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Background: The objective of this study was to determine the effect of an adhesive layer and its
photopolymerization on the microleakage of sealants. Study design: 0.5mm-deep standardized fissurectomies
were performed on extracted molars (n = 72). Teeth were randomly assigned to 3 different sealant materials
(n = 24/group). Teeth were further divided to receive sealants with or without an adhesive layer. Each sealant
with adhesive was also divided into two groups: adhesive was light-cured separately or light cured together
with the sealant. Following thermocycling, microleakage was assessed using dye penetration and image
analysis. Data was analyzed using ANOVA and Tukey s studentized ranged HSD tests. Results: Microleakage
was not affected by type of sealant material (p>0.05) but was significantly influenced by application
(p<0.05). Overall, placement of sealants without adhesive displayed greater microleakage than sealants with
uncured adhesive (p<0.05). Within individual sealant types, this difference was only significant for Ultraseal
XT (p<0.05). Sealants bonded with and without prior light curing did not show a significant difference in
levels of leakage (Tukey s Studentized Range Test, p>0.05). Conclusion: An adhesive layer should be placed
beneath sealants, but whether it should be light cured or left uncured before sealant placement varies by the

sealant type.
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INTRODUCTION

he American Dental Association (ADA) advocates that pit

and sealant fissures are effective and safe to prevent or arrest

carious lesions.! Resin-based sealants are significantly more
effective in preventing caries in first permanent molars compared to
no sealant* and fluoride varnish.> Based on evidence from at least
one randomized controlled trial*, the ADA recommends that sealant
retention can be improved with an intermediate adhesive layer
between an acid-etched surface and the sealant material.’ Initially,
bonding agents were recommended to offset the humidity of the
oral environment.®* However, others noted that an improvement in
retention even in a dry environment may be due to increased resin
monomer infiltration into nano-retentive areas of etched enamel as a
result of the shorter chain length.”

Despite this recommendation for bonding agent use prior to
sealant placement, evidence regarding efficacy has been mixed. Clin-
ical trials utilizing bonding agents have found positive effects,*®?
while others have found no significant effect when retention and
caries prevention are primary outcomes.'*!” Despite this conflicting
data, a recent systematic review and meta-analysis concluded that
the use of adhesive systems beneath fissure sealants can increase
the retention.'

In vitro studies show similar conflicting conclusions. Hitt ez a/ ¢
found significantly greater shear bond strength when a 5™ generation
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adhesive system was used in normal and contaminated conditions,
while Choi et al '° reported significantly improved shear strength
when primer was used only under moist conditions. Likewise,
some in vitro studies have shown reduced microleakage when
bonding agents were used under sealants 2?2, while others have
shown no effect.??

Despite the abundance of studies performed on the use of
bonding agent, there has been little discussion regarding recommen-
dations to cure the bonding agent separately or to cure it with the
sealant. Roughly half of in vivo studies have cured the bonding agent
separately®!:131516 where the remaining have cured it in a single step
with the sealant.* 8,'%"2> [ vitro studies have predominately cured
bonding agent®7?'232* with some exceptions®, and not all studies
have specified the curing status of the bonding agent.'®?2 A recent
study found that the addition of bonding agent without a separate
curing step reduced microtensile bond strength.?® However, the
impact of light curing bonding agents on microleakage is unknown.

The objective of this in vitro study was to investigate the micro-
leakage of three commercial sealants, when (a) sealants were used
with and without bonding agents, and (b) the bonding agent was
light-cured or left uncured before placement of sealant. The two-fold
null hypothesis is that the addition of bonding agent will not affect
microleakage, and that the difference in the application mode of the
bonding agent (cured vs. uncured) will not affect sealing properties
of the tested sealant materials.

MATERIALS AND METHOD

Specimen preparation

This study was exempted from oversight by the Institutional
Review Board. Sample size calculation was performed based on
previous data.”’” Sound, caries-free extracted permanent molars

Figure 1. Composition of the tested materials.

(n=72) were randomly selected from a bank of teeth stored in 10%
sodium hypochlorite solution at room temperature. After surface
debridement with hand scaling instruments and dry brushing, the
teeth were examined under 10X magnification to discard those
with any visible structural defects, cracks, or incipient lesions. The
specimens were randomly assigned to 3 groups (n=24/group) with
regard to the sealant material tested: group 1. Clinpro Sealant (3M/
ESPE, St. Paul, MN); group 2. Ultraseal XT Hydro (Ultradent,
South Jordan, UT); and group 3. Fluorshield VLC (DENTSPLY,
York, PA). The composition of test materials is shown in Figure
1. Each group was further divided into 3 subgroups (n = 8/group)
based on the sealant application protocols used: (a) light-cured
bonding agent; (b) “uncured” bonding agent; and (c) no bonding
agent control with sealant only.

A 0.5mm-deep fissure was prepared using high-speed, water
cooled diamond bur throughout the central grooves of all specimens
in effort to make the fissures of all specimens analogous. All fissures
were acid-etched using 35% phosphoric acid gel (UltraEtch, Ultra-
dent, South Jordan, UT) for 30 seconds, rinsed for 15 seconds, and
air-dried for 5 seconds. The specimens within the light-cured and
“uncured” groups received a layer of Adper ™ Single Bond Plus
(3M/ESPE, St. Paul, MN, USA) applied throughout the grooves of
the specimens with a microbrush for 20 seconds and thinned with
compressed air for 5 seconds. For each sealant material, the bonding
agent in the light-cured subgroup was photopolymerized with a
LED curing unit (Elipar Deep Cure, 3M/ESPE, St. Paul, MN, USA)
separately for 20 seconds prior to applying sealant material. For
the “uncured” subgroups, the bonding agent was not light cured in
a separate step but was cured together with sealant materials. In all
groups, the tip of the light source was placed on the occlusal cusps to
minimize the distance from the occlusal surface. All sealant materials
were light-cured for 40 seconds. An explorer was used to ensure that
the margins were smooth and the sealants were free of voids.

Material (Manulacturer) Compuosition

Clinpro Sealant
[3M ESPE, 5t. Paul, MN)

Ultraseal XT hydro Sealant
[(Ultradent, South Jordan, UT)

TEGDMA, BISGMA, Silane treated silica
Tetrabutylammonium Tetrafluoroborate,
Diphenylidonium, Hexafluorophospate, Ethyl 4-dimethyl
aminobenzoate, Titanium dioxide, Hydrogquinone

TEGDMA, UDMA, Aluminum Oxide, Methacrylic Acid,
Titanium Dioxide, Sodium Monoflucrophosphate

Fluorshield VI.C Sealant
(DENTSPLY,York, PA)

Adper Single Bond Flus
(3M ESPFE, St. Paul, MN)

50% by weight inorganic filler composed of Urethane
Bis-GMA , Dimethacrylate resins, Barium
aluminoborosilicate glass, sodium fluoride,
photeinitiator, phetoaccelerators, silicon dioxide

Ethanol, BISGMA, Silanc Treated Silica, HEMA,
Glucerol 1,3-Dimethacrylate, Copolymer of scrylic and
ntaconic acids, water, UDMA, EDMAB

UltraEtch (Ultradent, South Jordan,

um) 35% phosphoric acid

Dimethylaminobenzoate.

TEGDMA: Triethylene Glycol Dimethacrylate; BISGMA: bisphenol-A-diglyveidyl ether dimethacrylate;
HEMA: 2-hydroxyethyl methacrylate; UDMA: urethane dimethacrylate, EDMAB:

Ethyl 4-
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Microleakage Test

All specimens were thermocycled between 5-55°C for 2,000
cycles. Microleakage was assessed with a dye penetration method.?”
Accordingly, the unsealed surfaces of the specimens were coated
with acrylic nail polish with a I1mm window left around the sealant,
stained in 2% basic fuchsin for 24 hours, rinsed, and air dried. The
samples were sectioned buccolingually into 1mm slabs, and photo-
graphed at 4x magnification with a digital camera (SPOT Insight,
Sterling Heights, MI) mounted on a polarizing light microscope
(150, Nikon Corp., Japan). The extent of microleakage degrees was
scored on a value scale of 0 to 4*” where:

0=no penetration;

1=Y4 penetration;

2=, penetration;

3= % penetration; and

4=penetration to the bottom of the fissure for both the buccal and
distal portion of the sample.

The microleakage depths were also measured and calculated
digitally using Image] image analysis software (Imagel, U. S.
National Institutes of Health, Bethesda, Maryland) as follows:

Image Analysis Microleakage = Penetration Depth/Sealant
Depth x4

Statistical Analysis

For both the score-based and the digital measurements, microle-
akage values were analyzed using ANOVA and Tukey’s studentized
ranged (HSD) test. Pearson correlation coefficients test and Kappa
statistics were used to analyze the agreement between the score-
based and the digital measurements. All statistical analyses were
made with SAS software (V 9.4, SAS Inc., Cary, NC).

RESULTS

The examples of microleakage measured by visual scoring and
image analysis are shown in Figure 2. The microleakage values of
the test groups and subgroups are presented in Table 1 as Mean +
standard deviation. The microleakage values measured by visual
scoring and image analysis were highly correlated (Pearson correla-
tion coefficient = 0.99037). Likewise, Kappa statistics indicated
good agreement (0.8105) between both methods.

The type of sealant material had no significantly different effect
on microleakage (ANOVA, p>0.05). However, the application
mode significantly influenced the overall sealing effectiveness with
uncured bonded sealants displaying significantly less microleakage
compared to conventional sealants (ANOVA, p<0.05). There was no
significant difference between microleakage in cured and uncured
bonded sealants or between cured bonded sealants and conven-
tional sealants. For each sealant material tested, the (conventional)

Table 1. Mean microleakage, standard deviation, and confidence intervals using both measurement methods. Image analysis was
performed using software measurements and the formula “Image Analysis Microleakage = Penetration Depth/Sealant Depth
x4”. Visual scoring was assigned through assessment of the images without software utilization.

Adhesive Measurement Lower 95% Upper 95%

Sealant Application* N Type Mean Std. Dev. CL for Mean CL for Mean
Cured Image Analysis 0.97 0.57 0.49 1.44
Visual Scoring 0.98 0.53 0.54 1.43
. Image Analysis 0.62 0.47 0.22 1.07
Clinpro Uncured Visual Scoring 0.68 0.53 0.24 113
No adhesive Image Analysis 1.04 0.65 0.50 1.59
(Control) Visual Scoring 1.07 0.63 0.54 1.60
Cured Image Analysis 0.37 0.47 -0.02 0.76
Visual Scoring 0.37 0.49 -0.04 0.79
. Image Analysis 0.38 0.4 0.05 0.71
Fluorshield — Uncured Visual Scoring 0.42 0.41 0.08 0.76
No adhesive Image Analysis 0.92 0.79 0.26 1.58
(Control) Visual Scoring 0.96 0.80 0.29 1.63
Cured Image Analysis 0.74 0.73 0.13 1.34
Visual Scoring 0.76 0.71 0.17 1.35
Image Analysis 0.17 0.2 -0.00042 0.33
Ultraseal XT  Uncured Visual Scoring 0.16 0.21 -0.01 0.34
No adhesive Image Analysis 1.02 0.55 0.57 1.48
(Control) Visual Scoring 1.05 0.56 0.58 1.52

*Cured= The adhesive is light-cured in separate step.

Uncured = The adhesive and the sealant are light cured together in a single step.
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Figure 2. Examples of microleakages by visual scoring and measured by image analysis. (A) No leakage, Clinpro sealant only (B)
score 1, Clinpro sealant only, (C) score 2, Clinpro cured bonding agent:, (D) score 3, Fluoroshield sealant only: (E) score 4,
Clinpro uncured bonding agent
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placement of sealant without bonding agent displayed greater

leakage than the bonded sealants, but this difference was only signif-
icant in the Ultraseal XT group (Tukey’s Studentized Range Test,
p<0.05). For each sealant material, placement of an adhesive layer
with and without prior light curing did not show difference in levels
of leakage (Tukey’s Studentized Range Test, p>0.05).

DISCUSSION

Microleakage is defined as the clinically undetectable passage
of bacteria and fluids between a cavity wall and a restorative mate-
rial.?® The long-term success of a sealant depends on both its clinical
retention and its ability to resist microleakage.?! Sealant retention
is strongly influenced by microleakage, since leakage around the
sealant will cause loss of retention over the time. It is also possible
that a sealant may exhibit good bond strength but has microleakage,
which would eventually lead to secondary caries long before the
sealant is lost.

Traditionally microleakage has been determined by a conven-
tional scoring system for grading the extent of dye penetration.
Previous studies have utilized a more objective approach utilizing
image analysis.* This study compared the outcomes of the
conventional scoring system with image analysis, and the results
confirmed that both methods were highly correlated. Nevertheless,
the authors believe that the image analysis method is more objec-
tive and should be recommended as a new standard for determina-
tion of microleakage.

In this study, curing bonding agent prior to sealant placement did
not yield better sealing effectiveness compared with uncured bonded
sealants. These results necessitate acceptance of the null hypothesis
in part. Thus, it seems that the effect of light-curing methods (light-
curing the bonding agent and sealant separately or curing them
together) on sealing effectiveness of pit and fissure sealants depends
strongly on the type of materials used. Accordingly, the chemical
composition and physical properties (e.g., viscosity, refractive
index) of both the adhesive and the sealant will likely influence the

The Journal of Clinical Pediatric Dentistry ~ Volume 43, Number 4/2019

light cure effect. Provided that curing the bonding agent together
with the sealant has no effect on the clinical performance of bonded
fissure sealants, the latter approach may help save time and simplify
the process by omitting another step. Literature on sealant outcomes
remains divided on curing the bonding agent 67:11:13-1621.23.24 yergug
curing with sealant 417192025 with no clear difference in outcomes.
The present study confirms that this effect is indeed material depen-
dent. In the present study uncured bonding agent yielded signifi-
cantly less leakage than control when Ultraseal XT was used. This
may be explained by mixing of the unfilled bonding agent with the
more highly-filled sealant thus increasing the wetting properties of
the sealant. When using highly-filled sealant materials, co-curing as
a single entity resulted in ultimately better sealing properties.

Here, the sealants placed with an intermediate layer of bonding
agent had reduced microleakage compared to conventional
“unbonded” sealants, but this effect was only significant in the
Ultraseal XT group. Thus, the null hypothesis should be rejected
in part only for the latter group. The improvement of sealing prop-
erties in bonded sealants is in agreement with Hebling et al %,
who reported significantly reduced leakage values when a bonding
agent was used in the presence of saliva contamination. Likewise,
Feigal et al * and Pinar et al " observed a reduction in marginal
discoloration when a bonding agent was used, probably as a result
of reduced microleakage. Such reduction may also be the reason
that Feigal* and McCafferty® found improved retention when
bonding agents were used. This study confirms that the inclusion
of an intermediary layer of bonding agent prior to sealant applica-
tion is a beneficial approach.

The primary limitation of this study was that it was conducted
in a laboratory setting with an optimal environment with no mois-
ture contamination. The impact of the addition of bonding agent
is likely more evident if the sealant is being placed in an in vivo
setting compared to the in vitro setting of the present study. Feigal
et al *, found that in a moist environment, bonding agent improved
retention of the sealants in the buccal and lingual grooves, where
early loss of sealants is most likely to occur .** Other clinical
studies have shown similar improvement in retention effects.”!* 2
It is notable that previous authors have hypothesized that the addi-
tion of bonding agent is only advantageous in a humid environ-
ment to offset the moisture contamination, but this study has also
shown a benefit even in ideal laboratory settings.® It is important
to note that this study did not use materials based on the manu-
facturer’s recommendations in order to standardize procedures.
The manufacturer’s recommendation for Fluorshield VL is a 60
second etch versus a 20 second etch for the other two materials.
However, using this increased etching time may have resulted in
reduced microleakage for this material skewing the results. This
may lead to results different than typical clinical practice. Finally,
permanent teeth that are newly erupted and have sealants placed
contain prismless enamel that does not wear away for months or
years which may affect the bonding. The teeth used in this study
were a mix of erupted and unerupted permanent molars so this
impact could not be fully studied. As a result, it is possible that the
variability in this sample could have skewed the data, although an
attempt for standardization was made by fissurotomies.

While it is evident that the use of bonding agent improves
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efficacy of sealants, dentists must rank the importance of microten-
sile strength and microleakage. As shown previously , when
bonding agent was cured independently of the sealant material,
microtensile strength properties were superior to specimens with
the bonding agent and sealant material cured simultaneously.?® The
methods of this study differed from the McMurphy study in that
different materials, including bonding agents, were used and manu-
facturer’s instructions were followed.?® Ultimately, dentists must
use their clinical judgement to decide whether they believe a well
retained sealant with increased possibility of microleakage is better
for a patient than a sealant with superior sealing properties with less
optimal retentive properties.

CONCLUSIONS
Within the experimental limitations of an in vitro study, the
following conclusions were drawn:

1. Overall, the addition of uncured bonding agent results in
significantly less microleakage compared to sealant place-
ment without bonding agent.

2. The effect of light cure methods on microleakage (curing
the bonding agent and sealant separately or curing them
together) varies by the sealant materials used.

3. Measurement of microleakage by subjective scoring and
image analysis were highly correlated.
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