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Abstract 
Background: The effectiveness of sealants is dependent upon their adhesion to enamel surface. The aim of the study 
was to evaluate the sealing ability of a pit and fissure sealant used with a universal adhesive (etch-and-rinse vs. 
self-etch modes) when the site is contaminated with saliva. Adhesive properties were evaluated as microleakage 
and scanning electron microscopic (SEM) characteristics. 
Material and Methods: A total of 72 mandibular third molars were randomly divided into 6 groups (n=12). Occlusal 
pits and fissures were sealed with an unfilled resin fissure sealant (FS) material with or without saliva contami-
nation. The groups included: 1) phosphoric acid etching + FS (control), 2) phosphoric acid etching + Scotchbond 
Universal (etch-and-rinse) + FS, 3) phosphoric acid etching + saliva + Scotchbond Universal (etch-and-rinse) + FS, 
4) Scotchbond Universal (self-etching) + FS,5) Scotchbond Universal (self-etching) + saliva + FS, and 6) Scotch-
bond Universal (self-etching) + saliva + Scotchbond Universal + FS. After thermocycling, the teeth were placed in 
0.5% fuchsin, sectioned, and evaluated by digital microscopy. Two samples from each group were also observed by 
SEM. The data were analyzed with Kruskal-Wallis and Mann-Whitney tests for a significance of p<0.05.
Results: There were significant differences among groups. Groups 1,2 and 4 showed the least microleakage, with 
no significant differences among groups. Saliva contamination led to increased microleakage and gap formation in 
SEM images in groups 3, 5 and 6. 
Conclusions: The fissure sealing ability of the universal adhesive in etch-and-rinse or self-etch modes was similar 
to that of conventional acid etching. Saliva contamination had a negative effect on sealant adhesion to pretreated 
enamel.
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Introduction
Pit and fissure sealing is a widely accepted method to 
prevent dental caries on occlusal surfaces, especially in 
newly erupted permanent teeth in children (1). However, 
sealant application in young patients is a challenge for 
dentists due to difficult access to the teeth, the possibility 
of saliva contamination, and sometimes lack of coopera-
tion by the patient (1,2).
Conventional methods of sealant therapy include ena-
mel acid etching (followed by a rinsing step to remove 
dissolved minerals) to create microporosities that faci-
litate penetration of the sealant material in the enamel 
(3). Because the formulation of resin sealant is similar 
to composite resin, some studies reported that adding 
an adhesive layer beneath the fissure sealant led to in-
creased retention and reduced mircoleakge through the 
sealant and enamel surface (4,5). However, other studies 
found that the addition of this step had no advantages 
(6,7). One study reported that applying an adhesive re-
duced the negative effect of saliva contamination on sea-
lant bond strength to the enamel surface (8).
In general, adhesives are categorized as total-etch (two- 
or three-step adhesives) or self-etch (one- or two-bottle 
adhesives). Recently a new generation of one-bottle 
adhesives called “universal”, “multi-mode” or “multi-
purpose” adhesives was developed. Universal adhesives 
(UA) have advantages compared to previous genera-
tions: they can be used in two modes, i.e., either as an 
etch-and-rinse adhesive with selective acid etching be-
fore application of the adhesive, or as a one-bottle self-
etching adhesive without additional etching. Moreover, 
UAs are simpler, more user-friendly and less technique-
sensitive, and reduce patient chair time – all of which 
are advantages in pediatric dentistry (9-12). Some stu-
dies showed that acid etch techniques had advantages 
over self-etch adhesives before sealant therapy (13,14). 
However, other studies found no significant differences 
in terms of microleakage between conventional acid et-

ching techniques and self-etch adhesives before sealant 
application (15,16). One study showed that UA in etch-
and-rinse mode yielded sealing outcomes similar to the 
self-etch mode of fissure sealant application (17). 
Because few data are available on the use of UAs in 
sealant therapy, the purpose of this in vitro study was 
to determine the sealing effectiveness of a new one-step 
self-etch adhesive. The adhesive was applied with two 
different methods: selective pre-etching (etch-and-rinse 
mode) and self-etching mode, with or without saliva 
contamination. The results were compared by measuring 
microleakage and observing morphological characteris-
tics of the tooth–sealant interface with scanning electron 
microscopy (SEM).

Material and Methods
After approval of the research protocol by the Human 
Ethics Review Committee of the School of Dentistry, 
Shiraz University of Medical Sciences, 72 sound man-
dibular third molars were cleaned with a prophylaxis 
brush and disinfected by immersion in 0.1% chloramine 
T solution for 2 months. The teeth were assessed to dis-
card those with defects, cracks or caries. 
The samples were randomly divided into 6 groups of 12 
teeth each, in which pretreatment steps were performed 
on occlusal surfaces before fissure sealant (FS) applica-
tion as follows: 
Group 1. Phosphoric acid etch + FS (control group) 
Group 2. Phosphoric acid etching + Scotchbond Univer-
sal (SBU) (etch-and-rinse mode) + FS 
Group 3. Phosphoric acid etching + saliva + SBU (etch-
and-rinse mode) + FS
Group 4.SBU (self-etch mode) + FS
Group 5.SBU (self-etch mode) + saliva + FS
Group 6. SBU (self-etch mode) + saliva + SBU + FS
The adhesive was applied according to the manufacturer’s 
instructions (Table 1).
Saliva collection: The method used to collect saliva was 

  Materials  Chemical composition  Procedures Manufacturer 

Phosphoric acid 
gel (37%) 

Phosphoric acid, fumed silica, 
water soluble surfactant 

Apply for 30 s, rinse 15 s, air dry for 10 s 3M ESPE, St. Paul, 
MN, USA 

Scotchbond 
Universal 

10-MDP phosphate monomer, 
methacrylate modified polyalkenoic 
acid copolymer filler, HEMA, 
dimethacrylate resins filler, silane, 
initiators, ethanol, water 

Self-etch strategy: Apply the adhesive, 
rub for 20 s. Rewet the disposable 
applicator during treatment. Gentle air 
dried for 5 s, light cure for 10 s.
Etch and rinse strategy: Apply etchant 
for 15 s, rinse for 10 s, air dried for 2 s, 
apply adhesive as described for the self-
etch. 

3M ESPE, St. Paul, 
MN, USA 

Clinpro pit and 
fissure sealant 

BISGME, TEGDMA, EDMAB, 
TBATFB, Camphorquinone, TiO2 

Apply material to pit and fissures, 
remove air bubbles, allow penetration for 
20 s, light cure for 20 s  

3M ESPE, USA 

Table 1: Materials and application procedures used in this study.

res used in this study. MDP: Methacryloyloxydecyl dihydrogen phosphate. HEMA: Hydroxyethyl methacrylate. BISGMA: Bisphenol glycidyl 
methacrylate. TEGDMA: Triethylene glycol dimethacrylate. EDMAB: Ethyl 4-(dimethylamino)benzoate. TBATFB: Tetrabutylammonium 
tetrafluoroborate.
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based on a previous study (18). Unstimulated human 
saliva was collected from a 7-year-old child1hour after 
food or drink consumption. “The sample was centrifu-
ged and stored at −80 °C. The saliva was thawed at room 
temperature and about 6 µL of saliva was applied on the 
tooth surface with a micropipette, left undisturbed for 10 
s, and air dried for 5 s”. Then the adhesive and FS were 
applied.
Fissure sealant application: The occlusal surfaces were 
sealed with unfilled fissure sealant (Clinpro, 3M ESPE, 
St. Paul, MN, USA) and light-cured for 20 s with a ha-
logen light curing unit (Coltolux, Coltene, Whaledent, 
Altstaetten, Switzerland) at a power density of 550 mW/
cm2. 
The specimens were then aged in a thermocycling bath 
at temperatures between 5 °C and 55 °C for 1000 cycles. 
The root apices were sealed with sticky wax, and the en-
tire the tooth surface except for 1mm around the margins 
of each fissure sealant was covered with two layers of 
nail polish. Then the specimens were immersed in 0.5% 
basic fuchsin dye (Merck, Darmstadt, Germany) solu-
tion for 24 h to observe microleakage. Next the samples 
were rinsed and sectioned faciolingually across the cen-
ter of the sealant with a diamond saw (Mecatome, Presi, 
Eybens, France) under continuous water irrigation.
Two dentists observed the sectioned teeth under a digital 
microscope (Dino Lite, Taipei, Taiwan) at 50× magnifi-
cationto score linear dye penetration in millimeters from 
the margin of the fissure sealant through the interface 
between the tooth and sealant. The proportion of micro-
leakage was calculated by dividing the total distance of 
dye penetration by the total length of the enamel sea-
lant interface (19). The microscope was calibrated befo-
re evaluations. To ensure inter observer agreement, the 
examiners evaluated 10 sectioned teeth before actual test 
samples were evaluated. These 10 teeth were not inclu-
ded in the sample used for analysis.
SEM observation: Two samples in each experimental 
group were selected for SEM evaluation. The specimens 
were sectioned perpendicular to the adhesive interface 
and polished with 400, 600, 1000 and 2000 grit silicon 
carbide paper under water cooling. Then the tooth surfa-
ce was treated with 37% phosphoric acid for 10 s, rinsed 
for 30 s, and immersed in 5% NaOCl for 2 min. After 
rinsing, the teeth were dehydrated in a series of 70%, 
80%, 90% and 99% ethanol. Next the samples were coa-
ted with gold in a vacuum evaporator, and the interfaces 
were examined in a SEM (KYKY-EM3200, Beijing, 
China) at 1000×magnification.
Statistical analysis: The data are reported as the median, 
mean rank and interquartile range (IQR). The assump-
tion of normality was tested with the Shapiro–Wilk test. 
Kruskal–Wallis H and Dunnpost-hoc tests were used to 
compare microleakage among groups. Statistical analy-
ses were done with IBM SPSS version 22.0 statistics 

software (IBM, New York, NY, USA). For all compari-
sons, p values less than 0.05 were considered statistica-
lly significant.

Results
Shapiro–Wilk tests indicated that the data were not nor-
mally distributed in most groups. Table 2 summarizes 
microleakage for all groups. Overall, we found signifi-
cant differences among groups (p<0.001). The results 
of pairwise comparisons (Table 3) indicated that micro-
leakage was significantly lower in groups 1 (median=0, 
IQR=0.09) and 2 (median=0, IQR=0.34) compared to 
groups 3 (median=0.52, IQR=0.19), 5 (median=0.67, 
IQR=0.37), and 6 (median=0.66, IQR=0.16) (all p<0.05). 
However, there were no significant differences between 
other groups.
The SEM images of all groups were assessed at the FS 
and enamel interfaces. Group 1 and 2 interfaces showed 
resin penetration into the enamel in the deepest points 
and lateral walls (Fig. 1). The application of SBU in 
self-etch mode (group 2) resulted in less demineraliza-
tion and slight infiltration compared to SBU in etch-and-
rinse mode (group 1) (Fig. 2). Saliva contamination pre-
vented interlocking along the enamel–sealant interfaces, 
and the formation of gaps along the fissure sealant and 
lateral walls of the tooth surfaces. In addition, pooling 
of the saliva in the deepest part of the fissure led to frank 
gap formation in groups 3,5,6 (Fig. 3).

Discussion
This study compared microleakage and SEM images of 
the FS–tooth interface in permanent teeth after the appli-
cation of UA in etch-and-rinse and self-etch modes with 
or without saliva contamination. As in previous studies, 
all experimental groups in the present study showed 
some degree of microleakage (7,16). We found no signi-
ficant differences in the extent of microleakage between 
the use of UA in etch-and-rinse or self-etch modes, or 
between either of these groups and the control group. 
This finding is consistent with a previous study that re-
ported no difference in the sealing ability of SBU used 
in self-etch or etch-and-rinse mode (17). For pediatric 
patients, the self-etch technique as potential advantages 
especially in sealant therapy, because clinical procedures 
are simpler and technique sensitivity is lower (11,12).
The bond strength of an adhesive is related to its ena-
mel etching capacity as well as its mechanical properties 
(20). Scotchbond Universal, used in the present study, 
contains the acidic monomer10-methacryloyloxydecyl 
(10-MDP), which interacts chemically with calcium in 
the hydroxyapatite present in enamel. However, some 
reports have noted that UA is less acidic than phosphoric 
acid (10-12). Some researchers have therefore recom-
mended selective pre-etching to increase bond strength 
between the composite and enamel (21).
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Group Median Mean rank IQR Mean±SD p-value
1 0.00 12.10 0.09 0.08±0.18 <0.001*

2 0.00 14.90 0.34 0.15±0.22
3 0.52 37.80 0.19 0.56±0.15
4 0.42 29.30 0.17 0.46±0.20
5 0.67 42.20 0.37 0.61±0.28
6 0.66 46.70 0.16 0.66±0.09

Table 2: The description of microleakage for the groups (n=12).

(* P<0.05).

Group 1 2 3 4 5 6
1 -
2 1.000 -
3 0.014* 0.047* -
4 0.396 0.947 1.000 -
5 0.002* 0.006* 1.000 1.00 -
6 <0.001* 0.001 1.000 0.371 1.000 -

Table 3: The results of pairwise comparisons.

(* P<0.05).

Fig. 1: SEM image of the tooth–fissure sealant interface when SBU 
was applied in etch-and-rinse mode.

Fig. 2: SEM image of the tooth–fissure sealant interface when SBU 
was applied in self-etch mode.

We used a low-viscosity resin-based sealant that perfor-
med well in dry conditions. It penetrated to deep parts 
of tooth fissures, and adapted well to the pit and fissu-
re walls, as noted in a previous study (7,22). However, 
adequate moisture control may not be possible during 
sealant therapy, especially in young children. Therefore 
an adhesive amenable to simpler application techniques, 
along with precautions to reduce saliva contamination, 
should be considered (18). Although SBU contains Vi-
trebondTM, a copolymer which is resistant to moisture 
(23), our results in teeth treated with SBU showed that 
the presence of saliva increased microleakage and in-
fluenced penetration of the resin to the deep parts of the 

fissures. In this connection, some studies reported the 
presence of a smear layer, and noted that contamination 
by moisture or saliva resulted in decreased adhesion of 
the sealant to the enamel (22,24). These effects may be 
due to the partial occlusion by saliva of some micropro-
sityspaces (25). In contrast, Santschi et al. found that 
saliva contamination did not influence the shear bond 
strength of SBU in dentin compared to Xeno V (18). 
Peng et al. reported that microleakage increased when 
the enamel was contaminated with dried saliva before 
Fuji Triage sealant was applied (26). In contrast, another 
study demonstrated that contamination by dried saliva 
had no negative effect on the penetration or adaptation 
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Fig. 3: SEM image of the tooth–fissure sealant interface when SBU 
was used in the presence of saliva contamination.

of a resin-based fissure sealant (27). In the present stu-
dy we used saliva contamination to simulate conditions 
that may occur during sealant therapy. Our findings were 
consistent with earlier reports that in wet conditions, i.e. 
in the presence of water or saliva without drying, sealant 
penetration and adaption are compromised (22,25). The 
differences in the results among studies may be related 
to the different types of tooth substrate or adhesive used, 
and to differences in the methods used to decontaminate 
tooth surfaces (18).
We used SEM images to observe sealant adaption to and 
penetration of enamel surfaces after different enamel 
pretreatments before FS was applied. Conventional acid 
etching as well as UA either in etch-and-rinse or self-
etch modes resulted in adaptation of the sealant to the la-
teral walls of the teeth. However, saliva led to gaps in the 
interface, as observed in our assessment of microleaka-
ge. One study of a resin-based sealant material reported 
that it demonstrated less adaptation and penetration un-
der wet conditions than in dry conditions (22).
Laboratory testing for microleakage is a useful method 
to assess sealing ability. However, in vitro studies may 
not reflect clinical conditions accurately. Microleakage 
along the interface between the tooth surface and restora-
tive material may result in recurrent caries (28). Therefore 
further clinical studies should be designed to evaluate the 
efficacy of SBU as a fissure sealant in children. 

Conclusions
Our results showed no significant difference in the ex-
tent of microleakage between conventional acid etching 
and application of a universal adhesive either in etch–
and-rinse or self-etch modes before the application of 
a resin-based fissure sealant. The universal adhesive 
tested here may offer an alternative method for enamel 
surface pretreatment before sealant application. Saliva 
contamination had a negative effect on sealing ability, 
even when an adhesive step was added.
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