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Objective: The aim of this study was to investigate the shear bond strengths (SBS) of 
different nano-resin-based composites (RBCs) to resin-modified glass-ionomer cement 
(RMGIC) after the application of different adhesion protocols.
Material and Methods: Three RBCs (Filtek One Bulk Fill [FOBF], Tetric N-Ceram Bulk Fill 
[TNCBF], and Filtek Z350 XT [Z350XT]) were used as layering materials over GC Fuji II LC 
RMGIC. Three adhesive systems — Total-etch (OptiBond Solo Plus [OB]), self-etch (CLEAR 
FIL SE Bond 2 [CFSE]), and a universal bond (Single Bond Universal [SBU]) — were used. In 
total, 160 RMGIC blocks were prepared. Ten samples (n = 10) were layered with the same 
material to form a reference-cohesive control group. The remaining samples were distributed 
among the following groups: No treatment [NT]; Total-etch [OB]; Self-etch [CFSE]; Universal 
bond in the “total-etch” mode [SBU-TE]; and Universal bond in the “self-etch” mode [SBU-SE]. 
Samples were stored, and aged by thermocycling (5000 cycles at 5 °C / 55 °C, 30 s) and then 
prepared for SBS testing. Fracture modes were examined by stereomicroscopy. Data were 
collected and analyzed statistically at a significance level of P<0.05.
Results: The highest mean SBS (14.30±1.08 MPa) was reported in the OB group with the 
TNCBF material, while the lowest was in the NT group (5.05±0.69 MPa) with FOBF. 
Samples in the NT group showed SBS statistically significantly lower than those of samples 
in all other groups (P<0.0001). Bulk-fill materials had significantly higher SBS than Z350XT 
in OB, CFSE, and SBU-SE (P<0.0001). SBU-TE produced SBS statistically significantly 
lower than those of other groups for FOBF (P<0.0001), and lower than that of OB for 
TNCBF (P=0.027).
Conclusion: OB, CFSE, and SBU-SE are reliable adhesion protocols for bonding bulk-fill 
RBCs to RMGIC when the “sandwich technique” is used for restorations. However, SBU-TE 
may not be effective in such procedures.
Keywords: composite resins, bulk-fill, resin-reinforced glass ionomer, universal bond 
adhesive, bond strength

Introduction
Since the introduction of glass-ionomer cements (GICs) — later known as “con-
ventional” GICs — in the early 1970s by Wilson and Kent,1 they have become 
popular among dental practitioners for use in dental restorations because of their 
documented advantages of fluoride release, superior biocompatibility, and chemical 
bonding to tooth structures compared with resin-based composites (RBCs).2,3 

However, because of their relatively weak physical properties, these materials 
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have been improved by the addition of a water-soluble 
methacrylate monomer, hydroxyl-ethyl methacrylate 
(HEMA), to the cement to form resin-modified GICs 
(RMGICs).4

RMGICs possess important improvements over their 
predecessors.5 However, they are still considered inferior 
in physical and esthetic properties compared with RBCs. 
Therefore, the procedure of using GICs to line and replace 
dentin, then overlay them with stronger and more esthetic 
materials like RBCs, is used in clinical dentistry.6,7 This 
“sandwich technique” procedure was first described in 
1985 by McLean et al.8

The sandwich technique with RMGIC in Class II 
restorations has been reported to relieve the stresses 
caused by RBC.9 In a three-year follow-up study, Van 
Dijken et al reported the Class II open sandwich technique 
with RMGIC restorations to be a good alternative to 
amalgam restorations.10 However, one of the critical fac-
tors enabling these restorations to survive the functional 
challenges in the oral environment is a reliable bond 
between the RBC and the GIC substrate. This bond is 
believed to be micromechanical by virtue of the resin- 
based bonding system. However, for RMGICs, 
a chemical bond between the resin on the RMGIC and 
that of the adhesive system is also present.11 Although 
limited data have been found in the literature describing 
the bond strength of RMGICs to RBCs, it has been 
reported to be higher than that of the conventional 
GICs.7 The bond between RBC and GIC may be affected 
by several factors, including tensile strength of the base 
material, the viscosity and wetting ability of the bonding 
agent, as well as the polymerization shrinkage and adapt-
ability of an overlay RBC material,12 in addition to the 
differences between the two materials in chemistry and 
composition.13 Zhang et al reported that bonding 
a conventional GIC to RBC using the total-etch adhesive 
yielded a less stable bond compared with that created 
using self-etch adhesives.14

The term “bulk-fill composite” refers to the RBC class 
of material that is placed and light-cured in “bulk” layers 
of 4 mm or more.15 These materials were developed to 
overcome some of the drawbacks of conventional compo-
sites, including polymerization shrinkage stress and lim-
ited depth-of-cure, which may lead to failure of the bond 
between the RBC and tooth structures or to another 
material.16,17 It has been documented that these materials 
possess reliable mechanical properties in bulk increments 
of 4 mm in thickness,18,19 with a greater degree of 

conversion (DC)20 and similar microhardness and poly-
merization shrinkage to those of conventional RBCs.21

Multiple studies have evaluated the bond strength of 
GICs to conventional RBCs in “total-etch” and “self-etch” 
adhesive systems.11–14,22,23 However, evaluation of the 
bond strength of RMGICs to newly developed bulk-fill 
composites by the currently available adhesion protocols 
has not been well-documented. Knowledge of the bond 
characteristics of these materials to RMGICs is considered 
vital for the clinical success of final restorations.

Therefore, the aim of this study was to evaluate the 
shear bond strengths (SBS) of nano-based composite 
materials, two bulk-fill and one conventional, to 
RMGICs after the application of different adhesion proto-
cols, and to compare the results between and among the 
different adhesion techniques used during the bonding 
procedures.

When RBCs were bonded to RMGICs by different 
adhesion protocols, the null hypotheses were that:

● there would be no significant differences in SBS 
between and among the different adhesion protocol 
groups for each RBC material; and

● there would be no significant differences in SBS 
between and among different RBCs within each 
adhesion protocol, and between bulk-fill materials 
and conventional material.

Materials and Methods
In this study, the bond strength between a RMGIC (GC 
Fuji II LC®, GC Corp., Tokyo, Japan) and composite 
resin-based materials was evaluated based on the follow-
ing: (1) composite materials used for layering — two bulk- 
fill (Filtek™ One Bulk Fill [FOBF], 3M ESPE, St. Paul, 
MN, USA; Tetric®N-Ceram Bulk Fill [TNCBF], Ivoclar 
Vivadent AG, Schaan, Liechtenstein) and one conven-
tional (Filtek™ Z350 XT [Z350XT], 3M ESPE); and (2) 
adhesive systems at four levels — a total-etch system 
(OptiBond™ Solo Plus [OB], Kerr Dental, Orange, CA, 
USA), a self-etch system (CLEAR FIL SE Bond 2 
[CFSE], Kuraray Corp., Tokyo, Japan), and a universal 
bond system (3M™ Single Bond Universal, 3M ESPE) 
in total-etch [SBU-TE] and self-etch [SBU-SE] modes. 
Two groups, one without any adhesive protocol applica-
tion, and a reference group for evaluation of the cohesive 
strength of the RMGIC, were also included. Table 1 lists 
the materials used.
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Sample Preparation
Cylindrical acrylic molds with central holes 8 mm in 
diameter and 4 mm in height were used to fabricate 160 
RMGIC (Fuji II LC, shade A1) cylindrical blocks. Ten 
samples were randomly selected and immediately layered 
with the same material (Fuji II LC, shade A3) with the use 
of transparent split acrylic molds with 4 mm x 4 mm 
central holes, to form the reference-cohesive control 
group.

The RMGIC samples were built in two layers, 2-mm 
thickness each, and light-cured according to the manufac-
turer’s instructions.

The rest of the RMGIC blocks were randomly divided 
among five adhesion protocol groups, 30 blocks for each 

group, and further subdivided into 10 blocks for each RBC 
(n = 10).

Study Groups
● Group 1 (Cohesive control): RMGIC blocks were 

layered immediately with two layers of the same 
RMGIC material, shade A3.

● Group 2 (NT): RMGIC blocks were immediately 
layered, without any treatment, with RBCs.

● Group 3 (Total-etch): RMGIC blocks were treated 
with 35% phosphoric acid (Ultra-Etch®, Ultradent, 
South Jordan, UT, USA) for 15 s, rinsed for 15 s, 
and gently air-dried for 5 s, after which the OB 
adhesive system was applied.

Table 1 List of Materials Used in the Study

Material Company Composition

Restorative materials

GC Fuji II LC® resin-reinforced 

glass ionomer, shades A1, A3

GC Corp., Tokyo, 

Japan

● 2-hydroxyethyl methacrylate (HEMA) 25–50%
● Polybasic carboxylic acid 5–10%
● Urethane dimethacrylate (UDMA) 1–5%
● Dimethacrylate 1–5%

FiltekTM One Bulk Fill posterior 

composite [FOBF], shade A2

3M ESPE, St. Paul, MN, 

USA

● AFM (dynamic stress-relieving monomer), AUDMA, UDMA and 1, 12-dodecane-DMA
● Fillers: a combination of a non-agglomerated/non-aggregated 20-nm silica filler, a non- 

agglomerated/non-aggregated 4- to 11-nm zirconia filler, an aggregated zirconia/silica 

cluster filler (comprised of 20-nm silica and 4- to 11-nm zirconia particles) and 
a ytterbium trifluoride filler consisting of agglomerate 100-nm particles.

● Inorganic filler: 76.5% by weight (58.5% by volume).

Tetric®N-Ceram Bulk Fill 

composite [TNCBF], shade A2

Ivoclar Vivadent AG, 

Schaan, Liechtenstein

● Bis-GMA, Bis-EMA and UDMA, light initiator (Ivocerin®)
● Fillers: Barium aluminum silicate glass with two different mean particle sizes; isofillers 

comprised of cured dimethacrylates, ytterbium fluoride, and spherical mixed oxide.
● Inorganic filler: 75% by weight, (61% by volume) and 17% polymer fillers or Isofillers.

FiltekTM Z350 XT composite 

[Z350XT], shade A2

3M ESPE, St. Paul, MN, 

USA

● Bis-GMA, UDMA, TEGDMA, PEGDMA, bis-EMA(6) resins.
● Fillers: Average cluster particle size of 0.6 to 10 microns, non-agglomerated/non- 

aggregated 20-nm silica filler, non-agglomerated/non-aggregated 4- to 11-nm 
zirconia filler, and aggregated zirconia/silica cluster filler.

● Inorganic fillers: 78.5% by weight (63.3% by volume).

Adhesive systems

OptiBond™ Solo Plus [OB] total- 
etch adhesive system

Kerr Dental, Orange, 
CA, USA

● Ethyl alcohol: 20–25%
● Alkyl dimethacrylate resins: 55–60%
● Barium aluminoborosilicate glass: 5–10%
● Fumed silica (silicon dioxide): 5–10%
● Sodium hexafluorosilicate: 0.5–1%

CLEAR FIL SE BOND2 [CFSE] 
self-etch adhesive system

Kuraray Corp., Tokyo, 
Japan

● Primer: 10-MDP, HEMA, hydrophilic dimethacrylate, photo-initiator, water.
● Bond: HEMA, 10-MDP, Bis-GMA, hydrophobic dimethacrylate, initiator, accelera-

tor, silanated colloidal silica.

3MTM Single Bond Universal 
[SBU] adhesive system

3M ESPE, St. Paul, MN, 
USA

● MDP phosphate monomer, HEMA, ethanol, Vitrebond copolymer, filler, water, 

initiators, dimethacrylate resins, silane.
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● Group 4 (Self-etch): RMGIC blocks were treated 
with the CFSE adhesive system.

● Group 5 (SBU-TE): RMGIC blocks were acid-etched 
with 35% phosphoric acid for 15 s, rinsed for 15 s, 
and gently air-dried for 5 s, after which a universal 
bond adhesive system (SBU) was applied.

● Group 6 (SBU-SE): RMGIC blocks were treated with 
SBU without prior application of acid etchant.

In all groups, applications of adhesion protocols and light- 
curing procedures were performed according to the man-
ufacturers’ instructions by means of a light-emitting-diode 
(LED) curing system, EliparS10 (3M ESPE), at 1200 mW/ 
cm2. The light efficiency was measured by means of an 
LED radiometer (Demetron, Kerr Dental, USA). During 
light-curing, the tip of the LED unit was in direct contact 
with the surface of the material. RBCs were built over the 
RMGICs with shade A2, in 4-mm diameters and 4-mm 
thicknesses, with the use of the same split acrylic molds 
that were used to fabricate the cohesive samples. For the 
bulk-fill materials, a single layer of 4-mm thickness was 
used and light-cured for 40 s. Conventional composite was 
a build-up of two layers of 2-mm thickness each, and 
light-cured for 20 s.

Shear Bond Strength Testing
Specimens were then cleaned and stored at 37 °C in 
distilled water for 24 h, then aged by thermocycling for 
5000 cycles between 5 and 55 °C with a dwell time of 30 
s and a transfer time of 5 s.

Samples were prepared for shear bond strength (SBS) 
testing. They were mounted on a universal testing machine 
(Model 5965, Instron Corp., Norwood, MA, USA). Force 
was applied at the interface between the two bonded 
materials by means of a notched chisel at a speed of 
0.5 mm/min until failure of the RMGIC and composite 
(or between the two layers of the RMGIC for the cohesive 
control) occurred, and the force required for debonding 
was measured and recorded in megapascals (MPa).

Modes of Failure
Failure modes were examined under a digital stereomicro-
scope at 50x magnification (HIROX KH-7700 Digital 
Microscope, Tokyo, Japan) for evaluation of the fracture 
patterns.

Failure modes were classified as follows:
• Adhesive failure (A): failure at the bond interface.

• Cohesive failure (Cb): failure within the base material 
(RMGIC).

• Cohesive failure (Cc): failure within the composite 
material.

• Mixed failure (M): failure that was partially adhesive 
and partially cohesive.

Statistical Analysis
Data were analyzed with SPSS software version 25.0 
(IBM Inc., Chicago, IL, USA). Descriptive statistics 
(means, standard deviations, frequencies, and percentages) 
were used to describe the quantitative and categorical out-
come variables. One-way analyses of variance (ANOVA) 
followed by Tukey’s multiple-comparisons test were used 
to compare the mean values of SBS in relation to different 
types of treatments and different types of materials. 
Kruskal–Wallis H and Mann–Whitney U-tests were used 
for modes of failure analysis. A P-value of <0.05 was used 
to report the statistical significance of the results.

Results
Shear Bond Strength
Material Comparisons
Mean SBS values of the tested RBCs to RMGIC within 
each adhesion protocol are presented in Table 2.

The one-way ANOVA analysis showed significant dif-
ferences between different RBCs across all the tested 
adhesion protocols: NT (F=13.14, P=0.0001), OB 
(F=70.37, P<0.0001), CFSE (F=12.42, P<0.0001), SBU- 
TE (F=8.54, P=0.001), and SBU-SE (F=6.62, P=0.005).

Pair-wise comparisons showed no statistically significant 
difference between FOBF and TNCBF in all adhesion proto-
col groups (P>0.13) except in the SBU-TE group, where 
TNCBF showed significantly higher SBS mean values 
(P<0.002).

In the OB, CFSE, and SBU-SE groups, FOBF and 
TNCBF were significantly higher in SBS mean values 
compared with Z350XT (P<0.03). However, in the NT 
group, Z350XT showed mean SBS values significantly 
higher than those of both FOBF and TNCBF (P=0.01 
and P=0.000, respectively).

In the SBU-TE group, Z350XT showed SBS mean 
values significantly lower than those of TNCBF 
(P=0.013), but no different from those of FOBF (P=0.65).

Adhesion Protocol Comparisons
In comparisons of different adhesion protocol groups for 
each RBC, there were highly significant differences 
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between and among groups for all RBCs: FOBF 
(F=266.87, P<0.0001), TNCBF (F=173.16, P<0.0001), 
and Z350XT (F=103.64, P<0.0001).

In all RBC groups, the mean SBS values for NT were 
significantly lower than those of all other adhesion proto-
cols (P<0.0001).

For FOBF, there were no significant differences among 
the OB, CFSE, and SBU-SE groups (P>0.73). However, 
these adhesion protocols showed mean SBS values signif-
icantly higher than those of the SBU-TE group 
(P<0.0001).

For TNCBF, pair-wise comparison indicated no signifi-
cant differences between the pairs of adhesive system groups 
(P>0.05), except between OB and SBU-TE, since the latter 
had significantly lower mean SBS values (P=0.027).

For Z350XT, the mean SBS values of the OB group 
were significantly lower than those of the CFSE and SBU 
groups, (P<0.0001), but not significantly different among 
the last three treatment groups (P>0.3).

Cohesive Control vs Adhesion Protocol Groups
When the cohesive control group was compared with 
other groups (Figure 1), the control group showed sig-
nificantly higher mean SBS (13.97±1.78 MPa) than all 
RBCs in the NT group (P<0.0001), than Z350XT in the 
OB, CFSE, and SBU-TE groups (P<0.001), and than 
FOBF in the SBU-TE group (P=0.01). However, pair- 
wise comparisons indicated no significant differences 
between the cohesive control group and other pairs of 
materials and adhesion protocols (P>0.05).

Modes of Failure
The modes of failure were assessed across the five adhe-
sion protocols (Figure 2), where 100% adhesive failures in 
all materials were recorded with NT. However, cohesive 
failures within the RMGIC material were predominant in 
three groups: from 60% to 100% in OB, from 70% to 
100% in CFSE, and from 80% to 100% in the SBU-SE 
group. However, in the SBU-TE group, 80% of the FOBF 
samples showed adhesive failure, while cohesive failure 
within the RMGIC was assessed in 70% of the TNCBF 
and 80% of the Z350XT. No cohesive failures within the 
composite materials were assessed in the tested samples.

Kruskal–Wallis analysis showed no statistically signif-
icant differences between RBCs in the distribution of fail-
ures across all adhesion protocols (P>0.1), except in the 
SBU-TE group (P=0.023), where the Mann–Whitney test 
showed significant differences between FOBF and TNCBF 
(P=0.026), and between FOBF and Z35XT (P<0.027).

Discussion
Tooth surface treatment is critical to the establishment of 
a successful bond with an RBC restoration.24 However, 
preparation of the surface of a tooth-colored restoration, 
like RMGIC, to be bonded to newly improved RBCs 
remains controversial.

The use of a “sandwich technique” restoration for 
layering GIC material with RBC is favorable for deep 
cavity preparations and has been recommended to pro-
mote successful adhesion to dentin with a glass ionomer, 
therefore securing margins with a good seal.6 RMGIC 
rather than a conventional GIC was used in this study as 
the base material, because RMGICs exhibit better bond-
ing to RBCs than do conventional GICs, since the HEMA 
group in the RMGIC bonds chemically to the adhesive 
interface and RBC.25 Furthermore, RMGIC materials 
have the advantage of reduced sensitivity to moisture 
compared with conventional GICs, making them easier 
to handle during the adhesion procedures.11 During the 
layering procedure, in this study, both bulk-fill RBCs 
were light-cured in a single 4-mm increment with 
a 1200 mW/cm2 LED unit, since the use of a LED with 
≥ 1000 mW/cm2 to achieve acceptable depth-of-cure in 
bulk-fill RBCs at 4-mm depth has been recommended in 
the literature.26

Immediate layering of the RMGIC restoration with 
RBC without any adhesive system resulted in a bond 
strength that was significantly lower than that in all 

Table 2 Mean Values of Shear Bond Strength for the Resin-Based 
Composite Materials Within Each Adhesion Protocol Group

Adhesion 
Protocol

Type of Composite Material 
Mean Values of SBS (SD) in MPa

FOBF TNCBF Z350XT

NT 5.05 (0.69)aA 5.58 (0.60)aA 6.41 (049)bA

OB 13.79 (0.72)aB 14.30 (1.08)aB 10.27 (0.60)bB

CFSE 13.48 (0.48)aB 14.06 (1.03)aBC 12.09 (1.07)bC

SBU-TE 11.79 (0.99)aC 13.05 (0.53)bC 12.07 (0.52)aC

SBU-SE 13.88 (0.66)aB 14.20 (1.03)abBC 12.72 (1.02)acC

Notes: Different lower-case superscript letters, in the same row, indicate statisti-
cally significant differences between composite materials within each adhesion 
protocol group (P<0.05). Different upper-case superscript letters, in the same 
column, indicate statistically significant differences between adhesion protocols 
within each composite resin material group (P<0.05). 
Abbreviations: SBS, shear bond strength; SD, standard deviation; FOBF, Filtek One 
Bulk Fill; TNCBF, Tetric-N Ceram Bulk Fill; Z350XT, Filtek Z350 XT; NT, no treat-
ment; OB, OptiBond Solo Plus; CFSE, Clear Fil SE Bond 2; SBU-TE, Single Bond 
Universal in total-etch mode; SBU-SE, Single Bond Universal in self-etch mode.
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other adhesion protocols regardless of the type of RBC. 
Therefore, the null hypothesis that there would be no 
significant difference between and among different adhe-
sion protocols was rejected for all RBC groups. These 

results were in agreement with those of Becci et al.27 

When RBC was applied over the RMGIC base, the 
reduced bond strength between the two materials may 
be explained by the low cohesive strength of the RMGIC 

Figure 1 Bar chart representing mean values of shear bond strength for the adhesion protocol groups compared with the cohesive control group. * Statistically significant 
compared with the cohesive group (P<0.05). 
Abbreviations: SBS, shear bond strength; FOBF, Filtek One Bulk Fill; TNCBF, Tetric-N Ceram Bulk Fill; Z350XT, Filtek Z350 XT; NT, no treatment; OB, OptiBond Solo 
Plus total-etch system; CFSE, Clear Fil SE Bond 2 self-etch system; SBU-TE, single bond universal in total-etch mode; SBU-SE, single bond universal in total-etch mode.

Figure 2 Stacked bar chart that displays the distribution of modes of failure in adhesion protocol groups. 
Abbreviations: FOBF, Filtek One Bulk Fill; TNCBF, Tetric-N Ceram Bulk Fill; Z350XT, Filtek Z350 XT; NT, no treatment; OB, OptiBond Solo Plus total-etch system; CFSE, 
Clear Fil SE Bond 2 self-etch system; SBU-TE, single bond universal in total-etch mode; SBU-SE, single bond universal in total-etch mode.
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compared to the RBC and by the absence of an adhesive 
bond in the RBC/RMGIC interface, which is responsible 
for creation of the required mechanical bond between the 
two materials.12 Furthermore, the differences in the 
chemistry and reactions between these materials may 
play important roles in the failure of adhesion without 
a bonding agent.13

During immediate layering of RMGIC with RBCs in 
the absence of an adhesive system, all RBCs showed very 
weak bonds to the RMGIC base; however, Z350XT 
showed significantly higher bond strength compared with 
that of the FOBF and TNCBF materials. A possible expla-
nation for the difference between the materials is the 
higher filler content and larger size fillers of Z350XT, 
which may render the surface rough for better direct bond-
ing with RMGIC compared with FOBF and TNCBF, with 
lesser filler contents. Therefore, Mangum et al suggested 
creating roughness of the conventional GIC surface with 
a diamond point in addition to acid-etching before applica-
tion of the adhesive system.28

In this study, the best SBS mean values for bulk-fill 
materials were reported for OB followed by SBU-SE, then 
CFSE. However, no statistically significant differences 
were found among these groups for both bulk-fill materi-
als. When the SBU-TE was used, FOBF produced SBS 
significantly weaker than those produced by the three 
previously mentioned adhesion protocols.

In all adhesion protocols, FOBF and TNCBF produced 
similar results except in the SBU-TE group, where 
TNCBF produced bonds significantly stronger than those 
of FOBF. Therefore, the null hypothesis that there would 
be no significant difference in SBS between and among 
bulk-fill materials was rejected in the SBU-TE group only. 
TNCBF composite contains translucent fillers, which 
enable light to pass through the 4-mm thickness.29 It also 
uses a benzoyl-germanium-based photoinitiator (Ivocerin) 
that does not require a co-initiator to produce free radicals, 
and possesses high reactivity to the wavelength of the 
light, more than does camphoroquinone, which may assist 
the polymerization of large increments,26,30 and therefore 
may explain the differences between the bulk materials, 
which were significant only in the SBU-TE group.

Compared with bulk-fill RBCs, Z350XT presented sig-
nificantly lower bond strength in the OB, CFSE, and SBU- 
SE groups. Therefore, the null hypothesis that there would 
be no significant difference in SBS between bulk-fill mate-
rials and Z350XT was rejected for these groups. The low 
SBS strength of Z350XT may be explained by the high 

concentration of TEGDMA diluent monomer in Z350XT, 
which may have increased its shrinkage, therefore decreas-
ing the bond strength,18 since Kim et al reported high 
volumetric shrinkage with Z350XT compared with that 
in several bulk-fill RBCs.31

In the current study, although the OB group showed 
mean SBS values slightly higher than those of the CFSE 
group for both bulk-fill materials, these differences were not 
significant. It has been reported that the etching process did 
not significantly improve the bond strength between RBCs 
and GICs.32 In contrast, the SBS mean value for Z350XT 
was significantly higher in the CFSE group compared with 
the OB group. These results were in agreement with those of 
Arora et al and Hinoura et al.33,34 However, in this study, 
there were no significant differences between the CFSE and 
SBU groups for the Z350XT material.

In contrast to our results, Pamir et al found that using 
the “total-etch” adhesive system with RMGIC significantly 
improved the bond between conventional composite 
(Filtek Z250) and RMGIC compared with the “self-etch” 
treatment. However, the acid-etching period where they 
reported improvement in the bond was 30 s.25 The period 
of acid-etching for GIC surfaces before bonding to con-
ventional RBCs is controversial. Acid-etching for 30 s has 
been recommended by some authors,14,34 while others 
recommended 60 s for a successful bond.8,25 However, 
deterioration of GIC surfaces when exposed to an acid 
etchant for longer than 15 s has been reported, and there-
fore, acid-etching the GIC surface for no longer than 15 
s has been recommended.7,11,28

Self-etch adhesive systems have been recommended to 
be used on initially set material, like GICs, to improve 
SBS, due to the reported ability of self-etch adhesives to 
bond with calcium silicate materials by penetrating the 
material.35 The bonding effectiveness of a two-step “self- 
etch” adhesive system, such as Clearfil SE Bond 2, can be 
attributed to the separation of the acidic monomer in the 
primer from the adhesive agent. Furthermore, the mono-
mer methacryloxydecyl phosphate (MDP) is capable of 
producing ionic chemical bonds.36

In this study, treating the RMGIC surface with the 
SBU-TE protocol decreased the bond strength in bulk-fill 
RBCs compared with that in the SBU-SE and OB groups. 
This was significant for both materials compared with the 
OB adhesive system, and only for FOBF in the “non- 
etchant” mode of the universal bond group. This may be 
explained by exposure of the RMGIC surface to the acidic 
monomer in the primer of the universal system, in addition 
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to the separate prior surface-etching with 35% phosphoric 
acid, which may have affected the surface of the RMGIC 
and therefore may negatively affect the bond between the 
bulk-fill materials and the RMGIC.7

The single-bond universal adhesive system utilizes 
phosphorylated monomers in an aqueous solution that 
provides acidity to facilitate bonding to tooth structure 
without the use of separate phosphoric-acid-etching, and 
therefore is itself considered self-etching. The additional 
etch step followed by thorough rinsing has been documen-
ted to improve the micromechanical bonds between the 
composite resin and the highly mineralized enamel.37 

However, this may not be beneficial for treating surfaces 
like dentin or bonding to another restorative material like 
RMGIC. Since the universal bond system is ethanol- and 
water-based with MDP, when acid-etching is added as 
a separate step, the bond strength may be reduced, depend-
ing on the material used with it.38

In the current study, 100% adhesive failure was 
assessed with the group that was not treated with any 
adhesive system. However, in the OB, CFSE, and SBU- 
SE groups, the majority of samples had cohesive failures 
within the RMGIC material (80%, 83.3%, and 86.7%, 
respectively). For the SBU-TE group, only 53.3% failed 
cohesively within the RMGIC layer. Similar results were 
reported by Becci et al, since 80% of their samples had 
adhesive failures in the “total-etch” adhesive system.27 

Therefore, the results of this study confirmed those of 
Becci et al, who reported that the bond among RBC, the 
adhesive, and RMGIC material was stronger than the 
cohesive strength of the glass-ionomer base.27

Regardless of the type of composite material used in 
this study, there was a relatively high percentage of adhe-
sive failure (43.3%) when acid etchant was used combined 
with a universal bonding system, which confirms that 
additional acid-etching of the RMGIC in such adhesion 
systems may weaken the bond and cause adhesive failure 
between the RBC and the RMGIC.

Conclusions
Within the limitations of this study, the following can be 
concluded:

● In sandwich technique restorations, immediate layer-
ing of RMGIC with bulk-fill or conventional RBCs 
without any adhesive system yielded a very weak 
bond. However, when the total-etch, self-etch, or 
universal bond protocol was used in the “self-etch” 

mode, reliable bonds were achieved that were sig-
nificantly higher with bulk-fill composites.

● Universal bonding adhesive in the “total-etch” mode 
may not be effective in such procedures.
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