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Abstract

Objectives The aim of this study was to evaluate the effect of
resin coating on the wear depth of highly viscous glass
ionomer cements (HVGICs) after 40,000 cycles, correspond-
ing to over 8 years of tooth brushing.

Materials and methods A resin composite (Gradia Direct
Posterior), two HVGICs (EQUIA Fil and Riva Self Cure), a
resin coating (EQUIA Coat) and a conventional varnish (Fuji
Varnish) were used in the study. The control groups were the
resin composite group and the non-coated HVGICs groups.
Samples (n = 8) were produced in flat plastic moulds at
23 £ 1 °C and stored in artificial saliva sodium acetate-acetic
acid-glycerine formalin (SAGF medium) for 7 days at
37 £ 1 °C. The abrasion test was carried out in a toothbrush
simulator (Willytec) with a load of 1 N using abrasive tooth-
paste slurry. Vertical loss was measured at different cycles under
confocal laser scanning microscopy (CLSM). Data were
analysed using one-way ANOVA, Tukey’s HSD test, repeated
measures ANOVA and Bonferroni tests (p < 0.05).

Results The resin composite group showed significantly low-
er vertical wear loss than the non-coated groups and the
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varnished groups of HVGICs (p < 0.05). HVGICs with resin
coating had better wear resistance than the varnished and non-
coated groups (p < 0.05). Furthermore, regarding the material-
based wear, HVGICs with resin coatings abraded less than the
resin composite group tested (Gradia Direct Posterior
5.06 £ 0.54 um, EQUIA Fil 4.06 £ 1.68 um, Riva Self Cure
4.73 £ 2.44 um), but statistically, there were no significant
differences between them after 40,000 cycles (p > 0.05).
After 40,000 cycles, when the total wear loss of the materials
including both coatings wear was compared, there were no
differences between the non-coated and the resin-coated
groups.

Conclusions The results of this study indicate that the resin
coating protects the glass ionomer materials from excessive
wear until 20,000 cycles making both HVGICs to abrade in a
similar manner as the resin composite. If we include the wear
of the coating to the general material wear loss at 40,000
cycles, the total wear loss is quite similar for all HVGICs,
regardless of the protection with varnish or resin coating.
Clinical relevance Within the limitation of this study, we have
foreseen that resin coating will protect and make the HVGIC
materials as wear resistant as resin composites in clinical sit-
uations for a long time.

Keywords Reinforced highly viscous glass ionomer cement -
Resin coating - Two-body wear - Confocal laser scanning
microscopy

Introduction
Modern restorative dentistry concepts focus on minimally in-
vasive approaches to dental hard tissue removal and the

remineralisation effects of restorative materials [1]. Chemical
adhesion to tooth structures, remineralisation, caries
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prevention effects due to fluoride release, thermal expansion
similar to tooth structures, biocompatibility and low toxicity
have made glass ionomer cements (GICs) a clinically preferred
restorative material compared to resin composites [2, 3].
Contrary to their many advantages, they also have lower me-
chanical and physical properties, such as low fracture strength,
toughness and wear resistance, and they are very much affected
by initial moisture contamination and dehydration [4]. Since
their first introduction in the market and during many years,
because of these drawbacks, GICs were considered only as
semi-permanent dental material for posterior restorations.
However, in recent years, encapsulated highly viscous GICs
(HVGICs) having improved mechanical properties compared
to conventional GICs have been developed [5—7]. Distinctively
from their hand-mixing equivalents, encapsulation provides
uniform proportioning and mixing under a standard mixing
technique, time for clinical applications and less porosities [6].

During the setting process of GICs, water acts as a key factor
for maturation [8]. Both moisture contamination and dehydra-
tion negatively affect the mechanical properties of GIC resto-
rations during the initial maturation step [9]. Contamination by
moisture decreases the mechanical toughness of the restoration
and its wear resistance [10], while dehydration causes cracks on
the surfaces of restorations [11]. To overcome these problems,
the restoration must be protected during the initial setting stage
[12]. A variety of surface coatings were proposed for isolating
GIC restorations, including copal varnish, cocoa butter,
Vaseline®, waterproof varnishes and glazes [13]. It is presumed
that this layer will prevent the restoration from dehydration and
maintain the water balance in the system. Following these sug-
gestions, light-cured resin coatings were introduced to dental
practice [14, 15]. A few years ago, restorative GIC systems
combining encapsulated HVGICs and nano-filled resin coat-
ings were launched into the market [16]. The manufacturer
claimed that the nano-filled resin coating would improve the
mechanical properties, wear resistance and surface appearance
of the glass ionomer material [16, 17]. Moreover, these resin-
coatings could adhere to tooth structures as well as other restor-
ative materials, and the longer they will stay in contact with the
restoration, the smaller the chance that the mechanical proper-
ties of the materials will decrease [18]. The first long-term
clinical trials of 4 and 6 years with this system seem to be very
promising [19; Turkun and Kanik, manuscript in preparation].
However, the nano-filled resin coating wears from the restora-
tion surface with the effects of mastication, diet and tooth
brushing in approximately 6 months [15], but recoating is not
required after this period, as the proper maturation of the ma-
terial is completed until that time [20].

Wear of dental restorative materials is one of the main
concerns in long-term clinical success. It can be defined as a
loss of anatomic contour, which occurs on dental hard tissues
and restorations. In conjunction with current technological
advances, wear on dental materials occurs on occlusal contact
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arecas rather than contact-free areas. Regarding materials, we
can say that GICs exhibit a wear rate five times higher than
amalgam and three times higher than resin composite mate-
rials [21] and their reputation did not change many, and they
are still considered as semi-permanent restorative material for
small to moderate class I and II fillings in permanent teeth
[22]. Dental hard tissue and restorative dental material losses
are caused by several mechanisms. However, wear tests are
based mainly on attrition depending on two-body interactions
and abrasion caused by three-body interactions [23].
Simulating oral conditions is the main goal of in vitro wear
tests. For years, toothbrush abrasion tests with or without
toothpaste slurry and machine-driven wear tests like the
ACTA machine have been widely used for investigating the
wear of dental materials [24].

In recent decades, however, it has been found that an ob-
jective wear qualification method providing numeric values
may also be needed in addition to a well-designed wear pro-
tocol. The best qualification method for wear tests has been
found to be the three-dimensional (3D) imaging. Contact pro-
filers, non-contact white light or laser scanners, and micro- or
cone computed tomography (CT) scanners are among 3D
wear qualification methods that are used in the research field
today [23]. Moreover, they provide storable 3D databases that
can be compared, and it is applicable to both the clinic and the
laboratory [25]. However, this method also has disadvantages,
including the need for specialised hardware and software, as
well as associated costs. Due to all these disadvantages, until
today, there are only a limited number of wear studies
implementing this technology. In our opinion, when their
costs decrease in a few years’ time, the use of these methods
will become widespread.

One of these abrasion test devices providing high-quality
focused optical 3D images is the confocal laser scanning mi-
croscopy (CLSM). In this technique, a computer is used to
reconstruct 3D objects from point-by-point images. It can be
used for surface profiling on opaque specimens and for imag-
ing interior structures on non-opaque ones. The image quality
of interior imaging is higher than that of simple microscopy, as
a confocal microscope permits imaging of different levels, as
opposed to the conventional imaging of simple microscopes
limited by light penetration. Moreover, confocal microscopy
allows intact, thick, living specimens to be sectioned optically
in a direct and non-invasive manner [26].

Aim of the study

Based on the lack in the literature about the comparison of the
effect of nano-filled resin coatings on the wear resistance of
HVGICs compared to resin composites, the aim of the present
study was to determine the toothbrush abrasion resistance of
two encapsulated HVGICs covered with resin or varnish coat-
ings in comparison to a resin composite using the CLSM
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method. The null hypothesis tested was that the nano-filled
resin-coated groups would wear similarly to the resin compos-
ite group.

Materials and methods
Materials and instruments

Two HVGICs—EQUIA Fil (GC Europe, Leuven, Belgium)
and Riva Self Cure (SDI, Bayswater, Australia)—were used
as the main materials, and Gradia Direct Posterior (GC
Europe) was used as the control. The composition, shade
and batch numbers of the restorative materials used in the
study are listed in Table 1. EQUIA Coat (GC Europe), a
nano-filled resin coating, and GC Fuji Varnish (GC Europe),
a classical varnish, were used to coat the sample surfaces; the
vertical loss on the surface of the material was tested with a
three-body toothbrush abrasion method at different cycle pe-
riods. A total of seven groups were studied: a positive control
group (resin composite), two negative control groups (non-
coated HVGIC groups), two resin-coated HVGIC groups
and two varnished HVGIC groups. The abbreviations of the
materials and the groups are listed in Table 2.

Preparation of samples

The samples were prepared according to the technical stan-
dards of ISO/TS 14569-1 [27] and ISO/FDIS 9917-1 [28]
(n = 8) in a flat plastic mould (15-mm length X 7-mm
width x 2-mm depth) at 23 = 1 °C and stored in SAGF medi-
um artificial saliva for 7 days before testing. The composition
of SAGF medium is listed in Table 3. The resin composite
sample was applied in the mould, covered with a polyester
strip to flatten the surface and polymerised with a halogen-
curing unit (Elipar TriLight; 3M ESPE, Seefeld, Germany) at
750 mW/em? for 80 s overlapping the surfaces due to the
wideness of the sample surface.

All encapsulated HVGIC capsules were activated with a
capsule applier first, then mixed (Silvermix90; GC Europe)
for 10 s and placed into the moulds with the capsule applier
according to the manufacturers’ instructions. Each sample
from the non-coated group was covered with a polyester strip
with slight pressure and stored for 3 min for initial maturation.
Then, the samples were stored in SAGF medium for 7 days as
well.

In addition to the preparation steps of the non-coated sam-
ples, the resin-coated and varnished samples were stored for
7 min in SAGF medium to simulate the clinical conditions
while the occlusion is adjusted and the patient is closing his
mouth before the application of the resin coating or varnish on
the upper surfaces of the samples. A colour pigment (0.01 %o
Rhodamine B isothiocyanate; Merck, Darmstadt, Germany)
was added to the resin coating and the varnish to make them
more visible for further analysis [15]. The varnish was applied
on the samples, and it was waited 2 min until they get dry. The
sample surfaces with resin coatings were polymerised for 40 s
with a halogen-curing unit (Elipar TriLight; 3M ESPE,
Seefeld, Germany) at 750 mW/cm? due to the large surface
area of the samples.

Then, all samples were left in artificial saliva for 7 days.
The examination between fractured and finished interface sec-
tions of HVGIC and the resin coating thicknesses were eval-
uated with scanning electron microscopy (SEM) (Leitz ISI SR
50, Akashi, Japan). The finishing procedure of the selected
specimens was performed using 1200-grit SiC paper under
water. Then, the specimens were dried and gold sputtered
under high vacuum. The SEM observation was operated un-
der 20-kVa acceleration voltage with backscatter electron
mode for improving the surface contrast. Resin coating thick-
nesses were measured from three different parts of randomly
selected three samples of each resin-coated group of the
HVGICs.

After the waiting period, the samples were embedded in
epoxy resin (Technovit 4071; Heraecus Kulzer GmbH,
Wehrheim, Germany) the day before testing and polished flat
with 1000-grit silicon carbide paper under constant water

Table 1  Composition, shade and batch numbers of the restorative materials used in this study (information provided by the manufacturers)
Name/manufacturer Material Composition Shade/batch
number

Gradia Direct Posterior (GC Europe, Resin composite Methacrylate monomers, silica, fluoro-alumino-silicate ~ A2/1004211
Leuven, Belgium) glass, prepolymerised filler, pigments, catalysts

EQUIA Fil (GC Europe, Leuven, Belgium) Encapsulated HVGIC Fluoro-alumino-silicate glass, polybasic carboxylic acid, A2/1005261

polyacrylic acid, water

Riva Self Cure (SDL, Bayswater, Encapsulated HVGIC Fluoro-alumino-silicate glass, polyacrylic acid A3/B1006112
VIC, Australia)

EQUIA Coat (GC Europe, Nano-filled resin coating Methyl methacrylate, colloidal silica, camphorquinone, ~ 0811121
Leuven, Belgium) (light-cured) urethane methacrylate, phosphoric ester monomer

GC Fuji Varnish (GC Europe, Classical varnish (self-cured) Isopropyl acetate, acetone, copolymer of vinyl chloride 0911271

Leuven, Belgium)

and vinyl acetate

@ Springer
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Table 2 Groups tested with

material combinations and their Group Material/combinations Abbreviations

abbreviations
Resin composite Gradia Direct Posterior CR
Non-coated EQUIA Fil EQUIA Fil NE
Non-coated Riva Self Cure Riva Self Cure NR
Resin-coated EQUIA Fil EQUIA Fil + EQUIA Coat RE
Resin-coated Riva Self Cure Riva Self Cure+ EQUIA Coat RR
Varnished EQUIA Fil EQUIA Fil + GC Fuji Varnish VE
Vamished Riva Self Cure Riva Self Cure + GC Fuji Varnish VR

cooling. Once polished, half of each resin composite and non-
coated sample was covered with one-sided adhesive tape. As
the resin coatings and varnishes were removed from the sur-
faces due to the polishing procedures, three quarters of the
upper surfaces of the samples were recoated and re-varnished.
Then, half of the surfaces of these samples were also covered
with one-sided adhesive tape (Fig. 1) to protect them from
abrasion and to create a reference surface. This procedure
provided the opportunity to measure the thicknesses of the
resin coatings and the varnishes as well.

A two-axis toothbrush abrasion testing machine (Willytec
GmbH, Grifelfing, Germany) and a computer-controlled
(Controller C 1421; CNC Software, Germany) stepping motor
were used together for the toothbrush abrasion experiment.
Four parallel steel arms with toothbrush holders were fastened
to the top of the two-axis table to enable vertical and horizon-
tal movements of the toothbrushes. One toothbrush head (Oral
B P-35, conic tip bristles, bristle @ = 190 um) was screwed to
each arm, and 100-g brass weights (equal to 1 N of force)
simulating the pressure of the patient during tooth brushing
were mounted over the head of each arm. The samples were
fixed in plastic containers with cylindrical steel sample
holders. Enough toothpaste slurry (described below) was
placed in the containers to sufficiently cover the samples.
The slurry was refreshed each day of the experiment to pre-
vent sedimentation. Brushing frequency, linear and diagonal
brushing distances and cycle numbers were programmed
through the software controls. A figure-eight brushing path

Table3  Composition of the SAGF artificial saliva medium (pH = 6.7)
Compound Concentration (mg )
NaCl 125.64
KCl 963.90
KSCN 189.20
KH,PO, 654.50
CO(NHp), 200.00
CaCl,2H,0 227.80
Na,SO4 10H,0 763.20
NH,Cl 178.00
NaHCO; 630.80
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was selected, with a linear brushing distance of 20 mm and a
diagonal brushing distance of 2 mm. The brushing frequency
was set at 1.25 Hz for 40,000 cycles, resulting in a total of 10 h
of brushing. Four samples could be tested at the same time.

The toothpaste slurry used as the abrasive medium was
mixed with a magnetic mixer until a 1000 g homogeneous
mixture was obtained. Commercial toothpaste (Elmex;
Gaba, Karlsruhe, Germany) was used as the compound of
the slurry (500 g), a 6.24-g concentration of a complex poly-
saccharide macromolecule (tragacanth E413; Merck,
Germany) was used as an emulsifying agent and stabiliser,
and glycerine (246.88 g) and deionised water (246.88 g) were
used based on ISO 11609 standards [29].

In the study, it was assumed that individuals brush their
teeth twice a day for an average of 2 min. There were a total
of four quadrants with three surfaces of teeth to be brushed. As
a toothbrush length will cover approximately three to four
teeth at the same time, each quadrant could be brushed in
two parts. Then, it was reasonable to assume that a 10-s abra-
sion on each tooth surface would effectively represent one
person’s daily tooth brushing habits. The toothbrush abrasion
test mechanism, based on a 1.25-Hz frequency for 10,000
cycles, was equivalent to 8000 s of abrasion. According to
this data, 10,000 cycles was calculated to be equivalent to
800 days (~2 years) of brushing. Therefore, the wear of the
samples was measured four times: at 2500- (~6 -month
brushing time), 7500- (~18-month brushing time), 20,000-
(~4-year brushing time) and 40,000-cycle periods (~8-year
brushing time).

Test procedure

At 2500; 7500; 20,000; and 40,000 cycles, the samples were
removed from the machine, the adhesive tape was peeled from
the surfaces, and the samples were rinsed under running water.
Then, duplicate models were prepared with polyvinyl siloxane
impression material (Panasil Light; Kettenbach, Germany)
and polyurethane replica material (AlphaDie Top; Schiitz
Dental, Rosbach, Germany). After that, the one-sided adhe-
sive tape was replaced in the same position under %10 magni-
fication with a light microscope, and the samples were again
fixed in their containers. The abrasion depths of the duplicate
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Fig. 1 Schematic view of resin-
coated/varnished (/eff) and non-
coated (right) test samples

models were evaluated with CLSM (TCS SP2; Leica,
Bensheim, Germany) in x10 reflectance mode (488-nm
wavelength).

The CLSM technique practically obtains a focal depth,
which is controlled and highly limited. An objective lens fo-
cuses a laser beam, sent through the aperture of a light source,
onto the surface of the specimen [26]. Reflected laser light and
fluorescent light emitted from the focal point are reflected
back through the objective lens. A beam splitter into the de-
tection equipment, which blocks the original wavelength and
permits fluorescent wavelengths by means of a filter, separates
part of the light. Intensity of the light that passes through a
pinhole is determined by a photo detection device, which con-
verts the light into an electrical signal for a computer to record
[30]. The detector aperture blocks light that is not emitted
from the focal point. The pinhole blocks most of the returning
light, thus yielding sharper images than conventional fluores-
cence microscopy techniques. The light emitted by an illumi-
nated spot on the specimen creates each pixel of the image.
When an image is obtained as the laser scans a surface, pixels
in the image correspond to detected light intensity. The laser
beam is scanned horizontally by means of oscillating mirrors.

A randomly selected 1.5 x 1.5-mm? section on the border-
line of the covered surface and the abraded surface was eval-
uated from each duplicate at every cycle period. The Leica
Application Suite (LAS) (Leica, Bensheim, Germany) soft-
ware was used for that purpose. The vertical wear loss of the
duplicates was calculated with the software as the height dif-
ference between the highest and the deepest points in the
graphic (Fig. 2). The mean of three measurements from dif-
ferent parts of the section of each duplicate was recorded.

Statistical analysis

The SPSS 18.0 (SPSS, Chicago, IL, USA) software program
was used for the statistical analysis of the data. One-way
ANOVA and Tukey’s HSD tests were used to determine the
differences between the groups. Repeated measures ANOVA
and Bonferroni tests were also applied to determine the differ-
ences between cycle periods at a 0.05 significance level.

One-side adhesive tapes One-side

adhesive tapes
Non-coated surface
Non-coated and

Coated and covered covered surface

surface

Coated test surface Non-coated

test surface

Epoxy resin Epoxy resin

Results

SEM analysis showed that the mean thickness of the resin
coatings applied on HVGICs was 5 to 10 um, depending on
the tested samples. As the application procedure of the resin
coating was without air blowing, the variation in thickness of
this layer was expected (Fig. 3).

The mean values (in wm) and standard deviations of the
wear loss of the tested groups with increasing cycle periods
and the total wear loss including the coatings at 40,000 cycles
are shown in Table 4.

Three-dimensional topographic CLSM images were eval-
uated for each specimen at various cycle periods. The vertical
wear losses were measured on graphic profiles (Fig. 4).
Repeated measures ANOVA and Bonferroni test results of
wear depth for each group revealed significant paired differ-
ences among the various cycles at the 0.5 level. The surface
varnishes of the EQUIA Fil and Riva Self Cure groups were
totally abraded at 2500 cycles. Despite that result, the resin
coatings of the EQUIA Fil and Riva Self Cure groups were
still on the surface after 20,000 cycles.

The restorative material-based abrasion depths of the tested
resin composite (5.06 + 0.54 pm) and resin-coated groups (RE
4.06 £ 1.68 pm and RR 4.73 £ 2.44 um) were found less than
the half of the wear loss produced by the non-coated HVGIC
groups (NE 10.26 £ 1.74 um and NR 10.75 £2.11 um) at the
end of the 40,000 cycles (p < 0.05). Similarly, the second
highest restorative material-based wear losses occurred in
the varnished HVGIC groups (VE 9.08 = 1.70 um and VR
8.15 £ 0.55 wm). Therefore, the wear resistance of the
varnished and non-coated HVGIC groups was significantly
weaker than that of the control resin composite and the
resin-coated HVGIC groups (p < 0.05).

Due to the protection of the resin coating, the HVGIC ma-
terials with resin coatings abraded less than the resin compos-
ite group tested (RE 4.06 = 1.68 um and RR 4.73 £ 2.44 um).
However, there were no significant differences between the
statistical data of the resin-coated HVGIC and the resin com-
posite groups. The null hypothesis tested was that the resin-
coated groups would wear similarly to the resin composite
tested was then accepted. Furthermore, the resin-coated
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Fig.2 A randomly selected 1.5 x 1.5-mm? section on the border line of abraded surface (leff). Vertical wear loss graphical profiles of abraded samples

from toothbrush wear test (right)

HVGIC groups showed significantly higher wear resistance
rate compared to all the other HVGIC groups at 40,000 cycles
(p <0.05). If we include the wear of the coatings to the general
material wear loss at 40,000 cycles, the total wear loss is quite
similar for all HVGICs, regardless of the protection with var-
nish or resin coating.

Discussion

Abrasive wear is defined as a progressive loss of material
caused by a solid surface or some abrasive particles harder
than the wearing solid surface [31]. Size, shape and type of
abrasive particles; applied surface pressure; type of pressure;

Riva Equia-Coat Pr3 detail2

Fig. 3 The thickness of the resin coating on the upper surface of the
HVGICs measured by SEM at x200 magnification

@ Springer

and the properties of the wearing surface are some of the
conditions that may affect this process [32]. Material loss
due to abrasive particles occurs by four different mechanisms:
micro-cutting, microfracture, pull-out of individual grains and
accelerated fatigue by repeated deformations. Two-body and
three-body abrasive wear tests are two major types of abrasive
wear that may occur in dental materials [32].

In the three-body wear test, hard free-particles roll and slide
between two solid surfaces. The wear mechanisms of three-
body abrasive wear are not totally known, but abrasive and
fatigue wears seemed to have key roles [23]. In contrast to
two-body wear, higher wear loss values are obtained in the
three-body wear test due to the higher surface pressures ap-
plied. As three-body wear test was an easier, time-saving and
cheaper abrasion test method, we decided to use this wear test
with toothpaste slurry in our study.

The evaluation of wear by measuring the weight loss of
materials [33, 34] and SEM observations [35] are commonly
used techniques in wear studies. Recently, CLSM measure-
ments were also used because they are more objective and
time saving than the other techniques due to 3D computerised
imaging [15, 36]. The CLSM method, which permits variable
scanning speeds, often has low reaction latency. Slower scans
have higher contrasts and resolutions due to a higher signal to
noise ratio. The microscope stage or objective lens can be
raised or lowered to obtain data from different levels.
Certain software can be used to create 3D or 2D images using
stacks composed of successive slices [25]. In order to increase
the visibility of selected objects, fluorescent dyes can be used,
in low concentrations, to treat biological samples without
causing disturbances [30].

Different toothbrush simulator designs have been used in
previous studies. However, there has been no consensus re-
garding the standard for toothbrush abrasion tests in terms of
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Table 4 Mean (SD) in micrometer of wear loss at different cycles and the total wear loss including the coatings at 40,000 cycles

Groups Initial coating thickness 2500 cycles 7500 cycles 20,000 cycles 40,000 cycles 40,000 cycles (total wear
(material-based wear loss) loss + coating wear)
RC 0.00 0.33(0.03) f 0.95(0.10) § 2.53(0.20) % 5.06 (0.54) *c 5.06 (0.54) ¢
NE 0.00 0.65 (0.09) 2.69 (0.29) § 5.10(0.79) & 10.26 (1.74) *ab 10.26 (1.74) b
NR 0.00 0.64 (0.10) T 2.57(0.56) § 5.27(0.83) f 10.75 (2.11) *a 10.75 2.11) b
RE 7.01 (2.30) 0.72 (0.13) T 1.31(0.11) § 3.76 (0.41) & 4.06 (1.68) *c 11.07 (1.01) b
RR 5.85(1.04) 0.52(0.13) 1.36 (0.16) § 421(0.29) & 4.73 (2.44) *c 10.58 (1.94) b
VE 4.10 (0.48) 4.72(0.54) 6.32(0.57) § 9.18 (0.53) & 9.08 (1.70) *ab 13.17 (1.68) a
VR 4.90 (1.21) 523(1.34) 7 6.66 (1.34) § 9.12(1.25) & 8.15(0.55) *b 13.04 (1.30) a

Means for 40,000 cycles groups in the same column followed by different letters differ significantly (p < 0.05). Means for each group in same line until
the 40,000 cycles material based wear loss followed by different symbols differ significantly (p < 0.05)

setting the parameters and applications for simulating oral
conditions. Vertical loads of 1-3 N or 100400 gf at different
numbers of cycles had been used successfully in previous
studies [35, 36] as an average applied force by a patient while
tooth brushing. As a result, 100-g brass weights equal to a
vertical load of 1 N were used in this study as a relevant
parameter. Specimen weight losses have typically been used
for measuring the two-body wear of restorative materials and
tooth hard tissues in most studies [34, 35, 37]. Only few stud-
ies have been conducted on three-body wear depth measuring
techniques of restorative materials, especially for conventional
GICs; therefore, it is difficult to compare our results with those
of other studies. However, we can say that our wear results
follow the overall trend previously described in the literature.

The application of coatings is a common protective ap-
proach for GICs. In particular, resin coatings are effective in
reducing the initial water contamination that plays a key role
in the maturation and improvement of the mechanical durabil-
ity of the material. Although nail varnishes have provided the
best results in some studies [38, 39], the presence of toluene, a
harmful component of nail varnish, is a valid reason to prefer
resin coatings in clinical situations [38]. SEM observations in
previous studies have shown the average thicknesses of dif-
ferent resin coatings without the use of air-blowing to be 6—
12 wm [34], 13.8-17.2 um [36] and 40—70 um [15], depend-
ing of the product that had been used and the number of its
applications. In this study, the average thickness of the one-
coat resin coating Equia Coat was measured with SEM and

was found to be 5 to 10 um depending on the samples.
Education in dental practice produces dexterity, and increased
dental experience improves the handling abilities of clinicians
influencing the obtained coating thicknesses. Moreover, one
should keep in mind that the viscosity of the resin used and the
number of applications would play a key role in the thickness
of'this layer. Therefore, the handling sensitivity of researchers
based on whether or not they are clinicians could have an
effect on these extreme differences in average thicknesses ob-
served in previous studies.

The resin coating layer is not only protecting the GICs from
initial water contamination but also aiming to improve their
physical properties and wear resistance as well. In 2011,
Lohbauer et al. [15] made an in vitro study to compare the
effect of a resin coating, G-Coat Plus, on the three-point frac-
ture strength (FS) and three-body wear of Fuji IX GP Extra
GIC. According to their findings, it is needed to resin coat the
GIC surface to improve its mechanical strength and wear re-
sistance. Similarly, a year later, Bonifacio et al. [40] measured
the FS and wear of coated vs uncoated Fuji IX GP Extra
specimens and concluded that the resin coating improved the
FS and wear resistance of the GIC tested. More recently, Diem
et al. [41] conducted an in vivo study with the ART technique
in field conditions comparing EquiaFil with and without coat-
ing (Equia Coat) to a resin composite. After 3 years, they
concluded that EquiaFil, regardless of the coating application,
showed acceptable clinical performance compared to the test-
ed resin composite. However, even if the difference was not

Fig.4 CLSM 3D topographical views of typical coated samples at different cycle periods (a initial coating thickness, b 2500-cycle period, ¢ 7500-cycle
period, d 20,000-cycle period, e 40,000-cycle period)
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relevant in clinical situations, according to the cast obtained
from these restorations, the application of Equia Coat was
found beneficial in reducing the wear of this GIC clinically
in class I restorations.

Until today, many in vitro studies have been performed in
order to evaluate the influence of different resin coatings on
the abrasion wear rate of GICs. In 2013, Gando et al. [35]
abraded samples of resin-coated bovine incisor dentin surface
in toothpaste slurry at 1.66 Hz with 300-gf surface pressure
and measured an average abrasion depth of 4-6 um for two
different resin coatings (Shield Force; Tokuyama Dental,
Tokyo, Japan and Hybrid Coat; Sun Medical, Moriyama,
Japan) with SEM observations at 20,000 cycles. In our study,
100 gf of surface pressure was applied at a frequency of
1.25 Hz. As the resin coating was still on the surface of the
samples at the end of 20,000 tooth brushing cycles, the aver-
age abrasion depth of EQUIA Coat was measured as
3.76 £ 0.41 pm for EQUIA Fil and 4.21 + 0.29 pum for Riva
Self Cure. Even different resin coatings were evaluated in
Gando et al.’s study, we can still say that the abrasion depth
results of EQUIA Coat were in the same range as the other
resin-based coatings tested.

In another study performed by Belli at al. [36], the
wear losses of one flowable hybrid resin composite and
two conventional and eight self-adhesive resin cements
were evaluated with the ACTA machine and a tooth-
brush abrasion test with toothpaste slurry at 1.25 Hz
with a load of 100 gf (1 N). Even if the study was
not recent, the parameters of the toothbrush abrasion
test and the CLSM technique used to evaluate the wear
depth of the materials were similar to our study. They
found an abrasion depth of 2.44-8.70 um for all tested
groups at 20,000 cycles of tooth brushing. The value of
3.83 £ 1.65 um was obtained for the tested flowable
hybrid resin composite samples. In our study, at 20,
000-cycle periods, the average wear loss values of
non-coated HVGICs were found to be 5.10 £ 0.79 um
for EQUIA Fil and 5.27 + 0.83 um for Riva Self Cure,
and the mean wear depth of the resin composite Gradia
Direct Posterior was found 2.53 £ 0.20 um. As all the
testing conditions were the same (pressure force, fre-
quency, toothpaste slurry and type of machine used for
toothbrush abrasion), the results of our study were in
the same range as the results of Belli et al.’s study.

Bonifacio et al. [40] conducted a three-body wear test
with the ACTA machine using two different HVGICs
(Fuji IX GP eXtra and Ketac Molar Applicap) and a
light-cured resin coating (G-Coat PLUS). They tested
non-coated and resin-coated groups at the end of the
first and fourth days of storage at 200,000-cycle pe-
riods. After the storage times were completed, the
non-coated Fuji IX GP eXtra samples (day 1, 93 um;
day 4, 70 um) were significantly more abraded than the

@ Springer

tested resin-coated Fuji IX GP eXtra samples were (day
1, 54 um; day 4, 46 um). The results of our three-body
wear test were comparable with those of Bonifacio et
al.’s ACTA test for Fuji IX GP eXtra (now called as
EQUIA Fil).

To see the comparison of the wear rates between resin-
coated and non-coated groups is important in order to observe
the effect of these coatings on direct restorative glass
ionomers. As the average abrasion depth of the resin compos-
ite tested was half that of the non-coated groups and almost the
same as that of the resin-coated encapsulated HVGIC groups,
the surface protection provided by EQUIA Coat seems to
benefit encapsulated HVGICs in terms of wear. However,
the results of short-term and long-term clinical studies on re-
inforced encapsulated HVGICs and resin-coating combina-
tions would be beneficial for identifying the clinical perfor-
mance and the limits of the HVGICs, as the results of in vivo
and in vitro studies may differ.

Conclusion

Within the limitations of this study, we can say that the chem-
ically cured classical varnish GC Fuji Varnish provided a neg-
ligible contribution to the wear potential of HVGICs.
However, the application of the resin coating EQUIA Coat
had a significant protective effect on the wear resistance of
EQUIA Fil and Riva Self Cure until 20,000 cycles. Since the
wear of this resin coating is less than that of HVGICs, the
overall material loss is consequently lower making the tested
GICs as wear resistant as the resin composite Gradia Direct
Posterior tested after a wear simulation testing period corre-
sponding to 8 years of wear. However, if we consider the total
wear loss including the thickness of the coatings as well, the
wear results were similar in both HVGISs regardless of the
coatings applied.
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