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Abstract
This in-vitro study aimed to compare the Vickers hardness of glass ionomer cements between
various surface coating procedures at different time-points. The 135 cylindrical samples (6x2 mm)
were prepared and randomly divided into three types of GICs: KetacTM Universal AplicapTM,
KetacTM Molar AplicapTM and KetacTM Fil Plus AplicapTM. Each GIC was equally devided into
three coating procedures (n=15/group): uncoated, coated with KetacTM Glaze and coated with GCoat Plus. The average of the Vickers hardness was measured at 24 hours, 7 days and 30 days
after incubation of specimens at 37°C in deionized water. A two-way ANOVA followed by post-hoc
Tamhane multiple comparison test and a one-way repeated measures ANOVA were performed
(P=0.05). The Vickers hardness was statistically significantly increased in both KetacTM Glaze
coated and G-Coat Plus coated groups compared to uncoated group at all time-points (p<0.001).
However, there was no significant difference in the hardness between KetacTM Glaze and G-Coat
Plus coating of almost all the test materials. Although, G-Coat Plus coating significantly increased
more hardness than KetacTM Glaze coating in KetacTM Universal AplicapTM at 30 days (p<0.001).
In conclusion, the application of coating agents especially nanofilled resin coating benefited the
surface hardness of KetacTM Universal AplicapTM.
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Introduction
Glass-ionomer cements (GICs) have
interesting properties such as their chemical
bonding to the tooth structure and fluoride
releasing and recharging capacity to the restored
and surrounding restored surfaces.1 On the other
hand, their major drawbacks are weak
mechanical properties2, long setting time3 and
sensitivity to moisture in the early hardening
stages.2, 4 To overcome some limitations, the
high viscosity GICs (HVGICs) were developed
and considered to be an alternative restorative
material to composite resin5 and amalgam6.
The HVGICs present better mechanical
properties and faster setting reaction than
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conventional GICs (CGICs).3 Nevertheless, the
HVGICs are still sensitive to water sorption or
dehydration.4, 7 For this reason, the application of
protective surface coating as a barrier to water
exchange is recommended.4 The previous
studies reported that surface coating improved
the mechanical properties such as surface
hardness8, 9, however, decreased fluoride
releasing and recharging capacity of some
HVGICs10, 11. Considering the risks and benefits
of coating, most commercially available HVGICs
still require surface coating.
In 2016, KetacTM Universal AplicapTM (3M
ESPE, Deutschland GmbH, Neuss Germany), a
recent uncoated HVGIC, was introduced and
claimed to eliminate coating steps. Moreover, the
high surface hardness values were also claimed
even in the early stages of setting reaction
without coating application.12 The earlier studies
have evaluated the effect of coating on
compressive strength, flexural strength, hardness
and color change of this material. However, the
publications investigating the hardness in
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different time intervals have been limited.
Consequently, the purpose of this study was to
compare the Vickers hardness of KetacTM
Universal AplicapTM between different surface
coating procedures, thus the results will be useful
for the clinical application of this material.
Materials and methods
The sample sizes (135 total specimens)
were calculated using G*Power 3.1.9.4 software
(G*Power software, Düsseldorf, Germany). The
effect size, significance level (α) and power (1-β)
were set at 0.4, 0.05 and 0.95, respectively.
Specimen preparation
The materials used in this study are
shown in table 1. The 135 cylindrical specimens
were prepared using splittable metallic molds
with a central hole of 6 mm. in diameter and 2
mm. in thickness. The samples were randomly
divided into three equal groups (n=45/group)
based on type of the materials as followed;
KetacTM Universal AplicapTM (U), KetacTM Molar
AplicapTM (M)and KetacTM Fil Plus AplicapTM (F).
Each material was randomly distributed into three
equal subgroups (n=15/subgroup) based on
surface coating procedures which were uncoated
(U-), coated with KetacTM Glaze (K-) and coated
with G-Coat Plus (G-) groups.
The mold was placed on a microscopic
glass slide covered with celluloid strip (3M ESPE,
St. Paul, Minnesota, USA) and filled with the
materials slightly excessively according to their
manufacturer’s instructions. To achieve smooth
and flat surface, the material was immediately
covered with another celluloid strip, then
compressed with glass slide using a 200-gram of
stainless-steel standard weight and kept in
position for 7 minutes allowing for initial setting.
The specimens with any void or rough surface
were excluded.
The top of each specimen in coated
subgroups was protected with G-Coat Plus (GU,
GM and GF subgroups) or KetacTM Glaze (KU,
KM and KF subgroups) using a disposable brush
following
manufacturer’s
recommendations.
Another celluloid strip was gently pressed and
light curing for 20 seconds per each side using
LED curing light. The specimens with a coating
thickness of more than 0.05 mm were excluded.
Then, all of the prepared specimens were
completely submerged in 6 individual groups of
100-ml beaker glasses containing 50 ml of
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deionized water and placed in a 37°C incubator.
The Vickers hardness test
The Vickers hardness test was performed
at 24 hours, 7days and 30-days using a hardness
tester (FM-800, Future Tech corp., Kawasaki,
Japan). A 100-gf load was applied through a
diamond indenter with a 15-seconds dwell time.
Four random spot indentations were done on the
top surface of each specimen which was at each
of four quadrants. The diagonals’ lengths of the
indentations were examined by an objective lens
of 50X magnification. The mean (±SD) of the
Vickers hardness number (VHN) of each sample
was recorded. The deionized water was replaced
every time interval of measurements.
Statistical analysis
Statistical analysis was conducted using
SPSS Statistics Version 22 for Windows (IBM,
USA). The level of significance was set at 0.05.
Two-way analysis of variance (ANOVA) followed
by post-hoc Tamhane multiple comparison test
was performed to analyze the effect of type of
material, surface coating procedure and
interaction effect of type of material*surface
coating procedure on the Vickers hardness. For
the effect of time interval of immersion, one-way
repeated measures ANOVA was performed.
Results
The summarized result was presented in
table 2-4. The type of material did not have a
statistically significant effect on the VHN at all
time-points: 24 hours, 7 days and 30 days. In
contrast, there was a statistically significant effect
of the surface coating procedure on the VHN at
all time-points (p<0.001); 24 hours, 7 days and
30 days. The VHN was statistically significantly
increased in both KetacTM Glaze coated and GCoat Plus coated groups compared to uncoated
group at all time-points (p<0.001). However, no
statistically significant difference in the VHN was
found between KetacTM Glaze and G-Coat Plus
coating of almost all test materials. Conversely,
G-Coat Plus coating significantly increased more
hardness than KetacTM Glaze coating in KetacTM
Universal AplicapTM at 30 days (p<0.001).
Additionally,
the
VHN
was
statistically
significantly increased as the immersion time
increased (p<0.001) in all groups.
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Discussion
The surface hardness test seems to be
an appropriate and frequently used method for
investigating the surface degradation, scratching
occurrence and durability of dental materials.13 In
this study, all specimens were prepared and
tested under the standard conditions by the same
operator to eliminate human variables. Moreover,
the thickness of the coating which might be the
main confounding factor was controlled. The
coating thickness in this study was 20-40 µm,
therefore, no sample was excluded.
The results of the present study revealed
that the VHN of KetacTM Universal AplicapTM,
KetacTM Molar AplicapTM and KetacTM Fil Plus
AplicapTM was no statistically significant
difference in both uncoated and coated
specimens, at all time-points (24 hours, 7 and 30
days). This outcome was opposed to the
manufacturer’s claim that the VHN of KetacTM
Universal AplicapTM was higher than KetacTM
Molar AplicapTM.12
However, this finding
corresponded well with Abdel-Hamid et al. that
no significant difference in the VHN was found
between Ketac™ Universal Aplicap™ and
Ketac™ Fil Plus Aplicap™ in Ketac™ Glaze
coated specimens, at 24 hours, 7 and 30 days.14
Also, Soliman et al. revealed that there was no
significant difference in VHN between Ketac™
Universal Aplicap™ and Ketac™ Molar Quick
Aplicap™ at 24 hours.15 Maybe explained by, all
test materials in this study which are the product
of 3M ESPE corporation have almost the same
main compositions with different %weight and
powder/liquid ratio. Although the differences in
the composition of each GICs might affect some
of their mechanical properties16, the GICs with
the same manufacturer and the similar main
compositions might have no significant difference
in hardness.
In addition, this study found that the
application of coating which was KetacTM Glaze
and G-Coat Plus significantly enhanced the VHN
of all test materials (KetacTM Universal AplicapTM,
KetacTM Molar AplicapTM and KetacTM Fil Plus
AplicapTM) at all time-points (24 hours, 7 and 30
days). Because the GICs are susceptible to
water sorption and dehydration during the initial
hardening stage. Water contamination leads to
the dissolution of metal cations4, 17, 18 and
consequently, decreases in physical and
mechanical properties of GICs19 The coating
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agent acts as a barrier to the water exchange.4
As in a previous study reported that improvement
in the surface hardness was found in Fuji II and
Fuji IX coated with G-Coat Plus in comparison
with uncoated specimens.9 Additionally, the
application of nano-filled resin coating (EQUIA
Forte Coat) promoted higher hardness than
uncoated EQUIA Forte8 and Fuji IX GP20. On the
other hand, Zoergiebel et al. reported that the
application of coating agent had no significant
effect on the hardness while coating on Riva Self
Cure, Fuji IX Fast, Fuji IX GP EXTRA and
ChemFil Rock with the coating agents: Riva
Coat, GC Fuji Coat LC, GC G-Coat Plus and
Seal & Protect TF, respectively.19 Soliman et al.
also revealed that coating of EQUIA Coat on Fuji
IX GP FAST did not affect the hardness.15
Conversely, a reduction in the hardness was
found while the coating of G-Coat Plus and
Margin bond on EQUIA compared to the
uncoated group.21 Ryu et al. also reported that
coated Fuji IX GP EXTRA presented lower
hardness than uncoated specimens.22 This might
be caused by the uncontrolled thickness of the
coating layer which generally softer than the
subsurface material22, 23, in combination with the
depth of indenter penetration.23 To eliminate the
confounding factors, controlling coating thickness
following the manufacturer’s recommendation is
necessary.
KetacTM Universal AplicapTM, the recently
introduced uncoated HVGICs, was claimed to be
restored without coating due to the special filler
composition and the co-polymeric acid, as well
as
the
accelerated
setting
reaction.12
Nevertheless, the outcome of this study was
contrary to the manufacturer’s claim that no
significant difference in the VHN between coated
and uncoated samples.12 However, this finding
corresponded well with Abdel-Hamid et al. that
KetacTM Glaze coated specimens presented
more hardness than uncoated specimens while
aging in coke for 30 days.14 In contrast, Soliman
et al. found that the unfilled resin coating (Single
Bond Universal adhesive) did not affect the
hardness of Ketac™ universal Aplicap™ at 24
hours.15
Although the application of the coating
improved surface hardness in this study, there
was no significant difference in the hardness
between KetacTM Glaze and G-Coat Plus coated
on KetacTM Universal AplicapTM at 24 hours and 7
days. However, G-Coat Plus coated group
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presented higher hardness than KetacTM Glaze
coated groups at 30 days. KetacTM Glaze (3M
ESPE, Germany), a light-cured unfilled coating
agent, was claimed to protect GICs materials
from dehydration and moisture during the setting
reaction. Meanwhile, G-Coat Plus (GC, Japan)
was a nanofilled self-adhesive light-cured coating
agent.24 Incorporation of fillers enhanced the
mechanical properties such as hardness and
wear resistance of the restorative material.21, 22
Additionally, the nanofilled coating materials
promoted micro-mechanical interlocking which
could fill the superficial cracks and pores of
GICs17, and provided a tough coating layer
resulting in improving the physical properties of
GICs.25 On the other hand, the unfilled resin
coating agent (Single Bond Universal adhesive)
had no micro-mechanical interlocking with
KetacTM Molar AplicapTM and KetacTM Universal
AplicapTM in SEM images. 15
In addition,
hydrolysis of unfilled resin over time could occur
and consequently lead to degradation of the
unfilled resin component.21 For the outcome of
this study, the variation in the hardness value of
G-Coat Plus coated specimens which is slightly
higher, lower or the same hardness as KetacTM
Glaze coated specimens might be caused by the
dispersion of the filler particles. The indentation
at the filler component might present higher
hardness than the indentation at the matrix
component.
Furthermore, this study found that the
hardness was gradually increased from 24 hours
to 30 days in both uncoated and coated
specimens of all test materials. Despite a short
setting time of GICs for a few minutes, the final
setting or maturation occurred gradually and was
long-lasting up to several weeks afterward6 as a
result of the prolonged process of acid-base
reaction and cross-linking of GICs’ polymers. The
surface hardness of GICs increased and
achieved the highest values when the hardening
process was completed.13 Shintome et al.
presented that accentuated increase in the
hardness of HVGICs was found in 24 hours to 7
days of storage.13 In agreement with Ellakuria et
al., the gradual increase in the hardness of
KetacTM Molar and KetacTM Fil AplicapTM was
found from 1 day to 1 month, however, no
change in the hardness was found in 1, 3, 6 and
12 months.26 It might be assumed that the
application of coating did not affect the
maturation of GICs.
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The limitations of this study were a shortterm laboratory study design. The in-vitro study
does not totally reflect clinical condition which is
dynamic and has many factors that differ from
laboratory situation such as the masticatory and
brushing force, change in temperature and pH.
These factors could interfere the adhesion
between coating agent and GICs, and might
affect the hardness of GICs over time. Therefore,
further long-term clinical study or long-term
laboratory design simulated oral conditions such
as simulated toothbrushing test in combination
with storing the specimens in various storage
media or pH such as artificial saliva, coke or
cyclically exposed to various pH, should be
conducted. Moreover, the effect of coating on
fluoride releasing and recharging capacity of
GICs should be concerned. As the previous
literature reported that application of coating
reduced fluoride release and recharge10, 11 which
are the important properties of GICs. For clinical
decision-making of coating application, the
practitioner should concern about which factor,
hardness or remineralization is the main purpose
of each restoration.
Conclusions
Within the limitation of the present study,
the impact on Vickers hardness was material's
independent,
however,
surface
coating
application was the main factor that enhanced
the hardness. Application of coating agents
especially nanofilled resin coating improved the
surface hardness of KetacTM Universal AplicapTM.
Acknowledgments
This study was funded and supported by
the Thammasat University Research Unit in
Restorative and Esthetic Dentistry and the
Division of Pediatric Dentistry, Faculty of
Dentistry, Thammasat University.
Declaration of Interest
The authors declare that they have no
conflict of interest.

Page 1039

Journal of International Dental and Medical Research ISSN 1309-100X
http://www.jidmr.com

Effect of Protective Surface Coating on Hardness
Chayanee Dulsamphan and et al

Table 1. Materials used in the study.

Different uppercase letters for each column and different lowercase letters for each row indicate statistically significant differences (p<0.05).

Table 2. Means ± standard deviation (SD) and statistically significant difference of the Vickers
hardness number (VHN) of each type of material and coating procedure at 24 hours.
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Different uppercase letters for each column and different lowercase letters for each row indicate statistically significant differences (p<0.05).

Table 3. Means ± standard deviation (SD) and statistically significant difference of the Vickers
hardness number (VHN) of each type of material and coating procedure at 7 days.

Different uppercase letters for each column and different lowercase letters for each row indicate statistically significant difference (p<0.05).

Table 4. Means ± standard deviation (SD) and statistically significant difference of the Vickers
hardness number (VHN) of each type of material and coating procedure at 30 days.
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