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ABSTRACT
The objective of this study was to evaluate the marginal seal effectiveness and microleakage of
a pit and fissure sealant containing silver nanoparticles (AgNPs). An experimental in vitro study was
carried out using 40 extracted temporary molars without caries or incipient caries. These molars were
divided into two groups: Group A (20 molars), to which a silver nanoparticle-containing sealant was
applied, and Group B (20 molars), to which a conventional sealant was applied. The marginal seal and
microleakage were evaluated. No significant differences in the marginal seal or microleakage were noted
between the silver nanoparticle-containing sealant and the conventional sealant.The addition of AgNPs
does not alter the adhesion or resistance of the sealant.
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RESUMEN
El objetivo del presente estudio fue evaluar la efectividad del sellado marginal y microfiltración
de un sellador de fosetas y fisuras con contenido de nanopartículas de plata (AgNPs). Para esto, se
realizó un estudio experimental in vitro usando 40 molares temporales extraídos sin caries o con caries
incipiente. Estos molares fueron divididos en dos grupos: Grupo A (20 molares), a los cuales se les aplicó
sellador adicionado con nanopartículas de plata, y Grupo B (20 molares), a los cuales se les aplicó el
sellador convencional. Se evaluaron el sellado marginal y la microfiltración. No se encontraron diferencias
significativas en el sellado marginal y microfiltración entre el sellador adicionado con nanopartículas de
plata y el sellador convencional. Basados en los resultados obtenidos a partir de este estudio concluimos
que la adición de AgNPs no altera la adhesión o la resistencia del sellador.
PALABRAS CLAVE
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INTRODUCTION
Dental surfaces with pits and fissures are
particularly vulnerable to caries. One of the most
widely accepted methods for caries prevention
is the use of a pit and fissure sealant (PFS), the
function of which is to act as a physical barrier on
the occlusal surface, particularly in fissures.The
use of PFS has been considered to be an excellent
preventive measure against caries. Sealants are
substances that can penetrate into microporosities
of the previously conditioned enamel, usually with
the aid ofan acid. After polymerization, sealants
form a continuous and resistant film that, when
perfectly adapted and retained, is capable of
providing a mechanical barrier that hinders dental
plaque accumulation, allowing improvedhygiene
(Koyuturk et al, 2008; Kane et al, 2009; Montanari
et al, 2008; Lobo et al, 2005; Pardi et al, 2006;
Singh and Pandey, 2011).The American Dental
Association has established specific criteria for
the placement of PFS for caries prevention: a)
Sealants should be placed on pits and fissures of
children’s primary teeth when it is determined that
the tooth, or the patient, is at risk of experiencing
caries; b) Sealants should be placed on pits and
fissures of children’s and adolescents’ permanent
teeth when it is determined that the tooth, or
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the patient, is at risk of experiencing caries; c)
Sealants should be placed on pits and fissures of
adults’ permanent teeth when it is determined that
the tooth, or the patient, is at risk of experiencing
caries (Beauchamp et al, 2008).
For many years, researchers have
recognized the antimicrobial properties of silver.
Recently, this knowledge has been used to create
consumer products containing silver nanoparticles
(AgNPs), which are the most frequently used
nanomaterials in medicine. Silver is a bactericide,
and when it is in the form of nanoparticles, its
surface area is increased, thus improving the
antimicrobial efficiency against 150 types of
microorganisms, including those that are drug
resistant. Currently, many products containing
nanoparticles are available and exhibit various
antibacterial capabilities; such products include
surgical membranes, antiseptic solutions, surgical
dressings, surgical catheters, operating room paint,
detergents and food packaging material. The use
of these products has been increasing because of
excellent results (Kumar et al, 2008; Totaro and
Rambaldini, 2009; Kostenko et al, 2010).
Based on these encouraging results, the
adhesion of AgNPs to PFS could be an alternative
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for inhibiting the caries formation process,
which is a global problem, without affecting the
properties of the sealant. The aim of this study was
to evaluate the effectiveness of the marginal seal
and the degree of microleakage of a pit and fissure
sealant supplemented with AgNPs.

MATERIALS AND METHODS
MANUFACTURING OF AGNPS
The procedure involved reactions of
colloidal solutions with oversaturation of salts and
the creation of a precipitate by homogeneous or
heterogeneous nucleation. After nucleation, the
nanoparticles' growth occurred by diffusion. The
concentration gradient, temperature changes,
agitation, and surfactants allowed for the
modification of the size increment. We produced
monodispersed, non-agglomerated particles with a
uniform size. First, we prepared a solution of silver,
with sodium tetrahydroborate (NaBH⁴) included as
a reducing agent. The ratio between silver and the
reducing agent was greater than one. After the
reaction, we added a stabilizer to control size and
uniformity. For the experiment, the entire content
of PFS ClinproTM (3M ESPE, St Paul, MN, USA)
was extracted from its container and manually
mixed with the AgNPs using a spatula creating a
homogeneous mixture in a dark room. Later, the
mixed material was returned in the original sealant
container. The size of the nanoparticles was between
40-60 nm at a concentration of 6.45 µg/mL.
EXPERIMENTAL DESIGN
An experimental, blind, randomized in vitro
study was carried out. A total of 40 freshly extracted
primary molars without caries or incipient caries
were included in the study. These specimens were
cleaned with pumice and a rubber cup, washed
with deionized water and dried with air. The teeth
were then randomly assigned into two groups of
20 each: Sealants containing AgNPs were applied
to Group A (experimental), and conventional

sealants were applied to Group B (control). The
placement of the sealant on each sample was
performed in accordance with the manufacturer’s
instructions. Prophylaxis was performed with a
prophylactic brush with synthetic bristles. Etching
was performed by applying 35% phosphoric acid
(3M ESPE, St Paul, MN, USA) to the occlusal
surface of the tooth for 20 seconds; it was then
rinsed for 15 seconds and dried with air for 15
seconds. Adhesive was applied with a microbrush
applicator for 10 seconds and photopolymerized
for 30 seconds with a halogen light. Finally, the
sealant was applied (conventional and AgNPscontaining) and photopolymerized for 30 seconds.
After curing, the margins of the sealants were
checked for any failure under a stereomicroscope.
In case of failure, the specimens were eliminated
and replaced. After the application of the sealant,
the teeth were subjected to thermocycling, which
consisted of 500 cycles of temperatures ranging
from 57°C-37°C-4°C for 30 seconds each
using water baths. Subsequently, each tooth was
covered with two layers of nail varnish. Teeth from
both groups were covered with sticky wax on all
surfaces. All teeth were immersed in a 0.1 mg/mL
solution of CdSe/ZnS nanoparticles (Lumidot™;
Sigma-Aldrich, St. Louis, MO, USA) (QDs) in ethanol
for 4 hours and subsequentlywashed with water.
The dental samples were cut longitudinally,
and they were visualized under a confocal
scanning laser microscope (CSLM) (Leica DMI
4000B;Wetzlar, Germany). The loss of marginal
sealing was determined by examining the
penetration or microleakage of QD svia CSLM
and measuring the total periphery of the sealant.
Penetration was scored using the following values:
0 - no penetration; 1 - the sealant penetrated one
third of the entire fissure length (depth); 2 - the
sealant penetrated one half of the entire fissure
length; 3 - the sealant penetrated the entire fissure
length. These measurements were performed on
different areas of the molars (Koyuturk et al, 2008;
Grande et al, 1998).
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STATISTICAL ANALYSIS
The marginal seal scores were estimated
in both treatments. A non-parametric Mann
Whitney’s U test was performed to identify
statistically significant differences between the
groups. The level of significance was set at 0.05,
with a statistical power of 80%.

RESULTS
To examine marginal sealing, measurements
were made using the circumference of the
dental occlusal surface (Figure 1). In Group A
(experimental), an average loss of 55.74 was
observed. In Group B (control), the average was
56.23. There was no significant difference between
the two groups (P > 0.05) (Table 1). Regarding
microleakage, it was found that the CdSe/ZnS
nanoparticles penetrated the entirety of the fissure
in all samples (Figure 2).
Table 1. Marginal seal measurements in the
studied groups.
Group

N

Mean±Standard
Deviation

Median

Range

A

20

55.74±14.19

55.78

35.59-87.30

B

20

56.23±16.04

54.19

31.91-83.33

Figure 1. Areas of the molars upon which the measurements were
performed.
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Figure 2. Penetration of QDs into the fissure. (A) Experimental
group, (B) Control group

DISCUSSION
The use of PFS is a common practice in
pediatric dentistry with the aim of preventing
the formation of carious lesions; however, the
success of this preventive treatment depends
on the application technique. Although the PFS
application technique initially appears to be a
very simple procedure, over the long term, the
clinical success of PFS is directly related to the
rigor of this application technique. The addition of
AgNPs to PFS can increase the protective effect
against the formation of carious lesions. However,
to guarantee that the addition of AgNPs to these
dental materials does not alter other properties,
such as the adhesion or resistance of the sealant,
studies are necessary to determine the effectsof
these nanoparticles. The results of the present
study indicate that the addition of AgNPs to
sealants does not alter the marginal seal when
compared with the control group. In previous
studies we showed that Streptococus mutans,
the principal organism associated with caries, is
targeted by AgNPs. It has been determined that
the minimum inhibitory concentration of AgNPs
against Streptococcus mutans is 4.86 µg/ml and
the minimum bacteriostatic concentration is 6.25
µg/ml, employing AgNPs of a size of 40 and 60
nm (Hernández-Sierra et al, 2008). Microbiological
qualities remain when added to Gantrez, an
adhesive used in toothpaste, which does not stain
tooth structure (Hernández-Sierra et al, 2010a;
Hernández-Sierra et al, 2010b). Also, AgNPs
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toxicity has been discarded in periodontal tissue at
a nanoparticle size of 50-100 nm, with no changes
in cell viability (Hernández-Sierra et al, 2011).
In the present study, we used a thermocycling
method to evaluate aging under in vitro conditions.
Thermal changes controlled in a laboratory
environment have been used to replicate the
oral environment and to imitate the normal aging
process (Nikaido et al, 2002; Barclay et al, 2002;
Wahab et al, 2003; Frankenberger et al, 2005).
In this study, marginal sealing was
determined by the use of QDs.The circumference
of the tooth’s occlusal surface was measured,
and the areas that showed greater fluorescence
reflected greater loss of marginal sealing. QD
microleakage was also evaluated. QDs were used
in these experiments because although methylene
blue penetrates fissures, it does not have the same
penetration ability as the nanoparticles, which
can diffuse to the deepest part of the fissure.
Additionally,observation via confocal microscopy
allows more complete visibility (fluorescence) and
greater accuracy; using this method, we identified
microleakage in all the samples of both groups.
Our study was performed on primary teeth, which
contain wide “V” shaped pits and fissures.Such
teeth differ from permanent teeth, in which the
fissures are deep and narrow. We selected primary
molars for use in this study because diverse
studies have reported a high incidence of caries
in children in these dental organs (Asselin et al,
2008; Khanna et al, 2009).
The prevalence of dental caries is higher
on the occlusal surfaces compared with the
smooth surfaces. The morphology of occlusal
surfaces makes them an ecological niche for the
establishment and development of caries-causing
bacteria; additionally, it is difficult to remove
food particles from substrates that are close to
dental pits and fissures. Due to its morphology,
the occlusal surface favors the accumulation

and retention of dental biofilm, increasing its
vulnerability to carious lesions. The location and
anatomy of the occlusal surface also favors the
retention and availability of cariogenic substrate,
as well as hindering (or rendering impossible) the
cleaning of pits and fissures. Currently, research
has been focused on designing products that
prevent caries, such as pit and fissure sealants
(Ahovuo-Saloranta et al, 2013; Deery, 2013).
Future clinical studies with close follow-up are
needed to evaluate the efficacy and protective
effect of pit and fissure sealants containing AgNPs
against caries.

CONCLUSION
No significant differences were observed
with respect to marginal seal or microleakage
between AgNPs-containing and conventional
sealants.Thus, the addition of AgNPs does not
alter the adhesion or resistance of the sealant.
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