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ABSTRACT

Introduction: Glass ionomer cement is a material for treating dental caries. The
disadvantage of glass ionomer cement is that if it comes into contact with acids before
maturation, there will be a decrease in mechanical properties which is indicated by a
decrease in surface hardness. Surface hardness has a relationship with aesthetics and
resistance to scratches that can cause fractures. Coating agents like varnishes are
required for glass ionomer cement to protect them from liquids with low pH level, such
as carbonated drinks. Unfortunately many dentists neglected this procedure. The
purpose of this research was to analyze effect of coating agent application on surface
hardness of glass ionomer cement immersion in carbonated drinks. Methods: This
research was a laboratory experimental study. Samples consist of 24 glass ionomer
cement specimens (GC Fuji IX GP EXTRA). Glass ionomer cement specimens were
divided into 4 treatment groups. The first group was not applied with varnish and stored
without immersion, the second group was applied with varnish and stored in artificial
saliva, the third group was applied with varnish and soaked in carbonated drinks, and
the last group was not applied with varnish and was immersed in carbonated drinks.
The data that has been collected was processed and analyzed using the computer-based
application IBM SPSS Statistics version 23.0. Results: There was a significant increase
in the surface hardness of glass ionomer cement in all treatment groups. There was a
significant difference in the mean surface hardness of glass ionomer cement after
immersion in carbonated drinks between the groups that were applied with varnish

carbonated drinks, March.
2023;35(1):47-52.

KEYWORDS

coating agent and that without application of varnish coating agent. Conclusion: The
surface hardness of glass ionomer cement restoration which was applied with varnish
coating agent has a higher value compared to those not applied with varnish coating
agent after immersion on carbonated drinks.

carbonated drinks, glass ionomer cement, microhardness test; saliva, varnish coating agent

INTRODUCTION

Glass ionomer cement is a restorative material used in the treatment of dental caries to repair teeth
and improve its aesthetics.! This material has the advantage that it can bind chemically with dental
tissue, is cariostatic, and does not require additional tools such as a light curing unit.2 However, the
disadvantages of glass ionomer cement are that they are less aesthetically pleasing, brittle, and
susceptible to solubility.> Moisture contamination prior to maturation of the glass ionomer cement will
lead to solubility, decreased mechanical and aesthetic properties, and decreased bond strength with
the tooth structure.?? Meanwhile, if the glass ionomer cement is dehydrated before maturation, the
restoration will change color and form cracks.!?> Therefore, coating agent protection is needed to
reduce the effects of moisture contamination and dehydration of the restoration during its
maturation.'? Maturation of the glass ionomer cement can take up to 7 days with the highest
solubility in the first 24 hours.3

Contact with acids or acidic solutions prior to maturation of the glass ionomer cement will also
cause a decrease in mechanical properties.* This acid can be derived from intrinsic factors, like
repeated vomiting in patients with bulimia nervosa, GERD, and alcoholics.® Extrinsic factors such as
consumption of acidic foods and drinks and use of acidic drugs can also cause acidity in the oral
cavity.>® Carbonated drinks are one of the ready-to-drink soft drinks that are acidic with a pH of less
than 4.7 Globally, this carbonated drink has been consumed by more than 200 million liters in 2013.°
Another data in Indonesia from Balitbangkes 2014 itself shows in 2014, total consumption of
carbonated drinks reach 944 million litres.'® Riskesdas 2018 also show high percentage of people
consuming carbonated drinks that reach more than 80%.*

The acidity of the oral cavity due to consumption of acidic drinks can be neutralized by the buffer
capacity 1-3 minutes after drinking of acidic drinks.!%*> However, continuous exposure to acids will
cause restoration damage characterized by increased roughness and decreased surface
hardness.>'*!> A decrease in the surface hardness of the restoration can lead to the formation of
cracks which can lead to premature failure of the glass ionomer cement.'> Therefore, the use of
coating agents, like varnishes, emollients, or resins is important to protect glass ionomer cement
from acids.**® Tyagi et al'’, states that varnish is the most superior coating agent material in terms
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of cost with better protection capabilities than emollients and and has the same protection capability
as resin at a higher price. Unfortunately many dentists neglected this procedure. The purpose of
this research was to analyze effect of coating agent application on surface hardness of glass ionomer
cement immersion in carbonated drinks.

METHODS

This research was a laboratory experimental study at the Dental Materials Research and Development
Laboratory, Faculty of Dentistry, Universitas Indonesia. Samples consisting of 24 glass ionomer
cement specimens (GC Fuji IX GP EXTRA) filled in a mold with a diameter of 6 mm and a depth of 3
mm were used as research samples. There are four treatment groups in this study.'® Six specimens
of glass ionomer cement were used in each treatment group.

Petroleum jelly was applied to the inside of the mold.® Glass ionomer cement was manipulated
according to the manufacturer's instructions using High Speed Mixer HSM3 for 10 seconds, then
placed into the mold with capsule applier.}”'2° The restoration was covered with a mylar strip, a
glass preparation, and a 200 g load for 7 minutes to ensure the initial hardening.'”-2*?! Excess material
was removed using scalpel and blade.”

The specimens were divided into 4 treatment groups. Group A was not applied with varnish
coating agent and was not immersed in artificial saliva or carbonated drinks. Group B was applied
with a varnish (TehnoDent GlassyCem Final Varnish) then immersed in artificial saliva during the
research. Group C was applied with a varnish, then immersed in carbonated drinks and artificial
saliva. Group D was not applied with a varnish, then it will be immersed in carbonated drinks and
artificial saliva.

The varnish coating agent was applied to groups B and C by micro brushing the entire surface
of the glass ionomer cement, then gently drying it using a chip blower.'” The specimens were then
kept from moisture contamination for 2-3 minutes.?? Immersion in artificial saliva, Specimens in group
A were stored without immersion for 24 hours. Specimens in groups B, C, and D were immersed in
artificial saliva for 24 hours.? Initial surface hardness test, After 24 hours, each specimen from all
groups was measured for surface hardness using a Vickers hardness test for 5 indentations with a
minimum distance of 100 um.?*?*> The load given was 300 df for 15 seconds.? The results of surface
hardness were recorded and averaged.?

Specimens in group A were stored for 7 days without immersion in artificial saliva and
carbonated drinks. Specimens in group B were immersed in artificial saliva for 7 days. The artificial
saliva used in group B was changed every day.?” Specimens in groups C and D were immersed in a
carbonated drink (Coca-Cola® Classic) with a pH of 2.37 for 5 minutes.?””® Immersion of the
specimens in groups C and D was carried out 3 times a day with intervals of 4 hours.?” The immersion
cycle of group C and D in carbonated drinks was repeated for 7 days.?” Specimens of groups C and
D were stored in artificial saliva while not being immersed in carbonated drinks.?”* Each specimen
was rinsed using distilled water for 120 seconds after immersion.2®

After 7 days, each specimen was measured for surface hardness using a Vickers hardness test
for 5 indentations with a minimum distance of 100 um.?*? The load given was 300 gf for 15 seconds.
The results of surface hardness were recorded and averaged.?

The data that has been collected was processed and analyzed using the computer-based
application IBM SPSS Statistics version 23.0. The One Way ANOVA statistical test with the Post Hoc
Bonferroni test was used to see the comparison of the mean surface hardness of glass ionomer
cement after 7 days of treatment among all treatment groups. The Paired t-test statistical test was
used to see the comparison of the mean surface hardness of glass ionomer cement before and after
treatment for 7 days in all treatment groups.

RESULTS

In this study, all treated groups experienced increased surface hardness of glass ionomer cement.
In the group without varnish coating agent and without immersion, there was an increase in surface
hardness of 15.94 VHN. In the group with the application of varnish coating agent and immersed in
artificial saliva, the hardness increase was 9.32 VHN. Whereas in the group that was applied with
varnish coating agent and immersed in carbonated drinks and artificial saliva, the surface hardness
increased by 9.22 VHN. In the group without varnish coating agent and immersed in carbonated
drinks and artificial saliva, the increase in surface hardness was 4.11 VHN.
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Figure 1. Diagram of the mean surface hardness value of glass ionomer cement
initial and after treatment

The surface hardness value of glass ionomer cement before and after treatment in this study
can be seen in Figure 1 and Table 1

Table 1. Surface hardness value of glass ionomer cement initial and after treatment

Mean surface hardness value (VHN) + SD

Treatment Group

Initial After Treatment
A. Without varnish coating agent and without immersion 76.73 £ 1.99 92.67 = 1.25
B. Varnish coating agent and immersed in artificial saliva 56.97 + 2.49 66.29 + 1.68
C. Varnish coating agent and immersed in carbonated 55.25 + 2.62 64.47 + 1.85

drinks and artificial saliva
D. Without varnish coating agent and immersed in

+
carbonated drinks and artificial saliva 55,54 £ 2,08

59,65 + 2,77

The increase in surface hardness of glass ionomer cement before and after treatment in all groups
had a significant difference based on the results of the Paired t-test statistical test (p <0.05). The
results of the Paired t-test statistical test can be seen in Table 2.

Table 2. Comparison of surface hardness values of initial and
after treatment glass ionomer cements
Mean surface hardness value (VHN)

Treatment group Initial After treatment p-value
A 76.73 (1.99) 92.67 (1.25) 0.001*
B 56.97 (2.49) 66.29 (1.68) 0.001*
C 55.25 (2.62) 64.47 (1.85) 0.001*
D 55.54 (2.08) 59.65 (2.77) 0.015%

*One Way ANOVA (p <0.05 - Statistically significant)

The result of the One Way ANOVA statistical test is that there is a significant difference in the mean
surface hardness value of glass ionomer cement after treatment (p <0.05). The results of the One
Way ANOVA statistical test can be seen in Table 3.

Table 3. Comparison of mean surface hardness value of glass ionomer cement
after treatment of all groups

Treatment Group Mean (SD) p-value
A (n=6) 92.67 (1.25) 0.001*
B (n=6) 66.29 (1.68)
C (n=6) 64.47 (1.85)
D (n=6) 59.65 (2.77)

*One Way ANOVA (p <0.05 - Statistically significant)

Based on the Post Hoc Bonferroni statistical test, it shows that there is a significant difference
in the mean surface hardness value of glass ionomer cement after treatment, between groups A and
B, groups A and C, groups A and D, groups B and D, and groups C and D (p. <0.05). Meanwhile,
there was no significant difference in the mean surface hardness value of glass ionomer cement after
treatment between groups B and C. The results of the Post Hoc Bonferroni statistical test can be
seen in Table 4.
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Table 4. Comparison of average surface hardness value of glass ionomer cement
after inter-group treatment

Treatment group p-value
A-B 0.001"
A-C 0.001"
A-D 0.001"
B-C 0.759
B-D 0.001"
C-D 0.002"

*One Way ANOVA (p <0.05 - Statistically significant)

DISCUSSION

The results showed that there was a significant increase in surface hardness values in all treatment
groups (table 1). One of the causes of this increase is the maturation process.!? The cross-linking
reaction forms a salt bridge, produces gelation, releases fluoride byproducts, causes hardening, and
increases the strength of the restoration over time.'* The periodic increase in the hardness of glass
ionomer cement is in accordance with the study of Moshaverinia, et al?® which tested the surface
hardness of the restoration 24 hours after filling and after 7 days of immersion in distilled water. The
hardness of the restoration increased from 40.59 (1.2) VHN to 46.89 (1.01) VHN.®

The initial surface hardness value of glass ionomer cement in this study (table 2) is in accordance
with research conducted by Soliman, et al.>® The results of this study indicate that the initial hardness
value of glass ionomer cement which is not protected by a coating agent after 24 hours of immersion
in distilled water is 55.74 + 3.7 VHN.3° Meanwhile, the initial hardness value of glass ionomer cement
with coating agent after soaking for 24 hours in distilled water was 53.00 + 4.19 VHN.3°

The group without varnish coating agent and without immersion experienced a significant
increase in surface hardness of 15.94 VHN from 76.73 VHN to 92.67 VHN (table 2) due to the absence
of liquid contamination, namely immersion with artificial saliva or carbonated drinks. This result is in
accordance with study of Kamatham that stated liquid contamination before maturation will cause a
decrease in the mechanical properties of glass ionomer cement.3! A decrease in the mechanical
properties of glass ionomer cement restorations can be characterized by a reduction in surface
hardness.'® This could be the cause of the initial and after-treatment surface hardness test results
on the glass ionomer cement specimens of this group having the highest value compared to other
groups.

Artificial saliva in this study has a role in increasing the surface hardness of glass ionomer
cement.? However, initial contact with artificial saliva will dissolve ions, increase restoration
roughness, imbibition, and decrease aesthetics.®* In addition, there can also be a decrease in the
mechanical properties of the restoration due to fluid contamination before maturation of the glass
ionomer cement.3! This could be the cause of the lower initial and after-treatment surface hardness
test results on the glass ionomer cement specimens in the immersed group compared to the non-
immersed group.

The varnish coating agent in this study has an important role in maintaining the surface hardness
of the glass ionomer cement because it can protect the outer surface of the restoration®. In addition,
varnish coating agents can also protect glass ionomer cement from liquid contamination and
dehydration.? The group with the application of varnish coating agent and immersed in artificial saliva
experienced a significant increase in surface hardness of 9.32 VHN from 56.97 VHN to 66.29 VHN.
The group that was applied with a varnish coating agent and immersed in carbonated drinks and
artificial saliva also experienced a significant increase in surface hardness of 9.22 VHN from 55.25
VHN to 64.47 VHN. This is in accordance with the results of research by Shintome, et a#*, namely
the group with the application of the varnish coating agent has a higher surface hardness value than
the unprotected varnish coating agent after immersing in the liquid (aquades) for 30 days.

The group without application of varnish coating agent and immersed in carbonated drinks and
artificial saliva showed a significant increase in surface hardness of the restoration but not as large
as the other groups. This increase was 4.11 VHN from 55.54 VHN to 59.65 VHN. In this group, there
was no layer that protects it from acids of carbonated drinks. Contact with acids when the glass
ionomer cement has not reached the maturation stage will cause a decrease in the mechanical
properties of the restoration.* This is in accordance with Bajwa's, et al’ research regarding the
surface hardness of various types of aesthetic restorations after immersing in cola. Bajwa's, et a#’
obtained results that the glass ionomer cement restoration immersed in cola had a significantly lower
surface hardness value compared to the group immersed in artificial saliva. Contact with acids without
protection of varnish coating agent caused the increase in surface hardness of glass ionomer cement
in this group was the smallest compared to other treatment groups.

The increase in hardness of specimens in the group without the application of varnish coating
agent and immersed in carbonated drinks and artificial saliva can be caused by the buffering capacity
of the artificial saliva. The buffer capacity of saliva plays an important role in neutralizing acids due
to consumption of acidic drinks.!? Because of the artificial saliva buffer capacity, there was no
decrease in the surface hardness of the glass ionomer cement in the specimens of this group. In this
study, artificial saliva "Fusayama formula" with a pH of 6.7 was used as an immersion medium.?
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The results of the One Way ANOVA statistical test with Post Hoc Bonferroni showed that there
was a significant difference in the mean surface hardness value of glass ionomer cement after
treatment among almost all treatment groups (table 4). The group that did not show a significant
difference was the value of surface hardness after treatment between the group applied varnish
coating agent and immersed in artificial saliva and the group applied with varnish coating agent and
immersed in carbonated drinks and artificial saliva. Based on the results of this statistical test, it can
be seen that the ability of the varnish coating agent to protect the glass ionomer cement restoration
from acids so that the surface hardness value after treatment in the group that immersed in artificial
saliva does not have a significant difference with that immersed in carbonated drinks.

The high value of surface hardness after treatment in the group A compared to other groups
could be caused by no moisture contamination of the group without immersion (table 4). Whereas
the high value of surface hardness after treatment in group B compared to group D was caused by
immersion of carbonated drinks in the group without varnish coating agent protection. Another
reason for the high value is because the immersion by artificial saliva in the group with protection of
varnish coating agent. Then the surface hardness value after treatment in group C was higher
because the varnish coating agent protected from the moisture and stabilized the physical properties
compared to group D.

CONCLUSION

The surface hardness of glass ionomer cement restoration which was applied with varnish coating
agent has a higher value compared to those not applied with varnish coating agent after immersion
on carbonated drinks.
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