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Abstract Success in sandwich technique procedures can be
achieved through an acceptable bond between the materials.
The aim of this study was to compare the effect of 35%
phosphoric acid and Er,Cr:YSGG laser on shear bond
strength of conventional glass-ionomer cement (GIC) and
resin-modified glass-ionomer cement (RMGIC) to compos-
ite resin in sandwich technique. Sixty-six specimens were
prepared from each type of glass-ionomer cements and
divided into three treatment groups as follows: without
pretreatment, acid etching by 35% phosphoric acid for 15 s,
and 1-W Er,Cr:YSGG laser treatment for 15 s with a 600-
μm-diameter tip aligned perpendicular to the target area at a
distance of 1 mm from the surface. Energy density of laser
irradiation was 17.7 J/cm2. Two specimens in each group
were prepared for evaluation under a scanning electron
microscope (SEM) after surface treatment and the remain-
der underwent bonding procedure with a bonding agent and
composite resin. Then the shear bond strength was
measured at a crosshead speed of 0.5 mm/min. Two-factor

analysis of variance and post-hoc Tukey test showed that
the cement type, surface treatment method, and the
interaction of these two factors significantly affect the
shear bond strength between glass-ionomer cements and
composite resin (p<0.05). Surface treatment with phospho-
ric acid or Er,Cr:YSGG laser increased the shear bond
strength of GIC to composite resin; however, in RMGIC
only laser etching resulted in significantly higher bond
strength. These findings were supported by SEM results.
The fracture mode was evaluated under a stereomicroscope
at ×20.

Keywords Er,Cr:YSGG laser . Phosphoric acid . Sandwich
technique . Surface treatment

Introduction

The “sandwich” technique is one of the most recommended
dental composite restorative procedures in which two
different restorative materials are used to yield a restoration
with the best physical-mechanical and esthetic properties of
each material [1]. The first layer is a liner of flowable
composite, conventional glass-ionomer cement (GIC) or
resin-modified glass-ionomer cement (RMGIC), which is
covered with a laminate of restorative composite resin. In
class II and V cavities it is recommended to use glass-
ionomer liner at the gingival floor, especially when gingival
margin is extended to the root surface. This material
provides better retention and seal due to the chemical
bonding to tooth structure, reducing microleakage and
marginal gap in non-enamel margins. Glass-ionomer
provides long-term fluoride release, thereby decreasing the
possibility of recurrent caries. The disadvantages of these
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materials, such as low physical-mechanical properties and
esthetics, can be compensated by the overlaying composite
resin [2, 3].

For the success of this technique, there should be a
reasonable bond between the two materials [4]. The bond
strength values between glass-ionomer cement and com-
posite resin have been reported in different studies to be
highly dependent on the materials used and the methods of
handling [5]. In general, the bond is acceptable when
fracture occurs inside each material rather than in the
bonded interface (i.e., cohesive rather than adhesive) [6].

The common method for GIC use is acid etching of the
cement surface, application of the bonding agent and finally
adding composite resin. Some studies have demonstrated
that acid etching enhances the bond strength due to
increases in mechanical retention [7–10]; however, this
has not been confirmed by other studies [6, 11, 12].

High technique sensitivity, low strength of GIC, and lack
of chemical bonding between GIC and composite resin due
to differences in their setting reactions, have led to the
introduction of RMGIC. This new material has better
physical-mechanical properties and its resin components
can be chemically bonded with composite resin [3].
According to previous studies, acid etching of this cement
has no effect on bond strength [13], and it even decreases
shear bond strength of this cement to composite resin [14].

Different methods have been suggested for surface
treatment other than acid etching. One of these methods is
laser etching. A new generation of erbium lasers, Er,Cr:
YSGG laser, can be used for surface treatment. Er,Cr:
YSGG pulsed laser uses a combination of laser energy,
water, and air to ablate enamel, dentin, bone, and soft
tissues. The wavelength of this laser (2,780 nm) has an
affinity for water. Ablation is accomplished by hydrokinetic
energy that prevents temperature rise [15–21]. Initial
observations of enamel and dentin surfaces treated with
erbium lasers have shown the similarity between these
surfaces and acid-etched ones; therefore, these results
prompted clinicians to use laser as an alternative to
chemical etching [18]. It has been demonstrated that Er,
Cr:YSGG laser application can be an appropriate alterna-
tive technique to etching by 37% phosphoric acid in
removing the smear layer and preparing dentin [22].
Türkmen et al. showed that acid etching of GIC does not
have a significant effect on surface roughness under SEM
(scanning electron microscopy), but surface treatment using
Nd-YAG laser extensively roughened the surface [23].
Therefore, it seems that laser treatment of glass-ionomer
cements may result in greater mechanical retention. Since
no studies have so far been carried out in this regard, the
present study was designed in an attempt to compare the
effects of phosphoric acid and Er,Cr:YSGG laser treatment
on the surface of GIC and RMGIC in sandwich technique

and their influence on shear bond strength of these cements
to composite resins.

Materials and methods

In this in vitro study, 66 specimens were prepared from
each of GIC (GC Fuji II; GC Corporation, Tokyo, Japan)
and RMGIC (Fuji II LC; GC Corporation, Tokyo, Japan).
In each of the cements, the powder and liquid were mixed
according to the manufacturer’s instructions. The prepared
mixture was packed into a cylindrical plastic mold (a
diameter of 5 mm and a height of 4 mm) and placed on a
glass slab. Another glass slab was used on the other side of
the mold to make the free surface of the cement smooth. In
GIC specimens, there was a 6-min interval from the start of
mixing to complete curing of the cement, but in RMGIC
the specimens were light-cured for 20 s at 400 mW/cm2

through each of the glass slabs. The tip of the light-curing
unit (Astralis 7; Ivoclar Vivadent, Amherst, NY, USA) was
placed 1 mm above the surface of the cement.

Then the specimens of each cement type were divided
into three treatment groups (n=22). In the control groups,
no surface pretreatment was carried out before bonding. In
the acid-etched groups, the surface of glass-ionomer was
etched with 35% phosphoric acid gel (Scotchbond Etchant;
3M ESPE, St. Paul, MN, USA) for 15 s. Then the acid was
rinsed and the excess water was dried using a moist cotton
pellet to prevent dehydration of the specimens before
bonding. In the laser-treated groups, the surface of glass-
ionomer was treated with Er,Cr:YSGG laser (Waterlase
YSGG; Biolase Europe GmbH, Germany) at a pulse energy
of 1 W (10% water, 11% air) for 15 s with a 600-μm-
diameter G-type tip. The laser tip was aligned perpendicular
to the target area at a distance of 1 mm from the surface.
The beam spot size was 0.282 mm2 and the energy density
of the laser beam was 17.7 J/cm2. In this system, the
wavelength of emitted photons is 2,780 nm, pulse duration
is 140-200 μs and repetition rate is 20 Hz. After laser
treatment, a brown superficial layer of tiny flakes was seen
on the surface of each specimen. Since it has been reported
that this layer may interfere with the bonding process [24],
it was removed using a moist cotton pellet and then the
specimens were rinsed with water before the adhesion
procedure.

Subsequent to surface treatment, two specimens of each
group were randomly selected for SEM analysis and the
other ones underwent the bonding procedure immediately.
First, bonding agent (Adper Single Bond; 3M ESPE, St.
Paul, MN, USA) was applied to glass-ionomer surface in all
the groups according to manufacturer’s instructions and
light-cured for 10 s at 400 mW/cm2. Then the second
plastic mold (a diameter of 2.5 mm and a height of 2 mm)
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was placed on glass-ionomer specimen, filled with com-
posite resin (Filtek Z250; 3 M ESPE, St. Paul, MN, USA)
and light-cured for 40 s as previously described.

Subsequent to removal of the plastic mold, GIC speci-
mens were kept in a humidity chamber at 37°C for 1
h before being immersed in distilled water at 37°C for the
next 23 h. RMGIC specimens were immersed in distilled
water at 37°C for 24 h immediately after curing composite
resin [25]. In the next stage, subsequent to mounting of the
specimens in acrylic block, shear bond strength was measured
using Hounsfield Test Equipment (H5K-S model; Salfords,
Redhill, Surrey, England). The force was applied to the
bonding interface using a chisel-like loading head at a
crosshead speed of 0.5 mm/min until fracture occurred and
the maximum breaking loads were recorded in Newtons.

After mechanical failure, the fracture modes in all the
specimens were evaluated under a stereomicroscope
(Nikon; Japan) at ×20. Fracture patterns were classified as
cohesive (inside the glass-ionomer cement or composite
resin), adhesive (in the bonding interface) or a combination
of both cohesive and adhesive failures [6].

In order to prepare specimens for SEM analysis, they
were gold-sputtered and exposed to high vacuum. Then the
specimens were examined under a SEM (TESCAN VEGA;
USA) at ×1500.

Shear bond strength data were expressed as mean ±
standard deviation (SD). After checking data for normality
(Kolmogorov-Smirnov test) and the groups for homogene-
ity of variances (Levene test), data were analyzed using the
two-factor analysis of variance in which bond strength was
the dependent variable and the cement type and the method
of surface treatment were the test factors. A post-hoc Tukey
test was used for two-by-two comparison of the groups. In
addition, the significance of relationship between bond
strength and surface treatment methods in each cement
group was assessed with one-way analysis of variance and
a post-hoc Tukey test. Statistical significance was defined at
p<0.05.

Results

Table 1 shows descriptive statistics and statistically
significant differences for all the groups of each cement
type. Two-factor analysis of variance indicated that the
mean of shear bond strength was significantly influenced
by both the cement type (F1,114=58.61, p<0.001) and the
type of surface treatment (F2,114=24.94, p<0.001). Sig-
nificant differences between the groups were revealed by
Tukey test regarding the two factors (Table 1). On the
other hand, the interaction between the two factors of
cement type and surface treatment methods was signifi-
cant (F2, 114=5.27, p=0.006).

Comparison of the groups in each cement type, using
one-way analysis of variance and a post-hoc Tukey test,
indicated that in GIC the bond strengths in acid- or laser-
etched groups were significantly higher than those in the
control group (p<0.05); however, the difference between
these two groups was not significant (p=0.94). Neverthe-
less, in the RMGIC, the bond strength value was
significantly higher only in the laser-treated group (p<
0.05), and the difference between the acid-etched and
control groups was not significant (p=0.07). Figures 1
and 2 are the error bar charts of bond strength values by the
factors analyzed. In Table 2, the fracture mode has been
presented in each group.

The SEM observation revealed the topographic specifi-
cations of glass-ionomer surfaces in different treatment
groups (Fig. 3a-f).

Discussion

Sometimes there are cases in which a restorative procedure
based on sandwich technique, using GIC or RMGIC
layered with composite resin, is preferred. In these situations,
not only the bonding of glass-ionomer to dental substrates is
an important factor in the success of restoration but also there
should be an acceptable bond between glass-ionomer and
composite resin [4]. In the present study, the effect of surface
treatment with 35% phosphoric acid or Er,Cr:YSGG laser on
shear bond strength of GIC and RMGIC to composite resin
was investigated.

Table 1 Fracture resistance values (in Newtons) for all the groups

Group Mean [Std. Deviation] n Significance
p<0.05

GIC

Control 49. 57 [17.50] 20 * **

Acid 66.86 [15.31] 20 *

Laser 68.29 [10.12] 20 **

Total 61.58 [16.75] 60 A

RMGIC

Control 69.07 [23.72] 20 §

Acid 85.63 [25.43] 20 #

Laser 112.00 [20.95] 20 § #

Total 88.90 [29.13] 60 A

Total

Control 59.32 [22.82] 40 B C

Acid 76.24 [22.79] 40 B D

Laser 90.14 [27.45] 40 C D

Similar letters indicate statistical significance for “cement type” and
“surface treatment method” factors. Similar symbols show statistically
significant differences among the groups in each cement type
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According to the results of this study, the mean of shear
bond strength of RMGIC to composite resin was higher
than GIC (p<0.001), which is consistent with the results of
some previous studies [25–27]. The setting mechanism of
GIC is only based on an acid-base reaction between the
powder and liquid components whereas in RMGIC, in
addition to this reaction, a resin polymerization phase is
present as well. Polymerization reaction may be light-
initiated, chemical, or dual depending on the type of the
product. This way the presence of resinous components in
RMGIC structure, similar to the resinous components of the
composite resin, can be effective in increasing bond
strength of this cement to composite resin [14, 23, 25–
28]. In the surface of set RMGIC there is a superficial
catalyst rich in air-inhibited layer, which can copolymerize
with resin composite [26]. Also, the residual unreacted
methacrylate groups on the polyacid chain within the
polymerized RMGIC may form strong covalent chemical
bonds with the resin bonding agent [27].

On the other hand, the mean of shear bond strengths of
GIC to composite resin was significantly higher in acid- or
laser-etched groups than the control group, without any
pretreatment (p<0.01); however, there was no significant
difference between acid and laser treatment methods (p=1).
Consistent with the results of the present study, some of the
previous investigations have reported that acid etching of
GIC increases bond strength to composite resin [7, 8–10].
In the process of acid etching, phosphoric acid preferen-
tially attacks the matrix of the hardened GIC, resulting in a
rough and porous surface which is a retentive surface to
increase the adhesion to composite resin [10]. However, in

contrast with the results of our study there are some reports
that acid etching of GIC has no effect on bond strength to
composite resin [6, 11], or even decreases it [12]. Accord-
ing to these studies, dissolution of GIC matrix by acid
forms a weak zone with cracks in the surface of GIC, which
can be partially reinforced with the bonding agent but
during shear bond testing failure occurs at this weakened
region [11, 12, 29, 30]. In our study, laser treatment of GIC
increased bond strength as well. Regarding the wavelength
of Er,Cr:YSGG laser, it is absorbed maximally by water
molecules. It may also target the hydroxyl groups, with
subsequent cutting or alteration of the surface of materials
[16]. Considering the structure of GIC, which is composed
of a glass component (usually flouroaluminosilicate glass)
and water-soluble polymeric acids, and also regarding the
necessity of water for acid-base reaction and setting of the
cement [3, 14, 31], the dynamics of the setting reaction of
GIC and its incomplete initial setting [31], it is expected
that Er,Cr:YSGG laser will produce some porosity and
micro-irregularities in the cement matrix, increasing the
mechanical retention with the bonding agent and composite
resin. This way, as it is seen in Table 2, fracture mode has
shifted from adhesive in the control group to cohesive in
the acid- or laser-etched groups, which demonstrates the
positive effect of these surface treatments in improving
the adhesion between GIC and composite resin. Cohesive
failure in glass-ionomer cements might be attributed to
numerous air inclusions present in the cement. These air
inclusions can act as stress points, giving rise to the
increased likelihood of cohesive failure. The same
phenomenon can also occur in resin-based systems, but

Fig. 2 Error bar graph based on surface treatment method

Fig. 1 Error bar graph based on cement type
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the number of defects within the resin is much less than
that in glass-ionomer cements [32].

SEM views confirmed increase in surface roughness of
GIC with acid or laser etching while in the control group
the surface was completely smooth (Fig. 3a-c). The micro-
cracks on the GIC surface are thought to be due to the
application of vacuum during preparation of specimens for
SEM analysis, as this material is very brittle [23].

In RMGIC, only laser treatment significantly increased
the shear bond strength (p<0.001); however, both acid and

laser etching improved fracture pattern (Tables 1 and 2).
Similar to the results of the present study, certain studies
have reported that acid etching of RMGIC has no effect on
bond strength to composite resin [1, 6, 13]. It seems that
RMGICs are not influenced by acid etching due to their
high resin content [1, 13]. In another study, it has been
reported that acid etching of one type of RMGIC can result
in lower shear bond strength as it may partially remove the
HEMA and decrease the availability of oxygen-inhibited
functional methacrylate groups which contribute to the

Fig. 3 SEM photographs (×1500) showing: a untreated GIC; b acid-etched GIC; c laser-treated GIC; d untreated RMGIC; e acid-etched RMGIC;
and f)laser-treated RMGIC (bar: 20 μm)

Fracture pattern Adhesive Cohesive (GIC/RMGIC) Cohesive (composite resin) Mixed
Groups

GIC

Control 15 (75) 1 (5) 0 (0) 4 (20)

Acid 0 (0) 20 (100) 0 (0) 0 (0)

Laser 0 (0) 20 (100) 0 (0) 0 (0)

RMGIC

Control 4 (20) 8 (40) 0 (0) 8 (40)

Acid 0 (0) 20 (100) 0 (0) 0 (0)

Laser 0 (0) 20 (100) 0 (0) 0 (0)

Table 2 Fracture patterns of
different groups under study
(number with percentage in
parentheses)
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adhesion to composite resin [27]. However, this fact does
not necessarily apply to all RMGICs [14]. In explaining the
effect of laser on RMGIC, the chemical structure of this
cement should be considered. Some of the water content of the
GIC is replaced by a water/HEMA mixture in RMGIC. More
complex materials have been developed by modification of
the polyacid with side chains which can polymerize by light-
curing mechanisms. The initial set of these materials is due to
the formation of a polymerization matrix while the acid-base
reaction hardens and strengthens the matrix formed slowly.
The set cement will have two inter-penetrating matrices, i.e.,
the ionic matrix from the acid-base reaction and the
polymerization matrix from the free-radical reaction [3, 14].
Therefore, it seems that although cement is not permeable to
acid after initial setting due to higher resin content, Er,Cr:
YSGG laser can still penetrate into the ionic matrix and
adsorb to water or hydroxyl groups of the material’s structure
and induce micro-irregularities in the surface through its
hydrokinetic effect [16]. Therefore, bond strength increased
significantly in the laser-etched group rather than the acid-
etched one. These findings were confirmed in SEM views
which indicated an increase in the surface roughness in the
RMGIC after laser treatment while there was not any
significant surface topographic alteration in the acid-etched
group in comparison with the control group (Fig. 3d-f).

In the present study, macroscopic observation of laser-
treated surfaces of GIC and RMGIC specimens showed a
brown flakey superficial layer. These flakes cover the
surface and reduce bond strength; therefore, in this study
we mechanically removed this layer. In a recent study,
Hibst reported the formation of a layer of tiny flakes after
tooth preparation with a laser beam. He suggested that this
layer should be removed before application of the filling
material [24]. To overcome this problem, mechanical or
chemical removal of this layer has been suggested.
Gutknecht et al. and Carvalho et al. have suggested acid
etching of the laser-prepared cavity [33, 34]. This sugges-
tion can be considered in future studies on the subject.

Conclusions

Considering the limitations of the present study, it can be
concluded that surface treatment of GIC using 35% phospho-
ric acid or Er,Cr:YSGG laser may increase the shear bond
strength of this cement to composite resin and improve
fracture mode while in RMGIC the highest bond strength can
be achieved by laser treatment; however, both laser- and acid-
etching procedures may improve fracture pattern.
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