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Abstract
To analyze the antibacterial effect of Bioceramic and mineral trioxide aggregate (MTA) sealers
against Enterococcus faecalis clinical isolates at 2 minutes (fresh), 4 hours (initial setting), 1 day,
and 7 days after the sealers were mixed. The antibacterial effects of Bioceramic and MTA sealers
were assessed by direct contact tests. Each sealer directly contacted clinical isolates of E. faecalis
at 2 minutes, 4 hours, 1 day, and 7 days after the sealers were mixed. The suspension was
swabbed in an agar medium and incubated for 24 hours to determine the number of bacterial
colonies that grew. The colonies in the agar plates were counted with colony -forming units (CFUs).
There were significant differences between Bioceramic and MTA at 7 days, between Bioceramic
at 2 minutes (fresh) and 4 hours (initial setting), and between Bioceramic at 4 hours (initial setting)
and 7 days. Both Bioceramic and MTA sealers showed good antibacteria l effects against E.
faecalisat fresh, initial setting, and 1 day after the sealers were mixed. At 7 days after mixing, the
MTA sealer was better compared with Bioceramics. Moreover, MTA sealer had a constant
antibacterial effect for up to 7 days.
Experimental article (J Int Dent Med Res 2017; 10(3): pp. 00-00 )
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Introduction
Microorganisms and their products are the
main etiology of pulpal and periapical diseases.
The main purpose of a root canal treatment is to
eliminate a number of microorganisms as well as
other factors that can lead to a reinfection. The
main challenge in eliminating the infection in a
root canal is to not only eliminate microorganisms
within the root canal lumen, but also
microorganisms in the dentinal tubules and area
of ramification1–3. Enterococcus faecalis is a
Gram-positive bacteria, group D streptococci,
and facultative anaerobe, which singly, or in pairs
or short chains, can survive in less than favorable
conditions. E. faecalis may cause periapical
disease or a failure in the root canal treatment,
and its actions depend on its virulence factor.
The virulence factor may enable E. faecalis to
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survive in high temperature environments and at
high pH levels3–5.
E. faecalis bacteria from clinical isolates is
a species of bacteria derived from the root canal
of a natural tooth with a periapical lesion. 6 E.
faecalis is considered more persistent than the
American Type Culture Collection (ATCC)
bacteria because it has the ability to survive and
has a high virulence. The ATCC bacteria is one
that has been cultured in an environment and
has received suitable nutrition for bacterial
viability7. To ensure the success of a root canal
treatment, especially in eliminating E. faecalis, a
good seal is needed for the root canal filling after
root canal cleaning is done by chemomechanical
methods. A sealer is one of the root canal fillers,
and ideally it should have certain properties, such
as biocompatibility, an ability to penetrate the
dentinal tubules, and be bactericidal8.
A recently developed Bioceramic-based
sealer may be an alternative for sealers that still
have many deficiencies, especially with regard to
their antibacterial properties. The advantages of
Bioceramic sealer are that it can produce calcium
hydroxide as a result of the setting reaction and it
is bactericidal with a very high pH of 12.8.
Studies have shown that Bioceramic sealer can
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kill E. faecalis bacteria within 2 minutes (fresh)
following contact, and this antibacterial action is
based on a combination of a high pH levels,
hydrophilic conditions, and an active diffusion of
calcium hydroxide8. Sealers that are based on
bioactive materials, such as mineral trioxide
aggregate (MTA), also have a very high pH
because they contain hydroxyl ions that can kill E.
faecalis1,9. No previous studies have compared
Bioceramic sealer and MTA, especially against E.
faecalis clinical isolates at various times.
Therefore, the aim of this study was to compare
and analyze the antibacterial effects of
Bioceramic sealer and MTA against clinical
isolates of E. faecalis bacteria at 2 minutes
(fresh), 4 hours (initial setting), 1 day, and 7 days.
Materials and methods
The samples used in this study were
Bioceramicsealer
(IRoot®
SP,
Innovative
Bioceramix Inc., Vancouver, BC, Canada) and
MTA Fillapex®(Angelus, Londria, Brazil). The
bacteria used were clinical isolates of E. faecalis
bacteria taken by a previous researcher from
non-vital teeth with periapical disease7. The
Bioceramic sealer and MTA were placed on a
paper pad and weighed (0.03 grams), then
applied to a 96-well plate using ballpointed
instrument up to 5 mm thick, or equal to 100 µl of
bacteria on brain-heart infusion (BHI) broth.
The sealer was applied to the plate and
then incubated at 37°C at predetermined times of
2 minutes (fresh), 4 hours (initial setting), 1 day,
and 7 days after the sealers were placed. After
the sealer was incubated, it was placed in
contact with as much as 100 ml of the E. faecalis
clinical isolate, and then it was placed back in
incubation at 37 °C for 3 hours. Each sample
was then placed in microtube 15 ml and diluted
with 990 µl of phosphate buffered saline (PBS),
placed on a vortex until it was homogeneous,
and then diluted up to four times dilution (10-6).
Then, 10 µl of the sample was placed on BHIagar medium and incubated for 24 hours at 37
°C to determine the number of colony-forming
units (CFUs).
Results
Means and standard deviations for the
Bioceramic sealer and MTA groups are shown in
Table 1.
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Table 1. Mean and standard deviation (SD) of
CFUs formed after direct contact with E. faecalis
between Bioceramic sealer and MTA at 2
minutes (fresh), 4 hours (initial setting), 1 day,
and 7 days after the sealers were mixed.
Table 1 shows that the fewest number of
colonies found was 4 hours after mixing the
Bioceramicsealer and MTA. This means that both
sealers had a better antibacterial effect against
E. faecalis clinical isolates compared with the test
groups at 2 minutes (fresh), 1 day, and 7 days.
To determine which hypothesis test was to
be selected, the data normality test was done
first using the Shapiro-Wilk test. Data analyses
were performed using non-parametric statistical
Kruskal-Wallis tests with ap value = 0.003
(p<0.05), which suggests there was a difference
between the Bioceramic sealer and the MTA
group. To test the significance of these
differences, Mann-Whitney tests were done and
the results are shown in Table 2.

Table 2. Significance values on the number of E.
faecalis colonies after contact with Bioceramic
sealer at 2 minutes (fresh), 4 hours (initial
setting), 1 day, and 7 days after the sealers were
mixed.
Table 2 shows that there were significant
differences between the colony numbers of E.
faecalis clinical isolates in the Bioceramic sealer
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group at 2 minutes (fresh) and 4 hours (initial
setting) after the sealers were mixed, with p =
0.046. The descriptive data showed that the
average value for the Bioceramic sealer at 2
minutes (fresh) was greater (5.00 ± 2.000)
compared to 4 hours (initial setting) (0.33 ±
0.577). This indicates that the antibacterial effect
on the initial setting in the Bioceramic sealer was
better than the freshly mixed sealer.
A significant difference was also seen in
the Bioceramic sealer group at 4 hours (initial
setting)compared with7 days after mixing, with p
= 0.043 (p<0.05). From the descriptive data
shown, the average value of the Bioceramic
sealer at 4 hours (initial setting) was less (0.33 ±
0.577) than the Bioceramic sealer at 7 days (3.67
± 0.577). This shows that the antibacterial effect
against E. faecalis for the Bioceramic sealer
decreased after 7 days compared to the initial
levels.

Table 3. Significance values on the number of E.
faecaliscolonies after contact with MTA sealer at
2 minutes (fresh), 4 hours (initial setting), 1 day,
and 7 days after the sealers were mixed.
Table 3 shows that there were no
significant differences between the MTA sealer at
2 minutes (fresh), 4 hours (initial setting), 1 day,
and 7 days after the sealers were mixed. The
descriptive data show that the average number of
colonies after contact with the MTA sealer at 4
hours (initial setting) was less (0.67 ± 1.155) than
the MTA at 2 minutes (fresh), 1 day, and 7 days,
but the significance test using the Mann-Whitney
test found this difference to be not significant.
This indicates that the antibacterial effectof MTA
sealer is constant up to 7 days after mixing.
From the analyses using Mann-Whitney
tests, there was a significant difference between
the number of colonies ofE. faecalisclinical
isolates in the Bioceramic sealer group andthe
MTA group at 7 days after mixing, witha value of
p = 0.046 (p<0.05). According to the descriptive
data,the mean MTA sealer value was less (1.00
± 1.000) thanwith the Bioceramic sealer (3.67 ±
0.577). This indicates that the MTA sealer hada
better
antibacterial
effect
against
E.
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faecalisclinical isolates than the Bioceramic
sealer at 7 days after mixing
Discussion
This study was conducted to analyze the
antibacterial effects of Bioceramic sealer and
MTA against E. faecalis clinical isolates. E.
faecalis was chosen because it is found in about
29–77% of teeth that have had root canal
treatments and filled but still have persistent
periapical disease. E. faecalis has a number of
virulence factors that help it survive in less
favorable conditions, it is alsoresistant to
medicaments, such as calcium hydroxide5,6,10,11.
This study used a standardized sample of
clinical isolate bacteria taken by a previous
researcher from a non-vital tooth with periapical
disease in a patient at the Conservative dentistry
Clinic Teaching Dental Hospital Faculty of
Dentistry Universitas Indonesia and has been
standardized7. According to Elsner et al,
virulence factors, such as aggregation substance
(AS), are found in many E. faecalis clinical
isolates12. AS is used to mediate an efficient
contact of the donor and recipient and facilitates
the exchange of plasmids, making it possible for
E. faecalis to attach to host cells and secrete
certain proteins that can make bacterial cells
more attached. Kanemitsu et al (2001) have
suggested that a high production of virulence
factors in clinical isolates, such as gelatinase, is
greater than in the usual ATCC strain. Gelatinase
assists in the attachment of E. faecalis clinical
isolates to dentinal walls13. In the case of an
endodontic infection with a periodontal disease,
the level of gelatinase is detected more in the
gingival fluid. Cytolysin is also a virulence factor
of E. faecalis clinical isolate that is often found.
The role of cytolysinis to lysis erythrocytes,
Peripheral
Nervous
System
PNS,
and
macrophages, and decrease phagocytosis 12,13.
Bioceramic sealer was chosen for this
study because it has a high alkalinity with a pH of
12.8, which can improve the mineralization
process and bactericidalaction. This sealer is
also hydrophilic, and root canal hydration helps in
the formation of calcium phosphate. This sealer
also has smaller-sized particles so it can fill the
entire walls, including lateral canals14,15.
MTA sealer is a root canal sealer which
base are mineral trioxide aggregate and
salicylate resin that is often used and is known
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forits good antibacterial properties, high flow rate,
and low firm thickness. It is composed of 40%
MTA and salicylate resin, which is intended for its
antibacterial properties and biocompatibility. MTA
sealer has alkaline properties with a pH = 10.2,
which can eliminate bacteria, especially E.
faecalis16. While setting, MTA sealer can produce
calcium silicate hydrate and calcium hydroxide.
According to Al Haddad (2016), the antibacterial
effect of MTA sealer is also caused by the resin
content, but to be able to maintain the pH value
for a long time, it must release hydroxyl ions
during setting17.
Bioceramic sealer and MTA equally release
hydroxyl ions as a result of the setting reaction,
which leads to high pH levels. Hydroxyl ions are
highly oxidativent free radicals that can react with
biomolecules. Hydroxyl ions can destroy the
bacterial cytoplasmic membrane that serves as a
defense for rom E. faecalis. The bacterial
cytoplasmic membrane is selectively permeable
and transports liquids and electrons, excretes
hydrolytic exoenzymes, linking enzymes, and
molecules that synthesize DNA, cell wall
polymers, the lipid membrane, and connecting
receptors that act aschemotactic proteins.
Hydroxyl ions induce lipid peroxidation that can
destroy phospholipids and structural components
of cell membranes. Hydroxyl ions eliminate
hydrogen atoms from unsaturated fatty acids and
produce lipid free radicals. These lipid free
radicals then react with oxygen to produce lipidic
peroxide radicals that can eliminate more of the
hydrogen atoms of the fatty acid as well as
produce more lipid ic peroxide. The formed
peroxide acts as a free radical that initiates an
autocatalytic chain reaction that causes
unsaturated fatty acids to collapse and cause
extensive damage to the bacterial cytoplasm18.
Cellular metabolism of E. faecalis depends
on enzymatic activity. The enzyme has an
optimum activity and stability at limited pH levels.
The alkalinity produced by calcium hydroxide
induces the outbreak of ionic bonds that maintain
the protein structure. Consequently, the enzyme
retains acovalent structure but the polypeptide
chain of the protein becomes irregular. This
change leads to a loss of biological activity of the
enzymes and disrupts cellular metabolism.
Protein structures can be destroyed by hydroxyl
ions. Hydroxyl ions can also react with bacterial
DNA and induce the separation of the DNA
chains, so that DNA replication and cellular
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activity is inhibited. Free radicals can also induce
mutations in bacteria18.
The contact time between the sealer and
the E. faecalis bacteria in this study was 2
minutes, 4 hours, 1 day, and 7 days after the
sealers were mixed. These contact times were
selected to determine whether there were
differences in antibacterial effects between the
Bioceramicsealer and MTA and also to
investigate whether the antibacterial effects of
both sealers increased or decreased over time.
This study used the direct contact test
(DCT). According to Shwaimi (2011), the DCT
can measure antibacterial effects without
considering the solubility and the ability to diffuse
of the antibacterial component to diffuse in
sealer. This method can be used on materials
that are less soluble in water, so it is good to
measure the antibacterial effect of sealers 19.
In this study, the fewest number of bacterial
colonies were those in the Bioceramic sealer and
MTA groups at 4 hours after the sealers were
mixed. This indicates that both sealers had a
similar antibacterial effect at the time of the initial
setting, which may be due to the release of
hydroxyl ions at the time of setting the reaction20.
A significant difference was observed in the
Bioceramic sealer group at 2 minutes (fresh)
compared to 4 hours (initial setting) after the
sealers were mixed, with the antibacterial
effectsat 4 hours (initial setting)better than at 2
minutes (fresh). This might have been caused by
the greater amount of calcium hydroxide
produced at the initial setting rather than in the
freshly mixed sealer20. A significant difference
was also found between the Bioceramic sealer
group at 4 hours (initial setting) and 7 days after
the sealers were mixed, with the antibacterial
effect at the initial setting being better than at7
days. These results are in accordance with
research by Ustun et al. (2013), which states that
the antibacterial effect of a Bioceramic sealer will
be reduced along with the setting of the
sealer21.This is probably due to the low solubility
of the Bioceramic sealer after setting, so there
will be less production of hydroxyl ions. T his is
also supported by a statement by Zeid et al.
(2015) that states that the solubility of a sealer is
directly proportional to the pH level; if the
solubility is low, and then the production of
hydroxyl ions is also low, prompting a decrease
in pH levels22. Further research on the
antibacterial effect of Bioceramic sealers with
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contact times of more than 7 days after the
sealers are mixed is needed.
There was no significant difference in the
MTA sealer group at 2 minutes (fresh), 4 hours
(initial setting), 1 day, and 7 days after the
sealers were mixed (Table 3). This is not in
accordance with research by Morgental et al.
(2001), which states that the antibacterial effect
of MTA sealer decreases after setting. This
difference in findings may be due to differences
in research methodologies. Morgental et al used
the agar diffusion test to measure the
antibacterial effect. This test depends on the
diffusion and solubility of the component in a
medium before producing an antibacterial
effect23. The results of this study might be due to
the MTA sealer component that has resin and
MTA, which areable to eliminate E. faecalis
clinical isolates.
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were mixed. These actions were based on the
components of the hydroxyl ions being released
equally by both sealers as a result of the setting
reaction.
Conclusions
The antibacterial effect against E. faecalis
clinical isolates was best shown in the
Bioceramic sealer at the time of the initial setting.
The antibacterial effect of the MTA sealer was
constant up to 7 days after the sealers were
mixed. Overall, it can be concluded that both the
Bioceramic sealer and the MTA have good
antibacterial effects against E. faecalis at fresh,
initial setting, and 1 day after the sealers were
mixed. However, at 7 days, the antibacterial
effect of the MTA was better than the Bioceramic
sealer. Further research is needed with regard to
the antibacterial effect of the Bioceramic sealer
against E. faecalis clinical isolates with contact
times more than 7 days after the sealers are
mixed.
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