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Aim: To assess the bonding strength of the Equia Forte resin-modified
glass ionomer cement to the hybrid composite material by applying
different surface treatments.
Methodology: 140 samples as 70 Equia Forte and 70 G-eanial composites
were produced as 8 mm diameter 3 mm high cylindrical standardized
samples. The samples were divided into 7 groups to treat surfaces. Geanial composite resins as 4 mm diameter 3 mm high was placed onto the
samples and polymerized. Then 1000 thermal cycle was applied and
samples were mounted in the universal testing machine. Obtained bond
strength values were recorded as Newton. One way Anova and Scheffe post
hoc tests were performed for statistics.
Results: In the G-aenial group, the highest bond strength was obtained
with laser-bond method (N=17.71, P<0.05) and the lowest bonding strength
was obtained with only laser-treated method (N=3.45, P<0.05). In the
Equia group, the highest bond strength was obtained with air abrasionbond method (N=9.29, P<0.05) and the lowest bonding strength was
obtained with only laser-treated method (n=0.00, p<0.05).
Conclusions: The fact that sufficient bond strength could not be reached
by any surface treatment in Equia Forte may suggest that replacing the
Equia Forte instead of repairs may be a better choice.
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Introduction
Glass ionomer cement (GIC) is a commonly
preferred material among in the restorative treatment
of the teeth. Compared to the resin-based composites
(RBCs), it has advantages of being able to bind to
International Dental Research © 2018

enamel and dentin chemically and to be anti-cariogenic
since it can release long-term fluoride. In addition, it
is preferred by clinicians due to it has excellent
biological adaptation and a lower coefficient of
thermal expansion (1-3). In addition, being low physical
resistance and abrasion resistance, susceptible to
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moisture, and inadequate esthetic limit the use of it in
the permanent teeth (4, 5).
With the developments in recent years, the
physical strengths of GIC have increased. EQUIA Forte
(GC, America) is a new GIC system that was released to
the market in terms of it has high physical properties.
It has been mentioned that this feature is provided by
ultra-thin, highly reactive glass particles dispersed in a
high molecular weight polyacrylic acid. While using
conventional GIC is not indicated in classical
permanent restorations, it was alleged that EQUIA can
be used in permanent class 1 restorations and even in
class 2 restorations which are not under high stress (1,
6).
Although permanent restorations, especially in
recent years,
may be able to withstand high
mechanical stresses, PH changes (7), salivary enzymes
(8), thermal changes (9) can weaken the mechanical
properties of restorations and fractures can occur in
restorations. Generally, broken restorations are either
completely replaced by clinicians or parts of old
restorations are partially removed and repaired with a
new restoration. Complete removal of the broken
restoration may cause more tooth material loss and
damage to the pulp tissue (10). Clinicians may prefer
to repair broken restorations in terms of reducing both
economic and dental material loss (11).
The efficiency of the adhesive systems can be
increased by modifying the structure of the restoration
surface to be repaired with different methods. These
methods are applied with the aim of increasing the
surface energy of the restoration to be repaired and
irregularizing the surface structure that increases
surface area, removing the layer on the restoration
surface which underwent structural change due to
saliva effect (12). Traditionally as well as acid
application to the tooth surface, new techniques such
as laser application (13, 14), aluminium oxide abrasion
(Al2O3) (15-17) have become popular.
Although the effect of surface treatments on bond
strength in the repair of the RBCs has been investigated
many times, there is no study in the literature
evaluating the bond strength of the Equia Forte resinmodified glass ionomer cement (RMGIC) to the RBC.
The purpose of this study was to evaluate the bonding
performance of the hybrid RBC to the Equia Forte
RMGIC and the bonding performance of the hybrid RBC
to the hybrid RBC. In addition, it was aimed to compare
the bonding strengths each other.

Materials and Methods
The sample size was calculated by the statistical
program
GPower
3.0.10
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(http://www.gpower.hhu.de/). The necessity of 126
samples with 80% power, 0.05 alpha error and 0.4
effect size was determined. Silicone mold was
prepared to produce 8 mm diameter 3 mm high
cylindrical standardized samples. The brands,
manufacturers and chemical compositions of the
materials used in this study are listed in Table 1. 140
samples as 70 RMGICs and 70 RBCs (GC, USA) were
placed in this mold as a single layer. After placing the
mylar strips in order to eliminate material gaps,
restorative materials were compressed with a glass
plate. Each restorative material was placed in the mold
in a single step. After the excess of material had been
eliminated, the RBCs were polymerized for 20 seconds
at a maximum distance of 10 mm according to the
manufacturer’s instructions (VALO Cordless, Ultradent,
South Jordan, Utah, USA; the power output of 1200
mW/cm2). The samples of Equia Forte RMGIC were set
according to manufacturer instruction (about 6
minutes).
RMGIC and RBC samples were divided into 7
groups (n = 10) for different surface treatments (Fig.
1).
• Group 1: No surface treatment was applied to
the samples.
• Group 2: G-Premio Bond (GC, USA) was applied
to the samples and polymerized with the LED
light source (VALO Cordless, Ultradent, South
Jordan, Utah, USA) for 10 seconds.
• Group 3: 37% phosphoric acid was applied to
the samples for 15 seconds and the surface was
washed for 15 seconds. After the surface was
dried with cotton pellets, G-Premio Bond (GC,
USA) was applied and polymerized for 10
seconds with the LED light source (VALO
Cordless, Ultradent, South Jordan, Utah, USA).
• Group 4: Al2O3 with a size of 50-μm under 60
PSI for 5 seconds was applied to the samples
with an air abrasion device (AEROETCHER,
D670, PARKELL Farmingdale, NY, USA).
• Group 5: After Al2O3 was applied to the samples
as described in the group 4, G-Premio Bond
(GC, USA) was applied to the samples and
polymerized for 10 seconds with the LED light
source (VALO Cordless, Ultradent, South
Jordan, Utah, USA).
• Group 6: The Er: YAG laser (LightWalker;
Fotona, Ljubljana, Slovenia) was applied at a
power output of 10 Hz and a water output of
1.2 W under 5 ml of water per minute. The
HCO2-N handpiece was held parallel upon the
restoration at a distance of 10 mm. The size of
the laser beam was 0.9 mm. To standardize the
distance, an acrylic block, previously prepared
10 mm long, was used.
IDR — Volume 8, Number 3, 2018
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•

Group 7: After applying the laser as described in
group 6, G-Premio Bond (GC, USA) was applied and
polymerized for 10 seconds with the LED light source
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(VALO Cordless, Ultradent, South Jordan, Utah,
USA).

Figure 1. Procedure and study model followed in the study.

4 mm diameter 3 mm high plastic matrixes were
prepared and placed in the center of the surface. RBCs
were placed in a single step and each was polymerized
for 20 seconds. After bonding, RMGIC samples were
coated with Equia Forte Coat (GC, USA) and photocured
for 20 seconds using a LED light source (VALO Cordless,
Ultradent, South Jordan, Utah, USA). Then, the
prepared samples were placed in the thermal cycle
device (Gokceler Makine, Sivas, Turkey) which was
adjusted to the temperature between 5 oC and 55 oC.
The duration of each immersion in the bath was
determined to be 30 seconds and 1000 thermal cycles
were applied. The samples taken from the thermal
cycle device were mounted on a universal testing
machine (Instron 3340, Wycombe, UK) to measure the
shear bond strength. In order to be mounted on the test
device, the samples were buried in the acrylic moulds.
The samples were fixed to the bottom part of the
device. The V-shaped metal bar was positioned in the
upper part of the test device in parallel with the
interface of the restorations. The shear forces applied
to the full of the contact area at a cross-head speed of
0.5/min. The shear forces were continued until the
connection between the restorations breakaway. The
bond strength value was recorded as Newton (N) for
each sample and the results were converted to MPa
using the formula F = N/A (N: Newton, A: surface area).
International Dental Research © 2018

The fracture surfaces were examined with a
stereomicroscope (Stemi 305, Carl Zeiss Microscopy
GmbH, Göttingen, Germany) at 30 × magnification to
determine the fracture types after the bonding
strength test of all samples. Fracture types were
assessed as an adhesive failure if it occurred in
adhesive bonding or cohesive failure if it occurred in
restoration, or mixed failure if it involves both
restoration and adhesive bonding.
Data analysis was performed using the Statistical
Package for the Social Sciences version 23.0 (SPSS Inc.,
Chicago, ll., USA). One way Anova and Scheffe post hoc
tests were performed. P value <0.05 was considered as
statistically significant. Spontaneous debondings in the
thermal cycle process were considered as 0 MPa.

Statistical Analysis
Data analysis was performed using the Statistical
Package for the Social Sciences version 23.0 (SPSS Inc.,
Chicago, ll., USA). One way Anova and Scheffe post hoc
tests were performed. P value <0.05 was considered as
statistically significant. Spontaneous debondings in the
thermal cycle process were considered as 0 MPa.
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Results

(N=0.00, P<0.05). Groups only treated with bond, only
treated with laser, only treated with air abrasion, and
the control group showed similar bond strength values
(P> 0.05). There was a significant difference between
the other surface treatment methods (P<0.05). The
bond strength in the G-aenial group was significantly
higher than the bond strength in the Equia group in all
surface treatments (P<0.05) (Table 2). 24 samples
(17.14%) failed before the bond strength test, most of
them were in the Equia groups which only treated with
the laser (Table 2). When examined the fracture
modes, adhesive, cohesive, and mixed failures were
observed 60%, 16%, 24% for Equia and 65%, 14%, 21% for
G-eanial composite, respectively (Table 3).

The highest bond strength in the G-aenial group
was obtained with laser-bond method (N=17.71,
P<0.05) and the lowest bond strength was in the only
laser-treated group (N=3.45, P<0.05). Groups only
treated with bond and only treated with air abrasion
showed similar bond strength values (P> 0.05). There
was a significant difference between the other surface
treatment methods (P<0.05). The highest bond
strength in the Equia group was obtained with air
abrasion-bond method (N=9.29, P<0.05) and the lowest
bonding strength was only in the laser treated group

Table 1. Materials used in the study.
Materials
Scotchbond Etchant Gel
Equia Forte bulk fill glass
hybrid restorative system

Manufacturer
3M Dental Products,
St. Paul, MN, USA
GC, USA

Lot Code(s)

Chemical Composition

8U0031

%37 phosphoric acid

1608271

Glass particles, polyacrylic acid
Urethane dimethacrylate (UDMA),

G-eanial Posterior lightcured radiopaque hybrid

GC, USA

1711271

composite (Shade A2)

dimethacrylate co-monomers, Silica,
Strontium and Lanthanoid Fluoride,
Fluoroaluminosilicate, Fumed silica
10-MDP, phosphoric acid ester

G-Premio Bond

GC, USA

1712021

monomer, dimethacrylate,
4-MET, MEPS, acetone, silicon
dioxide, initiators

Equia Forte Coat

GC, USA

1504201

50% methyl methacrylate, 0.09%
camphorquinone

Table 2. Mean micro-shear bond strengths (standard deviations)
Method

G-aenial + G-aenial

Equia + G-aenial

Mean Values (SD)

PTF

Mean Values (SD)

PTF

Control

6.25 (0.48) d

1

0.89 (0.4) a

3

Bond

12.22 (1.28) h

-

1.84 (0.73) a, b

3

Acid + Bond

8.35 (1.42) e, f

-

4.11 (1.21) c

-

Air abrasion

11.28 (0.96) g, h

-

1.87 (0.31) a, b

4

Air abrasion + Bond

15.28 (1.61) i

-

9.29 (0.88) f, g

-

Laser

3.45 (0.48) b, c

3

0.00 (0.00) a

10

Laser + Bond

17.71 (1.15) j

-

7.07 (0.99) d, e

-

Different letters indicate significant differences between the groups (p<0.05). PTF: Pre-test failure.
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Table 3. Frequency of modes of failure in Equia and G-aenial composite.
Study Groups

Control

Bond

Acid + Bond

Air abrasion

Air abrasion + Bond

Laser

Laser + Bond

Substrate

Fracture Modes

specimens

Adhesive

Cohesive

Mixed

Equia

5

1

1

G-aenial

7

1

1

Equia

7

0

0

G-aenial

7

2

1

Equia

8

0

2

G-aenial

7

1

2

Equia

6

0

0

G-aenial

5

3

2

Equia

5

3

2

G-aenial

6

0

4

Equia

2

0

0

G-aenial

4

1

2

Equia

5

4

1

G-aenial

7

1

2

Discussion
GIC has advantages such as chemical bonding,
fluoride release and anti-cariogenic properties, but
their usage is restricted due to their poor mechanical
properties. Along with the developments in recent
years, GIC containing nano-sized glass particles and
highly branched polyacrylic acid products in high
molecular weight have been released to the market
(18). These evolving properties of GIC have also
allowed them to be used in permanent restorations (6).
Previous studies have suggested that repairing
defective restorations rather than total replacing can
prolong the life of the restoration (19,20). Because the
total replacement of a defective restoration may cause
more damage to the healthy dental tissue and occur
damage to the pulp tissue (21). Because GIC is more
brittle and less resistant to abrasion forces, they may
need to be repaired or replaced more often than RBCs
(22).
Microorganisms, constituents of beverages and
foods, pH changes, salivary enzymes, and thermal
changes can degrade dental materials chemically and
mechanically (20). The manufacturer recommends the
application of resin coating to prevent damage to the
Equia Forte RMGIC from moisture and changing
temperature. However, application of resin coating to
the RMGIC surface, which is used as a base under the
RBC or will be repaired with the RBC after it is broken,
International Dental Research © 2018

will reduce the bonding strength (6). In this study, we
did not apply resin coating before bonding, because we
desired to examine the bonding strength of the broken
RMGIC to the RBC.
One of the methods used to simulate the ageing
process of dental materials is thermocycling. It is
predicted that 10000 thermal cycles are equivalent to
about 1 year in vivo function (23). In our study, the
thermal cycle process was applied after the bonding
with the aim of imitating the oral environment.
However, in many studies, it has been shown that the
thermocycling procedure reduces the bonding strength
by a significant amount (16). Stallings, et al. (22) noted
that when the coating is not applied, the bonding
strength of the Equia system will be reduced. So that,
we applied the coating agent to Equia samples after
bonding, prior to beginning thermocycling process.
In this study, Al2O3 increased the bonding strength
significantly in the repair process of the RBCs. Most of
the previous studies have also found that Al2O3
increases the bond strength significantly (16, 24-32),
but a few studies found that opposite results (33, 34).
Al2O3 has the ability to form micro retention areas and
these areas increase wettability and adhesion to the
restoration (35). The adhesive penetrates the microretention areas on the surface of restoration and
provides a strong mechanical bonding after
polymerization (36). In Equia Forte, sufficient bond
strength not obtained when the bonding agent was not
135
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added to Al2O3 application. This situation can be
explained by the fact that the RMGIC system does not
contain the adequate monomeric structure and, as a
consequence, not occurred sufficient bonding forces at
the GIC-composite interface without bonding agent.
The reason for using the adhesive resin in the RBC
repairs is to increase the surface wettability by
penetrating the resin into the micromechanical areas
which were formed by surface treatments (37). GPremio Bond is a self-etch adhesive system which was
recommended for direct bonding, repair, and
hypersensitive treatments (38). Staxrud, et al. found
that stronger bonding strengths occurred in the RBCs
repaired using adhesives (11). In this study, the bonding
agent application increased the bonding strength of the
repairment significantly (either RBC or RMGIC) after all
surface treatments. However, especially for Equia
Forte, the application of adhesives seems to be an
indispensable requirement since it was acquired very
low bonding strengths in all samples which were not
applied adhesive.
Phosphoric acid etching is one of the preferred
routine applications in the repair of restorations. It is
especially applied to the dental tissue adjacent
restoration so that sufficient bonding strengths can be
obtained. There are conflicting results between the
studies in terms of contribution to bond strength.
Although some studies indicated that they increase (39)
or decrease (36, 40) bonding strength, some studies
have not found any significant effect (26, 41). In the
present study, while acid treatment with the bonding
agent decreased the bonding strength between the
composites, it improved the bonding strength between
the RMGIC and the RBC.
Adhesive failures were obtained mostly in the
present study, may be due to insufficient bonding
strength between restorations. It is considered that the
minimum required bond strength must be between 1720 MPa to obtain adequate resistance to shrinkage
forces and to achieve gap-free restoration margins
(42). Neither the G-aenial RBC nor the Equia Forte
RMGIC were the substrate material required to achieve
adequate bond strength, except laser+bond application
to G-aenial RBC.
When Er: YAG laser was applied to the surface of
the RBC, explosive vaporization and hydrodynamic
ejection processes occur to accomplish ablation. In
these processes, rapid melting and changes in the
volume of the material occur. Emerged strong
expansion forces cause projections on the surface of
the RBC and the molten material is discharged from the
surface in the form of droplets (43,44). The resulting
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micro retentive areas expand the surface area of the
RBCs and thus increase the bonding surface which will
increase the bond strength after repair. Oskoee, et al.
(45) stated that the Er-YAG laser increases the bonding
strength more than other lasers. In some studies, it has
been found that Al2O3 and Er-YAG lasers occur similar
bonding strength (46,47), whereas some studies have
shown that Er-YAG laser is superior (48,49). In the
present study, Er-YAG laser when applied with the
adhesive was the application which increased the
bonding strength of the RBC most significantly, whereas
Al2O3 applied with the adhesive increased the bonding
strength of Equia Forte RMGIC most significantly. When
no adhesive was applied, the laser application caused
very low bonding strength, and even, all samples of
Equia Forte RMGIC failed before the test.

Conclusions
When adhesive was not applied, very low bonding
strengths were obtained in all surface treatments. This
means that the application of adhesives has a critical
role on bonding strength, especially for Equia Forte
RMGIC. Er-YAG laser produced the strongest bond
strength when applied with adhesive in G-aenial
composite, but in Equia Forte RMGIC, the strongest
bond strength was achieved using air abrasion. The fact
that adequate bond strength could not be achieved by
any surface treatment in Equia Forte RMGIC may
suggest that replacing the Equia Forte RMGIC instead of
repairs may be a better option.
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