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Abstract 

Objective: The efficacy of correctly applied fissure sealants has been revealed in 

the prevention of caries. Saliva and moisture contamination of the etched enamel 

surface before sealant placement can decrease the bonding strength of the sealant 

to the enamel. The aim of this study was to test the new bonding agents containing 

nano-fillers in order to reduce the negative effect of saliva contamination on the 

sealant micro leakage.  

Materials and Methods: Seventy five sound human premolars were randomly 

assigned to five equal groups as follows: Group A: etching, sealant; Group B: 

etching, saliva contamination, sealant; Group C: etching, saliva contamination, 

Single bond, sealant; Group D: etching, saliva contamination, Adper Single bond 

2, sealant; Group E: etching, saliva contamination, N Bond, sealant. The samples 

were thermo-cycled and immersed in basic fuchsine 0.5% by weight. Then, the 

teeth were sectioned bucco-lingually and parallel to the long axis into two seg-

ments. Finally, the length of dye penetration at the sealant-tooth interface was 

scored according to a four-point scale.  

Results: Micro-leakage was higher in group B compared to the other groups, 

while there were no differences among the evaluated dentin adhesives. 

Conclusion: The use of nano-filled bonding agents as an intermediate layer be-

tween the etched enamel and the sealant can reduce sealant micro-leakage after 

saliva contamination at the level of the uncontaminated enamel. 

Key Words: Pit and fissure sealants; Saliva; Dental leakage; Dentin bonding 

agents; Nano-filled 
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INTRODUCTION 

Dental caries is one of the most common chal-

lenges in childhood [1]. Several attempts have 

been made to reduce the occurrence of dental 

caries. Sealing the pits and fissures in occlusal 

surfaces of the posterior teeth is an effective 

preventive procedure to reduce dental caries 

[1, 2].  
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The retention rate and optimal sealing along 

the enamel-sealant interface are key factors for 

success of this type of treatment. The main 

reason for sealants failure is contamination of 

the etched enamel surfaces with saliva before 

the sealant placement. Exposure to saliva 

causes surface coating over the etched enamel 

surfaces which by itself prevents resin pene-

tration into their porosity [3]. The overall 

bonding strength to saliva-contaminated ena-

mel and marginal sealing is markedly lower 

than non-contaminated ones [4-14].  

Providing isolated and dry field is usually very 

difficult in young children, patients with spe-

cial needs and patients who have newly 

erupted teeth. In these situations, postponing 

the sealing procedure to the future or repeating 

the etching process is preferred [15]. Re-

etching alters the microstructure of the tooth 

enamel [6]. As an alternative procedure, the 

use of hydrophilic bonding agents prior to sea-

lant placement improves the bond strength and 

reduces micro-leakage of the sealant at the 

level of uncontaminated enamel [5, 9-14]. 

Some other studies do not confirm the positive 

effect of the bonding agent [16]. 

In the past two decades, in the dentin bonding 

system, considerable advancement has been 

made. In the new agents, the addition of nano-

fillers with an average particle size of 12 nm 

increases the penetration of resin monomers 

and the hybrid layer thickness, which in turn 

improves the mechanical properties of the 

bonding system [17- 22]. 

The sealing ability of the bonding system in 

the margins of the restorations needs further 

research in different settings. The aim of this 

study was to test the effect of new bonding 

agents containing nano-fillers on reducing the 

negative impact of saliva contamination of the 

sealant micro-leakage for the first time.  

 

MATERIALS AND METHODS  

Seventy five sound human premolars, ex-

tracted for orthodontic purposes within a 6-

month period, were selected and disinfected 

with thymol 0.2%. The teeth were cleaned 

with water/pumice slurry and were randomly 

assigned to five equal groups (N=15). The oc-

clusal pits and fissures of the teeth were 

etched with 37% phosphoric acid (Ultra Etch, 

Ultra dent product INC, USA) for 15 seconds; 

then they were rinsed thoroughly for 5 seconds 

and dried with oil-free compressed air to ob-

tain a uniformly whitish, dull, chalk like ap-

pearance. Bonding procedures in each group 

were performed as follows:   

Group A: Fissure sealant (Concise, 3M 

ESPE, USA) was applied into etched pits and 

fissures including 2 to 3 mm cuspal incline 

and cured for 20 seconds with a power halo-

gen light-curing unit (Coltolux 75, Colten, 

USA) with a 450 mw/mm² output. 

Group B: A thin layer of artificial saliva (Po-

tassium: 20 meq.lit, Chloride: 27.4 meq.lit, 

Sodium: 0.22 mg, Magnesium: 0. 1.5 mg, Cal-

cium: 0.6 mg, Fluoride: 0.5 mg, Phosphorous: 

0.21 mg, Hydroxy propyl methyl cellulose 

3%) was brushed onto the enamel so that the 

whole surface area of the enamel was covered. 

This was left undisturbed for 10 seconds prior 

to drying. The surface was then gently dried 

for 20 seconds, and finally the pits and fissures 

were sealed. 

Group C: Contamination with saliva was per-

formed as in group B. Two consecutive coats 

of Single Bond (3M, EPSE, USA) were ap-

plied to the etched enamel for 15 seconds with 

gentle agitation using a fully-saturated appli-

cator. The surface was then gently dried for 15 

seconds to evaporate solvents. Adhesive was 

light cured for 10 seconds, and finally the pits 

and fissures were sealed.  

Group D: Contamination with saliva was per-

formed as in group B. Before the sealant 

placement, two layers of Adper Single Bond 2 

(3M, EPSE, USA) containing colloidal filler 

5nm in size and 10% by weight were applied, 

dried for 15 seconds, and then light cured for 

10 seconds. 

Group E: After the etching process and con-

tamination with saliva, a thick layer of Tetric 
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N-bond (Ivoclar  Vivadent, Liechtenstein) 

containing Sio2 fillers was applied on the 

enamel surface and brushed in for at least 10 

seconds. Excess material and the solvent were 

removed by a gentle stream of air. According 

to the manufacturer’s instructions, the adhe-

sive was light cured for 10 seconds, and then 

the pits and fissures were sealed. 

According to the ISO/TR 11405 standardiza-

tion [23], the samples were stored for at least 

24 hours before testing in distilled water at 

37°C and thermo-cycled for 500 cycles be-

tween 5 -55, with a 50 s dwell time. Following 

thermo-cycling, the teeth were sealed at the 

root apices and coated with two layers of nail 

polish, except for the restorations and 1 mm 

rim of tooth structure around the restoration. 

The samples were immersed in basic fuchsine 

0.5% by weight (Merk, Germany) for 24 hours 

and then thoroughly rinsed in tap water. Then, 

In order to prevent chipping of the material, 

the teeth were embedded in self curing acrylic 

resin (Marlic Med Co, Iran). The prepared 

blocks were cut parallel to the long axis into 

mesial and distal fragments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The length of dye penetration at the sealant-

tooth interface was examined under a light mi-

croscope with X 40 magnification.  

The criterion for the amount of dye micro-

leakage was the maximum level of dye pene-

tration. Scoring was based on the following 

criteria: 

Grade 0: no penetration; Grade 1: dye pene-

tration up to one-third of the sealant-tooth in-

terface; Grade 2: dye penetration extending 

from one-third to two-thirds of the length of 

the sealant- tooth interface; Grade 3: dye pe-

netration more than two-thirds of the length of 

the sealant-tooth interface. 

The data were analyzed using Kruskal Wallis 

and pair-wise comparison tests. All statistical 

tests were set at a significant level of p < 0.05. 

P-values for pairwise comparisons were ad-

justed by related options in IBM SPSS Statis-

tics version 20. 

 

RESULT  

A total of 150 sections were examined for mi-

cro-leakage. The percentage of each score for 

all groups has been shown in Table 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Grade 0 Grade 1 Grade 2 Grade 3 

Group A 23(77%) 6(20%) 1(3%) 0(0%) 

Group B 15(50%) 3(10%) 3(10%) 9(30%) 

Group C 28(93%) 2(7%) 0(0%) 0(0%) 

Group D 25(83%) 5(17%) 0(0%) 0(0%) 

Group E 27(90%) 1(3%) 2(7%) 0(0%) 

 

Table 1. Micro-Leakage Grades in Experimental Groups 

 

Group A: etching, sealant 
Group B: etching, saliva contamination, sealant  

Group C: etching, saliva contamination, Single bond, sealant  

Group D: etching, saliva contamination, Single bond 2, sealant 
Group E: etching, saliva contamination, N Bond, sealant 
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Statistical analysis results showed a significant 

difference in the overall micro-leakage be-

tween the groups (p< 0.05). 

Results of the pairwise statistical tests showed 

a higher micro-leakage in group B in compari-

son to the other groups (p< 0.05). There were 

no differences among the evaluated bonding 

agents (p>0.05) (Table 2). 

 

DISCUSSION     

It is generally accepted that adequate isolation 

is the most critical aspect of the sealant appli-

cation process. Re-establishing the etched 

enamel surface morphology after salivary con-

tamination can be provided through washing, 

re-etching and adding an adhesive layer on the 

contaminated and previously etched enamel 

prior to sealant placement. The aim of this 

study was to test the new bonding agents con-

taining nano-fillers to prevent micro-leakage 

in saliva-contaminated enamel. 

Studies using two bottles and total etch dentin 

adhesive systems have shown good results in 

reducing the effects of moisture on sealant re-

tention.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hydrophilic monomers and acetone-based 

solvents can displace the saliva, and penetrate 

to the porosities in these systems; consequent-

ly improving the bonding of sealants to saliva-

contaminated enamel in some specific situa-

tions [5, 10-12]. 

Sixth and seventh generations of dentin bond-

ing were also studied [13, 14]. Bassir et al. 

(2009) compared two self-etch bonding 

agents, protect Bond and S₃  Bond with total 

etch systems. The results showed that self-etch 

bonding agents can not reduce sealant micro-

leakage after saliva contamination at the level 

of the uncontaminated enamel and are there-

fore not advised [13].  

Karami et al. (2010) showed that using Adhes 

and I Bond systems decrease the sealant mi-

croleakage in the saliva contaminated group. 

These new agents from self-etch generations 

have an acidic hydrophilic monomer and can 

be easily used on the etched enamel after con-

tamination with saliva or moisture [14]. 

In the new nano-filled agents, by adding 

minute size fillers to the adhesives, the elastic 

modulus increases.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Groups P- value 

(Sig- Adjusted) 
Groups 

P- value 

(Sig- Adjusted) 

Groups A & B 0.002(0.023) Groups B & D 0.00(0.003) 

Groups A & C 0.147(1.00) Groups B & E 0.00(0.00) 

Groups A & D 0.543(1.00) Groups C & D 0.400(1.00) 

Groups A & E 0.283(1.00) Groups C & E 0.707(1.00) 

Groups B & C 0.00(0.00) Groups D & E 0.642(1.00) 

 Group A: etching, sealant 
Group B: etching, saliva contamination, sealant  

Group C: etching, saliva contamination, Single bond, sealant  

Group D: etching, saliva contamination, Single bond 2, sealant 
Group E: etching, saliva contamination, N Bond, sealant 

 

Table 2. Pairwise Comparison Analysis Test 
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Based on the manufacturer, nano-particles act-

ing as cross links will reduce the dimensional 

changes [19, 20]. The type of nano-fillers and 

the method that these particles are incorpo-

rated affect the adhesive viscosity and penetra-

tion ability of the resin monomers into colla-

genic fibers spaces [20- 22]. Nano-fillers, with 

dimensions larger than 15-20 nm or a content 

of more than 1.0 percent by weight, both can 

increase the viscosity of the adhesives, and 

may cause accumulation of the fillers over the 

top of the moistured surface. These clusters 

can act as flaws which may induce cracks and 

cause a decrease in the bond strength [18, 20]. 

Therefore, concerns about the sealing ability 

of these bonding agents on saliva contami-

nated surfaces increase.  

The results of the present investigation indi-

cated that application of nano-filled bonding 

agents on the saliva-contaminated enamel can 

reduce the sealant micro-leakage to the same 

level observed in the control group where no 

contamination was performed. The efficiency 

of N Bond and Adper Single Bond 2 are con-

tributed to hydrophilic monomers and also the 

proper content of nano-fillers   [23]. The hy-

drophilic monomers with a high diffusion rate 

in alcohol-based solvents are able to remove 

any residual moisture from the etched enamel 

and enhance resin penetration.  

It seems that the size and weight of colloidal 

nano-fillers in N-bond and Adper Single Bond 

2 are sufficient. So; in a situation in which the 

moisture or saliva contaminate the etched 

enamel, the fillers do not form agglomerated 

clusters; and can penetrate into the enamel po-

rosities along with the monomers of the bond-

ing agent. This ability can overcome the many 

negative aspects of contamination by saliva as 

well as non-filled bonding agents. It is sug-

gested to evaluate the shear bond strength of 

the sealant to the enamel after using the nano-

filled adhesive agents on the saliva-

contaminated enamel. 

 

CONCLUSION 

In a situation, in which control of saliva and 

isolation is impossible, the use of nano-filled 

bonding agents as an intermediate layer be-

tween the etched enamel and the sealant can 

be efficient in reducing sealant micro-leakage 

after saliva contamination at the level of the 

uncontaminated enamel. 
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