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ABSTRACT

High viscous glass ionomer cement (HVGIC) was recently developed for atraumatic restorative
treatment (ART). However, its moisture sensitivity remains a limitation thus protective coating
application is recommended. This study investigated the effect of resin coating on the surface roughness
and microhardness of two HVGICs (Riva Self Cure HVGIC [RV] and Equia® Forte Fil [EQ])
conditioned in food-simulating liquids (FSLs). Fifty standard disc-shaped samples were fabricated using
customised stainless-steel mould (10 X 2 mm). Coating was applied on top surface of all samples and
subsequently divided into five groups: air (control), distilled water, 0.02 N citric acid, heptane and 50%
ethanol-water solution. The samples were conditioned in FSLs at 37°C for seven days. Subsequently,
the surface roughness and microhardness of samples were measured using optical profilometry and
microhardness tester, respectively. SEM analysis was done for qualitative observation of surface
morphological changes. Data were analysed using one-way ANOVA, two-way ANOVA and post-
hoc Tukey’s test (a« = 0.05). Interestingly, the results revealed that surface roughness was significantly
influenced by FSLs immersion, presence of coating and the materials itself (p < 0.001). The lowest
surface roughness was found on control coated samples: RV (50.98%4.25) nm and EQ (62.7713.92)
nm, while the highest values seen on uncoated surfaces in citric acid: RV (505.26%31.10) nm and EQ
(350.33+15.36) nm. RV samples had the lowest microhardness of 54.97+2.48 Vickers hardness number
(VHN) post-immersion in citric acid. In conclusion, with the exception of RV conditioned in heptane
and ethanol, the uncoated HVGICs generally had higher surface roughness than the coated HVGICs.
HVGICs conditioned in citric acid showed the most significant increase in surface roughness and
reduction in microhardness.
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INTRODUCTION agent (type I), restorative material (type II)

and lining (type III) is attributed by its
Glass ionomer cement (GIC) was first aesthetic appearance, biocompatibility to oral
developed in the 1970s (Wilson & Kent, cavity, chemical bonding to tooth structure

1971). Its wide usage in dentistry as luting agd fluoride-releasing properties (Sidhu &
Nicholson, 2016).
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Over the years, the alteration of GIC’s
material formulation sought to enhance
the cement in aspects such as fluoride-
releasing, moisture sensitivity, mechanical
and antibacterial properties. For example,
fibre-reinforcement, resin-modification and
metal powders additives were incorporated to
reinforce the material (Lyapina ez al., 2016)
while coumarin derivatives were added to
synergize with the fluoride-releasing property
to elevate the anti-cariogenic activity of GIC
(Azlisham er al., 2017). Besides additives,
filler properties such as size, morphology,
distribution, amount of particles and bonding
interface between particles had been proven
to influence surface profile of GIC (Gladys
et al., 1997) while other studies demonstrated
that the incorporation of nanoparticles to
GIC gave higher mechanical values as a
result of wider particle size distribution
(Moshaverinia er al., 2008).

Surface roughness of a restorative material
is crucial as it proved that surfaces which
exceed the threshold value of Ra = 200
nm, contributes to increase bacterial
accumulation and caries (Bollen ez al.,
1997). Moreover, mechanical strength of a
restorative material determines its resistance
to masticatory stress in the oral cavity that is
on average, range between 5 MPa to 20 MPa
at a frequency of 2 Hz (Braem ez al., 1994).

High viscous GIC (HVGIC) has gained
popularity in  contemporary  dentistry
recently, especially in paediatric dentistry,
where this material is considered a viable
option to restore dental caries lesions (Berg
& Croll, 2015). HVGIC has a different
powder-liquid ratio, particle size and
distribution compared to conventional GIC
which strengthen the mechanical properties
of the material (Friedl er al., 2011). Due to
its bulk application, this material is easy to
handle with acceptable physical-mechanical
properties. In addition, this material presents
good biocompatibility and chemical adhesion
to tooth structures, as well as the ability to
release fluoride (Yildiz er al., 2016; Hesse
et al., 2018), hence, minimising caries by
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forming fluorapatite crystals, which are more
acid resistant (Perrin ez al., 1994).

In early 1990’s, HVGIC was developed
for use in atraumatic restorative treatment
(ART) (Yilmaz er al., 2006), a treatment
done without electricity or conventional
dental chair (Frencken ez al., 2004).
However, HVGIC has some limitations such
as sensitive to moisture, low mechanical
strength, rough surface and porous (Yildiz
et al., 2016). For instance, during setting,
similar as GIC, HVGIC has to be protected
from moisture contamination that may lead
to surface wear and reduced translucency
due to dissolution of metal cations. In
addition, the maturation of GIC and HVGIC
that occur 24 hours after it has set also needs
to be protected from dehydration to avoid
microcracks which significantly compromise
the mechanical strength of the restoration
(Hesse et al., 2018), subsequently rendering
the surface more prone to erosion and
abrasion (Gemalmaz ez al., 1998).

A previous study revealed that nano-
filled protective coating (NPC) had more
protective effect on the clinical wear of
approximal GIC restorations in primary
teeth compared to petroleum jelly (Hesse
et al., 2018). Similarly, recently introduced
bulk-fill reinforced GIC, Riva Self Cure
HVGIC (RV) and Equia® Forte Fil (EQ)
were recommended to be used together with
respective NPCs (Riva Coat and Equia®
Forte Coat) by manufacturers. EQ showed
that with the application of a multifunctional
monomer layer, “microlaminate”
restorations  with  improved  physical
and aesthetic properties are achieved. A
prospective six-year clinical trial using
the “microlamination” technique proved
the reliability of this restorative approach
(Tirkin & Kanik, 2016). However,
information regarding the influence of food-
simulating liquids (FSLs) on the surface
roughness and microhardness of coated
and uncoated HVGICs is still lacking in the
literature.



Therefore, the objectives of this study
were to compare the surface roughness
and microhardness of RV and EQ after
conditioning in different FSLs. The
effect of resin coating on the properties
of these HVGICs were also evaluated.
The null hypotheses were that there were
no differences in surface roughness and
microhardness of both HVGICs, with and
without coating as well as after conditioning
in FSLs.

MATERIALS AND METHODS

Materials

The materials evaluated in this study were
SDI RV and GC America EQ. Details of
the materials and their technical profiles are
shown in Table 1.

Samples Preparation

A total of 50 (n = 50) samples each were
made for both RV and EQ. The disc-shaped
samples were prepared using a customised
stainless steel mold (10 mm X 2 mm). The
top and bottom surfaces of the mold were
covered with cellulose acetate matrix strip
to ensure smooth surfaces of the samples.
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Excess material was removed by compressing
the molds between two matrix strips with
glass slides before light cured for 20 sec.
Riva Coat and Equia® Forte Coat were
applied over the top surfaces of all RV and
EQ samples respectively and light cured for
20 sec with light curing unit (Bluephase N,
lycolar Vivadent, Schaan, Liechtenstein,
high power, wavelength of 1,200 mW/cm?)
according to manufacturers’ instructions,
while the bottom surfaces were left uncoated.
The coated surfaces were marked to
differentiate it from the uncoated surfaces.
All samples were subsequently measured
with a digital caliper (Mitutoyo Corporation,
Kawasaki, Japan) to ensure size consistency.
The samples were then incubated in an
incubator (Memmert Incubator IN750,
Germany) for 24 h at a temperature of 37°C,
with 100% humidity for post cure. The
samples were randomly divided into five
groups (7 = 10); distilled water, 0.02 N citric
acid, heptane, 50% ethanol-water solution
and air (control) (see Table 2). All samples
were conditioned in respective FSLs at 37°C
for seven days. After conditioning, samples
were gently dabbed dry with absorbent paper
before subjected to surface profilometry and
microhardness test.

Table 1 Brief technical profile and manufacturers of the materials used in the study

Material Type and
. .- Manufacturer Method of Resin/ Liquid Filler/ Powder
(Abbreviation) .
Curing
Riva Self Cure SDI HVGIC Acrylic acid homopolymer, Strontium
HVGIC (RV) Bayswater, (self-cured) 2-hydroxyethyl methacrylate, fluoroaluminosilicate
Australia dimethacrylate cross-linker, glass, polyacrylic acid
acid monomer, tartaric acid copolymer powders,
pigments
Riva Coat NPC Multifunctional monomers Nano-filler
(RV Coat) (Light cured)
Equia® Forte Fil (EQ) GC Industrial HVGIC Aqueous polyacrylic acid Strontium
Co., Tokyo, (Self-cured) fluoroaluminosilicate
Japan glass, polyacrylic acid
Equia® Forte Coat NPC Methyl methacrylate, colloidal Nano-filler
(EQ Coat) (Light cured) silica, camphoroquinone,

urethane methacrylate,
phosphoric ester monomer
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Table 2 Samples grouping based on immersion in
different FSLs

Medium/condition of food simulating

Groups

liquids

1 Air (control)
Distilled water
0.02 N Citric acid
Heptane

v A W N

50% Ethanol-water solution

Surface Roughness Analysis

Surface roughness of each sample was
measured using the 3D Optical Surface
Texture Analyzer (ALICONA, InfiniteFocus
Real3D, Belgium). The magnification was
fixed at 20X while the vertical and lateral
resolutions were automatically set at 308 nm
and 2.93 um, respectively. The average
roughness value, Ra (average peaks and
valleys on a surface) as a numeric value (in
nanometers), was taken as the mean of Ra
measured in five different locations on each
sample. The measurements calculated and
tabulated as mean and standard deviation.

Microhardness Measurements

The microhardness of each sample was
tested post-conditioning using a fully
automated microhardness tester (Shimadzu
Corp, Kyoto, Japan) to attain the
Vickers hardness number (VHN). Three
indentations were made on each sample
(both sides) wusing a pyramidal shaped
diamond penetrator with a square base and
an angle of 136°, with a fix load of 50 g for
15 sec dwell time. The measurements were
then translated to the microhardness value
as VHN. The mean values and standard
deviations of VHN from three different
locations of each sample were calculated and
tabulated.

Scanning Electron Microscopy Analysis

Samples from each group was randomly
selected and prepared for qualitative
observation of the surface morphological
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changes using scanning electron microscope
(SEM) (Quanta-FEG 50, FEI, Germany).
Samples were mounted on metallic stubs,
dried at 37°C, sputter-coated with gold and
viewed under vacuum at an acceleration
voltage of 10 kV. micrographs images were
obtained at 3000X magnification.

Statistical Analysis

Statistical analysis was performed using
Statistical Package for the Social Sciences
(SPSS) software (version 12.0.1, SPSS Inc,
Chicago, IL, US). Data were checked for
normality using the Kolmogorov-Smirnov
and Shapiro-Wilk test and were found to be
normally distributed. Therefore, parametric
analysis with post-hoc Tukey’s test was used
to determine significant differences among
materials at a significance level p < 0.05.
Interactions between independent variables
(namely test materials, presence of coating
and FSLs) were evaluated using two-way
ANOVA while one-way ANOVA were
conducted to establish the inter-medium
differences in the microhardness test. Both
ANOVA were conducted at 95% confidence
interval.

RESULTS

Surface Roughness

Tables 3 and 4 show the means and standard
deviations of surface roughness of coated
and uncoated RV and EQ, respectively.
In general, two-way ANOVA revealed a
statistically significant influence of “FSLs
immersion” (p < 0.001), “presence of
coating” (p < 0.001) and “test materials”
(p < 0.001) on surface roughness for both
materials tested. The interaction between
“FSLs immersion” and “presence of
coating” on surface roughness of samples
was significant (p < 0.001). Likewise, there
was a significant interaction between “FSLs
immersion” and “test materials” (p < 0.001)
on surface roughness of samples.
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Table 3 Means and standard deviations of surface roughness (Ra) of coated and uncoated RV

in different FSLs

Solutions

Coated (nm)

Uncoated (nm)

Air (control) 50.98+4.25% 196.42+17.5132
Distilled water 71.3446.37% 206.39+18.782
0.02 N Citric acid 420.13+25.445! 505.26+31.10P2
Heptane 275.52426.27¢" 194.54+£16.42%2
50% Ethanol-water solution 241.94+23.78%" 193.45+18.62%2

Notes: Different superscript letters indicate statistical difference between rows (FSLs immersion). Different
superscript numbers indicate statistical difference between columns (presence of coating).

in different FSLs

Solutions

Coated (nm)

Table 4 Means and standard deviations of surface roughness (Ra) of coated and uncoated EQ

Uncoated (nm)

62.77+3.92%"
134.4 £11.28"

Air (control)

Distilled water
0.02 N Citric acid 156.98+9.19%
Heptane 130.08+6.30""

50% Ethanol-water solution 139.4 £8.215!

189.6 £9.50*2
341.25+£12.942
350.33+15.36°2
291.72+9.71<?
346.83+9.982

Notes: Different superscript letters indicate statistical difference between rows (FSLs immersion). Different

superscript numbers indicate statistical difference between columns (presence of coating).

Post-hoc  Tukey’s test showed that
statistically there was no difference in the
surface roughness values of coated and
uncoated RV samples after immersion in
distilled water when compared to control
(p = 0.119). Significantly higher roughness
values were observed in RV coated samples
after immersion in citric acid, heptane
and ethanol (p < 0.001) while the highest
roughness values were seen in citric acid for
both coated and uncoated samples. Overall,
uncoated RV samples were significantly
rougher than the coated samples (p < 0.05)
except for samples immersed in heptane
and ethanol where coated samples were
significantly rougher than the uncoated
samples (p < 0.05) (see Table 3 and Fig. 1).
For EQ, generally the surface roughness
values of all samples significantly increased
after immersion in FSLs as compared to

control (p < 0.05) with uncoated samples
significantly rougher than coated samples
(p < 0.05) (see Table 4 and Fig. 1).

Microhardness

The means and standard deviations of
microhardness in VHN of the samples
are shown in Table 5. One-way ANOVA
revealed that immersion of both RV and
EQ uncoated samples in citric acid resulted
in a significant reduction of microhardness
as compared to control (p < 0.001).
Besides, there was a significant increase in
microhardness of uncoated EQ samples after
immersion in heptane as compared to control
(p < 0.05). Whereas, RV samples immersed
in citric acid had the lowest microhardness
value of 54.97%2.48 VHN.
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The results also revealed that the indentation
from the applied load formed on the coated
surface (see Fig. 2a) of a RV samples was
a cross-shaped indentation instead of a
typical diamond-shaped Vickers indentation
as shown on the uncoated surface (see
Fig. 2b). The indentation on the coated

600
500
400

300

200

Surface roughness, Ra (nm)

100

IANNANAANNANNAN

Distilled water

Control

Citric acid

surface did not have well-defined points
of measurement, thus a VHN cannot be
determined. On the contrary, VHN can
be calculated on the uncoated surface as
the indentation was distinct and clear (see
Fig. 2).

O RV coated
®| RV uncoated
I EQ coated
&2 EQuncoated

Heptane Ethanol

Fig. 1 Means and standard deviations of surface roughness values of all test materials in different FSLs.

Table 5 Mean VHN with standard deviations of uncoated test materials in different FSLs

Solutions RV

Air (control) 97.60+5.25

Distilled water 103.28+9.88
0.02 N Citric acid 54.97+2.48"
Heptane 101.92+7.71

50% Ethanol-water solution 95.28+4.62

p EQ p

- 105.10+9.19 -
0.306 110.01+9.31 0.557
0.000 89.22+7.32* 0.000
0.578 115.96+3.00% 0.013
0.930 101.67+2.86 0.826

Note: *statistically significant difference (p < 0.05)

(a) Coated surface

(@) Uncoated surface

Fig. 2 Vickers hardness test images of RV samples, (a) coated and (b) uncoated surfaces at control.
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SEM Analysis

Figs. 3 and 4 showed that all uncoated
samples presented with microcracks for
control and post-immersion in FSLs as
pointed by the black arrows. The amount
of microcracks visible on uncoated surfaces
of both RV and EQ immersed in citric acid
was more than that of control. White arrows
indicate visible filler content within both RV
and EQ at control and post-immersion in all
FSLs except for citric acid. Pits were absent
on uncoated surfaces of both RV and EQ
in the control and distilled water but were
present in all other solutions as indicated
by yellow arrows. On the contrary, no filler
content, microcracks and pits formation were
visible on all of the coated surfaces for both
RV and EQ at control and post-immersion in
FSLs.

DISCUSSION

In this study, the effect of resin coating on
surface roughness and microhardness of
both HVGICs (RV and EQ) conditioned
in different FSLs were analysed. It was
revealed that the surface roughness
and microhardness were material and
conditioning medium-dependent, hence the
null hypothesis was rejected.

The FSLs used for conditioning HVGIC
materials in this study were based on
the guidelines from Food and Drug
Administration (1976), for example, distilled
water to simulate the wet environment of
oral cavity provided by saliva and water;
citric acid and ethanol to mimic acidic
and certain beverages including alcohol,
vegetables, fruits, candies and syrups; and
heptane to simulate animal and vegetable
fat such as butter, fatty meats and vegetable
oils. The continuous seven days conditioning
period of HVGIC materials at 37°C prior to
testing though reported to provide the most
remarkable differences in physical properties
of restorative materials (Kao, 1989), may
appear rather extensive as restorations
contact with foods and liquids only briefly
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and sporadically during function. Therefore,
the current test results may exaggerate the
effects of food substances and liquids
vivo. However, continuous exposure may
occur i vivo as chemicals are absorbed by
adherent debris (such as calculus or food
particles) at the margins or grooves of
restorations (Yap & Wee, 2002; Akova
et al., 2006). Presence of saliva may reduce
or balance the action of these chemicals;
unfortunately, this buffering effect of saliva is
not able to be simulated in this study.

Bollen et al. (1997) reported that the
surface roughness threshold value for
plaque retention was Ra = 200 nm. In the
present study, the mean surface roughness
values of both uncoated control RV and
EQ surfaces were below the threshold value
of (196.42%£17.51) nm and (189.61%9.50)
nm, respectively. This could be due to
the use of cellulose acetate matrix strip
during sample preparation that provides
smoother surface finish of sample surfaces.
This was proven when Bagheri er al. (2007)
showed that GIC surface was smoother
than polishing it when matrix strip was
used. At post-immersion, surface roughness
of all uncoated samples were significantly
increased (p < 0.001). For distilled water and
50% ethanol-water solution, the increased
surface roughness can be attributed from
water sorption into resin matrix of HVGICs
which has a dissolution and degradation
effect (Sideridou & Karabela, 2011). The
erosion of HVGICs by 0.02 N citric acid
was due to the diffusion of H* ions into the
glass ionomer contents of which the quantity
is directly proportional to the pH value of
the solution. H* ions replaced metal cations
and bind to polycarboxylic acid molecules
while the latter were released to the surface,
producing peaks and troughs, which in turn
rendering the surface rougher (Fukazawa
et al., 1987). This could explain why SEM
images of both RV and EQ uncoated samples
conditioned in citric acid (Figs. 3 and 4)
presented with more microcracks and pits
while filler contents were not visible within
the HVGICs.
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Solutions

Uncoated surface Coated surface with RV Coat

Air (control)

Distilled water

0.02 N Citric acid

Heptane

50% Ethanol-water solution

Fig.3 SEM images of uncoated and coated surfaces of RV samples at 3,000x magnification.
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Solutions
Uncoated surface Coated surface with EQ Coat

Air (control)

Distilled water

0.02 N Citric acid

Heptane

50% Ethanol-water solution

Fig.4 SEM images of uncoated and coated surfaces of EQ samples at 3,000x magnification.
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With the exception of RV conditioned in
heptane and ethanol, coated surfaces were
relatively smoother than uncoated samples.
SEM images of coated RV and EQ samples
showed no microcracks and pits in all FSLs
and control. This observation can be due to
the sealing of surface porosities and cracks by
NPC (Lohbauer et al., 2011). Various studies
had been investigating the effect of surface
protection on GIC by petroleum jelly and
NPC against moisture contamination. The
present study was in agreement with Hesse
et al. (2016) where they reported the surface
coated with NPC exhibited lower Ra values
and the survival rate of conventional GIC in
approximal ART restoration was increased
by application of NPC. Diem er al. (2014)
also reported that application of G-Coat
Plus provided wear resistance on Fuji IX
GP Extra. In contrast, Pacifici er al. (2013)
reported that the presence of coating had
no significant effect on surface roughness of
resin modified GICs and HVGICs. Likewise,
Lohbauer ez al. (2011) also showed that the
application of coating did not improve the
wear resistance of GIC although it provided
a proper sealing for surface porosities and
cracks. This could explain why in the
present study, the surface roughness of RV
coated samples conditioned in heptane and
ethanol was higher than that of the uncoated
samples. Another reason could be due to the
chemical interaction of RV coat with heptane
and ethanol that led to improper sealing.
However, to confirm this, further study is
required.

In terms of microhardness, an ideal dental
material should have good mechanical
properties such as fracture toughness,
flexural strength and  microhardness
(McLean, 1990). For instance, the
restorative materials should be able to
withstand masticatory stress that is averagely
ranged between 5 MPa to 20 MPa at a
frequency of 2 Hz (Braem er al., 1994).
In this study, all uncoated samples were
subjected to Vickers hardness test. Vickers
method was chosen over Knoop because
the former creates a square indentation,
which is more suitable for small, rounded
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specimen while the latter creates an
elongated indentation that is more suitable
for small and long specimens (EMCO-
TEST Priafmaschinen GmbH, 2019). In
the present study however, the indentations
on coated samples were indistinct and
unmeasurable (Fig. 2). The reason could be
due to lower microhardness of NPC relative
to the HVGICs surfaces as reported by Faraji
et al. (2017) that the conventional GIC
without protective coating has higher VHN
than coated GIC and the uneven thickness
of the coating itself. In general, protective
coatings do not have the required mechanical
properties of a suitable restorative material.

In the present study, a significant decrease
in microhardness of uncoated surfaces of
both RV and EQ when immersed in citric
acid could be due to the dissolution of
the bonding between metal cations and
polycarboxylic acid that compromises the
mechanical strength of GIC (Fukazawa ez al.,
1987). Additionally, HEMA (2-hydroxyethyl
methacrylate) was eluted from resin modified
GIC after immersion in acidic medium for
seven days (Rogalewicz et al, 2006). The
incomplete polymerisation produces residual
monomer which facilitates higher degree
of dissolution within the GIC. However, a
significant increase in microhardness of EQ
was observed after immersion in heptane.
This result was in agreement with Yap er al.
(2003) who reported that the reduction of
oxygen inhibition layer by heptane occurred
during post-curing and also impeding silica
and combined metals from leaching out of
fillers.

In this study, the immersion of both
HVGICs in FSLs significantly increased
the surface roughness of HVGIC while
application of protective coating significantly
reduced the surface roughness of HVGIC
with the exception of RV samples in heptane
and ethanol. Immersion in citric acid
significantly reduced the microhardness
of both RV and EQ while the latter was
significantly hardened after immersion
in heptane. These observations were
in accordance with previous studies



(Diem er al., 2014; Hesse er al., 2016) in
demonstrating the effectiveness of protective
coating on the physical properties of
HVGICs. Therefore, these highlighted the
clinical importance of applying protective
coating to improve longevity of HVGICs
restorations.

CONCLUSION

Within the limitations of this in vitro study,
the effect of FSLs on surface roughness
and microhardness of HVGICs was found
to be material and conditioning medium
dependent. Generally, HVGICs exhibited
highest surface roughness and lowest
microhardness when exposed to citric acid.
With the exception of RV conditioned in
heptane and ethanol, the uncoated HVGICs
generally had higher surface roughness
than the coated HVGICs. Additionally, no
apparent microcracks or pits formation were
evidence on all coated surfaces, suggesting
that the application of resin coating is of
greater clinical relevance to increase longevity
of HVGIC restorations.
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