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1. Introduction 

Polymerization shrinkage is one of the main shortcomings of 

tooth-colored restorations, which leads to microleakage (1). The 

microleakage phenomenon has been defined as “any marginal 

permeability of microbial or chemical agents into tooth-

restoration interface” (2). Microleakage in dental resin 

composite restorations is a common finding, mainly due to four-

times volumetric shrinkage during composite resin 

polymerization (1, 2). Microleakage acts as a passage for 

microorganisms, fluids, ions and molecules and eventually leads 

to secondary caries, edge discolorations, hypersensitivity and 

pulpal pathosis (1).  

Various methods have been used in order to minimize the risk of 

microleakage. However, most of them were unsuccessful. To 

prevent microleakage, dental bonding systems are used on the 

interface between preparation wall and dental restorations (3). 

Any bonding system is composed of two parts: a resin monomer 

and a solvent, which can be aqueous or non-aqueous (ethanol or 

acetone) (4, 5). Dental bonding should be added as a thin layer 

on tooth; therefore, it is diluted with solvent, another function 

which is to collaborate with monomers in resin structure to aid 

them penetrate to deeper layer of composite resins (6-8).  

Despite this fact, all the solvents need to be evaporated before 

being cured because their presence can disrupt resin monomers 

polymerization (9, 10). The high density of solvent leads to low 

photon absorbance during light-cure, also space occupation 

between monomers, and eventually reduction in polymerization 

rate and mechanical properties of bonding systems (10-14). 

Thus, solvent removal is crucial for ideal bonding and dental 

restoration success (15, 16).  

Using Prime & Bond NT bonding system, Howannaphakorn et 

al. did not find any significant change in microleakage rate 

between 0, 5, 10, and 30 minutes durations, furthermore, in all 

time spans (17). Since, solvent concentration has a promising 

role in bonding strength of different bonding systems in resin 
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composite restorations. The aim of the present study was to 

evaluate the microleakage level of different solvent evaporation 

durations at class V cavities restored with two 5th-generation 

bonding systems as an in-vitro study.  

2. Materials and methods 

Study protocol has been reviewed and approved by Mazandaran 

University of medical sciences ethical board 

(IR.MAZUMS.REC.1399.012). In the present in vitro study, 

sixty sound human mandibular premolars without any carious 

lesions, previous restorations, cracks, or abrasions were 

included. The teeth were stored in distilled water for 90 days 

(18). After debridement, the specimens were stored in 0.5% 

NaOCl solution until three days before the study, so that the 

probability of any infection was minimized. Class V cavity 

preparation was conducted on buccal surface of respective teeth 

(3 mm (occlusogingival height)× 4 mm (mesiodistal width) × 

1.5 mm (buccolingual depth)) using a water-cooled 0.8 mm 

cylindrical diamond bur and a high-speed handpiece. All 

preparations were conducted by one dental cosmetic specialist. 

Both occlusal and gingival margins were in enamel. Respective 

bur was replaced with a newer one after seven preparations.  

Etching and rinsing with water was conducted using Phosphoric 

acid 37.5 % (3M EPSE, St.Paul, USA) for 30 seconds (each step 

for 15 seconds separately). Then, the cavities were air-dried for 

10 seconds. After etching, teeth were randomly assigned into six 

different groups (n = 10):  

1) Adper™ single bond (immediately) 

2) Adper™ single bonds (after 5 min solvent evaporation)  

3) Adper™ single bonds (after 20 min solvent 

evaporation)  

4) Solobond M™ (immediately) 

5) Solobond M™ (after 5 min solvent evaporation)  

6) Solobond M™ (after 20 min solvent evaporation)  

Randomization was conducted using toss and coin method. 

Adper™ single bond (3M, USA) and Solobond™ (VOCO, 

USA) were stored in specific dishes with orange-colored leads 

in order to prevent curing with environment light and were 

stored for 20 to 50 min in room temperature.  

Bonding systems were rubbed on prepared cavities per 

manufacturers’s instructions in a double-layer for 5 seconds 

using mild air pressure, slightly dried for 2 secondsand light-

cured for 20 seconds (19). Restoration was conducted using 

dental resin composite Z250 (3M, USA) with an A2 shade and 

with an incremental technique with two different increments, 

(18, 20) each one light-cured for 40 seconds. Following 

restoration, all teeth were immersed in distilled water for 24 

hours and 37 ˚C. Thermocycling was conducted in 5-55 ˚C 

temperature range for 500 cycles. Specimen apices were sealed 

using wax and two layers of nail varnish were polished up to 1 

mm around the restoration. All the specimens were immersed in 

0.5% of fuchsine solution (Merck Germany) at 37 ˚C for 24 h. 

All specimens were immersed and rinsed with distilled water 

and then sectioned using a cutting machine (Nemo Co, 

Mashhad, Iran) into two similar halves. Die penetration was 

measured using stereomicroscope with a 32x magnification 

(Dewinter, India).   

The microleakage was scored as below (21);  

0 = No microleakage  

1 = Penetration up to one-half of occlusal or gingival margins 

depth 

2 = Penetration of more than one-half of occlusal or gingival 

margins depth 

3 = Penetration to axial wall or toward pulp.  

Statistical Analysis was conducted using SPSS 18.0. Concerning 

abnormal distribution on Kolmogorov Smirnov test, 

microleakage scores were reported as mean rank. Intergroup 

analysis was conducted using Kruskal Wallis and Mann-

Whitney U test. Significance was determined as p-value < 0.05.  

 

3. Results 

Mean rank of microleakage scores both on occlusal and gingival 

margins were illustrated in Table 1. Our results indicated that 

mean rank of microleakage scores had no significant difference 

between groups both in occlusal (p = 0.095) and gingival (p = 

0.498) margins.  

Frequency of different microleakage scores were illustrated in 

Table 2. The highest frequency of zero score was detected in 

group 1 for the occlusal margin and group 5 for the gingival 

margin. Also, score 3 was mostly reported in group 6 for both 

margins. On the occlusal surface, score 1 was the highest 

percentage in all groups except for group 1 (score 0). While in 

the gingival surface, score 3 was the highest frequency in all 

groups except for group four (score 1).  In occlusal surface, 0 

and 1 microleakage score was the most abundant in group one 

and five respectively. While in the gingival surface, score 3 was 

the most frequent in all groups.  

4. Discussion 

In the present study, solvent evaporation was investigated in 

different time spans (immediately, 5, and 20 minutes), and two 

different bonding systems (Adper™ single bonds and 

SoloBond™) were investigated. Microleakage rate was 

investigated both in occlusal and gingival margins.  

Ethanol has been used as a popular solvent in different bonding 

systems, this solvent has a higher vapor pressure in comparison 

with acetone and water, therefore, it vaporizes easier than other 

solvents (22). Similar to other solvents, ethanol vaporization 

affects bonding systems success (17).  

In the present study 5th-generation bonding adhesive systems 

were chosen, since they are cost-effective and popular and also 

have better micro-shear strengths, even better than 7th-

generation (23).  

One of the most important requisites for an ideal dental 

restoration is to minimize the probability of microleakage, and   
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there are various methods to measure microleakage rate. Dye 

penetration test is one of the most valid and popular methods 

since it is cost-effective and easy to conduct, whereas it is less 

accurate and does not provide any information about bacterial 
penetration rate.  

Yeganeh et al. in their in vitro study suggested that water storage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

does not change microleakage scores on class V cavities restored 

using Single bond systems (22). So, in the present study, 

Adper™ single bond was used as a model for the 5th-generation 

bonding system.  
In the present study, microleakage rate had no significant change 

in different time spans for both bonding systems. Also, 

Group Mean rank P-value 

Occlusal margin 

AdperTM SB* + 0 min 50.03 0.095 

AdperTM SB* + 5 min 55.25 

AdperTM SB* + 20 min 66.10 

SoloBond + 0 min 61.55 

SoloBond + 5 min 53.28 

SoloBond + 20 min 78.60 

Gingival margin 

AdperTM SB* + 0 min 57.98 0.489 

AdperTM SB* + 5 min 60.98 

AdperTM SB* + 20 min 54.28 

MonSoloBond + 0 min 54.28 

MonSoloBond + 5 min 63.98 

MonSoloBond + 20 min 71.53 

Margin Score 
Groups 

1 2 3 4 5 6 

Occlusal 

0 
9 

(45%) 

6 

(30%) 

3 

(15%) 
2 (10%) 1 (5%) 1 (5%) 

1 
5 

(25%) 

8 

(40%) 

9 

(45%) 
12 (60%) 

18 

(90%) 

9 

(45%) 

2 
4 

(20%) 

2 

(10%) 

3 

(15%) 
4 (20%) 0 

2 

(10%) 

3 
2 

(10%) 

4 

(20%) 

5 

(25%) 
2 (10%) 1 (5%) 

8 

(40%) 

Gingival 

0 
4 

(20%) 

3 

(15%) 
0 3 (15%) 

5 

(25%) 

2 

(10%) 

1 
4 

(20%) 

5 

(25%) 

2 

(10%) 
9 (45%) 

4 

(20%) 

2 

(10%) 

2 1 (5%) 0 
2 

(10%) 
2 (10%) 

4 

(20%) 
1 (5%) 

3 
11 

(55%) 

12 

(60%) 

16 

(80%) 
7(30%) 

7 

(35%) 

15 

(75%) 

 Total 40 40 38 43 44 40 

Table 1. Mean rank of microleakage scores between study groups. 

 

 

Table 1. Microleakage score frequency (percentage) of each group  
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microleakage did not have any linear decreasing by passing 

time.  

 

Howannaphakorn et al. in agreement with our finding, did not 

find any significant difference in microleakage rate in class V 

resin composite restorations using Prime & Bond NT bonding 

systems within 0-20 minutes evaporation durations (17).  

Covering specimen with nail varnish and plastics during study 

process, delays their vaporization during different time spans 

(17). Since one of the main clinical steps to prevent further 

vaporization of solvents in different environments is to protect 

them against moisture and light, the study protocol can be a 

probable factor for stable vaporization of ethanol in different 

time spans.  

5. Limitations 

Our study had some limitations, first of all, the study was in vitro 

and certainly could not reflect real environment of oral cavity. 

Secondly, the role of bacterial leakage and type of teeth were not 

investigated in the present study, while each of them acts as a 

contributing factor.  

6. Conclusion 

According to our findings, evaporation duration of ethanol 

solvent did not affect microleakage rate of enamel interface with 
resin composite restorations, restored with 5th-generation 

bonding systems. Therefore, evaporation time before using  5th-

generation bonding system does not affect microleakage rate.  
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