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Abstract 

Introduction: In recent dentin adhesive systems 

etching of enamel/dentin are achieved simultaneously. 

The objective was to evaluate the microleakage of 

composite restorations using Single Bond2 (5th 

generation), Clearfil S3 Bond and G Bond (7th 

generation). Methods: Class V cavities were prepared 

on  45 extracted intact premolars with gingival margins 

at the cementoenamel junction and they were randomly 

divided into 3 groups (n=15) based on the type of 

adhesives: Single Bond2 (5th generation), Clearfil S3 

Bond and G Bond (7th generation). After applying the 

adhesives, the cavities were filled with Z250 composite 

resin. The occlusal and gingival microleakage was 

evaluated using 2% basic fuchsin staining technique. 

Data were analyzed using Kruskal-Wallis and 

Bonferroni corrected Mann-Whitney U tests. Results: 

The mean rank of occlusal microleakage exhibited 

significant differences by comparison of G Bond, 

Clearfil S3 Bond and Single Bond2 (21.07, 30.67) and 

17.27, respectively) (P=0.005). There was a significant 

difference in gingival microleakage of different 

bonding agents (34.40, 17.83 and 16.77 for G Bond, 

Clearfil S3 Bond and Single Bond2, respectively) 

(P<0.001). There was a significant difference in 

occlusal microleakage of Clearfil S3 Bond and Single 

Bond2 (P= 0.003), but no significant difference was 

found between Clearfil S3 Bond and G Bond 

(P=0.025). No significant difference was observed 

between occlusal microleakage by G Bond and Single 

Bond2 (P=0.238). The difference in gingival 

microleakage was significant by G Bond compare with 

Single Bond2 and Clearfil S3 Bond (P<0.001and 

P<0.001, respectively). Conclusion: The microleakage 

of class V composite restorations in permanent teeth 

using the Single Bond2 was lower than that with the 

use of G Bond in gingival margins. The sealing ability 

with Single Bond2 was superior to Clearfil S3 Bond in 

occlusal margin but they were equally effective at 

gingival margin. 
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Introduction 

Nowadays, the popularity and interest in aesthetic 

composite resin restorations has increased, but there 

are some considerations about application of these 

dental materials (1). 

The most important defect of dental composite 

resins is the polymerization shrinkage that creates 

microscopic gaps between the material and the cavity 

walls, particularly adjacent to dentin (2). Penetration of 

bacteria and oral fluids through the gaps is termed 

microleakage. It is known that persistence of this 

phenomenon may cause recurrent caries, tooth 

hypersensitivity, marginal discoloration of restorations 

and inflammatory reactions of the pulp, necessitating 

further treatment and even root canal therapy (3,4,5). 

Thus, the success rate of composite resin restorations is 

dependent upon adhesion to dental hard tissues to 

maintain the filling material within the cavity and 

prevent microleakage (3).  

Unlike enamel which has clinically stable and 

established bond, adhesion to dentin is hardly achieved 

(6). The bond strength of dentin adhesives in 

laboratory has been improved so that the bond strength 

to dentin may be obtained comparable to that with 

enamel (1). 

Currently, the manufacturers of adhesive systems 

are trying to simplify the application process. In the 

latest generation of adhesive systems, the conditioner, 

primer and adhesive resin are simultaneously applied 

and no mixing is required (7).   

The amount of microleakage with the use of 

different adhesive systems is controversial. The 

superiority of the fifth generation of dentin bonding 

agents compared with the seventh generation has been 

shown in the most studies, but some investigations 

have found no significant difference or even have 

reported the superiority of Clearfil S3 Bond as a dentin 

bonding of the seventh generation (8‒10). Vinay et al. 

found less microleakage value by Clearfil S3 Bond 

compared with Single Bond and G Bond (11). 

However, Tabari et al. found no significant difference 

between mean values of microleakages by Clearfil S3 

Bond, Single Bond and G Bond in primary teeth (12). 

In addition, Kasraei et al. observed no significant 

difference between microleakage values of Cl-II 

cavities filled by packable composite with adhesives of 

Clearfil S3 Bond and Single Bond (13).  

The present study was conducted to evaluate the 

microleakage of composite resin restorations using two 

bonding agents of the seventh generation compared 

with a bonding agent of the fifth generation on 

permanent teeth. The null hypothesis was: 

Microleakage values of composite resin restorations at 

occlusal and gingival margins using the Clearfil S3 

Bond and G Bond were significantly lower than that 

with the use of Single Bond2. 

 

Materials and Methods 

A total of 45 human premolars of the individuals 

aged 15‒25 which were extracted within three months 

for orthodontic reasons, were used in this in-vitro 

study. The study protocol was approved by Ethics 

Committee of Babol University of Medical Sciences. 

Adhesive agents of Clearfil S3 Bond (Kuraray, 

Japan), G Bond (GC, Japan) and Single Bond 2 (3M, 

USA) and Z250 composite resin (3M, USA) were 

applied for filling the cavities and the clear self-cured 

acrylic resin for mounting the teeth. 

 In order to disinfect the specimens, they were 

immersed in 1% chloramine T solution for 24 hours at 

room temperature (14). Then standard class V cavities 

were prepared on the buccal surfaces with occlusal 

margins on the enamel and gingival margins on the 

cementum. Cavity preparation was carried out using a 

high-speed handpiece with #008 fissure diamond burr 

(Teezkavan, Iran) under a continuous air and water 

spray. Considering the length of fissure head of burr 

(3mm), cavities were prepared with the following 

dimensions: 2 mm of occlusogingival height, 3 mm of 

mesiodistal width and 1.5 mm of axial depth. A new 

burr was used for each 6 cavities. After washing and 

refining, the cavity dimensions were checked out by a 

probe and teeth with correct cavity preparation were 

divided into three groups (n=t15) based on the type of 

the bonding agent.  

The adhesive agents were applied as follows: G Bond 

was left undisturbed on the dried cavity for 5‒10 

seconds, after that gentle air flow was used from an air 

syringe and light-curing was performed for 10 seconds. 

Clearfil S3 Bond was placed on the cavity surface for 

20 seconds and then exposed to a gentle air flow for 5 

seconds, followed by light-curing for 10 seconds. 

For using the Single Bond 2, enamel and dentin 

walls were etched using 37% phosphoric acid gel for 

20 and 15 seconds respectively, the gel was rinsed for 

10 seconds and the cavities were gently air dried. Then, 

the mentioned bonding agent was placed on the 

prepared tooth surface for 5 seconds and exposed to air 

flow and finally light-cured for 10 seconds. 
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Then, Z250 composite resin was used to fill the 

cavities in two layers each with 1 mm thickness. The 

Astralis 7 light-curing unit ( Ivoclar Vivadent, 

Leichtenstein) was applied to polymerize the resin 

composite, layer by layer each for 40 seconds at a light 

intensity of 400 mW/cm2 as determined by a 

radiometer (Kerr, USA). 

After immersion of samples in distilled water for 24 

hours, they were subjected to 500 thermal cycles in 

water bath at 5±2‒55±2oC (NEMO Thermocycling 

machine, Iran) (15). All the apices were then sealed 

with sticky wax and the tooth surfaces were painted by 

two layers of nail polish leaving 1 mm around the 

restoration. The specimens were then suspended in 2% 

basic fuchsin for 24 hours at room temperature (16). 

Subsequently, the samples were washed in running 

water, dried with absorbent pad and were mounted in 

self-curing acrylic resin. The specimens were then 

sectioned longitudinally using the diamond disc 

(Thickness of the blade=0.12mm, D&Z, Germany) into 

two mesial and distal slices. 

The greatest degree of dye penetration was 

recorded for occlusal and gingival margins of each 

section on a non-parametric scale from 0 to 3 based on 

the ordinal ranking system (10) described in Table 1.  

All the samples were observed under a 

stereomicroscope (Motic Micro-optic, Industrial Group 

Co. LTD, Japan) at a magnification of ×20 to measure 

dye penetration. 

Degree of penetration was scored to convert the 

ranking data to quantitative data. Data were analyzed 

using SPSS version 21. Statistical analysis was carried 

out by Kruskal-Wallis test at the significance level of 

P<0.05 and Mann-Whitney U tests with Bonferroni 

correction (corrected α-value=0.017). 
 

Results 

The mean rank of occlusal microleakages exhibited 

significant differences by comparison of G Bond, 

Clearfil S3 Bond and Single Bond2 (21.07, 30.67 and 

17.27, respectively) (P=0.005). In addition, there was a 

significant difference between the mean ranks of 

gingival microleakages of bonding agents (34.40, 

17.83 and 16.77 for G Bond, Clearfil S3 Bond and 

Single Bond2, respectively) (P<0.001). There was a 

significant difference in occlusal microleakages of 

Clearfil S3 Bond compare with Single Bond2 (P= 

0.003), but no significant difference was found 

between Clearfil S3 Bond compare with G Bond 

(P=0.025). Also, no significant difference was 

observed between occlusal microleakage by G Bond 

and Single Bond2 (P=0.238). The difference in 

gingival microleakages was significant by G Bond 

compare with Single Bond2 and Clearfil S3 Bond 

(P<0.001 and P<0.001, respectively). No significant 

difference was found between gingival microleakage 

by Clearfil S3 Bond and Single Bond2 (P=0.654). 

Table2 illustrated the frequency and mean ranks of 

occlusal and gingival microleakage based on type of 

adhesives. 

 

 

 

Table1: Microleakage values based on dye penetration method (10) 

 

 

 

 

 

 

 

 

 

Table2: Frequency of occlusal and gingival microleakage scores based on type of bonding agents 

*Level of significance at P<0.05

  

Score Description 

0 No leakage 

1 Up to half of the occlusal and gingival walls 

2 Into the dentinal walls, not extended to the axial 

wall 

3 Into the axial wall 

Type of 

Bonding 

Occlusal Gingival 

Score

0 

Score

1 

Score

2 

Score

3 

Mean 

rank 
Score0 Score1 

Score

2 

Score

3 
Mean rank 

Single Bond2 13 1 0 1 17.27 3 1 0 1 16.77 

Clearfil S3 

Bond 
4 6 4 1 30.67 12 2 0 

1 

 
17.83 

G Bond 10 4 0 1 21.07 2 2 1 10 34.40 

P-value *0.005 *0.000 
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Discussion 

Concerning the risk of saliva contamination during 

the filling of cavities with composite resins, good 

clinical results may be achieved using the newer 

generations of bonding agents with short operational 

steps.  Previously, the total-etch adhesive systems (eg. 

fifth generation) have been shown to be superior to 

self-etch systems (eg. seventh generation) because of 

stronger etching pattern. Also, self-etch adhesives are 

susceptible to separation of components resulting in the 

hydrolytic degeneration of adhesion layer (17). Unlike, 

several studies demonstrated no significant difference 

between the microleakage values with some adhesives 

of fifth, sixth and seventh generations of bonding 

agents (11,12,13). To further study of this incoherence, 

Single Bond 2, G Bond and Clearfil S3 Bond which are 

commonly used in composite restorations were 

selected for the current research.  

To simulate the temperature dynamics of oral 

cavity, thermocycling was used with 500 thermal 

cycles in the present assay. Since, no significant 

difference was found between the bond strength of 

composite resin and microleakage value with 500, 

1000, 2000 and 4000 cycles, thermocycling with 500 

cycles that was commonly used in previous studies was 

selected (18, 19). 

There are several different methods to assess the 

microleakage of composite restorations. Dye 

penetration method is the conventional method which 

was performed by various dyes including methylene 

blue, basic fuchsin and silver nitrate etc, (20) of which 

0.2% basic fuchsin was used in the current research 

because it is considered as an easy, relatively 

inexpensive and comparable method. 

As mentioned in results, the superiority of Single 

Bond 2 (fifth generation) was shown over two bonding 

agents of seventh generation; G Bond at the gingival 

margins and Clearfil S3 Bond just at the occlusal 

margin. 

Single Bond 2, which contains nanoparticles of 

silica, penetrates better into collagenous web and 

influences the stability of the hybrid layer (21). In 

addition, the potential of chemical adhesion to calcium 

was found for Single Bond 2 because of polyacrylic 

acid (22, 23).  

Among the seventh generation of bonding agents 

studied in this assay, Clearfil S3 Bond showed better 

results compared to G Bond at gingival margin. But 

they revealed no significant difference at occlusal 

margin. In Clearfil S3 Bond acetone is used as a primer 

solvent instead of alcohol. It has been demonstrated 

that adhesive systems containing acetone require a wet 

bonding technique and show less ideal hybridization. 

Also, this agent contains both hydrophilic and 

hydrophobic phases and because of molecular 

dispersion it results in a homogenous state at the 

molecular level, leading to the reduction or elimination 

of water droplets on the adhesive interface. On the 

other hand, the monomer of 10-methacryloyloxydecyl 

dihydrogen existed in the structure of the adhesive 

agent leads to decalcification and infiltration in tooth 

structure, producing a calcium-free chemical bond. All 

the characteristics mentioned above result in 

microleakage almost similar to that with Single Bond 2 

(24-25).  

In this study, the amount of microleakage at 

occlusal margin was less than that of gingival edge. 

This finding was consistent with previous studies (17). 

Unlike, some investigations reported a higher rate of 

microleakage at gingival edge compared with occlusal 

margins (5,26). Diversity in the composition of dentin 

and enamel may result in different levels of 

microleakage; hence lack of enamel at gingival edge 

results in more leakage compared to occlusal margins. 

A higher concentration of organic ingredients of dentin 

and its tubular structure may interfere with attachment 

process (2). Additionally, dentinal tubules arrange 

roughly parallel to gingival margin of class V cavity; 

therefore, the classical structure of hybrid layer is 

damaged and consequently, the microleakage at 

dentinal wall of gingival edge occurs more than that at 

enamel margin (24, 26).  

It seems that the diversity in the studied adhesive 

systems, the type of composite resin used in different 

researches, the cavity type and the presence or absence 

of occlusal loading were considered the best 

explanation for this incoherence (27). 

The present assay encountered with some 

limitations. The dye penetration method has been 

suspected because of very small molecules of dyes, the 

overestimated leakage and false positive results (28). 

So, another method such as bacterial leakage was 

recommended to verify the result of research. In 

addition, occlusal loading was shown to be effective in 

microleakage values, so, this variable is suggested to 

be considered in future studies.  

 

Conclusion 

The microleakage of class V composite restorations 

in permanent teeth using the Single Bond2 was lower 

than that with the use of G Bond in gingival margins. 

The sealing ability with Single Bond2 was superior to 

Clearfil S3 Bond in occlusal margin but they were 

equally effective at gingival margin. 
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