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ABSTRACT

Aim and objective: To compare between mineral trioxide aggregate (MTA) mixed with water and water-based gel regarding shear bond strength
with resin-modified glass ionomer cement (RMGIC) and composite.

Methods and materials: In this study, 40 blocks of cylindrical shape were prepared with acrylic. These blocks were divided into four groups
with each group consisting of 10 blocks: group-1A: MTA + distilled water + composite, group-1B: MTA + distilled water + RMGIC, group-2A:
MTA + polymer + composite, and group-2B: RMGIC + MTA + polymer. After that, a universal testing machine was used for the measurement
of shear bond strength. The acrylic blocks were placed under this machine. A blade with a knife-edge was used to provide a crosshead speed
of 1 mm/minute. This was continued till bond of MTA in both forms (distilled water/gel) and restorative material failed.

Results: It was observed that a statistically significant difference was found between MTAw + composite and MTAg + composite resin but no
statistically significant difference between MTAw + RMGIC and MTAg + RMGIC with p > 0.05. It was found that a statistically significant difference
was present between the RMGIC and composite groups within the same MTA type with p < 0.05.

Conclusion: It was concluded from the present study that MTA with a water-based gel has a better shear bond strength than composite resin
and RMGIC materials.

Clinical significance: It has been found that MTA has different properties when it is mixed with polymer and water. Very few studies have been
conducted in the past to compare MTA mixed with water and water-based gel regarding the shear bond strength with RMGIC and composite.

Keywords: Mineral trioxide aggregate, Shear bond strength, Water-based gel.
The Journal of Contemporary Dental Practice (2021): 10.5005/jp-journals-10024-3045

INTRODUCTION

Since the introduction of mineral trioxide aggregate (MTA) in
dentistry, it is proven to be one-of-a-kind material with many clinical
applications and is used widely in both primary and permanent
dentitions. Its remarkable quality of being biocompatible, setting
in the presence of body fluids, and inducing repair and regeneration
while providing a strong barrier, has made it stand out.>> However,
difficulty in mixing and handling, long setting time, and the high
cost of material remain some of the shortcomings of traditional MTA
when mixed with water.* MTA has been mixed with various resins or
gels to obtain a cohesive mass in order to achieve better handling
properties as well as significantly lessen the setting time.> MTA,
when mixed with a gel based on water for the same procedures
(MTA Plus, Prevest Denpro Limited, India), shows reduced tackiness
and a considerably short setting time, i.e., from 165 to 55 minutes.5’
As per the manufacturer, the powder of MTA Plus has the property
that there is a possibility of mixing it with either distilled water or
a gel based on water.

Indications of MTA Plus include apexification, important pulp-
related procedures like pulpotomy, pulp capping, liner and base in
the cavity, sealing perforations, and repairing resorptive defects.
MTA mixed with the water-based gel provided by the supplier
is preferred because of its better properties. As MTA induces
dentinogenesis, it is widely used in pulpotomy.® '

It has been found that MTA either mixed with distilled water or
a water-based gel can be used in various endodontic procedures
like vital pulp capping and repair of perforations. When these
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endodontic procedures are completed, then composite resin is
used for the restoration of teeth in permanent teeth while RMGIC
is used to treat such teeth in children and young adults."

One of the important factors in the prognosis of such
restoration of endodontically treated teeth is the strength of the
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bond between MTA along with water and MTA along with polymer
with the composite and RMGIC."? There is no study in the literature
comparing these parameters. This study was conducted to compare
RMGIC and composite with MTA mixed with water and water-based
gel regarding shear bond strength.

MEeTHODS AND MATERIALS

In this study, 40 blocks of cylindrical shape were prepared with
acrylic.In each acrylic block, a hole was made in the middle. The
diameter of this hole was 4 mm while the height of the hole was
2 mm. The MTA with water (MTAw) was prepared by mixing the
MTA powder with distilled water. The ratio between powder and
liquid was 1:3. The MTA with polymer gel (MTAg) was prepared
by mixing the MTA powder with gel as per the instructions
given by the manufacturer. The amount of MTA powder taken
was one scoop, while the amount of gel taken was one drop.
The mixing was carried out on a glass slab for 30 seconds. Both
MTAw and MTAg were placed in the holes of the acrylic blocks.
The temperature at which these specimens were kept was 37°
while the duration was 72 hours and the humidity was 100%.
All the procedures of the study were conducted by the same
individual.

These blocks were divided into four groups with each
group consisting of 10 blocks: group-1A: MTA + distilled
water + composite (Filtek™ Z250), group-1B: MTAw + RMGIC
(GC Fuji Il LC, Japan), group-2A: MTAg + composite (Filtek™
7250), and group-2B: MTAg + RMGIC (GC Fuji Il LC, Japan).
Fifth-generation total-etch bonding agent (Prime and Bond
NT Dentsply, USA) was used with 37% orthophosphoric acid as
etchant (Scotchbond, 3M, ESPE, USA) for composite subgroups
in both groups. The etchant was applied for 15 seconds to the
bonding surface followed by rinsing for 30 seconds with water
followed by blot drying.

The bonding agent was cured for 10 seconds (lvoclar
Bluephase NMC, Ivoclar Vivadent, Switzerland). Composite
and RMGIC were also cured with the same curing light but
for 20 seconds. After that, a universal testing machine was
used for the measurement of shear bond strength (Fig. 1).
The acrylic blocks were placed under this machine. A blade
with a knife-edge was used to provide a crosshead speed of
1 mm/minute. This was continued till the bond of MTA in both
forms (distilled water/gel) and the restorative material failed.
A statistical analysis was carried out with the help of Prism 8,
2018 GraphPad software. Comparison between groups was
analyzed using Kruskal-Wallis test and the significance level
was adjusted at <0.05.

REsuLTs

It was found that a statistically significant difference was present
between RMGIC and composite groups within the same MTA type
with p < 0.05 (Tables 1 and 2). It was observed that a statistically
significant difference was found between MTAw + composite
and MTAg + composite resin (Table 3). The difference between
MTAw + RMGIC and MTAg + RMGIC was not statistically significant
with p > 0.05 (Table 4).

Discussion

One of the most suitable materials for pulpotomy and pulp
capping is MTA. Since microleakage is one of the most common
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Fig. 1: Ultradent machine measuring shear bond strength

Table 1: Data showing the comparison between groups 1A and B for
shear bond strength

SI.No.  Group Shear strength (Mean +5.D) p value
1 MTAw + composite 0.03*
(group 1A) 16.77 £ 0.34
2 MTAw + RMGIC
(group 1B) 2.48 +0.26

Table 2: Data showing the comparison between groups 2A and B for
shear bond strength

Sl.No.  Group Shear strength (Mean £ 5.D)  p value
1 MTAg + composite 0.04*
(group 2A) 2733+0.18
2 MTAg + RMGIC
(group 2B) 2.96 +0.23

Table 3: Data showing the comparison between group 1A and group
2A for shear bond strength

SI.No.  Group Shear strength (Mean +5.D)  p value
1 MTAw + composite 0.02*
(group 1A) 16.77 + 0.34
2 MTAg + composite
(group 2A) 27.33+0.18

Table 4: Data showing the comparison between groups 1A and B for
shear bond strength

SI.No.  Group Shear strength (Mean +S.D)  p value
1 MTAw + RMGIC 0.10
(group 1B) 2.48 +0.26
2 MTAg + RMGIC
(group 2B) 2.96 +0.23

*Statistically significant

reasons for the failure of endodontic treatment modalities, the
adhesion in between MTA and the overlying restoration is of
paramount importance for a favorable outcome.'*'* MTA Plus
can be mixed with distilled water as well as with a water-based
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gel supplied in a package. The gel form has better physical and
chemical properties as compared to the distilled water type, hence
widely preferred by practitioners.® The most common restorative
materials used after endodontic treatment with MTA include
composite and RMGIC.

Since no study has been conducted to the best of the
knowledge of the author to compare the shear bond strength
of MTAg + restorations with MTAw + restorations, this study
was conducted to compare the shear bond strength of
MTAg + restorations with MTAw + restorations. From this study, a
very important finding was obtained which can have a significant
clinical significance. The finding was that MTA mixed with a water-
based gel has better shear bond strength with restorations as
compared with MTA mixed with water. It should be taken care
of that various restorative procedures must be performed only
after 72-96 hours of mixing MTA. This is done to achieve optimum
physical properties.'” This is the reason for storing all specimens for
72 hours before going for any restoration over it.

It has been found that chemical substances called accelerators
are present in the water-based gel for the promotion of settings;
however, no salt is present.'® When mixed with MTA Plus (Prevest
Denpro, India) powder, an increase in solubility, ion release, and
porosity is observed in the organic gel. This is not observed in
the case of water mix of ProRoot MTA (Dentsply, USA)."” Gandolfi
etal. hypothesized these properties to be due to a fine grit powder
of MTA Plus (Prevest Denpro, India)."” By using the same powder
for both the mixes, that bias has been taken care of in this study.
The statistically significant higher bond strength of MTAg when
etched and bonded with composite (Filtek, 3M ESPE, USA), in our
opinion, is due to the high porosity of the gel mix to begin with.
We hypothesize that due to its resultant increased solubility on
etching of the mix, deeper resin tags form in MTAg as compared
to MTAw.

According to the present study, MTAg + composite
(mean = 27.33 MPa) showed values of bond strength greater
than 17 MPa, which is the minimum strength required for
restoration junctions to prevent microleakage,'®'® whereas
MTAw + composite (mean = 16.77 MPa) almost touched the
required mark. From the present study, a conclusion can be
drawn that adequate bonding with composite resins is seen in
the case of MTAg. Since RMGIC (GC Fuiji Il LC, Japan) uses a weak
acid (polyacrylic acid) for conditioning, due to which proper
preparation of bonding surface is not achieved, leading to the
development of a honeycomb pattern. This is the reason for the
decreased strength of bonds that have been recorded in this case
with both MTAg and MTAw.

These findings are in accordance with Ajami et al. and Tulumbaci
et al.2%2! This study used no conditioner over MTA before placing
RMGIC. However, better results of shear bond strength have
been documented when MTA is conditioned prior to RMGIC. The
underlying clinical significance of this study lies in the fact that
mixing with the gel makes the resultant material easy to manipulate
and to introduce into the cavity thereafter. One can conveniently
make sure that it properly covers the entire pulp, sets earlier, releases
calcium faster, and gives better biological properties. A faster
setting facilitates an earlier permanent composite core buildup,
resulting in less secondary caries and microleakage. All factors also
resultin less pulpal inflammation in underlying pulpotomies, which
is the prime requisite for regeneration. Overall, the prognosis of the
tooth gets greatly improved.
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One of the important limitations of the study was the small
sample size. More studies with a large sample size should be
conducted in the future to achieve better results. Another limitation
was that the results would have been more clinically accepted when
it would have taken place using human teeth instead of artificial
acrylic cylindrical blocks. Another limitation was that this study used
no conditioner over MTA before placing RMGIC. However, better
results of shear bond strength have been documented when MTA
is conditioned prior to RMGIC.

CONCLUSION

It was concluded from the present study that MTA mixed with gel
has better shear bond strength than composite resin and RMGIC
materials.
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