
Background
Currently, composite restorations have the benefits of 
general clinical applications that apply to almost all dental 
sites and for any restorative treatment. The bonding ability 
of these materials to dental tissues (dentin and enamel) 
and their physical properties have led to their extensive 
use (1,2).

Progress in bonding technology has made it easier for 
dentists to do esthetic treatments in more conservative 
and economic ways (3). Similar to other restorations, 
the composites fail and require replacement and repair. 
Factors such as extent, location and quality of existing 
restoration, life expectancy, and cost are all effective 
factors in choosing repair/replacement for final treatment 
(4,5). Repairing is preferred to replacement because it is 
more conservative and less harmful to the pulp. 

The repairability can be evaluated by the bond strength 
between the surface of the first layer and the new layer 
in the restoration (6). Nowadays, bulk-fill composites 
are used in addition to conventional composites that 
are layered in the cavity. Conventional composites have 
high viscosity and are incrementally employed in 1-2 mm 
layers for better adaptation to cavity walls. 

However, bulk-fill composites have specific properties 
such as increased fluidity, to achieve greater adaptation 
with the cavity, lower elasticity and polymerization 
shrinkage, and lower microleakage when they are placed 
in the cavity in 4-5 mm layers (6,7). Dentin bonding 
systems are used for bonding the composite to the teeth.

Poor bonding and difficulty of application processes of 
dentin bonding systems have undesirable consequences 
such as increasing technical sensitivity and thus working 
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Abstract
Background: One of the advantages of resin composites as a restorative material is their repairability. 
The purpose of the current study was to compare the repair bond strength of conventional and bulk-fill 
composites with different bonding systems. 
Methods: In this in vitro study, sixty cylindrical specimens of materials were prepared according to the 
six groups under study (two types of conventional Gradia Direct and N-Ceram Bulk-Fill Tetric composites 
and three bonding systems: Single Bond Universal and Clearfil SE Bond and Single Bond 2). The samples 
were divided into 6 groups of 10 Single Bond/Gradia Direct composite (G1), Single Bond/Tetric N-Ceram 
bulk-fill composite (G2), Clearfil SE bond/Gradia Direct (G3), Clearfil SE Bond/Tetric N-Ceram bulk-fill 
composite (G4), single bond universal/Gradia Direct composite (G5), and Single Bond Universal/Tetric 
N-Ceram bulk-fill composite (G6). Repair bond strength in each group was measured using the Universal 
Testing Machine (Hounsfield). All data were analyzed by SPSS 21 using ANOVA, Student’s t-test, and chi-
square statistical tests (P < 0.05).
Results: The highest and lowest bond strength (15.81 ± 2.44 and 14.02 ± 1.57, respectively) belonged to 
the Clearfil SE Bond-Tetric N-Ceram and Single Bond (Etch & Rinse)-Gradia Direct groups, respectively. 
The ANOVA test results demonstrated no significant difference in the bonding strengths of the study groups 
(P = 0.537).
Conclusions: Bulk-fill composite Tetric N-Ceram, apart from the bonding system, had higher repair bond 
strength compared to the conventional Gradia Direct composite. It seems that self-etch bonding systems 
(Clearfil SE Bond and Single Bond Universal) have had more bond strength than etch and rinse bonding 
(Single Bond 2 bonds).
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errors, waste of time, dental discoloration due to recurrent 
caries around the restoration, and eventually the loss of 
restoration (7,8).

There are various inconsistencies about the best type of 
bonding agent in terms of microleakage and shear bond 
strength, and each study has introduced a type of bonding 
with higher bond strength (6-9). This study aimed to 
compare the repair bond strength of conventional and 
bulk-fill composites performed with different bonding 
systems.

Materials and Methods
In this in vitro study, which was performed on conventional 
and bulk-fill composites, the samples were divided into 6 
groups of 10 as follows:

Single Bond/Gradia Direct composite (G1), Single 
Bond/Tetric N-Ceram bulk-fill composite (G2), Clearfil 
SE Bond/Gradia Direct (G3), Clearfil SE Bond/Tetric 
N-Ceram bulk-fill composite (G4), Single Bond Universal/
Gradia Direct composite (G5), and Single Bond Universal/
Tetric N-Ceram bulk-fill composite (G6). A pre-designed 
observation checklist tool was used to record the results.

Sample Preparation
Sixty cylindrical composite specimens (5 mm diameter 
and 3 mm height) were fabricated from two types of 
conventional composites Gradia Direct A2 shade (GC-
Japan) and bulk-fill Tetric N-Ceram A2 shade (Ivoclar-
Switzerland) using a plastic mold. Gradia Direct composite 
was incrementally placed in 1.5 mm layers inside the mold. 
The first layer was cured for 40 seconds at an intensity of 
450 mW using the D-Lux (DiaDent, South Korea) light 
curing device.

On the second layer, a clear celluloid strip and a slide 
glass were placed on the composite and then pressed, and 
the light was perpendicularly applied for 40 seconds.

However, the bulk-fill Tetric N-Ceram (Ivoclar, 
Switzerland) composite was placed in a 3 mm layer. Again 
the upper surface was covered with a celluloid strip and a 
slide glass with compression, and the light was applied as 
previous.

The specimens were stored in distilled water for two 
weeks in the aging process. Then, thermocycling was 
performed for all samples 5000 times at 5-55 ± 2°C with 
30-second intervals. 

The upper surface of the specimens was roughened by 
a high-speed handpiece with water coolant in sweeping 
motions. Number 8811012 diamond burs (Diatech 
TOP diamonds, Switzerland 25) used for it (Diatech 
TOP diamonds, Switzerland 25). On all specimens, 37% 
phosphoric acid (SDI Australia super etch) was applied 
(SDI Australia super etch) for 15 seconds and then washed 
for 15 seconds with water spray and dried for 10 seconds.

Preparation of Samples in Different Bonding Groups
For two groups (one group of conventional composites 
and one group of bulk-fill composites), Single Bond 2 (Etch 

& Rinse) bonding was applied on the surface by mini-
brushes according to the manufacturer’s instructions. 
Next, it was air-dried for 30 seconds, and the second layer 
was applied and air-dried, and finally light cured for 10 
seconds. Clearfil SE Bond (6th generation) was applied 
to the next two groups according to the manufacturer’s 
instructions. First, the surface of the specimens was 
impregnated with Clearfil SE primer for 20 seconds and 
air-dried for 3 seconds. Then, a mini-brush Clearfil bond 
was applied on the surface and air-dried for 3 seconds and 
eventually, cured for 10 seconds. Single bond Universal 
bonding for the last two groups was applied to the sample 
surface by a small brush for 20 seconds according to the 
manufacturers’ instructions, air-dried for 5 seconds, and 
ultimately, cured for 10 seconds. Finally, each sample was 
transferred to a two-piece mold, and the new composite 
(of the same type but with a different color), similar to the 
previous step (two 1.5 mm layers for Gradia Direct and 
one 3 mm layer for Tetric N-Ceram), was placed on the 
old composite and light cured.

Shear Bond Strength
All prepared specimens were mounted in self-cure 
acrylic blocks (Acropars, Iran) up to the junction of old-
new composites. Finally, the samples were placed in the 
Universal Testing Machine (Hounsfield), and the shear 
force was applied at a speed of 0.5 mm/minute through 
a straight-edge chisel to the old-new composite junction 
until the specimens were broken (Figure 1).

Shear bond strength in MPa was calculated by dividing 
the fracture force (Newton) by the cross-sectional area 
(mm2) of the specimens. All data were analyzed by SPSS 
software (Version 21), as well as analysis of variance 
(ANOVA), Student’s t-test and chi-square statistical tests 
at a significance level of P < 0.05.

Results 
The average bond strength of all six study groups is 
provided in Table 1. In Single Bond 2 (Etch and rinse) 

Figure 1. Shear Force Applied to the Old-New Composite Junction in the 
Universal Machine
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groups, the average repair bond strength in the Tetric 
N-Ceram composite was significantly higher than the 
strength in the Gradia Direct composite (P = 0.056). 
However, the bond strength of the two composites was 
not significantly different in Clearfil SE Bond (P = 0.24) 
and Single Bond Universal (P = 0.600) groups.

Based on data in Table 1, the highest and lowest bond 
strength (15.81 ± 2.44 and 14.02 ± 1.57) were related to 
the Clearfil SE Bond-Tetric N-Ceram and Single Bond 
(Etch & Rinse) Gradia Direct groups, respectively. A 
comparison of the mean bond strength between the six 
groups (Figure 2) using the ANOVA test represented that 
there was no significant difference (P = 0.537).

Comparing the bonding systems in each composite 
group, the average bond strength in Gradia Direct 
composite groups, from high to low, belonged to the Single 
Bond Universal, Clearfil SE, and Single Bond 2 (Etch & 
Rinse) groups, but no statistically significant difference 
was observed between them (Figure 3).

Additionally, in the composite Tetric N-Ceram groups, 
the order of the average bond strength values was Single 
Bond Universal, Clearfil SE, and Single Bond 2 (Etch & 

Rinse), and this difference was not statistically significant 
(Figure 4).

According to the results of Table 2, the highest 
frequency of adhesion failure and the highest frequency 
of cohesive failure belonged to the Gradia Direct-Clearfil 
SE and Clearfil SE Tetric N-Ceram groups, respectively. 
Further, the highest frequency of mixed failure was 
related to the Single Bond 2 Tetric-N-Worm group. There 
was no significant difference (P > 0.05) in fracture type 
distribution in the study groups.

Discussion
In this study, two types of composites, namely, a 
conventional composite (Gradia Direct) and a bulk-fill 
(Tetric N-Ceram) composite were used, and the new and 
old composites were considered identical in different 
colors to distinguish the boundary between the new and 
the old one. In most studies, the old and new composites 
have also been considered the same (2,4,5). The composite 
specimens were incubated in distilled water at 37°C (body 
temperature) for two weeks. The highest residual free 
radical activity at the composite surface is in the first 24 

Figure 2. Comparison of the Average Bond Strength in Study Groups

Table 1. Comparison of Average Bond Strength According to the Type of the Bonding System in Each Composite Group

Bonding System Composite Number Mean Standard Deviation P Value

Single Bond (Etch and rinse)
Gradia Direct Composite 10 14.02 1.57

0.056
Tetric N-Ceram 10 15.19 0.92

Clearfil SE
Gradia Direct Composite 10 14.69 1.60

0.240
Tetric N-Ceram 10 15.81 2.44

Single Bond Universal
Gradia Direct composite 10 14.92 2.99

0.600
Tetric N-Ceram 10 15.68 3.36
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Figure 3. Comparison of the Average Bond Strength in Gradia Direct Composite

Figure 4. Comparison of Average Bond Strength in Tetric N-Ceram Composite

Table 2. Comparison of Frequency of Fracture Types by Study Groups

Bonding System Composite Number Adhesion Failure Cohesive Failure Mixed Failure

Single Bond (Etch and rinse)
Gradia Direct composite 10 6 2 2

Tetric N-Ceram 10 5 1 4

Clearfil SE
Gradia Direct composite 10 7 0 3

Tetric N-Ceram 10 4 4 2

Single Bond Universal
Gradia Direct composite 10 6 3 1

Tetric N-Ceram 10 6 2 2
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hours after polymerization (5,6). Thus, within 14 days, 
the activity of free radicals in the functional groups of the 
resin represented a significant reduction.

On the other hand, by keeping the samples in a humid 
environment, hydrolytic degradation and hydrolysis and 
oxidation reactions, including those occurring in the 
oral cavity, are possible (7). In general, the repair bond 
strength of the old composite is affected by factors such 
as aging conditions, elapsed time after the repair, type 
of composite, surface roughness, and bonding strength 
(10). For the aging process, various methods such as 
boiling, thermocycling, and keeping in citric acid, sodium 
chloride, and distilled water have been used in various 
studies. However, water is the most common storage, 
with varying storage times from 24 hours to 6 months 
(11-13). The current study investigated the effects of 
three types of Single Bond Universal and Clearfil SE 
Bond and Single Bond 2 (Etch & Rinse) bonding systems 
on two conventional composites, namely, Gradia Direct 
(GC-Japan) and bulk-fill Tetric N-Ceram (Ivoclar, 
Switzerland). Considering that in in vivo conditions, 
before applying bonding agents, cleaning of the composite 
surface is required due to plaque formation and saliva 
contamination (3), 37% phosphoric acid was used to clean 
the specimens. Several studies employed phosphoric acid 
for this purpose, but their results confirmed its ineffective 
in vitro to increase bond strength (10). The results of 
the present study demonstrated that the repair bond 
strength in the Tetric N-Ceram composite group with 
the Clearfil SE bonding system was the highest, and the 
lowest bonding strength belonged to the Gradia Direct 
composite group with the Single Bond 2 (Etch & Rinse) 
bonding system. The results also showed that in all groups 
with different bonding systems (three bonding systems 
under investigation), the Tetric N-Ceram composite had 
higher bond strength than the Gradia Direct composite, 
representing no significant difference compared with 
statistical tests. To the best of our knowledge, no similar 
studies were found to compare the repair bond strength of 
conventional and bulk-fill composites. Many studies have 
highlighted the importance of bonding agents in increasing 
bond strength (14-17). Two possible mechanisms in the 
bonding agent’s performance are the chemical bonding 
with composite and the penetration of the monomers into 
surface matrix irregularities and the mechanical retention 
inside it (17). The solvent in the bonding agent causes 
swelling and gelatinization of the surface layer and allows 
the monomer to penetrate (9). There are contradictory 
results about the efficiency of Etch and Rinse and self-
etch systems in repairing composites without the use of 
silane. In the current study, the results of the Clearfil SE 
bond group were higher than the Single Bond 2 (etch and 
rinse) group in both composite groups. Moreover, in the 
bulk-fill group, Clearfil SE had the highest bond strength, 
which was not statistically significant. Cavalcanti et al (18) 
also found that the self-etch bonding system (Clearfil SE 
bond) was better than the Etch and Rinse system (Single 

bond), which is consistent with the findings of the current 
study. Probably one of the reasons for the better results of 
Clearfil SE Bond is the presence of 10-MDP monomeric 
acid (10-Methacryloyloyloxydecyl dihydrogen phosphate) 
in its composition and the penetration of these acidic 
monomers into the old composite. Additionally, the 
polarity of the phosphate groups of this monomer may 
help bond with inorganic composite filler particles (19). 
On the other hand, the difference in bond strength 
between these two bonding systems can be attributed to 
the presence of fillers in the Clearfil SE bond. It has been 
represented that the bond strength increases by increasing 
the filler content in the bonding agent (20).

In a study by Pradelle-Plasse et al, there was a significant 
difference, while no statistical preference was found 
among the self-etching adhesive and Prompt L-Pop and 
OptiBond Solo (17), which is in line with the findings of 
the current study. In this study, the shear bond strength 
of Single Bond Universal (self-etch) was higher than that 
of Clearfil SE Bond and Single Bond 2 (Etch & Rinse) in 
the conventional Gradia Direct composite (GC-Japan) 
group. In their study aiming at investigating the repair 
bond strength of composite with Universal Adhesive 
bondings with and without silane, Çakir et al concluded 
that Single Bond Universal had greater bond strength 
(21), which conforms to the findings of the current study. 
Probably one of the reasons for the better results of Single 
Bond Universal could be the presence of 10-MDP acidic 
monomer in its composition and the penetration of this 
acidic monomer into the old composite. The presence of 
silane in the Single Bond Universal can also be another 
reason for this result, since silane is a molecule that 
increases wettability and is capable of bonding with 
composite filler particles and methacrylate groups. In 
addition, it acts as an intermediate between the composite 
and the bonding agent (22). Since silane is able to form 
chemical bonds with silica composite particles, with more 
filler exposure, the amount of silane bond will increase 
with it. Teixeira et al found that etch and rinse (Prime 
& Bond NT) is more efficient than self-etching, system 
link adper prompt L-Pop, Tyrian One-Step Plus, Xeno III 
(23), which is inconsistent with the results of the present 
study. The difference in the types of bonding systems, 
composites, storage environment, and shelf life of the 
samples in the two studies could be a logical reason for 
this disagreement.

The current study, due to variations in the composite type 
(two types) and bonding systems (3 systems), had group 
diversity that allowed for multiple comparisons, which is 
less observed in the other similar studies, and observation 
of measurement methods and the standard study process 
was the other advantage. However, the low sample volume 
was probably a disadvantage for each group, lowering the 
study’s ability to better explain the differences. Therefore, 
it is suggested that in future studies, while increasing 
the sample volume and considering the other effective 
factors (common bonding systems, composites, and 
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cost consideration), this study should be performed in a 
wider scope. It is also possible to cross-examine groups by 
considering different brands and types of composites (old 
and new) to assist in the clinical decision.

Conclusion
Bulk-fill composite (Tetric N-Ceram), apart from the 
bonding system type, had more repair bond strength 
than the conventional composite (Gradia Direct), but this 
difference was not statistically significant. In addition, 
compared to bonding systems, self-etch bonding systems 
(Clearfil SE Bond and Single Bond Universal) appeared to 
be more strong than etch and rinse bonding (Single Bond 
2), which was not statistically significant. More studies 
in this field will be effective in making better decisions 
and considering other components, including the time 
required for treatment and cost, as well as the technical 
issues involved in choosing the best method and material.
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