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The aim of this study was to evaluate in vitro the marginal microleakage of different materials used as pit-and-fissure sealants (Delton,
Filtek Flow, Dyract Flow and Vitremer). Fifty-six extracted sound human third molars were randomly assigned to 4 groups (n=14).
After sealant placement, the teeth were thermocycled (500 cycles; 5oC, 37oC and 55oC), isolated, immersed in 2% buffered methylene
blue dye for 4 h, included in acrylic resin and sectioned longitudinally in a buccolingual direction. The sections were analyzed for leakage
using an stereomicroscope. A 4-criteria ranked scale was used to score dye penetration. All materials exhibited dye penetration to some
extension and no statistically significant difference was observed among the groups (p>0.05). In conclusion, the findings of this study
showed that a flowable composite resin, a flowable compomer and resin-modified glass ionomer placed on occlusal pits and fissures had
similar marginal sealing as the unfilled self-cured resin-based sealant.
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INTRODUCTION

Caries prevalence decline over the last decades
has been well documented and has led to changes in the
pattern (proportionately fewer smooth surface lesions
than pit-and-fissure lesions) and progression velocity
(1). Nevertheless, occlusal caries account for 56% to
70% of the lesions in children aged 5 to 17 years (2,3).
Fissure sealing is an established and effective approach
for caries management on occlusal surfaces (4).

Occlusal caries has become increasingly more
difficult to be detected because the typical cavity design
in enamel is not present in many cases (5). The so-called
hidden caries is described as occlusal dentin caries that
is missed on visual exam but detected radiographically
or upon fissure biopsy (6). Caries diagnosis is an
essential prerequisite when sealant placement is
considered because hidden caries can be inadvertently

sealed when bitewing radiographs are not taken.
The marginal sealing ability of sealing materials is

extremely important for successful treatment. Lack of
sealing allows the occurrence of marginal leakage, i.e.,
passage of bacteria, fluids, molecules and ions through
the tooth-material interface (7), which can prompt
caries lesion progression underneath the restoration. In
vitro microleakage studies can predict the marginal
sealing ability of restorative materials (8). Therefore, the
purpose of this study was to evaluate in vitro the
microleakage of different materials used as pit-and-
fissure sealants.

MATERIAL AND METHODS

Fifty-six extracted human third molars free of
cracks, caries and restorations were selected, cleaned
with periodontal curettes and pumice prophylaxis and
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stored in distilled water at 4°C. The teeth were randomly
assigned to 4 groups (n=14), according to the material
used as pit-and-fissure sealant: Delton self-cured unfilled
resin-based sealant (Dentsply/Caulk, Milford, DE, USA);
Filtek Flow flowable composite resin (3M/ESPE, St.
Paul, MN, USA); Dyract Flow flowable compomer
(Dentsply/Caulk) and Vitremer resin-modified glass
ionomer (3M/ESPE).

No invasive technique (enameloplasty) was used
prior to sealant placement. The occlusal surfaces were
cleaned with pumice/water slurry in Robinson bristle
brushes at slow speed, etched with a 37% phosphoric
acid gel (Dentsply/Caulk), rinsed with air/water spray
for 5 s and dried with oil-free compressed air. The
materials were placed according to the manufacturer’s
instructions, as follows. For Delton, the universal and
catalyst liquids were mixed in a mixing dish, applied to
the fissures with a disposable brush along the entire
fissure extension and left self-curing. For Filtek Flow,
Single Bond (3M/ESPE) adhesive system was applied,
air-thinned and light-cured for 10 s. The sealing material
was applied to the pits and fissures along their entire
extension with an explorer and light-cured for 20 s. For
Dyract Flow, Prime-Bond NT (Dentsply/Caulk) adhesive
system was applied, air-thinned and light-cured for 10
s. The sealing material was applied along their entire
extension with an explorer and light-cured for 20 s. For
Vitremer, Vitremer primer was applied, left act for 30 s,
air-thinned and light-cured for 20 s. Powder and liquid
were mixed at a 1:2 ratio to obtain a low viscosity
material that flowed easily into the fissures (9). The
sealing material was applied to the pits and fissures with
an explorer and light-cured for 40 s. Vitremer Finishing
Gloss was applied and light-cured for 20 s.

The teeth were stored at 37°C and 100% relative
humidity until thermocycling (500 cycles). In each
cycle, the teeth were immersed in water baths at 5°C
and 55°C (30 s in each), with an intermediary water bath
at 37ºC (10).

In preparation for dye penetration test, the root
apexes were sealed with epoxy resin, and  the teeth were
coated with two layers of brown nail polish (CEIL, São
Paulo, SP, Brazil) interposed by a layer of wax (Clássico,
São Paulo, SP, Brazil), leaving exposed a 1.5-mm
window around the sealant margins and immersed in
2% buffered methylene blue dye for 4 h. Thereafter, the
nail varnish and wax were removed with a sharp
instrument and the teeth were rinsed, dried and embedded

in chemically activated acrylic resin. After polymerization,
the teeth/resin blocks were sectioned longitudinally in a
buccolingual direction with a water-cooled diamond
saw (Isomet, Buehler, Lake Bluff, IL, USA) thus
providing 2 to 4 sections per tooth. The sections were
examined in a X40/60 binocular microscope (Leitz, Carl
Zeiss do Brasil, Manaus, AM, Brazil) and a ranked scale
was used to score dye penetration (11): 0= no dye
penetration; 1= dye penetration limited to the outer half
of the sealant; 2= dye penetration extending to the inner
half of the sealant; 3= dye penetration extending to the
underlying fissure.

Kruskal-Wallis non-parametric test was used to
compare the groups for statistically significant
differences at 5% significance level.

RESULTS

No sealant was lost. Microleakage scores are
show in Table 1.

Most teeth sealed with Delton and Dyract Flow
did not show dye penetration (score 0), but one tooth in
each group was scored 3. Most teeth sealed with
Vitremer and Filtek Flow had score 1, and none was
scored 3. There were no statistically significant difference
(p>0.05) among the groups regarding microleakage.

DISCUSSION

Pit-and-fissure sealants have been considered an
outstanding adjunct to oral health care preventive
strategies in the decrease of occlusal caries onset and/
or progression (4). The properties of an ideal sealing
material include biocompatibility, retention and resistance
to abrasion and wear (8). Sealant bonding to enamel is
also important because microleakage at tooth-material
interface can lead to treatment failure.

Materials Scores

0 1 2 3

Delton 9 2 2 1

Filtek Flow 4 9 1 0

Dyract Flow 8 2 3 1

Vitremer 6 7 1 0

Table 1. Distribution of microleakage scores (0 to 3) (n=14).
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In this study, the in vitro microleakage of four
restorative materials used as pit-and-fissure sealants
was evaluated. Dental materials specifically developed
as fissure sealants have not changed greatly since the
1970’s (4). Therefore, a resin-modified glass ionomer,
a compomer and a flowable composite resin were
evaluated as fissure sealants in addition to an unfilled
resin-based sealant. All materials were applied without
enameloplasty in order to observe the behavior of these
materials without removal of tooth substance. The
specimens were termocycled to reproduce the different
temperatures to which the teeth are subjected during
eating and drinking under clinical conditions.

The four materials hereby tested did not differ
statistically in terms of marginal leakage. Rego and
Araújo (12), investigating the microleakage of pit-and-
fissure sealants after surface preparation (invasive
technique and laser irradiation) and use of different
materials, found greater microleakage for the resin
modified glass ionomer. The authors attributed this
result to the fact that the enamel was not etched and this
type of material has a resin component. In the present
study, all teeth were acid-etched before sealant placement.
Because it was an in vitro evaluation, moisture control
was obtained. These facts might have contributed to
explain the statistically similar behavior of the tested
materials. In a previous study, Güngör et al. (13) also
found that Dyract Flow and Delton-FS had comparable
microleakage results.

According to the American Dental Association
(14), fissure sealants can be placed in incipient caries on
enamel. However, it is possible that teeth with dentin
lesions under apparently sound enamel surfaces (hidden
caries) are equivocally sealed (15). The marginal sealing
is important for sealant success because penetration of
bacteria beneath the sealant might allow caries onset
and/or progression (16-17). It has also been advocated
that, if complete caries removal is precluded or missed,
the sealing ability of the filling material seems to be more
important than its cariostatic properties (17).

Several studies (18-19) have investigated whether
caries disease is arrested when dentin lesions are not
completely removed. The findings of these works have
shown a decrease in the number of cultivable
microorganisms in infected dentin after sealant
placement. Because of this beneficial effect of sealing
dentin caries or incipient enamel caries, the sealing
material should fill pits and fissures completely during

sealant placement (17). Periodical clinical and
radiographic (bitewing technique) controls is required
for follow-up of this type of lesion (20).

The findings of this study showed that a flowable
composite resin, a flowable compomer and a resin-
modified glass ionomer placed on occlusal pits and
fissures had similar marginal sealing as the unfilled self-
cured resin-based sealant.

RESUMO

O objetivo desse estudo foi avaliar in vitro a microinfiltração
marginal de diferentes materiais utilizados como selantes de
fissuras (Delton, Filtek Flow, Dyract Flow and Vitremer).
Cinqüenta e seis terceiros molares hígidos extraídos foram
divididos aleatoriamente em 4 grupos (n=14). Após a aplicação
dos selantes, os dentes foram termociclados (500 ciclos com
banhos entre 5oC, 37oC e 55oC), isolados, imersos em azul de
metileno tamponado a 2% por 4 h, incluídos em resina acrílica e
seccionados longitudinalmente no sentido vestíbulo-lingual. As
seções foram observadas quanto à microinfiltração em
estereomicroscópio. Foram estabelecidos quatro escores para a
penetração do corante. Todos os materiais exibiram algum grau de
microinfiltração e não houve diferença estatisticamente significante
entre os grupos (p>0,05). Concluiu-se que a resina composta
flowable, o compômero e o cimento de ionômero de vidro
modificado por resina apresentaram capacidade de selamento
marginal semelhante à do selante resinoso autopolimerizável sem
carga.
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