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Abstract. The purpose of this in vitro study was to compare the shear bond strength 
of different types of sealant to non-contaminated and saliva-contaminated enamel. 
The buccal surfaces of 60 sound permanent third molars were individually embed-
ded in self-curing acrylic resin and wet ground with 1,000-grit silicone carbide 
paper to obtain a flat enamel surface. The specimens were randomly assigned to 
one of three groups: 1) non-fluoride-releasing resin sealant (ConciseTM), 2) fluoride-
releasing resin sealant (ClinproTM), 3) glass-ionomer sealant (Fuji VII®). Each group 
was divided into 2 subgroups (n=10): non-contaminated and saliva contaminated 
with 0.02 ml of fresh human saliva for 20 seconds and then blowed dried prior to 
sealant placement. All samples were thermocycled 2,000 cycles. The specimens were 
tested using an Instron running at a crosshead speed of 0.05 mm/min. Stereomicro-
scope examinations were carried out to evaluate failure sites of the sealants. Data 
were analyzed with one-way ANOVA and the Turkey test at a siginificance level of  
p<0.05. Comparison of the different types of sealant revealed the shear bond strength 
of the glass-ionomer sealant was the same for the non-contaminated and saliva-
contaminated subgroups. The shear bond strength was lower in both the fluoride and 
non-fluoride releasing resin-based sealant groups contaminated with saliva than in 
the fluoride and non-fluoride releasing resin-based sealant groups not contaminated 
with saliva. Comparison of the different types of sealant also revealed the shear 
bond strength of the glass-ionomer sealant had a significantly lower shear bond 
strength than the fluoride and non-fluoride releasing resin-based sealant groups for 
both the non-contaminated and saliva-contaminated subgroups. The fluoride and 
non-fluoride releasing resin-based sealant groups were not significantly different 
from each other. The modes of failure were mostly mixed with the glass-ionomer 
sealant in both the non-contaminated and saliva-contaminated subgroups of this 
sealant. The resin-based sealant groups (both fluoride and non-fluoride releasing) 
had cohesive/mixed failure in the non-contaminated and adhesive/mixed failure 
in the saliva-contaminated subgroups. In conclusion, saliva-contamiantion did 
not affect the shear bond strength of glass-ionomer sealant but the glass-ionomer 
sealant had the lowest shear bond strength.
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INTRODUCTION

Evidence suggests that nearly 90% of 
caries in children occur in pits and fissures 
(Weintraub, 2001). Pits and fissures hinder 
plaque removal and penetration of fluo-
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ride and bactericidal solutions (Carvalho 
et al, 1989; Pearce et al, 1999).  The use of 
pit and fissure sealants is widespread, 
since they are considered an effective 
preventive method against caries on the 
occlusal surfaces (Frazier, 1984). Resin-
based sealants are the most commonly 
used sealants in clinical practice (Buono-
core, 1971). Saliva contamination during 
sealing is the main cause of sealants fail-
ure (Hebling and Feigal, 2000). Retention 
of sealants is considerably diminished 
when proper saliva control and dry field 
isolation are not achieved, as is commonly 
experienced with young children, patients 
with special needs and newly erupted 
teeth (Duangthip and Lussi, 2003). Glass 
ionomer cements were introduced about 
25 years ago as sealants, especially where 
resin-based sealants are contraindicated, 
as in clinical treatment of children with 
deep pits and fissure in primary molars 
or permanent first molars that have not 
fully erupted and whose isolation can be 
difficult (Komatsu et al, 1994; Waggoner 
and Siegal, 1996). Fluoride contained in 
glass-ionomer sealants is slowly released 
into the oral cavity and can help prevent 
dental caries (Braudau et al, 1984; Mount, 
1986). Several kinds of fluoride fissure 
sealants have been developed over the 
years (Hicks and Flaitz, 1992), despite the 
lack of scientifically based information 
addressing the bonding performance of 
these materials.

The aim of this in vitro study was to 
evaluate the effect of saliva contamination 
on and compare the shear bond strength 
of three different pit and fissure sealants.

MATERIALS AND METHODS

This study was approved by the Eth-
ics Committee of Mahidol University. 
Sixty freshly extracted sound third human 

molars were obtained and stored in 0.9% 
normal saline at 4ºC until used. Prior to 
the study, the teeth were washed in run-
ning water to eliminate storage solution 
residues, the roots were removed and 
the crown was embedded in self-curing 
acrylic resin using PVC rings (2.5 cm in 
diameter and 2 cm in height) with the 
enamel surfaces facing up. The specimens 
were hand polished with wet #320, 800 
and 1,000 silicon carbide abrasive paper 
to obtain flat, smooth test surfaces, which 
were cleaned with an ultrasonic machine 
(ultrasonic soniator model vibraclean 300, 
MDT Corporation, USA) for 5 minutes. 
The 60 specimens were randomly assigned 
to 2 groups (n=30): A) non-contaminated 
enamel; and B) saliva-contaminated 
enamel. Each group was then divided into 
3 subgroups (n=10), according to the pit 
and fissure sealant used: 1) non-fluoride 
releasing resin sealant (Concise™), 2) fluo-
ride releasing resin sealant (Clinpro™) 
and 3) glass-ionomer sealant (Fuji VII®). 
Details of the sealants are given in Table 1. 
In both the non-contaminated and saliva-
contaminated groups, a silicon jig (3 mm 
in diameter and height) was placed over 
the demarcated enamel site and carefully 
attached with adhesive tape. Sealant was 
inserted into the jig in increments accord-
ing to the manufacturer’s instructions.  
For saliva contaminated specimens, saliva 
contamination was done by applying 0.02 
ml of fresh human saliva, supplied by one 
person, to the surface of the tooth with pits 
and fissures and left undisturbed for 10 
seconds, then the specimens was gently 
air dried for 5 seconds. As the cavity was 
filled, the specimen was released from 
the jig, leaving a sealant cylinder (3 mm 
x 3 mm) adhering to the enamel surface. 
After 24 hours storage in distilled water 
at 37ºC, the specimens were thermocycled 
between 5(±2) and 55(±2)ºC for 1,000 
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cycles with a dwell time of 30 seconds. All 
specimens were then sheared in an Instron 
Universal testing machine (Instron LTD, 
Buckinghamshire, England) with a shear 
force to the specimen using a crosshead 
speed of 0.5 mm/minute. The surfaces of 
each group were evaluated with a 40x 
stereomicroscope to assess the failure of 
the sealant, which were classified as adhe-
sive, cohesive or mixed. Means (in MPa) 
and standard deviations were calculated 
and data were analyzed statistically by 
one-way ANOVA and Tukey with 95% 
confidence level.

RESULTS

Shear bond strength means and stan-
dard deviations in the non-contaminated 
and saliva-contaminated groups are 
shown in Table 2.

Comparison of the three different 

types of sealant revealed the shear bond 
strength of the glass-ionomer sealant 
in both non-contamination and saliva-
contamination subgroups showed no 
significant difference. The shear bond 
strength in the non-fluoride-releasing 
resin sealants and fluoride-releasing 
resin sealants groups was lower in the 
saliva contaminated subgroup than in 
the non-contaminated subgroup. How-
ever, there were no differences between 
the fluoride and non-fluoride releasing 
resin sealants in those in the non-con-
tamination subgroups and there were 
no differences between the fluoride and 
non-fluoride releasing resin sealants in 
the saliva-contaminated subgroups. The 
glass-ionomer sealant had a significantly 
lower shear bond strength than the resin 
sealants. In the resin-based groups, the 
saliva-contaminated specimens exhibited 
a mixed or adhesive mode of failure and 

Material          	 Type                                       	 Manufacturers

Concise™            	 Resin-based light-cured fissure sealant      	 3M ESPE, St Paul,
Lot No. 20070709                                                                                 	 MN, USA
Clinpro™                   	 Resin-based light-cured fluoride-containing	 3M ESPE, St Paul,
Lot No. 20070416      	 fissure sealant                                	 MN, USA
Fuji VII®                      	 Glass-ionomer cement formulated      	 GC Corp, Tokyo, Japan
Lot No. 0407011        	 for fissure sealant

Table 1
Sealants used in the study.

asiginificant difference in different situations
bsiginificant difference in different materials

	 Concise™ 	 Clinpro™ 	 Fuji VII®

Non-contamination           	 15.79 ± 1.69              	 12.42 ± 2.95                    	2.50 ± 0.54b

Saliva-contamination         	 3.87 ± 1.35a               	 5.28 ± 1.78a                    	1.90 ± 0.45b

Table 2
Shear bond strength mean (MPa) and standard deviation of the study groups.
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the non-contaminated specimens exhib-
ited a mixed or cohesive failures. The 
glass-ionomer sealand exhibited mostly 
a mixed failure. 

DISCUSSION

In this study the mean shear bond 
strength of the fluoride-containing resin 
sealant (ClinproTM) was not statistically 
different from the non-fluoride-containing 
resin sealant (ConciseTM), similar to a 
study by Perdigão et al (2005). This may be 
because the bond strength of the fluoride-
containing resin sealant and the non-fluo-
ride-containing resin sealant bonded well 
because the enamel was treated with 35% 
phosphoric acid which promoted areas of 
micromechanical adhesions between the 
sealant and the enamel surface (Park et al, 
1993).  The resin tag lengths of fluoride-
containing resin sealant and non-fluoride 
resin sealant were probably similar. Rawls 
(1988) found fluoride-containing resin 
sealant (FluroShield) had residual tags 
on the enamel surface approximately 10-
20 µm long. Silverstone (1974) found the 
tag lengths of non-fluoride-containing 
resin sealant were 11.8-18.9 µm long. 
Therefore, the addition of fluoride organic 
fluoride to the resin-based sealant might 
not effect the bond strength. The mean 
shear bond strength of the glass-ionomer 
(Fuji VII®) was significantly less than that 
of the resin-based sealants, similar to a 
study by Papacchini (2005). Resin-based 
sealants are treated with 35% phosphoric 
acid (pH=0.6) and the glass-ionomer 
sealant is treated with 10% polyacrylic 
acid (pH=1.85), which is less acidic. The 
enamel etched with 35% phosphoric acid 
had deeper exposed enamel rods and 
interrod porosity than the enamel etched 
with 10% polyacrylic acid; the length of 
the resin tag with the enamel etched with 

35% phosphoric acid was longer than tag 
of the enamel etched with 10% polyacrylic 
acid (Glasspoole et al, 2002). The bond 
strength of the saliva-contaminated enamel 
in the resin-based sealant groups was 
markedly lower than non-contaminated 
enamel. Similar findings were previously 
reported by Barroso et al (2005). This is 
because the microporosities produced 
by the acid become partially occluded, 
preventing optimal resin tag formation 
undermining bonding of the sealant (Sil-
verstone et al, 1985).                                                     

 Regarding the failure modes, in resin-
based sealants, a lower bond strength was 
correlated with mainly adhesive failure, 
similar to the findings of Truffier-Boutry 
et al (2003) who found predominantly ad-
hesive failure after saliva contamination. 
Our findings agree with those of Sidhu  
et al (1999), who found the interfacial 
region was the weak link, irrespective of 
the mode of failure.

The glass-ionomer sealant exhibited 
the lowest shear bond strength in both 
the non-contaminated and saliva-contam-
inated tests.

REFERENCES

Barroso JM, Torres CP, Lessa FC, Pécora JD, 
Palma-Dibb RG, Borsatto MC. Shear 
bond strength of pit-and-fissure sealants 
to saliva-contaminated and noncontami-
nated enamel. J Dent Child 2005; 72: 95-9.

Braudau HE, Ziemiecki TL, Charbereau GT. 
Restoration of cervical contours on non-
prepared teeth using glass ionomer ce-
ment; a 4 1/2-year report. J Am Dent Assoc 
1984; 104: 782-3.

Buonocore MG. Caries prevention in pits and 
fissures sealed with an adhesive resin po-
lymerized by ultraviolet light: a two-year 
study of a single adhesive application. J 
Am Dent Assoc 1971; 82: 1090-3.



Effect of Saliva Contamination on Shear bond Strength

Vol  42  No. 2  March  2011 467

Carvalho JC, Ekstrand KR, Thystrup A. Dental 
plaque and caries on occlusal surfaces of 
first permanent molars in relation to stage 
of eruption. J Dent Res 1989; 68: 773-9.

Duangthip D, Lussi A. Microleakage and 
penetration ability of resin sealant versus 
bonding system when applied follow-
ing contamination. Pediatr Dent 2003; 25: 
505-11.

Frazier PJ. Use of sealants: societal and profes-
sional factors. J Dent Educ 1984; 48: 80-95.

Glasspoole EA, Erickson RL, Davidson CL. 
Effect of surface treatments on the bond 
strength of glass ionomers to enamel. Dent 
Mater 2002; 18: 454-62.

Hebling J, Feigal RJ. Use of one-bottle adhesive 
as an intermediate bonding layer to reduce 
sealant microleakage on saliva-contami-
nated enamel. Am J Dent 2000; 13: 187-91.

Hicks MJ, Flaitz CM. Caries-like lesion forma-
tion around fluoride-releasing sealant and 
glass-ionomer. Am J Dent 1992; 5: 329-34.

Komatsu H, Shimokobe H, Kawakami S, Yo-
shimura M. Caries preventive effect of 
glass ionomer sealant reapplication: study 
presents three-year results. J Am Dent Assoc 
1994; 125: 543-9.

Mount GJ. Longevity of glass-ionomer cements. 
J Prosthet Dent 1986; 55: 682-5.

Papacchini F, Goracci C, Sadek FT, Monticelli 
F, Garcia-Godoy F, Ferrari M. Microtensile 
bond strength to ground enamel by glass-
ionomers, resin-modified glass-ionomers 
and resin composites used as pit and fis-
sure sealants, J Dent 2005; 33: 459-67.

Park K, Georgescu M, Scherer W, Schulman 
A. Comparison of shear bond strength, 
fracture patterns and microleakage among 
unfilled, filled and fluoride-releasing seal-
ants. Pediatr Dent 1993; 15: 418-21.

Pearce E, Larsen M, Coote G. Fluoride in enamel 
lining pits and fissures of the occlusal 
groove-fossa system in human molar teeth. 
Caries Res 1999; 33: 196-205.

Perdigão J, Fundingsland JW, Duarte SJ, Lopes 
M. Microtensile adhesion of sealants to 
intact enamel. Int J Paediatr Dent 2005; 15: 
342-8.

Rawls HR. Prospectives for a fluoride-releasing 
composite. [Abstract]. J Dent Res 1988; 
67: 110.

Sidhu SK, Sherriff M, Watson TF. Failure of 
resin-modified glass-ionomers subjected 
to shear loading. J Dent 1999; 27: 373-81.

Silverstone LM. Fissure sealants. Laboratory 
studies. Caries Res 1974; 8: 2-26.

Silverstone LM, Hicks MJ, Featherstone MJ. 
Oral fluid contamination of etched enamel 
surfaces: an SEM study. J Am Dent Assoc 
1985; 110: 329-32.

Truffier-Boutry D, Place E, Devaux J, Leloup G. 
Interfacial layer characterization in dental 
composite. J Oral Rehabit 2003; 30: 74-7.

Waggoner WF, Siegal M. Pit and fissure sealant 
application: updating the technique. J Am 
Dent Assoc 1996; 127: 351-61.

Weintraub JA. Pit and fissure sealants in high-
caries-risk individuals. J Dent Educ 2001; 
65: 1084-90.


