees of
freedom are at least 30. The conservative approach was followed here, compared to
the norm of 14 residual degrees of freedom, which is often accepted when small

variation is expected, i.e. six teeth per group.

3.6.2 Data Capturing

Values for each test performed were recorded on a MS Excel document designed

specifically for the purpose of this study.
All data was collected and combined by the researcher. The supervisor and co-

supervisor confirmed the resulting datasets. Thereafter, these datasets were

submitted to a statistician for analysis.
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3.6.3 Statistical Analysis

Data summary by restorative material was reported, but was not restricted to mean,

standard deviation and 95% confidence intervals for all three outcomes.

Data analysis employed a one-way ANOVA (surface roughness and surface
hardness), with factor group at three levels. Pairwise comparisons among materials

were tested with the Bonferroni adjustment.

For microleakage, the opportunity was there to assess two cavities per tooth. In this
case, data analysis made use of mixed-effects regression with fixed effect group and
the tooth was specified as random effect. Material groups were compared with respect

to their distribution over score using Fisher’s exact test.

Following any one of the data analysis approaches, pairwise comparisons between
groups were done. In the Stata Release 15 Statistical Software the margins command

facilitated the latter. Testing was done at the 0.05 level of significance.

65

A Comparative Evaluation of the Surface Roughness, Surface Hardness and Microleakage of a Pure Ormocer with
an Ormocer-Based Composite and a Nanocomposite Restorative Material.



P

k]
<
Chapter 4 : Results

Surface Roughness, Surface Hardness and Microleakage were tested at p<0.05 level

of significance.

4.1 Surface Roughness

The four different experimental conditions were compared in one-way analysis of
variance (ANOVA). Pairwise comparisons among materials were tested with the

Bonferroni adjustment.

The values recorded after polymerization with the Mylar strips and before polishing

were statistically compared for all four experimental conditions (Table 4.1).

Four experimental conditions:

1. Ormocer-based composite (Admira) polished according to the manufacturer’s
instructions.

2. Pure ormocer (Admira Fusion) to be polished without water, according to the
manufacturer’s instructions.

3. Pure ormocer (Admira Fusion) to be polished with water, according to the
manufacturer’s instructions.

4. Nanocomposite (Filtek Z350 XT) polished according to the manufacturer's

instructions.
Mylar strip finish for all experimental conditions gave the smoothest finish. No

statistical significant differences were found between the four experimental conditions,

before polishing (Table 4-1 and Figure 4-1).
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Table 4-1. Pairwise comparisons between experimental conditions, indicating no
statistical differences.

Pairwise comparisons before polishing

Comparison experimental groups Mean surface Bonferroni Adjusted

Roughness (um) p-value

Pure ormocer polished wet vs Pure

ormocer polished dry 0.102 vs 0.187 1.000
Pure ormocer polished dry vs Ormocer-
based composite 0.214 vs 0.187 1.000
Pure ormocer polished wet vs

Ormocer-based composite 0.214 vs 0.102 1.000

Nanocomposite vs Pure ormocer
polished dry 0.319 vs 0.187 0.821

Nanocomposite vs Pure ormocer
polished wet 0.319vs 0.102 0.102

Nanocomposite vs Ormocer-based

composite 0.319vs 0.214 1.000

*Statistical significance is set at p<0.05

Mean roughness (+-um)

0.350 0.319

0.300
0.250 0.214
0.187
0.200 .
m Pure ormocer (Polished Dry)
0.150 .
0.102 H Pure ormocer (Polished Wet)
0.100
®m Ormocer-based composite
0.050 _
® Nanocomposite
0.000

Pure ormocer Pure ormocer  Ormocer-based Nanocomposite
(Polished Dry) (Polished Wet) composite

Material

Figure 4-1:. Mean roughness values of materials before polishing and after curing
through a Mylar strip. Values calculated from three readings of each of the 12 samples

per material.
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After polishing strictly according to the manufacturers’ instructions, statistically
significant differences were found between the four experimental conditions.

Pairwise comparisons were done to identify between which experimental conditions

the differences were found (Table 4-2).

Table 4-2: Pairwise comparisons between experimental conditions. Statistical
differences shown by the yellow highlighted cells.

Pairwise comparisons after polishing

Comparison experimental groups Mean surface Bonferroni Adjusted
Roughness (um) p-value
Pure ormocer polished wet vs Pure
ormocer polished dry 1.028 vs 1.188 0.373
Ormocer-based composite vs Pure
ormocer polished dry 0.871vs 1.188 0.003 *
Ormocer-based composite vs Pure
Ormocer polished wet 0.871vs 1.028 0.397
Nanocomposite vs Pure ormocer
polished dry 0.826 vs 1.188 <0.001 *
Nanocomposite vs Pure ormocer
polished wet 0.826 vs 1.028 0.115
Nanocomposite vs Ormocer-based
composite 0.826 vs 0.871 1.000

*Statistical significant differences (p<0.05)

Statistical significant differences were found between the ormocer-based composite
and the pure ormocer when polished without water (p=0.003), as well as between the
nanocomposite and the pure ormocer, when polished without water (p<0.001) (Figure
4-2). No statistically significant differences were found between the ormocer-based
composite, the pure ormocer when polished with water and the nanocomposite (Figure
4-2). For the pure ormocer there was no significant difference in terms of surface
roughness regardless of whether polishing was done with or without water-cooling

using Dimanto polishing discs (p=0.373).
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Figure 4-2: The bar graph indicates the combined mean surface roughness of all three
readings for each of the 12 samples per material after finishing and polishing
procedures. Statistical differences are illustrated graphically. Experimental conditions
under the same black line are not statistically different from one another, while those
that do not share a common line differ statistically significantly from one another.
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4.1.1 Scanning Electron Microscope (SEM) Images

Random samples from each group of materials were evaluated under the SEM after
polishing, to visually examine and compare the surface topography of the materials

with that of the profilometry results.

Some of the SEM findings (500x and 1000x magnification) are shown in Figures 4-3
—4-5.

Figure 4-3: Pure ormocer A) 500x magnification and B) 1000x magnification after
polishing. Visible scratch lines and pits can be observed.

Figure 4-4. Ormocer-based composite A) 500x magnification and B) 1000x
magnification after polishing. Visible scratch lines and irregularities can be observed.
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Figure 4-5: Nanocomposite A) 500x magnification and B) 1000x magnification after
polishing. Visible scratch lines, voids and pits can be observed.

4.2 Surface Hardness

One-way analysis of variance determined that there is a statistically significant
difference among the three materials with respect to surface hardness. Pairwise
comparisons among materials were tested with the Bonferroni adjustment to

determine the statistical significant differences (Table 4-3).

Table 4-3: Pairwise comparisons between materials. Statistical significant differences
are indicated by the yellow highlighted cells.

Pairwise comparisons
Comparison Surface Hardness Mean Surface Harness | Bonferroni Adjusted P-
Groups (VHN) value
Ormocer-based composite vs Pure 70.059 vs 73.762 0.617
ormocer
Nanocomposite vs Pure ormocer 100.946 vs 73.762 <0.001 *
Nanocomposite vs Ormocer-based 100.946 vs 70.059 <0.001 *
composite

*Statistical significant differences (p<0.05)

71

A Comparative Evaluation of the Surface Roughness, Surface Hardness and Microleakage of a Pure Ormocer with
an Ormocer-Based Composite and a Nanocomposite Restorative Material.



ez

Pairwise statistical comparisons revealed that the pure ormocer and the ormocer-
based composite do not differ significantly (p=0.617). The surface hardness of the
nanocomposite was statistically significantly higher than both the pure ormocer
(p<0.001) and the ormocer-based composite, (p<0.001) (Figure 4-6).

Mean surface hardness (VHN)

. 120
% 100.946
a 100
[}
S 80 13.762 70.059
©
. 60
a m Pure ormocer
[}
% 40 m Ormocer-based composite
5 - i
T 1 Nanocomposite
()
(&)
S o
05) Pure ormocer Ormocer-based Nanocomposite
composite
Material

Figure 4-6: The bar graph indicates the combined mean surface hardness of all five
readings for each of the 12 samples per material. Statistical differences are illustrated
graphically where materials under the same black line are not statistically different
from one another, while those that do not share a common line differ statistically

significantly from one another.
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Occlusal and gingival microleakage data for the three material groups were compared

using the Fisher’s exact test. Pairwise comparisons among materials were tested with

the Bonferroni adjustment.

4.3.1 Occlusal Microleakage

Occlusal microleakage showed no statistical significant differences between the

materials (p=0.534). Exploratory observation suggested less leakage with the

ormocer-based composite and the nanocomposite, since +/- 50% of leakage scores

occurred between 1-3. With the pure ormocer, 50% of leakage scores occurred at 4

(Table 4-4 and Figure 4-7). With a larger sample size, differences may emerge more

prominently.

Table 4-4: Occlusal microleakage scores.

Occlusal Microleakage (%)

Score 0 1 2 3 4 | TOTAL
8.31 8.33 16.67 | 16.67 | 50.00 | 100 (*12)
Pure Ormocer (*1) (*1) (*2) (*2) (*6)
Ormocer-Based 16.67 | 16.67 8.33 41.67 | 16.67 | 100 (*12)
Composite (*2) (*2) (*1) (*5) (*2)
0 8.33 16.67 | 50.00 | 25.00 | 100 (*12)
Nanocomposite (*1) (*2) (*6) (*3)
p** =0.534
* Number of the 12 samples tested with the same score
** Fisher’'s Exact Test
* Statistical significance is set at p<0.05
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Figure 4-7: Bar graph indicates the percentage of occlusal microleakage according to
the score criteria used.

4.3.2 Gingival Microleakage

Gingival microleakage analysis was tested against the following criteria of significance:

e p = 0.05: Statistically significant
e 0.05 < p =0.1: Marginally significant
e p > 0.1: Not significant

Fisher's exact test revealed marginally significant differences between the materials

with respect to gingival microleakage (p=0.093) (Table 4-5).
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Table 4-5: Gingival microleakage scores. Marginal statistical significant difference
indicated by yellow highlighted cell.

Gingival Microleakage (%)
Score 0 1 2 3 4 TOTAL
Pure Ormocer 0 0 0 33.33 | 66.67 100
(*4) (*8) (*12)
Ormocer-Based 0 16.67 | 8.33 | 25.00 | 50.00 100
Composite (*2) (*1) (*3) (*6) (*12)
Nanocomposite 16.67 | 16.67 0 0 66.67 100
(*2) (*2) (*8) (*12)
p** =0.093
* Number of the 12 samples tested with the same score
** Fisher’s Exact Test
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Figure 4-8: Bar graph indicates the percentage of gingival microleakage according to
the score criteria used.
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Pairwise comparisons among the materials were tested with the Bonferroni adjustment
to determine the reason for the marginal significant difference in leakage between the
material groups. No significant differences were found between the pure ormocer vs
the ormocer-based composite (p=0.485) and the ormocer-based composite vs the
nanocomposite (p=0.199) (Tables 4-6 — 4-8 and Figures 4-9 — 4-11). The marginally
significant difference can be explained by comparing the pure ormocer with the
nanocomposite (p=0.036) (Table 4-8 and Figure 4-11). The nanocomposite showed
marginally less gingival microleakage than the pure ormocer.

Table 4-6: Pairwise comparison between the pure ormocer and the ormocer-based
composite.

Pure Ormocer vs Ormocer-Based Composite (%)

Score 0 1 2 3 4 | TOTAL
Pure Ormocer 0 0 0 33.33 66.67 100
Gingival
Ormocer-Based
Composite Gingival 0 16.67 | 8.33 25 50 100
p** = 0.485

** Fisher's Exact Test

*Statistical significance is set at 0.05 < p < 0.1
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Figure 4-9: Bar graph indicates the percentage of gingival microleakage of the pure
ormocer vs the ormocer-based composite according to the score criteria used.
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Table 4-7: Pairwise comparison between the ormocer-based composite and the
nanocomposite.

Ormocer-Based Composite vs Nanocomposite (%)
Score 0 1 2| 3 4| TOTAL
Ormocer-based 0 16.67 8.33 | 25 50 100
composite

Gingival

Nanocomposite 16.67 16.67 0 0 66.67 100
Gingival

p** =0.199
** Fisher's Exact Test

*Statistical significance is set at 0.05 < p <0.1
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Figure 4-10: Bar graph indicating the percentage of gingival microleakage of the
ormocer-based composite vs the nanocomposite according to the score criteria used.
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Table 4-8: Pairwise comparison between the pure ormocer and the nanocomposite.
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Statistical significant difference indicated by yellow highlighted cell.

Pure Ormocer vs Nanocomposite (%)

Score 0 oo 3 4 TOTAL
Pure Ormocer 0 0 0| 33.33 66.67 100
Gingival
Nanocomposite 16.67 16.67 | O 0 66.67 100
Gingival
p** = 0.036
** Fisher's Exact Test
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ormocer vs the nanocomposite according to the score criteria used.

4.3.3 Occlusal Microleakage vs. Gingival Microleakage

Occlusal and gingival microleakage scores within each material group were compared

with one another to determine any statistically significant differences.
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No statistical significant difference was found between the pure ormocer (p=0.340)

and the ormocer-based composite (p=0.441) when the occlusal microleakage was

compared to the gingival microleakage of each material group (Tables 4-9 - 4-10 and

Figures 4-12 — 4-13). The occlusal microleakage of the nanocomposite showed a

statistically significant difference when compared to the gingival microleakage of the

nanocomposite (p=0.004). The occlusal microleakage of the nanocomposite was

significantly less than the gingival microleakage for the same material (Table 4-11 and

Figure 4-14).

Table 4-9: Occlusal vs Gingival microleakage of the pure ormocer.

Pure Ormocer Microleakage (%)

Score 0 1 2 3 4 TOTAL
Occlusal 8.33 8.33 16.67 16.67 50 100
Gingival 0 0 0 33.33 66.67 100

p** = 0.340
** Fisher's Exact Test
*Statistical significance set at p<0.05
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Figure 4-12: Bar graph indicates the percentage of occlusal microleakage with gingival
microleakage of the pure ormocer according to the score criteria used.
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Table 4-10: Occlusal vs Gingival microleakage of the ormocer-based composite.

Ormocer-Based Composite Microleakage (%)

Score 0 1 2 3 4 TOTAL
Occlusal 16.67 16.67 8.33 41.67 16.67 100
Gingival 0 16.67 8.33 25 50 100

p** = 0.441
** Fisher's Exact Test
*Statistical significant difference set at p<0.05
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Figure 4-13: Bar graph indicates the percentage of occlusal microleakage with gingival
microleakage of the ormocer-based composite according to the score criteria used.
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Table 4-11: Occlusal vs Gingival microleakage of the nanocomposite. Statistical
significant difference indicated by yellow highlighted cell.

Nanocomposite Microleakage (%)

Score 0 1 2 3 4 TOTAL
Occlusal 0 8.33 16.67 50 25 100
Gingival 16.67 16.67 0 0 66.67 100

p** = 0.004

** Fisher’'s Exact Test

*Statistical significant difference set at p<0.05
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Figure 4-14: Bar graph indicates the percentage of occlusal microleakage with gingival
microleakage of the nanocomposite according to the score criteria used.
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Chapter 5: Discussion

Interest in composite resins have increased due to their improved aesthetics in dental
restorations.®%149 Polymerization shrinkage and inadequate wear resistance continue
to be some of the major disadvantages of composite resins.®6149 Therefore the
development of new restorative systems, such as pure ormocers, becomes critical in
the search for restorations with greater longevity.*?’ The restorative materials’ filler
type and content greatly influence the surface hardness and correlate to the
polishability of that material.1*! Obtaining adequate surface hardness ensures that
restorative materials will be able to withstand forces in dental stress bearing areas.0?
Surface roughness is important for clinical aesthetics, resistance to dental plaque
accumulation and ultimately the longevity of the restoration.4? Without an inadequate
marginal seal, microleakage will occur at the tooth-restoration interface, resulting in
ultimate failure of the placed restoration.%* Surface roughness, surface hardness and
microleakage can therefore be regarded as material properties that contribute to the
longevity of composite resin restorations and justify the selection of these test

parameters for the current study.101,104.142

5.1 Surface Roughness

While the initial high shine of a restoration may be important to the patient, the surface
guality of the restoration after months and years of service becomes the main concern
for the dentist.1*® Profilometry was found to be an acceptable method to study the

surface roughness of composite materials.14

Both intrinsic and extrinsic factors will affect the surface roughness of composite
resins.'** Intrinsic factors include durability of the filler and resin matrix bond, filler
type, size, shape and distribution, as well as the type of material, its resin matrix
composition and degree of polymerization.!#* The various methods of finishing and
polishing relate to the extrinsic factors and entail the characteristics of the polishing
tool such as its flexibility, geometrical shape, abrasive particles and its method of

application.14®
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A study done by Marghalani et al.l®? on post-irradiation Vickers microhardness,
observed that composite samples cured only from the top showed higher hardness
values on the top surface than the bottom surface.?! The close contact of the light
guide to the top surface leads to a higher degree of polymerization.*?* Scattering and
absorption of light through the composite material lead to a decrease in light intensity
and the amount of polymerization at the bottom surface.'?* With the current study, all

samples were therefore polymerized through the top and bottom of the glass slides.

It is well known that curing composites through a Mylar polyester strip provides the
smoothest obtainable surface finish.14¢ This statement was confirmed by previous
studies done by Pirani et al.,’4” Reis et al.,148 and Ozgiinaltay et al.1*® With the current
study no statistically significant differences were found between the four experimental
conditions after curing through a Mylar strip and before polishing occurred. The lowest
surface roughness values were recorded after curing the materials through a Mylar
strip, which is in accordance with the results of previous studies.?0:150.151.152 Dyring
the process of finishing and polishing, resin matrix is removed between the filler
particles and as a result filler particles are more prominent on the composite surface,

resulting in increased surface roughness.'3

Although curing through a Mylar strip provides the smoothest surface finish, the top
part of the composite has a polymer-rich layer.'>* This layer needs to be removed to
ensure a surface that is more wear resistant, harder and therefore more aesthetically
stable.’® Finishing and contouring of the restoration after placement become
necessary to correct the morphology and shape of a tooth before polishing.1%® Jung!®®
reported that although the use of diamond burs provided a rougher surface finish than
that of a carbide bur, it was more successful in gross removal and contouring of
composites after restoration placement.’®® This statement was confirmed by
Ferracane et al.1® To mimic the most likely clinical conditions, all samples were first

worked off with a red stripe, followed by a yellow stripe diamond-finishing bur.
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Previous studies suggest that each material behaves independently to the various
polishing techniques.1441%8 Different smoothness results are obtained when the same
polishing technique is applied to different materials.441% Since certain polishing
techniques are better suited to specific materials, polishing of the different materials in
the current study was done strictly according to the manufacturers’ recommendations

and instructions,®1121,144,159

According to the manufacturer, Admira Fusion should preferably be polished with
Dimanto polishing discs, which can be used with or without water-cooling.11®
Instructions for use of Admira Fusion do not specifically mention that polishing should
occur with cooling provided and therefore polishing was done with and without water-
cooling to evaluate any significant difference between the two methods.''” Admira and
Filtek Z350 XT instructions for use indicate that polishing should be done under cooling

and therefore water-cooling was used.133134.135

After polishing each of the materials, with the manufacturer’'s recommended polishing
systems, the results of this study show no statistically significant difference between
the surface roughness of the ormocer-based composite, the pure ormocer (when
polished with water-cooling) and the nanocomposite. The lack of statistical significant
differences between these materials suggest that all three materials exhibit
approximately the same surface roughness and therefore there is no real difference in
terms of surface roughness to using any of these material groups. A study done by
Baseren,'52 supports this finding when both the ormocer-based composite (Admira)
and the nanocomposite (Filtek Supreme, 3M ESPE) were polished with multiple
different polishing systems, but there was no significant difference in surface
roughness among the tested materials (p>0.05).152 In Baserens’ study there was
however statistical significant differences between the different polishing systems
applied to the materials.'®? The current study’s findings were also confirmed by a study
done by Hahnel et al.1?¢, that showed no statistical significant difference in the surface
roughness of a pure ormocer when compared to a nanocomposite.'?¢ Cunha et al.16°

compared the surface roughness of two ormocer-based composites with that of a
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microhybrid conventional composite after toothbrushing and found no statistical

significant differences between these material groups.*°

There was also no statistically significant difference when comparing the surface
roughness of the pure ormocer when polished with and without water-cooling. These
findings suggests that the pure ormocer, Admira Fusion, can be polished with Dimanto
polishing discs with or without water-cooling, as per the manufacturer’s instructions

related to the polishing disc.

Statistically significant differences were however found, after polishing, in the surface
roughness of both the ormocer-based composite and the nanocomposite when
compared to pure ormocer polished without water. The pure ormocer when polished
without water, showed a higher surface roughness than both the ormocer-based
composite and the nanocomposite. These results are in accordance with a study done
by Nasoohi,'6? where the surface roughness of all sample composites (microhybrid
and nanohybrid composite resins) were higher following dry finishing and polishing as
opposed to samples with wet finishing and polishing.1%* The high heat generated
during dry polishing could influence the bond between the filler particles and the resin

matrix, resulting in separated filler particles and increased surface roughness.*62

A literature review done by Bollen et al., %2 stated that surface roughness above 0.2um
could lead to increased bacterial adhesion on the restorative materials and the
formation of secondary caries'®3. Within this study, only the pure ormocer (Admira
Fusion) showed surface roughness values below 0.2um before polishing. A study
done by Yap et al.,*®* contradicts this finding where both the ormocer-based composite
(Admira) and the nanocomposite (Filtek Supreme Translucent, 3M ESPE) presented
with surface roughness values below the benchmark.®* In the same study, surface
roughness values of the ormocer-based composite were found to be similar to that of
nanocomposites after polishing.1%* After polishing, all materials used in the current
study showed surface roughness values above the benchmark of 0.2um. This is in
contrast with a study done by Colombo et al.,''° where the pure ormocer (Admira

Fusion) showed surface roughness values lower than 0.2um in most of the groups

85

A Comparative Evaluation of the Surface Roughness, Surface Hardness and Microleakage of a Pure Ormocer with
an Ormocer-Based Composite and a Nanocomposite Restorative Material.



g
with different finishing and polishing techniques.'!® In the same study the
nanocomposite (Filtek Supreme XTE) showed surface roughness values above 0.2um
in most of the groups.''® Yap et al.1®* found both the ormocer-based composite
(Admira) and the nanocomposite (Filtek Supreme Translucent) to be below 0.2um
after finishing and polishing.1%4 These were the only two materials in Yap’s study where

the smooth surface finish obtained with the use of matrix strips was not violated by the

finishing and polishing procedures.64

A possible reason for the high surface roughness values of the current study could be
the use of rubber polishers as a polishing method for all the materials.''® Rubber
polishers tend to be rigid and wear with time.*1° This could also explain why the surface
roughness values for the nanocomposite were lower (0.826um) than that of the pure
ormocer (1.028um), since the Dimanto polishing disc used to polish the pure ormocer
is much more rigid than that of the Sof-Lex spirals. Colombo’s!? study suggests that

the use of only rubber polishers do not provide sufficient surface smoothness.11°

The SEM images for all materials showed relatively smooth surfaces with visible
scratch lines and irregularities after polishing. The presence of voids and pits are
visible and may be attributed to the loss of filler particles that are plucked from the
surface during polishing.1%®> These images correspond with the profilometer readings

obtained in the current study.
In terms of surface roughness, the null hypothesis was proven correct. There was no

statistical difference in terms of surface roughness between the pure ormocer (when

polished with water-cooling), the ormocer-based composite or the nanocomposite.
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5.2 Surface Hardness

Hardness is a surface characteristic that can be defined as the ability of a material to
resist permanent indentation or penetration.’®® The type and amount of filler in
composite materials greatly influence its surface hardness.4! Mechanical properties,
such as polishability and abrasion resistance, are greatly dependant on the material
hardness.'#! It has also been shown that surface hardness can act as an indicator of
the degree of polymerization of a material.1%” The higher the conversion rate of carbon

double bonds, the better the physical properties and surface hardness of a material.*?

To ensure a high degree of polymerization within the current study, all samples were
stored in distilled water at 37°C for 24 hours. This allowed for water absorption and
“dark polymerization” in order to simulate the oral environment. Polymerization is not
completed after initial exposure to the curing light.168 Only about 70% of the composite
resin is polymerized during the first 10 minutes after which the polymerization reaction
will continue for a period of 24 hours.16%170.171 Storage for 24 hours in the current study
therefore allowed for the continued setting reaction during “dark polymerization”.168
Furthermore, storage at 37°C may also allow an increase in surface hardness.0?
Marghalani et al. 1%t found in their study that the surface hardness of a material
increases when aged at body temperature of 37°C.1%! Increased temperatures will also
lead to an increase in the mobility and polymerization of remaining free monomers, a
fact confirmed by several studies.’2173 After polymerization and storage the current
study made use of silicon carbide paper to remove the soft resin-rich layer of uncured
monomers.1%t Removal of this layer allows for testing of a stable harder surface and

simulate clinical conditions since most restorations are polished after placement.%?

Results of the current study showed no statistical significant difference between the
surface hardness of the pure ormocer (Admira Fusion) and the ormocer-based
composite (Admira). The lack of statistical significant difference between these two
materials suggest that in terms of surface hardness there is no real advantage to using
either of these materials. In a study done by Leprince et al.,3" all samples were dry

and stored in the dark for 24 hours.3” Results of their study were in contrast to the
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current study as they found the pure ormocer to have increased surface
microhardness when compared to the ormocer-based composites.®” These findings
can partly be explained by the higher filler content of a pure ormocer.3’Cavalcante et
al.1’* also contradicted the results of the current study. Their study compared the
surface hardness of a pure ormocer to that of an ormocer-based composite,
nanohybrid composite and nanocomposite after 24-hour water storage.'’* The study
concluded that the pure ormocer preserved surface integrity and was the only material
that did not show a reduction in surface hardness values.'’”* Water diffuse internally
through defects, pores and the resin matrix, dissolving filler particles.1”®> The absence
of methacrylate monomers in pure ormocers has been shown to reduce water uptake
and solubility.1’* Pure ormocers present as polymers and tend to absorb water at a
different degree.'’® The unique matrix formulation of pure ormocers are therefore
important and can explain the improved stability of this material compared to ormocer-

based composites and conventional composite material.1’

The current study did reveal a statistical significant differences in surface hardness
when the nanocomposite (Filtek Z350 XT) was compared with both the pure ormocer
(Admira Fusion) and the ormocer-based composite (Admira). The nanocomposite
presented with a larger Vickers hardness value. The larger the Vickers hardness
measurement number, the harder the surface.'%¢ The findings within the current study
correlate with the findings of Poggio et al.,*?* where a nanocomposite (Filtek Supreme
XTE) showed the highest values of microhardness followed by a pure ormocer (Admira
Fusion) both before and after immersion in an acidic drink for a week!?3. Baeshen et
al.Y’” also found higher hardness values for the nanocomposite (Filtek Supreme XT)
than for the pure ormocer (Admira Fusion) before surface finishing and polishing.2’”
A possible reason for this could be the materials’ filler composition.1’” Admira has
barium glass fillers that are lower in hardness than the zirconia fillers used in Filtek
Supreme nanocomposite restorative materials.'’” The type of filler, filler load, and the
interactions between the filler and matrix influence the surface hardness to a greater
extent than the organic matrix structure.*? The findings of the current study however
contradict those of a study done by Hahnel et al.,'?6 where the pure ormocer had a

significantly higher Vickers hardness number value than the nanocomposite Filtek
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Supreme XT. In a study conducted by Tagtekin et al.,”® the ormocer-based composite
(Admira) also showed a higher surface hardness value compared to the conventional
hybrid composite (Amelogen, Ultradent, Utah, USA). Marghalani et al.1%* found higher
Vickers hardness values when the ormocer-based composite (Definite) were

compared to nanohybrid composites.t0t

In terms of surface hardness the null hypothesis was rejected. The nanocomposite
showed statistical significant higher surface hardness than the pure ormocer and the
ormocer-based composite. There were no statistical significant differences in terms of

surface hardness between the pure ormocer and ormocer-based composite.

5.3 Microleakage

Marginal adaptation of a material to the cavity walls will determine the material’s
durability and longevity in the oral cavity.1%* The main cause of microleakage is the
shrinkage that occur in resin based materials during polymerization.1°* The amount of
polymerization shrinkage within a resin containing dental material is dependant on the
filler load, the surface treatment of the fillers and the molecular weight of the
monomer.1%* The more filler particles present in the material, the lower the amount of
weak polymer matrix, the higher the strength and modulus of elasticity and the lower
the polymerization shrinkage.'%*

Newer generation dental resin materials such as ormocers and nanocomposites show
less polymerization shrinkage.'®* Due to the nano-sized particles of nanocomposites,
less polymerization shrinkage and lower microleakage were observed, making this
class of materials superior to conventional composite resins.” Ormocers also showed
reduced polymerization shrinkage due to the highly cross-linked, three-dimensional

polymer network that forms after polymerization.13:62

The differences in the coefficient of thermal expansion between tooth structure and
restorative material lead to interfacial gap formation and microleakage.’817°

Restorative material tends to expand and contract more with temperature changes
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than enamel and dentine.’®179 Thermocycling, varying between 5°C and 55°C, was
therefore used in the current study to mimic these thermal changes and stresses in
the oral environment.’?® Several studies have shown that there were no significant
differences in microleakage when samples were subjected to 250, 1000 or 5000
thermocycles.® The current study subjected all samples to 3000 cycles, with a dwell
time of 20 seconds in each temperature bath.'??2 No standardisation has been
established for the technical procedures of in vitro microleakage evaluations.* Of all
the various microleakage test techniques available, the most common method used is
that of dye penetration.194181 The present study ensured that each material was used

with its proprietary adhesive system as recommended by the individual manufacturers.

In the current study, no statistical significant differences were found in the occlusal
microleakage of any of the three material groups. This would suggest that in terms of
microleakage on enamel surfaces there is no real differnece to using any of these
materials. These results were confirmed by the study done by Garapati et al.'*>® where
no statistical significant difference in terms of occlusal microleakage was found
between the ormocer-based composite (Admira) and the nanocomposite (Filtek
Supreme). A study done by Sudhapalli et al.,'%* compared microleakage between an
ormocer-based composite (Admira), nanocomposite (Tetric N-Ceram, Ivoclar
Vivadent) and a conventional microfilled composite (Tetric Ceram) with all margins
ending on enamel. Their findings contradict that of the current study, as the ormocer-
based composite showed the least occlusal microleakage, followed by the
nanocomposite.%* Kalra et al.?? also found no statistical significant difference in the
microleakage of an ormocer-based composite (Admira) compared to that of a hybrid
composite (Spectrum TPH, Dentsply Sirona, Weybridge, England).®? Politi et al.13? and
Mchugh et al.*® found significantly lower microleakage scores for the pure ormocer
(Admira Fusion) when compared to the nanohybrid composite (Tetric EvoCeram,

Ivoclar Vivadent). 132138

In the current study, comparisons in gingival microleakage revealed a marginally
significant difference between the nanocomposite (Filtek Z350 XT) and the pure

ormocer (Admira Fusion), with the nanocomposite showing marginally less leakage.
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No statistical significant differences were found in the gingival microleakage when
comparing the pure ormocer (Admira Fusion) to the ormocer-based composite
(Admira), nor in the nanocomposite (Filtek Z350 XT) to the ormocer-based composite
(Admira). These results were contradicted by Hooshmand et al.,*?? where the ormocer-
based composite demonstrated significantly higher gingival microleakage than the
nanohybrid.*?? A study done by Civelek et al.,*®? showed less microleakage at the
cemento-enamel junction for the ormocer-based composite (Admira) when compared
to a hybrid composite (Filtek Z-250, 3M ESPE).'®?

When the current study compared occlusal microleakage with gingival microleakage
within each individual material, no statistical significant difference was found within the
pure ormocer (Admira Fusion) and the ormocer-based composite (Admira) scores.
This would suggest that in terms of microleakage there is no difference in using either
of these materials on enamel or dentine/cementum surfaces. These results are in
contrast with a study done by Gerdolle et al.,'®® where occlusal microleakage for
Admira was significantly lower than gingival microleakage. However, thermocycling
was not done before testing of microleakage commenced.'® A study done by Yazici
et al.,’8 support the current study with regards to the ormocer-based composite
(Admira), where no statistical significant differences were observed with either
occlusal or gingival microleakage.*® The same results were supported on primary

teeth in a study done by AL-Harbi et al.18

The current study did however show statistical significant differences between the
occlusal microleakage and the gingival microleakage of the nanocomposite. The
nanocomposite leaked significantly less occlusally than gingivally. Based on the result
of the current study the nanocomposite would still however be a better choice for the
practitioner than the pure ormocer, since the nanocomposite shows a marginally

statistical significant improvement in terms of gingival microleakage.

Rosin et al.! concluded in their two year clinical evaluation that the ormocer-based
composite (Definite) provides an overall acceptable performance with regard to

marginal quality and retention of class V restorations.!
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In terms of occlusal microleakage the null hypothesis was proven correct. There was
no statistical difference in terms of occlusal microleakage between the pure ormocer

the ormocer-based composite or the nanocomposite.

In terms of gingival microleakage the null hypothesis was rejected. A statistical
marginal significant difference was revealed between the nanocomposite and the pure
ormocer, with the nanocomposite leaking marginally less than the pure ormocer. There
was no statistical significant difference in terms of gingival microleakage between the

pure ormocer and the ormocer-based composite.

5.4 Limitations of this study

Material properties are not the only factors that need to be taken into account in the
success or failure of a restoration.? Other factors such as the adhesive force between
the composite and the dentine, diameter and direction of the dentine tubules, as well
as the quality and origin of the tooth’s hard tissues, should also be taken into

account.186

Different results might have been obtained for the microleakage test if bonding
adhesives from different manufacturers were used. The current study made use of the
bonding systems as recommended by the individual manufacturers for each material

group.t&’

With the current study’s occlusal microleakage results, explanatory observations could
suggest less microleakage for Admira and Filtek Z350 XT than for Admira Fusion. A
larger study might be necessary to observe whether stronger significant differences

between materials might emerge.

In vitro studies are essential for an early assessment of the dental material. As in the

case of any in vitro study, caution must be exercised when extrapolating the results to
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the clinical situation. Even though samples were stored in glass containers filled with
distilled water and stored in an incubator at 37°C +/- 1°C, for 24 hours, not all the
intraoral variables can be simulated entirely. Some of the variables include oral
hygiene, masticatory forces, types of food, oral temperature, and humidity variations
and presence of salivary enzymes and bacterial by-products. Long-term clinical

studies are necessary to assess the clinical performance of this new pure ormocer

material to corroborate the materials in vitro established results.

93

A Comparative Evaluation of the Surface Roughness, Surface Hardness and Microleakage of a Pure Ormocer with
an Ormocer-Based Composite and a Nanocomposite Restorative Material.



P

oy

<

Chapter 6 : Conclusions

Within the limitations of this study, the following can be concluded:
Surface Roughness

e The smoothest surface finish was obtained when curing all materials through a

Mylar strip before polishing.

e There is no statistically significant difference in terms of surface roughness
between the ormocer-based composite, pure ormocer (polished with water-
cooling) or the nanocomposite.

e Both the ormocer-based composite and nanocomposite showed significantly
smoother surfaces when polished with water-cooling than the pure ormocer
when polished without water-cooling.

Surface Hardness

e No statistically significant differences were found between the pure ormocer

and the ormocer-based composite.

e The nanocomposite revealed a statistically significant higher surface hardness

than both the ormocer-based composite and the pure ormocer.
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Microleakage

e None of the restorative systems used in the current study could eliminate either

occlusal or gingival microleakage.

e There is no statistical significant deference in terms of occlusal microleakage
between the pure ormocer, the ormocer-based composite nor the

nanocomposite.

e There is no statistical significant difference in terms of gingival microleakage
between the ormocer-based composite and the pure ormocer nor between the

nanocomposite and the ormocer-based composite.

e The nanocomposite showed marginal statistical significantly less gingival

microleakage than the pure ormocer.

Based on the comparative evaluation and statistical analysis of the surface roughness,
and microleakage, there is no difference in using a pure ormocer compared to an
ormocer-based composite or nanocomposite. The surface hardness of the
nanocomposite was statistically significantly higher than for the pure ormocer and
ormocer-based composite. The choice of material would be subject to the clinical
condition and the practitioner’s preference; however, the nanocomposite should be

used in areas, which require increased surface hardness.
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I do not want my information and materials to be used for teaching

purposes. No D

| understand that my refusal to grant permission for the use my
information and materials will not in any way affect the treatment
| receive at the Oral and Dental Hospital.

Should you choose this option please inform your realing
student/Dentist.

Patient:

Parent/ Guardian:

Signature:

Date:

File nr:

UNIVERSITEIT VAN PRETORIA MONDGESONDHEIDSENTRUM
(HOSPITAAL VIR TAND- EN MONDHEELKUNDE)

Geagte Pasiént,

Die personeel en studente van die Universiteit van Pretoria
Mondgesondheidsentrum (Hospitaal vir Tand- en Mond-
heelkunde) (wat ‘n Opleidingshospitaal is) waardeer die vertroue
wat uin ons stel deur hier vir u tandheelkundige behandeling aan
te meld. Alhoewel ons daama streef om behandeling so spoedig
moontlik af te handel, is ons primére taak om studente op te lei.
Daarom verloop pasiénte se tandheelkundige behandeling
noodwendig stadiger as byvoorbeeld in die privaatsektor.

Die student wat verantwoordelik is vir u behandeling, is afhankiik
van u stiptelikheid, beskikbaarheid en samewerking. Terwyl ons
poog om studente op te lei om u gedurende die verioop van u
behandelingsplan reg te behandel, vra ons u begrip. Ons sal dit
egter waardeer indien u ons in kennis sal stel indien ons nie aan
u verwagtinge voldoen nie. So kan ons die diens aan u verbeter.

Weiering deur ‘n pasiént om deur ‘n studenttandarts aan
hom/haar toegeken gesien te word is nie aanvaarbaar nie. In so
'n geval sal verdere roetine behandeling zan die pasiént
heroorweeg word. Indien u enige navrae het, bespreek dit
asseblief met 'n dosent/tandarts aan diens.

Die Hospitaal vir Tand- en Mondheelkunde is ‘n opleidings-
hospitaal en vir hierdie doel sal inligting en materiaal verkry van u
gedurende behandeling gebruik word vir onderrigdoeleides.
Hierdie inligting en materiaal kan insluit kliniese infigting en fotos,
tandheelkundige x-strale en geekstraeerde tande.

Verskaf asseblief toestemming indien u bereid is om u inligting en
materiaal beskikbaar te stel vir gebruik. Die gebruik hiervan sal
anoniem hanteer word en u sal dus op geen manier
identifiseerbaar wees nie.

Ek gee ftoestemming dat my inligting en materiaal vir
onderrigdoeleindes gebruik word. Ja D

EK wil nie hé dat my inligting en materiaal vir onderrig-doeleindes
gebruik word nie. Nee D

Ek verstaan dat my weiering om toestemming te verleen vir die
gebruik van my inligting en materiaal, geen invloed sal hé op die
behandeling wat ek by die Hospitaal vir Tand- en Mondheelkunde
ontvang nie.

Indien u hierdie opsie kies, stel asseblief u behandelende student/
tandarts in kennis.

Pasiént:

Ouer/Voog:
Handtekening:
Datum:

Léer nr:

(Informed Consent for Hospital 2019 new suggested form)
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A Comparative Evaluation of the Surface Roughness, Surface Hardness and Microleakage of a Pure Ormocer with
an Ormocer-Based Composite and a Nanocomposite Restorative Material.



