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Abstract

Introduction: When repairs are needed in restorations made with 
methacrylate-based resin composites, the clinician still has doubts 
whether it is possible to use a silorane-based material and which is 
the best procedure. Objective: To evaluate the shear bond strength 
between a methacrylate-based resin composite and a silorane-based 
material using different surface treatments. Material and methods: 
Eighty flat bases made with methacrylate resin composite (Filtek 
Z350 XT) were prepared (n = 8). The bases were stored into water 
at 37°C for one week. Ten groups were evaluated: G1 (control – no 
repair); G2 (surface grinding, washing, drying, adhesive and repair 
with Filtek Z350 XT); G3 (surface grinding, washing, drying, adhesive 
and repair with silorane – Filtek P90); G4 (surface grinding, washing, 
drying, adhesive, silane and repair with Filtek Z350 XT); G5 (surface 
grinding, washing, drying, application of silane, adhesive and repair 
with silorane – Filtek P90). All groups were kept at 37°C for 24 h 
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in either water (G1 to G5) or ethanol (G6 to G10). The results were 
analyzed with one-way ANOVA and Tukey test (α = 0.05). Results: 
There were significant differences between groups (p < 0.001). Only 
repairs made with silane and Z350 XT (G4 = 46.2 ± 12.9; G9 = 
48.1 ± 16.3) resulted in values similar to controls (G1 = 59.2 ± 
15.8; G6 = 62.3 ± 15.9) (p = 0.33). The smallest value occured 
when the repair was performed with silane and silorane-based based 
and stored into ethanol (G10 = 29.9 ± 12.4). The storage media 
had little influence on the results. Conclusion: The silorane-based 
resin composite was not effective for repair of the methacrylate-
based material.

Introduction

The long-term durability of resin composite 
restorations is a constant worry �9, 20�. �nvariably,�9, 20�. �nvariably,. �nvariably, 
the replacement of a restoration results in greater 
weariness of the tooth structure �13�. For this reason,�13�. For this reason,. For this reason, 
the restoration repair is a more conservative, faster, 
and a lower cost procedure both for the professional 
and the patient. 

The study of the physical-chemical and mechanical 
properties of the adhesive systems should not only 
be studied between tooth structure and restorative 
material, but also between two dental materials. 
�f the adhesive bonding between an old and new 
resin is effective, the restoration repair becomes a 
treatment option to be recommended �21�.�21�..

�n studies evaluating the bond strength of 
repairs of resin composites, the surface grinding 
followed by the application of silane bonding 
agents have demonstrated good results �10�.�10�.. 
Notwithstanding, this studies have been conducted 
on resins with the same organic matrix.  

�n the last decade, a resin with a new silorane-
based monomer has been described, which is the 
result of a reaction between oxirane and siloxane 
molecules �22�. �n this new system, the opening of�22�. �n this new system, the opening of. �n this new system, the opening of 
the oxirane ring during the polymerization reaction 
compensates the stresses generated during the 
polymerization contraction. Studies have reported 
on this new technology. Eick et al. �8� described 
the hydrophobicity of the material, resulting in 
stability under oral fluids. A smaller amount of 
Streptoccocus has also been found on this new 
resin �5�, therefore favoring the longevity of the�5�, therefore favoring the longevity of the, therefore favoring the longevity of the 
material. Additionally, a good color stability �6, 11�,�6, 11�,, 
bonding values similar for enamel and dentine has 
been reported �12�. Therefore, this material seems�12�. Therefore, this material seems. Therefore, this material seems 
to be promising for restoration of posterior teeth. 
However, data on the bonding of this material on 
methacrylate-based resins still lack in the literature. 
Thus, during the repair of silorane-based repair, 

it is not clarified which would be the effectiveness 
and best surface treatment to provide an adequate 
bonding between the old restoration and new 
silorane-based resin repair. 

Moreover, the behavior of the interaction among 
the layers should be evaluated at long term. This 
aging can be simulated laboratorially through 
storage of the specimens into aqueous solutions. 
Normally, the immersion into water at 37ºC is the 
medium of choice. However, the ethanol solutions 
well known as aging solutions for BisGMA-based 
materials can accelerate the material degradation 
because they can diffuse through the resin provoking 
its softening �3�. Thus, the aim of this study was to�3�. Thus, the aim of this study was to. Thus, the aim of this study was to 
evaluate the shear bond strength of methacrylate- 
and silorane-based resin composites through using 
different surface treatments and storage media.  
 

Material and methods

Eighty flat bases made with acrylic resin were 
prepared containing a cylindrical orifice of 6 mm 
of diameter and 2 mm of deepness. These orifices 
were filled with a methacrylate-based resin (Filtek 
Z350 XT, 3M ESPE, St. Paul, USA). Of the 80 resin 
composite bases, 64 were immersed into distilled 
water at 37ºC for one week.

The resin composite insertion was executed 
with a resin spatula at two increments. Each layer 
was light-cured through a device (Elipar Trilight 
– Espe - 500mv/cm2) for the period recommended by the 
manufacturer. This same device was employed during 
all study phases and the irradiance was checked with 
a radiometer linked to the light-curing device prior to 
each use. To adapt the last resin composite increment, a 
polyester strip (TDV Dental Ltda., Pomerode, Brazil), was 
placed aiming to leave the surface as flat as possible. The 
80 surfaces of resin composite were divided into 
10 groups (n = 8). The experimental treatments 
were executed on the resin composite surface. TheThe 
groups were divided as follows:: 
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• G1 – Control group: immediately after the 
construction of a flat resin composite base onto 
the acrylic resin matrix, only one cylinder of Filtek 
Z350 XT (3.5 mm of diameter per 2 mm of height) 
was executed onto the resin composite surface with 
the aid of Teflon matrix. Following, the specimens 
were stored into distilled water at 37°C for one°C for oneC for one 
week. After the construction, the specimens were 
immersed into distilled water at 37oC for 24 h, 
prior to the shear bond strength test;
• G2: the resin composite surface was grinded 
with the aid of a medium grit sandpaper (Sof 
Lex Pop-on, 3M Espe, St. Paul, USA), washed 
with water jet for 15 s and dried with air jet for 
20 s at 10 cm of distance. Next, the adhesive 
agent (Adper Single Bond 2, 3M Espe, St. Paul, 
USA) was applied according to the manufacturer’s 
instructions. With the aid of a Teflon matrix, a 
cylinder of Filtek Z350 XT resin composite was 
constructed (3.5 mm of diameter per 2 mm of 
height). After the construction, the specimens were 
immersed into distilled water at 37oC for 24 h; 
• G3: same treatment of G2, however, Filtek 
P90 adhesive system (3M Espe, St. Paul, USA) 
and Filtek P90 silorane-based resin composite 
(3M Espe, St. Paul, USA) were used. After the 
construction, the specimens were immersed into 
distilled water at 37oC for 24 h; 

• G4: the surface was grinded with medium grit 
sandpaper, washed with water jet for 15 s and 
dried with air jets for 20 s at 10 cm of distance. 
Following, a silane (Silano, Ângelus, Londrina, 
Brazil) and Single Bond 2 adhesive agent were 
applied and a cylinder of Filtek Z350 XT resin 
composite was constructed. After the construction, 
the specimens were immersed into distilled water 
at 37oC for 24 h;
• G5: same treatment of G4, however the Filtek 
P90 adhesive system and Filtek P90 silorane-based 
resin composite was used. Then, the specimens 
were immersed into distilled water at 37oC for 
24 h;
• G6, G7, G8, G9 e G10: same treatments of G1, 
G2, G3, G4 and G5, respectively; however, after the 
construction of the resin composite cylinders, the 
specimens were kept into ethanol (75% in volume) 
at 37oC for 24 hours, to mimic the resin composite 
aging. After the storage period in either water or 
ethanol, the specimens were submitted to shear 
bond strength test in a universal testing machine 
(EM�C, São José dos Pinhais – PR, Brazil), with 
crosshead speed of 1.0 mm/min. 

Data were analyzed through one-way ANOVA. 
The possible statistical differences among groups 
were determined by Tukey test. A global level of 
significance of 5% was adopted.

Results

The means (in MPa) and standard deviations of the results obtained are seen in table �. There were 
statistically significant differences among the treatments proposed (p < 0.001). Only the repairs executed 
with silane and Z350 XT (G4 = 46.2 ± 12.9; G9 = 48.1 ± 16.3) were capable of generating values similar 
to those of controls (G1 = 59.2 ± 15.8; G6 = 62.3 ± 15.9) (p = 0.33). None repair performed with silorane-
based resin generated shear bond strength values similar to those of control group. The smallest value was 
obtained when the repair was carried out with the silorane-based resin after the application of a silane and 
storage in ethanol (G10 = 29.9 ± 12.4). Generally, the storage media had a little influence on the results. 

Table I – Mea�ns (in MPa�) a�n� sta�n�a�r� �evia�tions �or the experi�enta�l con�itions teste� 

Storage Group Treatment MPa

Water

G1 Control 59.1 ± 15.8 bc

G2 Grinding, water, air, adhesive, Filtek Z350 XT resin 33.6 ± 13.5 a

G3 Grinding, water, air, adhesive, Filtek P90 resin 40.4 ± 8.9 ab

G4 Grinding, water, air, silane, adhesive, Filtek Z350 XT resin 46.1 ± 12.8 abc

G5 Grinding, water, air, silane, adhesive, Filtek P90 resin 36.0 ± 15.8 a

Ethanol

G6 Control 62.3 ± 15.8 c

G7 Grinding, water, air, adhesive, Filtek Z350 XT resin 36.7 ± 15.8 a

G8 Grinding, water, air, adhesive, Filtek P90 resin 32.9 ± 11.1 a 

G9 Grinding, water, air, silane, adhesive, Filtek Z350 XT resin 48.1 ± 16.2 abc

G10 Grinding, water, air, silane, adhesive, Filtek P90 resin 29.8 ± 12.4 a

Di��erent superscript letters �ea�n sta�tistica�ll� si�ni�ica�nt �i��erences (p < 0.05)
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Discussion

Silorane-based resins have been recently 
launched worldwide. Magni et al. �16� evaluated 
the repair with silorane-based resin onto another 
silorane-based resin. Accordingly, �vanovasAccordingly, �vanovas et al. 
�14�, Lurhs et al. �15� and Maneenut�15� and Maneenut et al. �17� 
studied the silorane-based repair and verified 
that it is possible to execute a methacrylate-based 
resin repair onto a silorane-based resin. However, 
information on silorane-based resin repair onto 
methacrylate-based resin is still scarce. The idea 
of repairing a methacrylate-based resin with a 
silorane-based resin is justified because not always 
the professional knows the resin type that was 
employed to construct a prior restoration. This 
aspect was recently studied by Popoff et al. �18�.�18�. 
�n a clinical study with one year of following-up, 
these authors observed that the silorane-based resin 
used to repair a methacrylate-based resin behaved 
similarly to control group, in which the repair was 
executed with a methacrylate-based resin. �n this 
present study, however, none repair performed 
with silorane-based resin generated bond strength 
values similar to those of control group. Maybe the 
evaluation time of one year employed in the study 
of Popoff et al. �18� had not been enough to detect 
a possible clinical difference.

Different methods can measure the bond 
strength to determine either the effectiveness or 
the ineffectiveness of the adhesion between different 
materials, such as microtensile, microshear or 
shear bond strength. �n this present study, the 
shear bond strength method was used to measure 
the adhesive forces between aged methacrylate-
based resin simulating a restoration and a new 
methacrylate- or silorane-based resin. This type 
of test has the advantage to mimic the clinical 
condition very closely because it results in stress 
on the interface between the materials �1�.�1�.. 

The most commonly and traditionally technique 
for in vitro aging of specimens is the storage in water 
for longer times �7�. This decrease in the adhesive�7�. This decrease in the adhesive. This decrease in the adhesive 
effectiveness is caused by the hydrolysis degradation 
of the organic components present in the adhesive 
interface. Notwithstanding, another simulated aging 
method is storage in ethanol, as used by Asmussen 
�1� and Furuse et al. �10�. The different methods of�10�. The different methods ofThe different methods of 
aging are employed attempting to estimate which 
would be a possible clinical behavior at long term. 
�n this present study, there were no differences 
between water and ethanol storage. �t is important 
to highlight that the specimens were aged in ethanol 
for only 24 h and that longer times could have 
influence on the results.

The different treatments influence on the bond 
strength of the different groups. The chemical 
treatment of the resin composite prior to the 
construction of the repairs by applying silanizing 
agents is controversy according to the studies 
conducted by Soderholm et al. �19�, Brosh�19�, Brosh et al. �4� 
and Furuse et al. �10�. �n this present study, the shear�n this present study, the shear 
bond strength values of the silanized groups with 
silorane-based repairs were smaller; however, there 
were no statistical significant differences in relation to 
the groups in which the silane agent was not applied. 
�t is important to emphasize that only one type of 
methacrylate-based resin was used in this present 
study and that not all materials are similar. Thus, the 
data here presented should be cautiously interpreted. 
Further studies evaluating different methacrylate-
based resins as well as different types and methods 
of silane application should be conducted.

Conclusion

Taking into consideration the limitations of 
this present study, it can be concluded that the 
repair of methacrylate-based resin with silorane-
based resin demonstrated the smallest shear bond 
strength values.
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