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The objective of this study was to compare selective physical-mechanical
properties, antibacterial effects and cytotoxicity of seven temporary
restorative materials (TRM): five resin-based materials [Bioplic (B), Fill Magic
Tempo (FM), Fermit inlay (F), Luxatemp LC (L) and Revotek LC (R)], and
zinc oxide-eugenol cement (IRM) and glass ionomer cement (GIC) as the
controls. Material and methods: The physical-mechanical properties were
evaluated by determining microleakage (ML), ultimate tensile strength (UTS)
and Shore D hardness (SDH). In addition, the polymerization rate (Pr-1),
depth of cure (DC), water sorption and solubility (WS/SL) were evaluated. The
antimicrobial effects of the materials were assessed by biofilm accumulation
of Streptococcus mutans (BT) and the direct contact test (DCT) by exposure
to Enterococcus faecalis for 1 and 24 h, and cytotoxicity by MTT assay. The
data were analyzed by ANOVA or Kruskall-Wallis tests, and a complementary
post-hoc method (p<0.05). Results: Group B, followed by FM and GIC had
significantly lower percentages of microleakage in comparison with the other
groups; Groups FM and L showed the highest WS, while Groups R and FM
showed the significantly lowest SL values (p<0.05). Group R showed the
statistically highest UTS mean and the lowest DC mean among all groups.
Group F showed the lowest S. mutans biofilm accumulation (p=0.023). Only
the Group L showed continued effect against E. faecalis after 1 h and 24 h
in DCT. The L showed statistically lower viability cell when compared to the
other groups. Conclusions: These findings suggest the antibacterial effect
of the temporary materials Fill Magic and Bioplic against S. mutans, while
Luxatemp showed in vitro inhibition of S. mutans biofilm accumulation and
E. faecalis growth. Regarding the cell viability test, Luxatemp was the most
cytotoxic and Fill Magic was shown to be the least cytotoxic.
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Temporary restorative materials are commonly
used to seal the access cavity during the periods
between visits and after the completion of endodontic
therapy, their main function, both during and after
the treatment, is sealing and preventing coronal
microleakage.! Despite the use of intracanal dressing
between endodontic therapy appointments, some
studies have reported the presence of residual
intracanal microorganisms after this procedure.?*
Temporary filling materials with good sealing ability
and bactericidal properties may be advantageous
to prevent bacterial invasions after an endodontic
treatment. These materials can be divided into
different groups according to their composition:
reinforced zinc oxide—-eugenol-based; calcium sulfate-
based, resin-based composites; resin-modified glass-
ionomer; and traditional glass-ionomer materials.>
Generally, all these materials are adequate if placed
in a thickness of 3 mm or greater.®

Recently, new resin-based filling materials were
introduced as temporary restorative materials.®” These
materials contain monomers, initiator systems, fillers
and additives. Resin-based temporary materials must
be bonded to provide an effective seal, because they
undergo polymerization shrinkage of 1 to 3%. &
This contraction is compensated by the fact that they
swell by absorbing water. These materials provide the
best initial seal usually,” but they lack antimicrobial
properties.®

The antibacterial properties of restorative materials
have been evaluated in vitro using various methods,
and the agar diffusion test (ADT) was the standard

assay in most of these studies, despite its limitations.
Weiss, et al.*? (1996) introduced a direct contact test
(DCT) that quantitatively measures the effect of direct
and close contact between the test microorganism and
the tested materials, regardless of the solubility and
diffusivity of their components.t3-18

The goal of this study was to investigate the
physical-mechanical properties, antibacterial effects
and cytotoxicity of seven different temporary fillings,
as these may decrease the risk of caries development
and failure of endodontic therapies.

The materials tested in this study are described
in Figure 1.

Ten recently extracted bovine incisors free of
cracks were used. Cavities were prepared in the buccal
surface of each tooth. Preparations were made by a
single operator, using spherical diamond burs no. 1014
(KG Sorensen, Barueri, SP, Brazil) and no. 2082 (KG
Sorensen, Barueri, SP, Brazil) fitted to a water-cooled
high-speed handpiece. The saucer-shaped cavities
were 3 mm in diameter and 1 mm deep, located
in the middle-part of the buccal surface. The teeth
were stored in distilled water and randomly divided
into seven groups (n=10). After performing the
preparations, the cavities were filled with the material,
covered with polyester strips and polymerized for 20
s. The light-cured materials were light-activated with

Temporary Abbreviation | Batch number Manufacturer Components
material
Bioplic B 96012 Biodinamica, Dimethacrylate groups, organic filler, silicon
Londrina Brazil dioxide, catalysts and sodium fluoride.
Fill Magic Tempo FM 1200326 Vigodent Coltene Brazil | UDMA, TEGMA, EDAB, BHT, photoinitiator and
fillers.
Fermit N F P47675 Ivoclar Vivadent Dimethacrylates, fillers of silicon dioxide and
copolymers, catalysts and stabilizers.
Luxatemp LC L 644973 DMG Hamburg Inorganic and organic filler, matrix of multifunctional
acrylates; catalysts, stabilizers, additives.
Revotek LC R 1201121 GC America Inc. Urethane dimethacrylate, silica powder,
camphorquinone.
Vitro Fil R GIC 6060987 DFL Powder: strontium aluminum silicate, dehydrated
polyacrylic acid and iron oxide. Liquid: polyacrylic
acid, tartaric acid and distilled water.
IRM IRM 005677G Dentsply Zinc oxide, polymethylmethacrylate. Eugenol.

Figure 1- Composition of the materials used in this study
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a LED light curing unit. The samples were immediately
stored in blue methylene solution at 23°C for 24 h.
Subsequently, they were submitted to thermal cycling
for 500 cycles at temperatures ranging from 5° to
55°C, with a dwell time of 30 s. The root apexes of
the teeth were sealed using chemically cured epoxy
resin (Durepoxi®; Alba Quimica IndUstria e Comércio
Ltda., Sao Paulo, SP, Brazil). Two coats of nail varnish
were applied on the tooth surfaces, except for the
restoration, and a distance of 2 mm around their
margins. The specimens were immersed in methylene
blue solution at 23°C once more, for 10 min, and then
washed in tap water for the same time and dried. The
specimens were serially sectioned longitudinally in
the buccal-lingual plane to obtain two (7 mm thick)
slices that would be used to assess dye infiltration.
Dye leakage was evaluated by two calibrated
and blinded examiners using a stereomicroscope
(Tecnival, Biosystems Ltda., Curitiba, PR, Brazil) at
40x magnification with an accuracy of 0.1 mm to
measure the length of dye penetration in an image tool
software. When the examiners disagreed regarding
the dye leakage assessments, new examinations were
done until a consensus decision was reached.

Ten specimens of each material were made
according to the standard ISO 4049:2009. Polymerized
cylindrical specimens were produced in Teflon molds
(diameter 15 mm, thickness 1 mm), dry-stored at
37°C and repeatedly weighed after 24 h intervals using
an analytical digital balance (AUW220D; Shimadzu
Corporation, Kyoto, Japan) accurate to 0.01 mg, until a
constant mass was obtained. The specimens were then
individually immersed in distilled water and stored at
37°C. After 7 days, the surface water of the specimens
was removed and the mass of each specimen was
recorded again. The specimens were dry-stored at
37°C and reweighed until reaching a constant mass.
Water sorption and solubility were calculated as the
percentage in mass gain or loss during the sorption
and desorption cycles.

The degree of conversion of the experimental
materials was evaluated using Fourier transform
infrared spectroscopy with a spectrometer (Prestige
21, Shimadzu, Ltd., Tokyo, Japan) equipped with an
attenuated total reflectance device. The reflectance

device was composed of a horizontal ZnSe crystal with
a 45° mirror angle (PIKE Technologies, Madison, WI,
USA). The IRSolution software package (Shimadzu,
Columbia, MD, USA) was used in the monitoring scan
mode using Happ-Genzel apodization in the range
1750-1550 cm~! range, an 8 cm~! resolution and 2.8
mm/s mirror speed. Using this configuration, one scan
was acquired every 1 s during light activation. The
degree of conversion was calculated as described in
a previous study'® and based on the intensity of the
carbon-carbon double-bond stretching vibrations (peak
height) at 1635 cm™!, as well as using the symmetric
ring stretching at 1610 m-! from the polymerized and
non-polymerized samples as an internal standard. The
analyses were performed in triplicate (n=3). The data
were plotted and curve fitting was applied using logistic
non-linear regression. In addition, the polymerization
rate (Prt) was calculated as the degree of conversion
at time t subtracted from the degree of conversion
at time t — 1. The coefficient of determination was
greater than 0.98 for all curves.

Depth of cure was analyzed by the scraping method.
The materials were put into a cylindrical silicone mold
(6 mm diameter, 20 mm height) and irradiated through
a polyester strip for 20 s. The material was extracted
from the mold and the uncured material (if any)
was removed. The maximum thickness of the cured
material was measured with a digital caliper (n=3).

Ten dumbbell-shaped specimens (length 10 mm x
width 5 mm X constriction 1 mm) were prepared for
each group using elastomer molds. The top and bottom
surfaces were light-activated for 20 s. After fabrication,
the tensile test was conducted in a mechanical testing
machine (DL500; EMIC, Sdo José dos Pinhais, PR,
Brazil) at a crosshead speed of 1mm/min until failure.
UTS values were calculated in MPa.

The measurements were made in accordance
with ASTM D2240 using the Shore D hardness (SDH)
scale tester (PanTec; Panambra Ind. e Técnica SA,
Sao Paulo, SP, Brazil). The measurements were
made on specimens approximately 1.5 mm thick.
Five specimens per group were tested and four
readouts were taken at four different positions on
each specimen. Mean and standard deviation were
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calculated from all readouts.

Streptococcus mutans UA159 is one of the major
bacterial species responsible for dental caries,? it was
cultured overnight in brain heart infusion broth (BHI)
at 37°C in an anaerobic atmosphere. The bacterial
suspension obtained was adjusted to an optical density
(OD) of 0.5 at 600 nm.

Specimens measuring 6mm in diameter and 1mm
thick were suspended into the cavities of a 24-well
plate. An aliquot of 2 mL of ultrafiltered tryptone-yeast
extract broth (UTYEB) supplemented with 1% sucrose
and 20 pL of bacterial suspension were inoculated into
each well. The biofilms on discs were washed 3 times
daily in 0.9% NaCl and transferred to a new plate
with fresh UTYEB containing 1% sucrose for 24h. This
procedure was repeated for 3 days. All plates were
incubated at 37°C in an environment of 5-10% CO,
(Anaerobac; Probac do Brasil Produtos Bacterioldgicos
Ltda., Santa Cecilia, SP, Brazil) in anaerobic jars
(Probac do Brasil Produtos Bacteriologicos Ltda.,
Santa Cecilia, SP, Brazil). After 72 h of biofilm growth,
the discs containing the biofilms were washed 3
times in 0.9% NaCl and individually transferred to
microcentrifuge tubes containing 1 ml of 0.9% NaCl.
The tubes were sonicated at 30 W for 30 s (Sonicator
DE S500, R2D091109, Brazil) to detach the biofilms
formed on the discs.

To determine bacterial viability, an aliquot of 100
ul of the biofilm suspension was serially diluted in
0.9% NaCl up to 10-7 and 2 drops of 20 pl of each
dilution were inoculated on BHI agar (Difco Becton
Dickinson, Sparks, USA) to determine the number of
viable microorganisms. 2! The plates were incubated
at 37°C for 72 h in an environment of 5-10% CO,
(Anaerobac; Probac do Brasil Produtos Bacterioldgicos
Ltda., Santa Cecilia, SP, Brazil) produced in anaerobic
jars (Probac do Brasil Produtos Bacterioldgicos Ltda,
Santa Cecilia, SP, Brazil). Colony forming units (CFU)
were counted and the results were expressed in CFU/
mg of biofilm dry weight.??

Enterococcus faecalis (ATCC 4083) isolated from
a periapical abscess was used as the microorganism
tested, it was cultured overnight at 37°C in tryptic
soy agar (TSA) plates in an aerobic atmosphere. E.
faecalis was inoculated in tryptic soy broth (TSB)

and the bacterial turbidity was adjusted to an optical
density of 0.5 at 600 nm.

Cylinders measuring 6 mm in diameter and 1mm
thick were placed in a 96-well plate. Subsequently, 10
ML of bacterial suspension was placed on the surface of
the materials tested. Strain suspensions (10 uL) placed
in uncoated wells served as non-exposed (positive)
controls. Materials incubated without bacteria served
as negative controls. All samples were incubated
aerobically at 37°C for 1 and 24 h, in >95% humidity;
then 240 mL of TSB was added to each of the wells
and gently mixed using a pipette for 1 min. Serial
dilutions were prepared in TSB; plated onto TSA and
incubated in an aerobic environment at 37°C for 24 h.
The CFU were counted and CFU/mL was calculated.??
The experiments were performed in duplicate.

Discs of each material were fabricated under
aseptic conditions in sterile cylindrical silicone discs
measuring 5 mm in diameter and 1 mm high. The
cytotoxicity of the materials was assessed after 24
h. The extraction was made in cell culture medium
and after the extraction, the vials were incubated at
37°C for 24 h. Control samples containing only culture
medium were treated similarly and undiluted extracts
were used for testing.

The viability of fibroblast (NCTC clone 929) cells
was determined by measuring the reduction of cellular
3-(4,5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT - Sigma, St. Louis, MO, USA) into water-
insoluble formazan. Briefly, the cells were seeded at
a density of 2x10* cells per well in a volume of 200 pl
in 96-well plates and grown at 37°C in a humidified
atmosphere of 5% CO, 95%. After incubation for
24 h, the medium was aspirated from all wells and
replaced with 200 pL/well extract or control medium
and incubated for 24 h. Then, the incubation medium
was removed, and subsequently 180 ml of medium
and 20 ml MTT (5 mg MTT/ml solution) were added to
each well. The plates were incubated for an additional
4 h and the medium was discarded. Dimethyl sulfoxide
(DMSO) was added to each well and the formazan
was solubilized on a shaker for 5 min. The formazan
content of each well was computed as a percentage
of the control group (untreated cells). All assays were
repeated 3 times to ensure reproducibility. Cytotoxicity
responses were rated as severe (30%), moderate
(30%-60%), slight (60%-90%), or noncytotoxic
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(>90%).24

The equality of the variances and the normal
distribution of the errors were checked for all
tested response variables. Those that did not met
these conditions were submitted to transformations
attempting to fulfill parametric assumptions.

The following data: microleakage; water sorption;
depth of cure, and direct contact test for 1h, were
submitted to non-parametric Kruskal-Wallis test
(p<0.05). Microbiological assays: CFU count data
were non-normal and log transformed. Subsequently,
statistical analyses were performed using the
transformed data. A log,, transformation of each CFU
count was performed to normalize the data before the
statistical evaluation due to the high range of bacterial
numbers. Then, to determine viable bacteria counts,
statistical analyses were performed using one-way
ANOVA and the Fisher’s least significant difference
(LSD) post hoc test for pairwise comparisons among
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were used. All statistical tests were performed using
the program Sigma Stat® for Windows Software®,
Version 3.5 (Systat Software, Inc., Point Richmond,
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Regarding microleakage, the cavities restored with
materials B, FM and GIC showed significantly lower
leakage than the other groups (Figure 2A). For the
groups of materials, the following mean percentages
of microleakage were found: IRM=97.2%; R=96.0%;
L=94.2%; F=90.1%; FM=83.2%; GIC=72.3%; and
B=58.8%. Statistically, significant differences were
found when comparing R, IRM, B and GIC with the
other groups.
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Figure 2- (A) Microleakage after 1000 cycles, (B) water sorption and solubility expressed in %wt, (C) Degree of conversion and (D)
Polymerization rate Pr-1 of materials tested. Different letters represent statistically significant differences between groups (p<0.05)
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Water sorption and solubility results are shown in
Figure 2B. The highest sorption values were obtained
for groups B, FM and L, followed by R and F, which
showed the lowest sorption (p<0.001). The highest
solubility values were found in group L, and the lowest
levels in groups FM and R (p<0.001).

Figures 2C and 2D show the degree of conversion
(DC%) and development of the polymerization rate
(Pr) as a function of time for the different materials
tested. Group F presented a low final DC and Pr values
lower than 30%.

The depth of cure showed statistically significant
difference (p<0.001). Group R showed a lower value
than group B, which presented the highest value. The
other groups presented intermediate values (Table 1).

Regarding ultimate tensile strength (Table 1), group
R showed higher statistically significant difference than
the other materials. Groups FM and L presented the
lowest value, and intermediate values were observed
for groups B and F (p<0.001).

Shore D hardness results are shown in Table 1.
Group R presented a statistically higher value than L.

The other materials B, FM and F showed statistically
similar values (p<0.001).

The development of S. mutans in biofilm was
significantly affected by the materials (Figure 3),
except for group F (p=0.023). The results of the
DCT test after 1 h showed that groups L and B were
significantly more potent bacterial growth inhibitors
than the other materials (p<0.001).

Furthermore, the DCT (test) results after 24 h
(Figure 4B) showed that groups B, F, and R presented
higher CFU values than FM and L (p<0.001).

Luxatemp continued to be effective for 1 h and 24
h after the DCT against E. faecalis. Fill Magic Tempo
showed antimicrobial activity only after 24 h of the
DCT.

Luxatemp was statistically more cytotoxic that all
other materials tested (p<0.001). Whereas, Fermit
showed cell viability close to 100%. Cytotoxicity data

Table 1- Mechanical properties of the different materials tested (Mean + SD)

Group Ultimate Tensile Strength Depth of Cure (mm) Shore D Hardness
(Mpa)
Bioplic 8.98+2.4° 8.502 55.13+1.8°
Fill Magic tempo 5.78+0.9° 7312 54.56+2.8°
Fermit 9.58+1.9° 7.57° 56.00+2.8°
Luxatemp 4.43+1.4° 6.71° 32.01+1.9¢
Revotek 32.8+3.22 5.55¢ 77.50+1.8°

Different lower case letters in the columns represent statistically significant differences between groups (p<0.05)
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Figure 3- S. mutans (UA159) accumulation test after 3 days of biofilm formation under continuous exposure to 1% sucrose. Different
letters represent statistically significant differences between groups (p<0.05)
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are summarized in Figure 5.

Discussion

In vitro tests remain an indispensable method
for initial screenings of dental materials and setting
a theoretical maximal amount of leakage that could
be present in vivo.?> Dye leakage is the cheapest
and fastest method to test the sealing ability of
restorative materials.?® However, there are drawbacks
associated with this test. In addition to the difficulties

of reproducing all challenges faced in the oral
environment, the wide methodological variation in
microleakage tests found in the literature makes a
reliable comparison between studies difficult.?” Some
examples of factors leading to these difficulties are the
different microleakage measurement methods; dyes
and markers used with different composition; pH;
molecular weight; and concentration.?>?8 Moreover,
different immersion times have been reported,
ranging from 4 h to 72 h.2¢ In this study, immersion in
methylene blue solution 0.5% for 24 h was adopted.
These parameters were reported in a systematic review
about microleakage tests as the most commonly found
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parameters in the studies evaluated.?”

Microleakage through temporary filling material is
a very important property regarding its ability to seal
the cavity, preventing contamination of the canal that
could lead to treatment failure. Furthermore, dentin is
a heterogeneous, less mineralized and moist tissue,
making the bonding process a challenge and affecting
the durability of the bond and the marginal sealing
of restorations. In this study, better marginal sealing
was observed using GIC, FM and B. The findings
of this study for the material B corroborate those
observed by Pieper, et al.” (2009). These results can
be explained because the materials are resin-based,
thus, requiring a light source for their polymerization
that produced contraction; and in the presence of
water there was expansion. & The result obtained for
the group GIC differed from those of other studies.”*3
Pieper, et al.” (2009) found higher microleakage in GIC
restorations than in those performed with B. However,
the results from this study for GIC were similar to
those published by Castro, et al.'* (2013), despite
the difference in scale and methodology used in both
studies. GIC presented little to no exothermic reaction
or shrinkage during setting, having no free monomer
in the set matrix, and bonding to the tooth structure.
Based on its bonding potential, it could be expected
that the marginal sealing produced by GICs would
be good.>*> Different studies have indicated that IRM
showed higher microleakage values,!*> and this study
found similar results.

WS results could be associated with microleakage.
In this study, group B showed better sealing and
higher WS values (Figures 2A and 2B). Group L
also had a good sorption but also showed higher
solubility, which facilitates microleakage. Group R
showed lower WS, probably because no expansion
gaps that facilitate microleakage appeared. Pieper, et
al.” (2009) evaluated the WS and SL of the material
B used in this study, however, it was not possible to
make a comparison because they used a different
unit. The sorption and solubility properties of resinous
materials are affected by many factors, like: chemical
composition; presence of hydrophilic constituents in
the resin matrix;!” and structural parameters of the
polymeric network, such as cross-linking density and
porosity.!8

Regarding polymerization kinetics, group L was
not considered in the results because it was not
possible identify a peak (1610 cm-!) for analysis.

The polymerization rate of the other materials
was evaluated and kept stable after 20 s of light
polymerization. In Figure 2D, the highest rate of
polymerization can be observed to occur in the first 5
s, probably indicating that more than one co-initiator
may be used in their composition.?®

These materials have advantages, such as
polymerization occurring in an increment exceeding
4 mm. This property was evaluated by the depth of
cure, and we must highlight that in all materials, more
than 4 mm was polymerized, except for group R.
The common characteristic of these materials is their
translucency, which facilitates the passage of light,
possibly indicating a smaller amount of inorganic filler.
Group R showed the lowest depth of cure, this can be
explained by its inorganic composition. This material
is used for provisional prosthetic restorations and for
this reason it must have good mechanical resistance.

This is the first research on the antimicrobial effect
of temporary filling materials against S. mutans biofilm
formation. S. mutans are known to be important in
the development of caries3® and that biofilms are more
resistant than planktonic microorganisms. Groups
B and FM showed better effect against S. mutans,
however, group FM was the only material to present
antibacterial properties when in contact with S. mutans
for 3 days and over 24 h in the DCT with E. faecalis.

We chose Enterococcus faecalis to evaluate the
antibacterial effect in this study because it is the most
commonly found bacteria after unsuccessful endodontic
treatments.3! Several in vitro methodologies have
been used to evaluate the antibacterial properties of
restorative materials . The agar diffusion test (ADT)
was the standard assay in most studies.?® The direct
contact test (DCT) is a reproducible method that
simulates the contact of the tested microorganisms
with the material. This test provides information on
bacterial viability and growth rate,3? by allowing the
number of the viable bacteria to be estimated after
incubation periods in direct contact with the material.
In endodontics, the difficulties to eliminate E. faecalis
from the root canal system may be related to its ability
to penetrate into dentinal tubules and organize itself
into biofilms. The antibacterial activity of materials
may help to eliminate microorganisms present in the
root canal, thus, improving the success of endodontic
treatments.

After 24 h of DCT, group L showed the strongest
antibacterial activity against E. faecalis, followed by
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group FM. The lowest antimicrobial activity among all
samples was from groups R and F. The materials R and
F were also assessed in a previous study regarding
their antibacterial activity.? Similarly, to our findings,
material R revealed no antimicrobial effect against E.
faecalis; whereas, the results of material F differed
from those found in this study, because in the referred
study, F also showed no antibacterial effect.? After 24
h, materials FM and L showed antimicrobial activity
against E. faecalis.

Group L showed the highest cytotoxicity, since there
are many components that influence biocompatibility,
such as: monomers; photo-initiators; or fillers.3334
Manufacturers are usually reluctant to reveal
complete information about their products, however,
the cytotoxic effect of Luxatemp could explain the
antibacterial effect against E. faecalis after 24 h in the
DCT. Cytotoxicity is preferred as a pilot project test
and an important indicator for toxicity evaluation of
biomaterials as it is simple, fast, has a high sensitivity
and can save animals from toxicity. The cytotoxicity
test is one of the most important indicators of the
biological evaluation system in vitro, and considering
the ongoing progress of modern cell biology,
experimental methods to evaluate cytotoxicity are
also continuously being developed and improved.3

Based on the results of this study, we can conclude
that Bioplic and Fill Magic showed lower microleakage,
Revotek and Fill Magic presented lower solubility and
the highest polymerization rate occurred in the first 10
seconds, except for Fermit. Regarding the S. mutans
biofilm accumulation assay and direct contact test
with E. faecalis, Fill Magic tempo showed the strongest
antibacterial effect. Regarding the cell viability test,
Luxatemp was the most cytotoxic, whereas Fermit
demonstrated higher cell viability.

The authors would like to thank FAPERGS -
Rio Grande do Sul Research Foundation (PRONEX
#16.0471-4) for funding this research and CAPES
- Coordination of Higher Education and Graduate
Training for the PEC-PG scolarship.

1- Taha NA., Messer HH. Restoration of the root-filled tooth. Prim Dent
J. 2016;5(2):29-35.

2- Ricucci D, Loghin S, Siqueira JF Jr. Exuberant biofilm infection in a
lateral canal as the cause of short-term endodontic treatment failure:
report of a case. J Endod. 2013;39(5):712-8.

3- Zandi H, Rodrigues RC, Kristoffersen AK, Enersen M, Mdala I,
@rstavik D, et al. Antibacterial effectiveness of 2 root canal irrigants
in root-filled teeth with infection: a randomized clinical trial. J Endod.
2016;42(9):1307-13.

4- Verma P, Nosrat A, Kim JR, Price JB, Wang P, Bair E, et al. Effect of
residual bacteria on the outcome of pulp regeneration in vivo. ] Dent
Res. 2017;96(1):100-6.

5- Naoum HJ, Chandler NP. Temporization for endodontics. Int Endod
J. 2002;35(12):964-78.

6- Marghalani HY. Resin-based dental composite materials. In: Antoniac
IV. Handbook of bioceramics and biocomposites. Switzerland: Springer
International Publishing; 2016. p. 357-405.

7- Pieper CM, Zanchi CH, Rodrigues-Junior SA, Moraes RR, Pontes
LS, Bueno M. Sealing ability, water sorption, solubility and tooth
brushingabrasion resistance of temporary filling materials. Int Endod
J. 2009;42:(10):893-9.

8- Deveaux E, Hidelbert P, Neut C, Boniface B, Romond C. Bacterial
microleakage of Cavit, IRM, and Term. Oral Surg Oral Med Oral Pathol.
1992;74(5):634-43.

9- Kulkarni G. Apical seal between adhesive root canal obturation
system and gutta-percha/AH-Plus sealer: an in vitro comparison study.
J Evid Based Med Healthc. 2016;3(32):1497-501.

10- Perdigdo ], Gomes G. Provisional restorations. In: Perdigdo
J. Restoration of root canal-treated teeth: an adhesive dentistry
perspective. Cham: Springer International Publishing; 2016. p. 205-19.
11- Astudillo-Rubio D, Delgado-Gaete A, Bellot-Arcis C, Pascual-
Moscardd A, Almerich-Silla JM. Mechanical properties of provisional
dental materials: A systematic review and meta-analysis. PloS One.
2018;13:e0193162.

12- Weiss EI, Shalhav M, Fuss Z. Assessment of antibacterial activity
of endodontic sealers by a direct contact test. Endod Dent Traumatol.
1996;12(4):179-84.

13- Beckham BM, Anderson RW, Morris CF. An evaluation of three
materials as barriers to coronal microleakage in endodontically treated
teeth. J Endod. 1993;19(8):388-91.

14- Castro PH, Pereira ]V, Sponchiado EC Jr, Marques AA, Garcia LF.
Evaluation of marginal leakage of different temporary restorative
materials in Endodontics. Contemp Clin Dent. 2013;4(4):472-5.

15- Mohammadi Z, Shalavi S. Clinical applications of glass ionomers
in endodontics: a review. Int Dent J. 2012;62(5):244-50.

16- Mayer T, Eickholz P. Microleakage of temporary restorations after
thermocycling and mechanical loading. J Endod. 1997;23(5):320-2.
17- Fonseca AS, Moreira AD, Albuquerque PP, Menezes LR, Pfeifer CS,
Schneider LF. Effect of monomer type on the CC degree of conversion,
water sorption and solubility, and color stability of model dental
composites. Dent Mater. 2017;33(4):394-401.

18- Beatty MW, Swartz ML, Moore BK, Phillips RW, Roberts TA. Effect
of cross-linking agent content, monomer functionality, and repeat
unit chemistry on properties of unfilled resins. J Biomed Mater Res.
1993;27(3):403-13.

19- Stansbury JW, Dickens SH. Determination of double bond
conversion in dental resins by near infrared spectroscopy. Dent Mater.
2001;17(1):71-9.

20- Meng P, Lu C, Zhang Q, Lin J, Chen F. Exploring the genomic
diversity and cariogenic differences of Streptococcus mutans strains
through pan-genome and comparative genome analysis. Curr Microbiol.
2017;74(10):1200-9.

J Appl Oral Sci. 9/10 2018;26:€20170562



21- Peralta SL, Carvalho PH, Ccahuana-Vasquez RA, Pereira CM, Cury
JA, Piva E, et al. Cytotoxicity, genotoxicity and antibiofilm activity
on Streptococcus mutans of an experimental self-etching adhesive
system containing natural Butia capitata oil. Int J Adhes Adhes.
2017;78:95-101.

22- Cocco AR, Rosa WL, Peralta SL, Maske TT, Silva AF, Hartwig CA, et
al. New adhesive system based in metals cross-linking methacrylate.
J Mech Behav Biomedical Mater. 2018;77:519-26.

23- Kapralos V, Koutroulis A, @rstavik D, Sunde PT, Rukke HV.
Antibacterial activity of endodontic sealers against planktonic bacteria
and bacteria in biofilms. J Endod. 2018;44(1):149-54.

24- Rossato TC, Gallas JA, Rosa WL, Silva AF, Piva E, Peralta SL, et al.
Experimental sealers containing metal methacrylates: physical and
biological properties. J Endod. 2017;43(10):1725-9.

25- Schuldt C, Birlbauer S, Pitchika V, Crispin A, Hickel R, Kiihnisch
J. Shear bond strength and microleakage of a self-etching adhesive
for fissure sealing after different types of aging. Dent Mater J.
2016;35(3):490-7.

26- Alani AH, Toh CG. Detection of microleakage around dental
restorations: a review. Oper Dent. 1997;22(4):173-85.

27- Jafari F, Jafari S. Importance and methodologies of endodontic
microleakage studies: a systematic review. J Clin Exp Dent.
2017;9(6):e812-9.

28- Amarante de Camargo DA, Sinhoreti MA, Correr-Sobrinho L, Sousa
Neto MD, Consani S. Influence of the methodology and evaluation
criteria on determining microleakage in dentin - restorative interfaces.
Clin Oral Investig. 2006;10(4):317-23.

29- Ely C, Schneider LF, Ogliari FA, Schmitt CC, Correa IC, Lima
GS, et al. Polymerization kinetics and reactivity of alternative
initiators systems for use in light-activated dental resins. Dent Mater.
2012;28(12):1199-206.

30- Krzysciak W, Jurczak A, Koscielniak D, Bystrowska B, Skalniak A.
The virulence of Streptococcus mutans and the ability to form biofilms.
Eur J Clin Microbiol Infect Dis. 2014;33(4):499-515.

31- Delboni MG, Gomes BP, Francisco PA, Teixeira FB, Drake D. Diversity
of Enterococcus faecalis genotypes from multiple oral sites associated
with endodontic failure using repetitive sequence-based polymerase
chain reaction and arbitrarily primed polymerase chain reaction. ]
Endod. 2017;43(3):377-82.

32- Poggio C, Trovati F, Ceci M, Colombo M, Pietrocola G. Antibacterial
activity of different root canal sealers against Enterococcus faecalis. ]
Clin Exp Dent. 2017;9(6):e743.

33- Schweikl H, Schmalz G, Spruss T. The induction of micronuclei in
vitro by unpolymerized resin monomers. J Dent Res. 2001;80(7):1615-
20.

34- Volk J, Ziemann C, Leyhausen G, Geurtsen W. Non-irradiated
camphorquinone induces DNA damage in human gingival fibroblasts.
Dent Mater. 2009;25(12):1556-63.

35- Li W, Zhou J, Xu Y. Study of the in vitro cytotoxicity testing of
medical devices. Biomedical Rep. 2015;3(5):617-20.

J Appl Oral Sci. 10/10 2018;26:€20170562



