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ABSTRACT

Background: Pits and fissures sealing and
modulation of oral microbiota through probiotics
are important preventive measures against dental
decays. The aim of this study was to investigate the
antibacterial activity of the Embrace™ WetBond™
Pit and Fissure Sealant (Pulpdent, USA) and
UltraSeal XT® Hydro™ (Ultradent, USA) against
selected oral bacteria and probiotics. Methods: The
antibacterial effect of both sealants was tested both
through planktonic growth inhibition test - 96-well
microtiter plates and agar disk diffusion assay
containing light-cured Embrace™ and UltraSeal
XT® against Streptococcus mutans and two oral
probiotics (Streptococcus salivarius and Lactobacillus
reuteri). Results: Embrace™ showed a stronger
and broad activity against all the bacterial strains
tested (P < 0.05) in planktonic growth inhibition
test even at its lowest dose (10 pl), with inhibition
rates higher than 90% in all cases. UltraSeal XT®
Hydro™ showed a mild antibacterial activity
against L. reuteri, with growth inhibition rates
being 19% and 23% for 20 ul and 50 pl, respectively.
Regarding agar disk diffusion test, both sealants
showed exclusively an antibacterial activity by
contact. Conclusions: According to these findings, it
is recommended to carefully plan the timing for the
administration of different preventive interventions,
such as oral probiotics assumption and sealant
application, to maximize their specific effectiveness.
We suggest prescribing oral probiotics first and
putting off the Embrace™ sealant application to
the end of probiotic treatment. On the contrary, it
is possible to administer L. reuteri simultaneously
with the application of UltraSeal XT® since it elicits
a minimal antibacterial action against this oral
probiotic.
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Introduction

Dental decay is a multifactorial pathological process
that affects approximately 90% of the world population,
being the most common infectious disease.l
Prevalence of caries in childhood ranges from 30% to
60% in developed countries and approximately 50% of
preschool children show carious lesions.** This disease
has a negative impact on health, on quality of life both
of the children and the family and it is considered a
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public health issue.! Dental caries, as a multifactorial
disease, results from a complex interaction of cariogenic
oral flora with fermentable dietary carbohydrates on
the tooth surface over time and host susceptibility, as
described in Keyes-Jordan diagram.®

Dental decay consists of surface demineralization,
followed by cavitation of the hard tissues of the teeth.
If not treated, it can progress to pulp involvement,
with pain, swelling, abscess, and systemic signs and
symptoms. Mineral loss is caused by prolonged periods
of low pH, usually induced by bacteria with acidogenic
metabolism. In fact, many oral microorganisms cause
fermentation of dietary simple carbohydrates, such
as sucrose. Historically, Streptococcus mutans and
Lactobacillus species are considered the main bacterial
agents of dental caries.[

Treatment of active cavitated lesions require the
removal of decayed and demineralized hard tissues,
followed by restoration with suitable materials.
Yet, dental caries management currently focuses on
prevention, especially in childhood. Early therapeutic
management includes behavioral changes, reparative
strategies, and protective materials.

Behavioral approach should promote home care and
effective oral hygiene maneuvers such as brushing and
flossing daily. Moreover, diet should tend to avoid
excessive sugar intake or snacking too frequently.
Nonetheless, several studies demonstrated that
behavioral changes are extremely difficult to achieve.

Preventive or early reparative strategies are based on
remineralization and the best scientific evidence is
currently supporting fluoride application.”® Whereas
fluoridated water has proven to reduce the overall
decay rate in population, the most effective form of
fluoride application is either with toothpaste, gel, or
varnish.”! Several studies also support the anticaries
effect of xylitol, especially in combination with
fluoride strategies. In fact, xylitol has been found to
potentiate even small amounts of fluoride.!'! Current
remineralization research focuses on various forms of
calcium phosphate such as casein phosphopeptides,
amorphous calcium phosphate complexes, and
nanoparticle hydroxyapatite, that is a biomimetic
material which promotes natural blocks building of
enamel and reduces biofilm formation.!'>*%

Other preventive approaches include antimicrobial
and potentially probiotic categories. Antimicrobial
strategies are based on the use of chlorhexidine and
less frequently, povidone-iodine rinses, but biofilms
may be extremely resistant to changes and they usually
need to be mechanically disaggregated.

Probioticsareliving microorganisms, primarily bacteria,
safe for human consumption, that have favorable
effects on oral health. To be effective as oral probiotics,

these bacteria should adhere to tooth surfaces and
colonize oral cavity. They are able to antagonize oral
pathogens, including cariogenic bacteria, and to inhibit
biofilm formation.’! Although probiotics might offer
a potential strategy for the future, their application in
caries prevention still needs additional evidence.!

From a primary prevention perspective, pits and
fissures sealing is considered to be one of the most
effective procedures and it is strongly recommended.
In fact, deep and narrow groves and fissures on
occlusal surfaces of permanent molar are likely to
retain food and to promote the presence of bacterial
biofilm, increasing the risk of caries development.['”]
Penetrating and sealing these surfaces with adequate
materials can prevent carious lesions, as part of a
comprehensive caries management approach.!®

Current evidence shows that sealants are also effective
in secondary prevention, as they inhibit progression of
early noncavitated carious lesions."’!

Dental sealants are either resin based or glass
ionomer (GI) based. According to Anusavice et al.,
sealants can be classified as follows:*®!

* Resin-based sealants: urethane dimethacrylate
or bisphenol A-glycidyl methacrylate monomers
polymerized by either a chemical activator or light
of a specific wavelength

* Gl sealants: cements that were developed for their
fluoride-release properties, stemming from the
acid-base reaction between a fluoroaluminosilicate
glass powder and an aqueous-based polyacrylic
acid solution

e Polyacid-modified resin sealants (compomers):
combine resin-based material found in traditional
resin-based sealants with the fluoride-releasing
and adhesive properties of Gl sealants

* Resin-modified GI sealants: GI sealants with resin
components. This type of sealant has similar
fluoride-release properties as GI, but it has a longer
working time and less water sensitivity than do
traditional GI sealants.

The clinical procedure for sealants placement varies
based on type and brand of the sealant. In general,
manufacturers recommend thorough cleaning,
isolation of the tooth surface, and a dry environment.
Acid etching and the use of bonding agents are also
encouraged for resin-based sealants.!'”!

The most common reasons for sealants failure are
salivary contamination, scarce retention, and adherence
to the tooth surface, which depends on adequate
adhesive procedures during sealant placement and
curing including good isolation and dry environment.*!

Modern research on sealants has tried to overcome
these limitations, by developing hydrophilic systems,
instead of hydrophobic traditional materials.
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These particular hydrophilic sealants are fluoride
releasing, light-curing resin materials, which are
able to adhere to tooth surface also in the presence of
humidity and liquids, without the use of dental dam.
In fact, the polymer gets activated by water and it
establishes a chemical bond with the tooth surface.

The aim of this in vitro study was to assess the
antibacterial activity of two modern hydrophilic
sealants. In particular, Embrace™ WetBond™ Pit and
Fissure Sealant (Pulpdent, USA) and UltraSeal XT®
hydro™ (Ultradent, USA) were evaluated for their
activity against S. mutans. In addition, antibacterial
activity against main oral probiotics, such as
Streptococcus salivarius and Lactobacillus reuteri, was also
investigated. In fact, since these strategies for dental
caries prevention can be implemented simultaneously,
it is desirable to obtain synergic therapeutic effects,
rather than conflicting effects. The antibacterial effect
of sealants was tested both in a planktonic growth
inhibition assay and an agar diffusion assay.

Methods

Bacterial strains

ATCC25175 S. mutans strain (Microbiologics, Minnesota,
USA); M18 DSM 14865 S. salivarius strain, also known as
BLIS M18 (BLIS Technologies, Dunedin, New Zealand)
distributed inltaly as Carioblis® (Omeopiacenza-Pontenure,
Italy) and a mixture of DSM17938 and ATCC PTAS5289
strains of L. reuteri (Prodentis; BioGaia, Lund, Sweden)
were used as test microorganisms.

Brain hearth infusion broth (BHIB), being suitable for
selected microorganisms, was used as nonselective
culture medium.

Embrace™ WetBond™ Pit and Fissure Sealant
(Pulpdent, USA) and UltraSeal XT® hydro™
(Ultradent, USA) were used as sealants.

Quantitative assessment of planktonic growth
inhibition

Experimental setup included four 96-well microtiter
plates containinglight-cured Embrace™ (10 pland 20 ul)
and UltraSeal XT® (20 ul and 50 pl), respectively.

The plates were prepared by applying the sealant
material on the side walls of 96-well microtiter plates.
The material was light cured for 60 s to allow adhesion
and solidification. The plates were then rinsed with
200 ul of sterile distilled water which was left in
place for 30 min, incubating at 37°C. Water was then
removed with a sterile pipette and substituted with
chosen culture medium.

BHIB (200 pl) was added to each well and inoculated
with 3 x 10* bacterial cells. The plates were incubated
at 37°C for 24 h. After this time, growth inhibition
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was assessed with spectrophotometric technique. In
particular, the plates were set up as shown in Table 1.

Assessment of antibacterial activity in disk

diffusion test

BHIB was stored at 8°C-15°C then sterilized at 120°C
for 15 min. Tested bacteria underwent overnight
growth at 37°C. Bacterial sample were then placed in
Petri dishes with 30 ml of sterilized BHIB allowed to
solidify and subsequently added with soft agar.

Two samples for each tested bacterium were prepared,
each of which containing two sealant disks. A control
sample (sealant disks without bacteria) for each sealant
was also set up.

Sealants disks (UltraSeal XT®-50 ul; Embrace™-20 ul)
were light cured for 20 s and placed directly into Petri
plates with sterile tweezers. Petri plates were incubated
at 37°C for 48 h. Inhibition of bacterial growth was
observed by the formation of halos with no visible
bacteria, which were measured in millimeters.

Data analysis

The experimental protocol was repeated twice.
Test-retest reliability was evaluated by assessing the
intraclass correlation coefficient (ICC) based on the two
repetitions. Mean values between the two repetitions
were calculated and considered for the analysis. All
data were recorded in Microsoft Excel datasheets, and
statistical analysis was performed using IBM SPSS
Statistics (v25, Inc., Chicago, IL, USA). Parametric
methods were used as data followed a normal
distribution verified using the Kolmogorov-Smirnov
test. To compare two variables, the t-Student test was
applied. For nonparametric data, the comparison of
two variables was performed with the Mann-Whitney
U-test. The significance level was set at P < 0.05.

Results

The overall ICC (test-retest reliability) based on
the two experimental protocol repetitions was

Table 1: Experimental setup included four 96-well
microtiter plates containing light-cured Embrace™
WetBond™ (10 pl and 20 pl) and UltraSeal XT®
Hydro™ (20 ul and 50 pl) respectively

Tested effect

Test (antibacterial activity)

Composition

BHIB-S. mutans-sealant
BHIB-S. salivarius-sealant
BHIB-L. reuteri-sealant
BHIB-S. mutans

BHIB-S. salivarius
Control (bacterial growth) BHIB-L. reuteri

Control (culture medium) BHIB

BHIB-sealant

BHIB=Brain hearth infusion broth; S. mutans=Streptococcus mutans; S.
salivarius=Streptococcus salivarius; L. reuteri=Lactobacillus reuteri

Test (antibacterial activity)

Test (antibacterial activity)

Control (bacterial growth)

Control (bacterial growth)

Control (sealant)
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0.91, thus supporting the consistency of the two
measurements.

Planktonic growth inhibition test

Optical density (OD) resulting from spectrophotometric
analysis was used as bacterial quantification parameter.
OD mean values with standard deviation (SD) both for
bacterial growth control samples and for antibacterial
activity samples are reported in Table 2 for Embrace™
and in Table 3 for UltraSeal XT®; P values are also
presented.

The difference between OD mean values of control
samples (BHIB with and without sealant) is only 0.02.
Therefore, sealant dispersion results to be extremely low.

Embrace™ sealant shows a strong antibacterial
activity against all of the three tested bacterial
strains (P < 0.0001). In fact, it inhibits microorganism
growth even at its lowest dose (10 ul), resulting in
growth inhibition percentages higher than 90% in all
cases.

UltraSeal XT® does not show growth inhibition
activity against Streptococcus spp., neither at 20 pl
and 50 ul doses. On the other hand, it has a mild
antibacterial activity against L. reuteri, with growth
inhibition rates being 19% and 23% for 20 ul and 50 ul,
respectively (P < 0.001).

Antibacterial activity in disk diffusion test
Regarding UltraSeal XT® (50 pl) antibacterial activity
against L. reuteri, S. mutans, and S. salivarius, growth
inhibition halos were not noticeable around sealant
disks. Once sealant disks were removed, inhibition
by contact was evident, resulting in halos directly
underlying the disks [Figure 1].

Given the planktonic growth inhibition test results,
Embrace™ disk-diffusion test was performed with the
lowest dose technically achievable (20 pl). The results
showed exclusively an antibacterial activity by contact,
since an inhibition halo was present only under the
disks, after their removal [Figure 2].

Discussion

The aim of this study was to investigate the antibacterial
activity of two hydrophilic sealants (Embrace™ and
UltraSeal XT®) both in solid and in liquid assays,
to perform a qualitative and quantitative analysis,
respectively. To the best of our knowledge, there are
no such studies reported in literature.

Control samples containing BHIB and bacteria
showed high OD values, testifying a good growth of
microorganisms. The difference of OD mean values
between control BHIB sample and BHIB samples

Table 2: Embrace™ WetBond™ pit and fissure sealant mean and standard deviation of optical density

resulting from planktonic growth inhibition tests

Embrace™ WetBond™ pit and fissure sealant-3x10* cells

Sample 10 pl Inhibition rate (%) p* 20 ul Inhibition rate (%) P*

S. mutans+sealant 0.097+0.011 95 <0.0001 0.102+0.018 97 <0.0001
S. mutans 0.798+0.043 0.660+0.09

S. salivarius+sealant 0.099+0.010 95 <0.0001 0.103+0.014 98 <0.0001
S. salivarius 0.839+0.023 0.773+0.083

L. reuteri+sealant 0.108+0.008 94 <0.0001 0.121+0.034 95 <0.0001
L. reuteri 0.899+0.038 0.798+0.055

BHIB+sealant 0.087+0.006

BHIB 0.067+0.005

*Mann-Whitney U-test, P <0.05. BHIB=Brain hearth infusion broth; S. mutans=Streptococcus mutans; S. salivarius=Streptococcus salivarius; L. reuteri=Lactobacillus

reuteri

Table 3: UltraSeal XT® Hydro™ mean and standard deviation of optical density resulting from planktonic

growth inhibition tests
UltraSeal XT® Hydro™-3x10* cells
Sample 20 ul Inhibition rate (%) p* 50 pl Inhibition rate (%) p*
S. mutans+sealant 0.847+0.015 -6 <0.0002 0.798+0.021 -6 <0.0001
S. mutans 0,766+0.026 0.724+0.047
S. salivarius+sealant 0.883+0.044 -7 <0.001 0.962+0.053 -9 <0.0001
S. salivarius 0.793+0.023 0.854+0.027
L. reuteri+sealant 0.73+0.028 19 <0.0001 0.7+0.04 23 <0.0001
L. reuteri 0.847+0.024 0.84+0.05
BHIB+sealant 0.098+0.02
BHIB 0.062+0.002

*Mann-Whitney U-test, P <0.05. BHIB=Brain hearth infusion broth; S. mutans=Streptococcus mutans; S. salivarius=Streptococcus salivarius; L. reuteri=Lactobacillus

reuteri
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Figure 1: UltraSeal XT® disk diffusion test. Petri plates containing Brain
hearth infusion broth added with Lactobacillus reuteri (a,), Streptococcus
mutans (b,) and Streptococcus salivarius (c,) and disks of UltraSeal
XT® (50 pl) are shown on the left. On the right (a,, b,, c,), Ultraseal

27 Y
sealant disks were removed from plates, showing underlying halos

of growth inhibition by contact

added with sealant is only 0.02, meaning that sealant
dispersion is extremely low. Nevertheless, since
this value increases the final OD measured, growth
inhibition activity of tested sealants would probably be
higher than the percentages experimentally obtained.

At planktonic inhibition test, Embrace™ showed a
strong antibacterial activity against all of the three
tested strains. Our previous pilot results showed
that Embrace™ produces complete bacterial growth
inhibition at higher doses (50 pl). Therefore, we
decided to test it at lower doses (20 ul and 10 ul) to
identify a possible inhibition threshold.

Even at low doses (10 ul), Embrace™ inhibits L. reuteri,
S. mutans, and S. salivarius growth with extremely
high rates (>90%) and with high significance
level (P <0.0001).

In the present study, the good performance of Embrace
is in agreement with other studied which support its
chemical, mechanical, and clinical effectiveness./?'%!

Regarding UltraSeal XT® sealant, bacterial growth
inhibition was not noticeable at low doses (10 ul).
Therefore, we decided to test it with 20 ul and 50 ul
volume.

UltraSeal XT® did not show any antibacterial activity
against S. mutans nor S. salivarius, both at 20 ul and
50 ul volume. On the other hand, it showed a mild
inhibition growth against L. reuteri both at 20 ul and
50 ul dose, with growth inhibition rates lower than
25% (P < 0.01).

This is in agreement with Giiglii et al. who reported
that UltraSeal XT® discs failed to release any detectible
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Figure 2: Embrace™ disk diffusion test. Petri plates containing Brain
hearth infusion broth added with Lactobacillus reuteri (a,), Streptococcus
mutans (b)) and Streptococcus salivarius (c,) and disks of UltraSeal
XT® (20 wl) are shown on the left. On the right (a,, b,, c,), Ultraseal
sealant disks were removed from plates, showing underlying halos
of growth inhibition by contact

free fluoride ions into deionized water during a 14-day
observation period, indicating that any fluoride ion
release was at a concentration below 0.001 ppm, being
0.0264 wt% the maximum fluoride ion concentration. !

At disk-diffusion solid assay, after 24 h 37°C
incubation, all bacteria showed homogeneous growth
around sealant disks, thus demonstrating a lack of
antibacterial activity at distance.

Once the disks were removed, a halo underlying
sealant disk was present in all cases. These findings
suggest that, from a qualitative point of view, both
Embrace™ (20 pl) and UltraSeal XT® (50 pl) elicit an
antibacterial activity by contact against L. reuteri, S.
mutans, and S. salivarius.

Therefore, pits and fissures sealing guarantees not
only a mechanical seal, but also provides protection
by contact to underlying and surrounding dental
structures, thanks to continuous fluoride release./?!

Embrace™ showed a strong antibacterial activity both
in solid and liquid assays, either against examined
cariogenic bacteria (S. mutans) and probiotic strains (S.
salivarius and L. reuteri). Inhibitory action is due to
fluoride release that acts against all tested bacteria
indiscriminately. We suggest prescribing the probiotic
first, to maximize its antagonism against cariogenic
strains and putting off the Embrace™ sealant
application to the end of probiotic treatment.

UltraSeal XT® has also shown antibacterial activity by
contact against all three tested strains in disk-diffusion
tests. In planktonic growth test, on the other hand,
it elicited growth inhibition only against L. reuteri,
with extremely low rates. UltraSeal XT® antibacterial
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activity has not proven satisfactory, probably because
of low fluoride content. Therefore, UltraSeal XT®
can be applied both in the short term and during
probiotic treatment, since its preventive effectiveness
is exclusively due to mechanical seal.

Conclusions

It is recommended to carefully plan the timing for the
administration of different preventive interventions,
such as oral probiotics assumption and sealant
application, to maximize their specific effectiveness.
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