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Abstract 
Objectives: Composite repair is a minimally invasive and conservative approach. This 

study aimed to evaluate the effect of an additional hydrophobic resin layer on the repair 

shear bond strength of a silorane-based composite repaired with silorane or methacrylate-

based composite. 

Materials and Methods: Sixty bar-shaped composite blocks were fabricated and stored in 

saline for 72 hours. The surface of the samples were roughened by diamond burs and etched 

with phosphoric acid; then, they were randomly divided into three groups according to the 

repairing process: Group 1: Silorane composite-silorane bonding agent-silorane composite; 

group 2: Silorane composite-silorane bonding agent- hydrophobic resin-silorane composite, 

and group 3: Silorane composite-silorane bonding agent-hydrophobic resin methacrylate-

based composite. Repairing composite blocks measured 2.5×2.5×5mm. After repairing, the 

samples were stored in saline for 24 hours and thermocycled for 1500 cycles. The repair 

bond strength was measured at a strain rate of 1mm/min. Twenty additional cylindrical 

composite blocks (diameter: 2.5mm, height: 6mm) were also fabricated for measuring the 

cohesive strength of silorane-based composite. The data were analyzed using One-way 

ANOVA and the post hoc Tukey’s test (α=0.05). 

Results: Cohesive bond strength of silorane composite was significantly higher than the 

repair bond strengths in other groups (P<0.001). The repair bond strength of group 3 was 

significantly higher than that of group 1 (P=0.001).  

Conclusion: Application of an additional hydrophobic resin layer for repair of silorane-

based composite with a methacrylate-based composite enhanced the repair shear bond 

strength. 

Keywords: Silorane Composite Resin; Hydrophobic and Hydrophilic Interactions; Dental 

Restoration Repair; Shear Strength 
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INTRODUCTION 

Composite resin restorations should be 

replaced or repaired in case of failure due to 

discoloration, recurrent caries beneath the 

restoration, fractures at the margins, etc. [1-3]. 

The repair of composite resin restorations is a 

conservative and minimally invasive 

procedure, with advantages such as decrease in 

costs and time the patients spend on the dental 

chair, a decrease in the amount of tooth 
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structure lost and prevention of further 

stimulation of dental pulp [1-4]. Therefore, it is 

of utmost importance to increase the bond 

strength and promote the longevity of these 

repairs. Several techniques have been proposed 

to improve the bond strength of composite 

resins, including air abrasion with aluminum 

oxide particles measuring 50 µm in diameter, 

etching with hydrofluoric acid and phosphoric 

acid, use of silanes and roughening of 

composite resin surfaces with diamond burs [5-

12]. Preparation of the composite resin surface 

plays an important role in the longevity of 

repaired composite resin. In order to achieve 

complete adaptation between the old and the 

new composite, an intermediate adhesive 

substance should be used because the 

composite resin itself cannot completely wet 

the surface of the old composite resin [4,13-15]. 

The flowability and hydrophobic nature of the 

intermediate material are important factors 

involved in selection of such materials. 

According to Papacchini et al, use of a flowable 

hydrophobic composite resin as an intermediate 

substance increased the repair bond strength of 

methacrylate-based composite resins [16]. 

Hydrophilicity of the intermediate material can 

compromise the longevity of the repair bond 

because hydrophilic adhesives absorb more 

water over time and undergo hydrolytic 

degradation [17]. One of the major 

disadvantages of methacrylate-based 

composite resins is polymerization shrinkage, 

which results in accumulation of stress within 

the composite resin and at the composite resin-

adhesive interface; one of the possible 

complications of such a shrinkage is the cuspal 

deflection and loss of marginal adaptation, 

resulting in failure of the restorative material, 

staining of restoration margins and 

microleakage [18,19]. To overcome such 

difficulties, silorane-based composite resins 

were introduced in 2007, which consist of a 

new matrix composed of siloxane and oxirane 

[20]. The aim behind their production was to 

produce a material with less polymerization 

shrinkage and subsequently less stress 

accumulation [20,21]. The shrinkage resulting 

from polymerization of silorane-based 

composite resins is approximately 1% [20]. In 

addition, silorane exhibits the greatest stability 

in presence of visible light, along with optimal 

mechanical properties compared to 

methacrylate-based composite resins [20].  

Furthermore, the siloxane present in this 

composite resin makes it highly hydrophobic. 

In order to make the adhesive system 

compatible with the silorane-based composite 

resin, the bonding agents for such composite 

resins contain hydrophobic dimethacrylate 

monomers (70‒80 wt%) and are devoid of 

hydrophilic HEMA monomer; therefore they 

are hydrophobic [22]. Only a limited number of 

studies have evaluated the effects of different 

repair techniques on the repair bond strength of 

silorane-based composite resins. Luhrs et al. 

demonstrated that the repair methods used for 

methacrylate-based composite resins could be 

also applied for silorane repair. Surface 

roughening either with sandblasting or 

silanization followed by the application of the 

silorane bonding agent resulted in bond 

strength values comparable to that of the 

control group [23]. Bacchi et al. showed that 

simultaneous use of an adhesive and 

sandblasting was successful for the repair of 

silorane-based composite resins [24]. It has 

been shown that adding an extra layer of 

hydrophobic resin can improve the repair bond 

strength of methacrylate-based composite 

resins and decrease microleakage in such 

restorations [25-27]. Therefore, the aim of the 

present study was to assess the effect of adding 

an additional layer of hydrophobic resin on the 

repair shear bond strength of a silorane-based 

composite resin with the use of two silorane-

based and methacrylate-based composite 

resins.  

 

MATERIALS AND METHODS 

Twenty cylindrical composite resin blocks, 

measuring 2.5mm in diameter and 6mm in 
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height, were fabricated using Filtek P90 

silorane-based composite resin (3M ESPE, St. 

Paul, MN, USA) for evaluation of the cohesive 

strength of silorane-based composite resin (the 

positive control group). Also, 60 disc-shaped 

composite resin blocks were fabricated using a 

silorane-based composite resin (Filtek P90, 3M 

ESPE, St. Paul, MN, USA) by applying 

unpolymerized composite resin in 1.5mm 

layers in cylindrical holes, measuring 5.5mm in 

diameter and 3.5mm in height; each layer of 

each block was light-cured separately for 30 

seconds using a Demetron A-2 light-curing unit 

(Kerr Corporation, Middletown, WI, USA) 

with a light intensity of 1000 mW/cm2. The 

cylindrical holes were created in auto-

polymerized resin (PMMA) and the resin itself 

was surrounded by a plastic cylinder. All the 

samples underwent an aging procedure after 

complete polymerization, except for the 

positive control samples. For the aging process, 

the samples were immersed in 0.9% NaCl 

solution for 72 hours in a container into which 

light could not penetrate [28]. The samples 

were divided into three groups (n=20) based on 

the surface preparation technique:  

Group 1: Surface preparation was carried out 

with a diamond bur (G & Z Instrumente GmbH, 

Lustenau, Austria) and etching was carried out 

with 37% phosphoric acid (Condac, FGM 

Dental Products, Joinville-SC, Brazil). Then 

silorane bonding agent (Filtek Silorane 

Adhesive Bond, 3M ESPE St. Paul, MN, USA) 

was applied according to the manufacturer’s 

instructions and light cured for 20 seconds. 

Group 2: Surface preparation was carried out 

with a diamond bur (G & Z Instrumente GmbH, 

Lustenau, Austria), followed by etching with 

37% phosphoric acid (Condac, FGM Dental 

Products, Joinville-SC, Brazil). Finally, 

silorane bonding agent (Filtek Silorane 

Adhesive Bond, 3M ESPE St. Paul, MN, USA) 

was applied according to manufacturer’s 

instructions and light cured for 20 seconds, 

followed by the application of the hydrophobic 

resin-the third component of Adper 

Scotchbond Multi-Purpose Adhesive system 

(Adper Scotchbond Multi-Purpose Adhesive, 

3M ESPE St. Paul, MN, USA)-according to the 

manufacturer’s instructions. This layer was 

separately light cured for 10 seconds. After 

surface preparations were carried out as 

explained above, A plastic mold with an 

internal diameter of 2.5mm and height of 5mm 

was used to place the silorane-based composite 

resin on the surface of aged samples; the mold 

was placed at the center of the aged samples 

and the new composite resin (Filtek P90, 3M 

ESPE, St. Paul, MN, USA) was packed and 

light cured for 20 seconds from each side. Then 

the samples were removed from the molds and 

light cured again for 40 seconds using 

Demetron A-2 light-curing unit (Kerr 

Corporation, Middletown, WI, USA) with a 

light intensity of 1000 mW/cm2.  Group 3: 

Surface preparation was carried out similar to 

group 2. However, contrary to groups 1 and 2, 

the blocks made of a methacrylate-based 

composite resin (Z100, 3M ESPE, St. Paul, 

MN, USA) measuring 2.5mm in diameter and 

5mm in height were used as the repair 

composite.  

For the aging process, first all the samples were 

immersed in 0.9% NaCl solution for 24 hours 

in a container protected from light, followed by 

thermocycling which consisted of 1500 cycles 

at 5-55°C with a dwell time of 20 seconds and 

transfer time of 10 seconds [28]. In the final 

stage, the shear bond strength values were 

measured using a universal testing machine 

(Model H5KS, Hounsfield Test Equipment, 

Surrey, UK) at a strain rate of 1mm/min. The 

bond strength values were converted to MPa by 

dividing the maximum force at fracture (N) by 

the surface area of the repair composite resin 

(mm2).  

The results of Levene's test approved the 

assumption of homogeneity of variances 

between groups (Levene’s statistic=5.63). 

Thus, the data were analyzed using one-way 

ANOVA and post-hoc Tukey’s test (α=0.05). 

In addition, the mode of fracture of the samples,  
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consisting of cohesive in the repair composite 

resin, cohesive in the repaired composite resin,  

adhesive and mixed, was evaluated under a 

stereomicroscope (Nikon, SMZ 800, Tokyo, 

Japan) at ×20 magnification (Fig. 1). 

 

RESULTS 

Table 1 presents the mean repair shear bond 

strength values, standard deviations, standard 

errors and distribution of modes of fracture in 

the study groups. The results of one-way 

ANOVA showed significant differences in 

repair shear bond strength values between the 

different study groups (P<0.001). Pairwise 

comparisons of the groups with post hoc 

Tukey’s test showed significant differences in 

repair shear bond strength between the positive 

control group and all the other groups 

(P<0.001). In addition, there was a significant 

difference in repair shear bond strength 

between groups1 and 3 (P<0.001); however, 

the differences between groups 1 and 2 

(P=0.18) and groups 2 and 3 (P=0.20) were not 

statistically significant (Fig. 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

The repair of composite resin restorations is a 

conservative and minimally invasive 

procedure, with some advantages such as 

decrease in costs and chair time, decreased loss 

of tooth structure and prevention of dental pulp 

injuries [1-4].  

It is of significance to improve the repair bond 

strength and increase the durability of such 

repairs. Several studies have  

shown that use of a hydrophobic resin or a 

hydrophobic flowable composite resin as an 

intermediate material for the repair of 

methacrylate-based composite resins decreases 

hydrolytic degradation of the bonding layer and 

increases the repair bond strength 

[16,25,27,29].  

However, the aim of the present study was to 

evaluate the effect of adding an extra layer of 

hydrophobic resin on the repair bond strength 

of a silorane-based composite resin.  

Due to unavailability of different surface 

preparation techniques in dental offices and 

also the results of a study by Wiegand et al, [30]  

 

 

Fig. 1. Streomicroscope images of Fracture patterns (×20) which are classified as: A: cohesive in the repairing 

composite resin, B: cohesive in the repaired composite resin, C: adhesive, and D: mixed 
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who showed that the kind of mechanical 

treatment (roughening with bur, aluminum 

oxide sandblasting or silica coating) is of minor 

significance for silorane composites, in the 

current study diamond burs were used for 

surface preparation as an easy and available 

technique. In addition, they showed that silane 

application was not mandatory when silorane 

composite along with silorane adhesive was 

used for repair. The silorane bonding agent is 

not silorane-based but phosphate-

dimethacrylate-based. The acrylate group of 

the phosphate-methacrylate based bonding 

agent can react with methacrylate-based 

systems and the phosphate groups react with 

the silorane repair composite [31]. Therefore, 

in the current study only the silorane adhesive 

system was used without additional silane 

application. The results of the current study 

indicated that adding an extra layer of 

hydrophobic resin resulted in an increase  

in repair bond strength of silorane- 

based composite resins. However, this increase  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

in bond strength was only significant in the 

group in which the repair composite resin was 

methacrylate-based similar to the hydrophobic 

resin compared to the group in which the 

hydrophobic resin was not used. In the group in 

which an extra layer of hydrophobic resin was 

used but the repair composite resin was 

silorane-based, the mean bond strength was 

higher compared to the group without the 

hydrophobic resin; however, this increase was 

not statistically significant. It has been shown 

that with an increase in the hydrophobicity of 

the intermediate resin, its water sorption and 

consequently its hydrolytic degradation 

decrease [17]. This finding is of high clinical 

significance because dentists often do not know 

whether the composite to be repaired is a 

silorane- or a methacrylate-based composite 

and may routinely use a methacrylate-based 

composite for this purpose. In the current study, 

higher repair bond strength in group 3 might be 

attributed to the use of silorane bonding agent 

and Scotchbond multi-purpose, both of which 

Fig. 2. The error bar of means and 95% confidence intervals of means bond strengths (BS) value in the study group. 
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are hydrophobic; therefore, the bonding layer is 

more resistant to hydrolytic degradation. As a 

result, the bond strength after thermocycling 

was higher compared to that in the other two 

groups. In addition, in group 3 both the 

hydrophobic resin and the repair composite 

resin were methacrylate-based and chemical 

bonding might have played a role in this group 

in addition to micromechanical retention. 

In contrast, da Costa et al. showed that use of a 

hydrophobic resin did not influence the 

immediate repair bond strength and the repair 

bond strength six months after storage in water 

in methacrylate-based composite resins. 

However, some signs of penetration of water 

and deposition of silver nitrate and early 

disintegration of the bonding layer were 

observed in groups in which a more hydrophilic 

resin was used; that means the degree of 

hydrophilicity of the intermediate resin did not 

influence the immediate bond strength and the 

repair bond strength after six months [29,32]. 

In the afore-mentioned two studies, only water 

storage was performed for six months and 

thermocycling was not performed for aging. 

Lack of difference in repair bond strength 

values in the aforementioned two studies might 

be attributed to the fact that aging was not 

sufficient in these two studies to result in 

differences in repair bond strength. In contrast, 

in the current study, storage in water and 

thermocycling were used simultaneously for 

aging. Thus, the effect of hydrophobicity of the 

intermediate resin was more noticeable.  

 

 

 

 

 

 

 

 

 

 

 

Another finding of the current study was that 

the repair bond strength values in the positive 

control group were significantly higher than 

those in other groups, i.e. none of the groups 

achieved the cohesive strength of silorane-

based composite resin. Based on the results of 

previous studies, the repair bond strength of 

composite resin was 25‒82% of the cohesive 

strength of composite resin [33-35].  

In the current study, the bond strength values 

were 44-51% of the cohesive strength of 

silorane-based composite resins, consistent 

with the results of previous studies. Evaluation 

of the modes of fracture of different groups led 

to the conclusion that the majority of failures 

were of adhesive type in the group in which an 

extra hydrophobic layer had been used and the 

repair composite resin was silorane-based. 

Group 3 exhibited the highest frequency of 

cohesive failures and the lowest number of 

adhesive failures, which was consistent with 

the bond strength values, i.e. in the group with 

the highest repair bond strength the maximum 

cohesive failures and minimum adhesive 

failures were observed.  

In addition, group 3 was the only group in 

which cohesive failure in the repair composite 

resin was observed. A higher rate of adhesive 

failure in group 2 shows that in this group the 

adhesive layer was the weakest part of the 

bonding layer, which might be attributed to the 

fact that there is no chemical affinity between 

the hydrophobic resin and the silorane bonding 

agent and therefore, micromechanical retention  

 

 

 

 

 

 

 

 

 

 

 

Table 1. The mean repair shear bond strength values (MPa), standard deviations, standard errors and distribution 

of fracture modes in the study groups (n=20) 

 

Groups Mean 
Standard 

Deviation 
 

Failure Type (%) 

Cohesive 

(repaired 

composite) 

Cohesive 

(repairing 

composite) 

Adhesive Mixed 

Control 44.50a 3.21  - - - - 

1 19.95b 1.95  50 15 0 35 

2 21.39b,c 2.10  30 0 25 45 

3 22.78c 1.22  10 0 25 65 

Different superscripts mean statistically significant differences 
a, b, c: Statistical homogeneous subgroups based on post hoc test 
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is the only mechanism for the repair bond 

strength [34,36]. This means that although 

adding an extra layer of hydrophobic resin may 

increase the longevity of the adhesive layer, it 

cannot result in a significant difference in bond 

strength due to the lack of chemical similarity 

between the hydrophobic resin and the 

superficial composite resin. One of the 

limitations of the current study was the 

hydrophobic nature of the resin used, which 

was an unfilled resin; it is probable that if a 

filled resin such as a hydrophobic flowable 

composite resin is used for the repair of a 

silorane-based composite resin along with a 

methacrylate-based composite resin, higher 

repair bond strength values may be achieved. 

Due to specific limitations, only 1500 thermal 

cycles were used in the current study. It is 

probable that if the thermal cycles are increased 

or multiple loading is carried out, the effect of 

the degree of hydrophilicity of the intermediate 

resin on the repair bond strength will be further 

elucidated.  

 

CONCLUSION 

Considering the limitations of the current study 

and the results achieved, it can be concluded 

that use of an extra layer of a methacrylate-

based hydrophobic resin does not influence the 

repair bond strength during repair of a silorane-

based composite with a silorane-based 

composite. However, the use of en extra layer 

of hydrophobic resin is useful in the repair of 

silorane-based composite resin with a 

methacrylate-based composite and can increase 

the repair bond strength. 
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