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Shear Bond Strength Evaluation
of Resin Composite Bonded to

GIC Using Different Adhesives

ABSTRACT

Aim: To evaluate the bonding of composite to glass ionomer
cement (GIC) using two different bonding systems.

Materials and Methods: The occlusal surface of 30 teeth was
flattened and they were divided into three groups. In Group A,
composite (Filtek™ Z350 XT, 3M ESPE, USA) was bonded to
GIC (Fuji Il, GC Corporation, Japan) after initial setting of the
GIC being employed as a total-etch adhesive(AdperSinglebond
2, 3M ESPE, USA). In Group B and C, self-etch primer(Adper™
Easy One, 3M ESPE, USA) was employed to bond composite
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to GIC before and after initial setting of GIC respectively.
Shear bond strength and nature of fracture of specimens was
determined.

Statistical analysis: One-way analysis of variance (ANOVA)
was used.

Results: Group B showed higher bond strength than Group A &
Group C (p<0.01). Group C showed the least bond strength.

Conclusion: Bond strength of composite to GIC was significantly
higher for self-etch primer group employed on unset GIC.
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INTRODUCTION

Adhesive dentistry has gained steady importance in restorative
dentistry during past four decades with the chief goal to achieve
an adequately strong bonding of the restorative resin to the tooth
structure for optimum retention, minimal microleakage, better
colour stability and clinical longevity of the restoration [1]. GIC
adhesion mechanism to tooth structure, thermal compatibility with
tooth enamel, biocompatibility and low cytotoxicity render to GIC
an interesting clinical option for restorative treatments [2]. Thus,
the so-called sandwich restoration or “composite-laminated GIC”
technique has been used by clinicians. This preserves the fluoride
release mechanism and the chemical bond to tooth structure
provided by GIC, and improve the esthetic and mechanical
properties using a resin composite laminate [3]. However, the bond
between conventional GICs and resin composite is limited due to a
lack of chemical bonding between the two materials and also the
low cohesive strength of glass ionomers. This could be attributed to
the difference in setting reactions between dental composites and
conventional GICs [4].

Current strategies in adhesive dentistry involve two methods:
the total-etch and self-etch. The total etch bonding technique
is characterized by the complexity of its components and of the
bonding procedure. Self-etching systems follow a trend towards
simplification [5].

Although enamel and dentin pre-treatment before the application of
bonding systems and restorative materials is well established in the
literature, the need for GIC surface treatment before the placement
of composite resin in sandwich restorations still remains debatable
[6,7]. McLean et al., pointed out that it is possible to etch the surface
of a conventional GIC and develop a mechanical union between
the cement and the bonding agent/composite resin similar to that
developed between etched enamel and the composite resin [8,9].

However, sensitivity of the GIC to moisture and its progressive
loss following acid etching often leads to its failure as moisture
contamination during the initial setting of GIC can cause dissolution
of the weak calcium- polyacrylate chains, and degrade their physical
properties.Moisture contamination during the rinsing procedure
can be prevented by waiting for about seven minutes for the initial
setting of the GIC to be complete before starting the etch and rinse
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procedure. Since this procedure requires a waiting period, this
technique is not popular among restorative dentists [10].

The recent development of adhesive systems such as self-etch
primers might overcome this disadvantage, as they do not require
etch and rinse procedure. Self-etching systems are less technique
sensitive and require less application time. They do not require etch
and rinse phase and combine the functions of primer and adhesive
making them more convenient in manipulation. In these systems,
there is simultaneous infiltration of the resin with the self-etching
process. Studies have proven that self-etch systems produce bond-
strength similar to total-etch systems to both dentin and enamel
[11,12]. The other advantage of these systems is their feasibility to
be employed over unset GIC, as there is no need to rinse the GIC
prior to application of the bonding agent, thus preventing moisture
contamination or desiccation of the underlying GIC and saving
precious chairside clinical time [13].

Adper easy one - one bottle one coat self etch adhesive, Adper ™
Singlebond 2 - total etch adhesive and Filtek™ Z350 XT- composite
resin have been recently introduced by 3M ESPE Inc, St Paul, MN,
USA. To date, no study has evaluated the bonding ability of these
new adhesives for GIC or resin composite. Hence the aim of the
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S.No. Group Shear Bond Strength *) Failure Mode
(Mean+S.D.)
1 A-Total etch 3.28+.2044 MPa a 2 adhesive,
5 mixed,
3 cohesive
2 B-Self etch before 4.02+.2530 MPa b 1 adhesive,
setting of GIC 2 mixed,
7 cohesive
3 C-Self etch after 3+.2 MPa a |7 adhesive,
setting of GIC 2 mixed,
1 cohesive

[Table/Fig-2]: The mean shear bond strength for different groups, Different lower case

letters in the column indicate significant statistical differences according to One way Anova Test
(p<0.01)

present study was to evaluate the bonding of self-etch adhesive
over unset GIC in comparison with set GIC i.e at two time intervals
and to determine the bonding of glass ionomer cement with
composite resin using total-etch adhesive in comparison with self-
etch adhesive, using the recent materials.

MATERIALS AND METHODS

The acrylic resin was filled in iron cylinders upto cement-enamel
junction and 30 single rooted premolar teeth were mounted in them.
A flat dentin surface at 0.5 mm below the dentino-enamel junction
was obtained by grounding the tooth on a water-cooled model
trimmer. A layer of glass ionomer cement (Fuiji llGlass ionomer
restorative GCCorporation, Tokyo, Japan) of 1 mm thickness
was made over the occlusal surface of each sample. The tooth
specimens were divided into three groups of 10 samples each on
the basis of time of application and the type of the bonding agent
used. The composite material (Filtek™ Z350 XT, 3MESPE Inc, St
Paul, MN, USA) was applied in a thickness of 2 mm over the GIC
and then it was light cured. The GIC surface was not finished to a
smooth glass surface to simulate the clinical situation.

Group A (Total-etch bonding agent) (AdperSinglebond 2 Total Etch
Bonding Agent, 3M ESPE Inc, St Paul, MN, USA)

An initial set of glass ionomers was confirmed with a sharp explorer
after waiting seven minutes. The surface was treated with 37%
phosphoric acid for 15 sec and then rinsed. The bonding agent was
applied and light cured. The composite material was then added in
increments to a height of 2 mm and each increment was light cured
(QHL 75, Dentsply, Caulk, USA) for 40 sec.

Group B (Self-etch primer before initial set of GIC) (Adper™ Easy
One, 3M ESPE Inc, St Paul, MN, USA)

Self-etch adhesive was applied before the initial set of GIC. Air
drying was done after 20 sec; self-etch bonding agent applied and
light cured. Composite material was then added in increments to a
height of 2 mm and light cured for 40 sec.

Group C (Self-etch primer after initial set of GIC) (Adper™ Easy One,
3M ESPE Inc, St Paul, MN, USA).

Self-etch adhesive was applied, after the initial set of GIC was
confirmed with a sharp explorer after seven minutes. Air-drying
was done after 20 sec; self-etch bonding agent was applied and
light cured. Composite material was then added in increments to a
height of 2 mm and each increment was light-cured for 40 sec (QHL
75, Dentsply, Caulk, USA). The samples were then placed in 100%
humidity at room temperature for 48 h. The shear bond strength
was determined using the Universal Testing Machine (Instron model
4302, Germany) at a crosshead speed of 1 mm/min and directing
the shearing force on the glass-ionomer composite interface [Table/
Fig-1]. The specimens were examined to determine the nature of
fracture.

RESULTS

The mean shear bond strength and standard deviation are shown
in [Table/Fig-2]. The data was computed and analysed by ANOVA
(one-way analysis of variance). The Analysis was carried out with
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SPSS software version 13. One-way analysis with ANOVA revealed
significant differences in bond strength values among the different
groups (p<0.01). Group B (self-etch primer was applied before the
initial set of GIC) showed higher bond strength than Group A& Group
C (p<0.01). Group C (self-etch primer applied after the initial set of
GIC) showed the least bond strength values.The maximum number
of cohesive failure was seen in Group B and minimum number in
Group C. The maximum number of adhesive failure was seen in
Group C and minimum number in Group B. These results shows
that higher the bond strength, more the number of cohesive failure
and lesser the number of adhesive failure.

DISCUSSION

A strong bond between GIC and composite is an important factor
for the quality of bilayered or sandwitch restorations and it has
been previously shown that GIC and composite resin can adhere
effectively to each other [8,14]. The bond strength between these
materials is influenced by four factors: 1) the tensile strength of GIC,
which is mostly dependent on the powder/liquid ratio; 2) the viscosity
of the bonding agent and its ability to wet the GIC’s surface; 3)
the volumetric change in the composite resin during polymerization
and; 4) the difficulties in packing and adaptation of the composite
resin to the GIC without incorporation of voids [15]. The bonding
agent and resin composite may be co-cured to GIC either before or
after the initial set has occurred. Knight and others proposed that
sequential layering of glass ionomer cement, resin modified glass
ionomer cement and resin composite prior to photo-polymerization
and before the initial set of GIC produces a significantly strong
chemical bond between the GIC and resin composite compared to
the etch and rinse technique. It eliminates several placement steps
also [16].

Two types of glass-ionomer cements, i.e., conventional or resin-
modified, can be used which have differences in the adhesion
mechanism, setting reaction, and sensitivity to the moisture of
the materials. Arora and others used resin modified GIC which
has demonstrated a better bonding to composite resin than the
conventional GIC, but exhibits a command set when activated by
light [17,18]. Navimipour and others observed that surface treatment
with phosphoric acid or Er,Cr:-YSGG laser increased the shear
bond strength of conventional GIC to composite resin; however,
in RMGIC only laser etching resulted in significantly higher bond
strength [19]. Zhang and others observed that total-etch adhesive
has a lower bond strength than the self-etch adhesives when
bonded to conventional GIC [20]. Gopikrishna and others showed
that the bond strength of composite to GIC was significantly higher
for the self-etch primer group employed on unset GIC [13]. But
they observed superior performance of GIC based adhesive over
set GIC which could be attributed to chemical bonding between
the composites and resin modified glass-ionomers, which has been
proven by previous reports [21]. Kandaswami and others concludes
that the use of mild self-etching bonding agent over unset GIC
has improved bond strength compared to the use of strong and
intermediate self-etching bonding agent [22]. However, no study
till date has evaluated bonding between the conventional GIC and
composite using recently available self-etch adhesive - Adper easy
one, total etch adhesive - Adper ™ Singlebond 2 and composite
resin - Filtek™ Z350 XT.

In the present study these new materials were used to evaluate
the bonding between GIC and composite. The self etch samples
were observed at two time intervals i.e. immediately and 7 min after
placing glass ionomer cement. The total etch samples were not
observed immediately after placing GIC because it will create weak
mechanical bond and lead to deleterious effect on the material. The
glass-ionomer surfaces were left uninstrumented in all the groups
and not finished to a glass-smooth surface to simulate the clinical
condition. The initial set of glass ionomer cement was verified with
a sharp explorer in accordance with the previous study by Magnum
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and others [4]. In the etch and rinse group, the samples exhibited
bond strength values that were comparable to values in previous
studies [4,16]. However, in the self-etch primer groups, the samples
wherein the self-etch primer was applied over the unset GIC (Group
B) performed statistically better than the samples wherein the
self-etch primer was applied after initial setting of the GIC (Group
C). This group B was statistically superior to the total-etch group
(Group A) also. This can be explained as the carboxylic monomers
in self etch primers could have chemically bonded to calcium in
unset GIC leading to higher bond strength. This could be the reason
for the higher number of cohesive failures in group B. Yoshida and
others have also proven that carboxylic acid monomers present in
self-etch primers have a chemical bonding potential to calcium of
residual hydroxyapatite of dentin [23]. Hence, it can be said that
carboxylic monomers in self etch primers could have chemically
bonded to calcium in unset GIC and, hence, a chemical union could
be one possible reason for the higher bond strength using these
new materials also.

CONCLUSION

In conclusion, an alternative technique for the laminate restorations
i.e. self-etch primer over unset glass ionomer cement may be
used instead of the traditional total-etch system. This technique
saves the time, as there is no need for etching and rinsing in this
technique. Further in vivo studies are required to determine the
bonding between the glass ionomer cement and the composite
resin bonded with different adhesive systems used.
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