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Abstract

This study assessed the antibacterial activity of BioRoot RCS in comparison with that of the Totalfill BC and AH Plus sealers
against Enterococcus faecalis biofilms in dentinal tubules using confocal laser-scanning microscopy. Sixty-six root dentin
halves were prepared and sterilized. Three sections were used to ensure sterilization. The remaining were inoculated with
E. faecalis. Three specimens were examined to verify the viability of biofilms. The sixty specimens were randomly divided
into four groups: AH Plus, BioRoot RCS, Totalfill BC sealer, and no sealer. The specimens were incubated for 1, 7, and
30 days. The specimens were stained and four corners of each disc were scanned. Statistical analysis was performed using
two-way ANOVA and Tukey’s post hoc test. Almost half of the bacteria were dead in BioRoot RCS group on day 1 and in
Totalfill BC group on day 7. All sealers killed significantly more bacteria than the control after 30 days (P <.05). On day 7,
Totalfill BC showed a significantly higher percentage of dead bacteria than BioRoot RCS (P < .05). On day 30, the BioRoot
RCS group registered the highest percentage of dead cells (61.75%), which was significantly higher than the percentages of
the AH Plus and Totalfill BC groups (P <.05). Calcium silicate-based root canal sealers exerted antimicrobial effects against
E. faecalis biofilms. The antibacterial activity of BioRoot RCS was significantly higher than that of the Totalfill BC and AH
Plus sealers after 30 days of exposure.
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Introduction

Bacteria and their byproducts are the primary cause of pul-
pal and periapical pathosis [1]. Bacterial elimination from
the root canal is achieved by both chemical disinfection and
mechanical preparation of the root canal system. Despite
the variety of available chemical irrigants and mechanical
strategies, the complete elimination of microbes from the
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canal system in all cases is impossible. Therefore, the use
of root canal filling materials with antibacterial activity is
considered beneficial.

The root canal is classically filled using gutta-percha in
combination with a root canal sealer [2]. Different sealers
are constantly being developed and launched to the market.
AH Plus (Dentsply DeTrey, Konstanz, Germany) is an epoxy
resin-based sealer that has a good antibacterial effect against
Enterococcus faecalis [3] and good adhesion to root dentin
[4]. AH Plus is commonly used in endodontics and is used
as a reference material for comparison [5, 6]. However, AH
Plus exhibits a variable degree of cytotoxicity [5] and does not
present any mineralization potential [7]. Totalfill BC sealer
(FKG Dentaire, La-Chaux-de-Fonds, Switzerland also known
as EndoSequence BC Sealer, Brasseler USA, Savannah, GA)
is a premixed bioceramic sealer composed of zirconium oxide,
calcium silicates, calcium phosphate monobasic, calcium
hydroxide, filler, and thickening agents. The setting reaction
of Totalfill BC sealer is triggered by the moisture present in the
dentinal tubules. Totalfill BC sealer is a biocompatible sealer
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[6] that has the ability to release calcium ions [8]. BioRoot
RCS (Septodont, Saint-Maur-des-Fosses, France) is another
bioceramic sealer that has appeared on the market and is sup-
plied as a powder and liquid. The powder is based on trical-
cium silicate and zirconium oxide. The aqueous solution is
composed mainly of calcium chloride. The BioRoot RCS
sealer is prepared by hand-mixing one spoonful of powder
with five drops of liquid using a spatula for 60 s. BioRoot
RCS has low cytotoxicity in periodontal ligament cells and
induces the secretion of osteogenic growth factors [9, 10].
It has excellent radiopacity [11] and has the ability to pen-
etrate the dentinal tubules [12]. Furthermore, the penetration
depth of BioRoot RCS is not affected by remnants of calcium
hydroxide when used as an intracanal medicament [13].

Numerous studies have been performed to assess the anti-
microbial activity of different endodontic sealers [14—16].
In earlier studies, the agar diffusion test was a commonly
used technique [14, 15]. However, this technique is no longer
recommended, because the results are dependent on the dif-
fusion and physical properties of the tested materials. There-
fore, the agar diffusion test has been replaced by the direct
contact test (DCT) [17]. A disadvantage of the DCT is that
it does not consider several factors in the experimental set-
ting, such as the chemistry of the tooth and biofilm forma-
tion [18]. Furthermore, the presence of dentin reduces the
bacterial killing of endodontic antimicrobial agents, which
might be explained by the dentin-buffering effect [19, 20].
To overcome these limitations, Ma et al. developed a three-
dimensional in vitro model for quantitative assessment
of bacterial viability in dentin by confocal laser-scanning
microscopy (CLSM) after infection and disinfection of the
dentinal tubules [21].

Enterococcus faecalis, a gram-positive facultative anaer-
obe, is found in 4 to 40% of primary endodontic infections
and in 24 to 77% of persistent endodontic infections [22]. It
has the ability to survive in the root canal as a single organ-
ism [23] and to resist nutrient starvation for a long period
of time [24]. Moreover, calcium hydroxide has a limited
antimicrobial efficiency against E. faecalis [25]. Therefore,
E. faecalis is often used as a model organism to evaluate the
antimicrobial effectiveness of different irrigants, medica-
ments, and sealers [18, 21, 26]. The aim of this laboratory
study was to assess the antibacterial activity of BioRoot RCS
in comparison with the Totalfill BC and AH Plus sealers
against E. faecalis biofilms in dentinal tubules using CLSM.

Materials and methods
Specimen preparation

Sixty-six semicylindrical root dentin halves were prepared
from 33 extracted human single-rooted teeth according to
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the protocol described by Ma et al. [21], with some modi-
fications. Teeth with one non-calcified canal, which was
confirmed by radiographs taken from the buccolingual and
mesiodistal views, were selected. Roots with caries, cracks,
anatomic irregularities, or previous endodontic treatment
were excluded. The teeth were stored in normal saline
solution at 5 °C until use. For preparation, the roots were
embedded vertically at the cementoenamel junction (CEJ)
in a rubber mould containing epoxy resin (Vertex Orthop-
last; Vertex-Dental, Zeist, The Netherlands). A mounting
device was used to ensure orientation along the long axis
of the tooth. A root dentin block with a length of 4 mm
was horizontally sectioned from each tooth at 1 mm below
the CEJ by a 0.6-mm-thick precision diamond saw (Isomet;
Buehler Ltd., Lake Bluff, IL) at 1000 rpm under water cool-
ing. The root canals inside the blocks were enlarged with a
complete pass of Gates Glidden burs (Dentsply Maillefer,
Ballaigues, Switzerland), sizes 2, 3, 4, 5, and 6, at 300 rpm
under water cooling to achieve a diameter of 1.5 mm. Each
cylindrical dentin block was sectioned into 2 semicylindrical
halves using the diamond saw. For specimen standardization,
the cementum was removed from the outer surfaces of the
semicylindrical halves using 600-grit fine-grain sandpaper
(Buehler, Lake Bluff, IL). The size of each specimen was
4 x4 x2 mm (width X length X height). The smear layer was
then removed by immersing the dentin sections in 5.25%
NaOCl for 4 min and 17% ethylenediamine tetraacetic acid
(EDTA) (Vista Dental Products, Racine, WI, USA) for 1 min
in an ultrasonic bath. Sodium thiosulfate was used for 1 min
to inactivate NaOCI. Finally, all sections were rinsed in ster-
ile water for 1 min and sterilized using gamma irradiation
with a dose of 25 kGy. Three dentin sections were then incu-
bated in 5 mL of brain heart infusion (BHI) broth for 24 h at
37 °C to ensure that there was no bacterial contamination.

Dentin Infection with E. faecalis Biofilms

Enterococcus faecalis strain (American Type Culture
Collection 47077) was used for biofilm formation. The
bacterial strain was plated in BHI broth and incubated at
37 °C for 24 h. A single colony of E. faecalis from BHI
agar plates was collected and suspended in 5 mL of sterile
BHI broth at 37 °C. The cell suspension was standardized
spectrophotometrically to achieve a turbidity equivalent
to a 0.5 McFarland standard, which corresponded to an
optical density of 0.08 to 0.1 based on the absorbance
at 600 nm. The sterilized dentin specimens were placed
in sterile centrifuge tubes containing 3 mL of E. faecalis
suspension. The specimens were incubated at 37 °C for 3
weeks. The medium was replaced with fresh BHI broth
every third day using a 24-h prepared culture to remove
dead cells and to ensure bacterial viability.
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Placement of sealer

The dentin specimens were removed from each tube asepti-
cally and gently rinsed with sterile phosphate-buffered saline
for 1 min to remove the culture medium and loosely attached
planktonic bacteria. Three dentin specimens were randomly
selected and examined by CLSM (Leica TCS SP2, Leica
Microsystems, Heidelberg GmbH, UK) to verify the viabil-
ity of E. faecalis biofilms. The sixty specimens were ran-
domly divided into four groups (n=15/group) according to
the root canal sealer used, as follows: AH Plus Jet, BioRoot
RCS, Totalfill BC sealer, and no sealer (control) (Fig. 1).
AH Plus was mixed and placed inside the blocks using an
automixing syringe. Totalfill BC sealer is a premixed ready-
to-use sealer that was applied directly with its tip. BioRoot
RCS was prepared according to the manufacturer’s instruc-
tions and placed on the root canal inside the blocks using a
disposable 3-mL syringe. A scalpel was used to remove the
excess material. All specimens were placed at 37 °C in 100%
relative humidity for 1, 7, and 30 days.

CLSM examination

At each timepoint, five dentin sections from each group were
stained with the fluorescent LIVE/DEAD BacLight Bacte-
rial Viability stain (Molecular Probes, Eugene, OR) and
examined by CLSM. The LIVE/DEAD BacLight Bacterial
Viability kit contains two nucleic acid-binding dyes: SYTO
9, which labels all bacteria within a population regardless
of membrane integrity, and propidium iodide (PI), which
crosses compromised or damaged cell membranes. When
both stains are present in cells with damaged membranes,

SYTO 9 fluorescence is reduced due to displacement by the
PI stain. Bacteria with intact cell membranes stain green,
whereas those with damaged membranes stain red. The
sealers were scraped off from dentin walls. The specimens
were rinsed in sterile phosphate-buffered saline for 1 min.
The fluorescent LIVE/DEAD BacLight Bacterial Viability
stain kit was used following the manufacturer’s instructions.
The mounted specimens were observed by CLSM through
a 10/0.49 NA air immersion objective. For standardization,
four corners of each dentin disc were scanned. The fluo-
rescence signal of live bacteria was obtained by illuminat-
ing the samples with a 488 nm laser, and the emission was
recorded through a 520-540 nm bandpass filter (green chan-
nel). Excitation by a 568 nm laser and emission through a
600-630 nm filter were used to detect the fluorescence of
dead bacteria (red channel). The mean numbers of both live
and dead bacteria were calculated using the ImageJ software
(Wayne Rasband, NIH, USA) by automated calculation of
any ovoid cell with 0.5—-1 pm in diameter. The percentage of
dead cells was calculated as follows:

Red fluorescence % 100,

Green and Red fluorescence

Statistical analysis

The results of the Shapiro—Wilk normality test revealed that
the data were normally distributed. The means of the dif-
ferences in dead cell percentages after exposure to differ-
ent sealers were compared by two-way analysis of variance
(ANOVA), with type of sealer and time as independent vari-
ables and percentage of killed cells as dependent variables.

Fig. 1 Flow chart of the experi-
mental design

66 semi-cylindrical dentin halves
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Tukey’s post hoc test was used for multiple comparisons.
Data were expressed as the mean =+ the standard error of the
mean. The level of significance was set at 0.05. Statistical
analysis was performed using the SPSS statistical software
for Windows (version 23; SPSS Inc., Chicago IL, USA).

Results

The CLSM images confirmed the presence of homogene-
ous E. faecalis biofilms on the dentin surfaces, with dense
penetration into the dentinal tubules after a 3-week incuba-
tion period (Fig. 2). CLSM images verified the presence of
E. faecalis biofilms, during the experimental period, in the
control group (Fig. 3d, h, 1).

The CLSM images of dentin exposed to AH Plus showed
few dead bacteria attached to the live bacterial biofilm.
These biofilms were affected more by the AH Plus sealer
after 30 days of exposure (Fig. 3a, e, i). The majority of
E. faecalis biofilms in discs exposed to BioRoot RCS at
days 1 and 30 appeared as dead cells attached to the surface
(Fig. 3b, j). However, these biofilms were not affected by
BioRoot RCS after 7 days of exposure (Fig. 3f). The CLSM
images of dentin exposed to Totalfill BC sealer showed the
presence of dead bacteria attached to the live bacterial bio-
film. Day 7 showed the highest number of dead bacteria
compared to day 1 and day 30 (Fig. 3c, g, k).

Two-way ANOVA showed statistically significant dif-
ferences in the percentage of killed cells among different
groups over time (Fig. 4). Almost half of the bacteria were
killed by BioRoot RCS (47.88%) on day 1 and by Total-
fill BC (46.2%) on day 7, which was significantly higher
than the values of the control group at the same timepoints
(P=.009 and P=.013, respectively). All the three sealers
killed significantly more bacteria than the control group
at 30 days (P <.05). There was no significant difference

among the AH Plus, BioRoot RCS, and Totalfill BC sealers
on day 1. However, on day 7, the latter sealer showed a sig-
nificantly higher percentage of dead bacteria than BioRoot
RCS (P=.000). On day 30, the BioRoot RCS group had
the highest percentage of killed cells (61.75%), which was
significantly higher than those of the AH Plus (P =.000) and
Totalfill BC (P =.04) groups.

Discussion

Calcium silicate-based root canal sealers have gained popu-
larity in endodontics due to their excellent biological and
physiochemical properties [9, 27]. An ideal endodontic
sealer should have antimicrobial activity to help eliminate
the microorganisms that survive inside the root canal system
after chemomechanical shaping and cleaning and thereby
improve the success rate of endodontic treatment. This
study aimed to evaluate the antibacterial effectiveness of
two bioceramic sealers. The epoxy-based AH Plus root canal
sealer was used for comparison. Dentin discs were prepared
from extracted human teeth to reflect the microanatomy of
the root canal system. For sterilization, gamma radiation
was selected, because it does not alter the dentin structure
[28]. The antimicrobial properties were tested after different
periods of incubation to evaluate the antibacterial properties
over time.

Microorganisms are established in biofilms in infected
root canal systems [29]. Bacteria living in biofilms are more
resistant to antimicrobials than their planktonic counterparts
[30]. Thus, it was crucial to evaluate the antibacterial effect
of the sealers in conditions that most closely resemble those
found in endodontic infections. The present study utilized
a previous model by Ma et al. [21] with some modification.
For bacterial inoculation and biofilm generation, the steri-
lized discs were placed in sterile centrifuge tubes containing

Fig.2 Confocal laser-scanning microscopic images of 3-week-old Enterococcus faecalis biofilms that formed on dentin discs. Scale bar=30 um
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Fig. 3 Confocal laser-scanning microscopic images of Enterococcus faecalis biofilms exposed to AH Plus (a, e, i), BioRoot RCS (b, f, j), Total-
fill BC sealer (¢, g, k) or no sealer (d, h, 1) for 1 (a—d), 7 (e-h), and 30 (i-1) days. Scale bar=30 ym

707 ® AH Plus
60- | Totalfill BC

*

B BioRoot RCS
B No sealer

*

Percentage of dead cells

Day 1

Day 7 Day 30

Fig.4 Antibacterial effect of the AH Plus, BioRoot RCS, and Total-
fill BC sealers against Enterococcus faecalis biofilms after 1, 7,
and 30 days of exposure. *Significantly different from the control
(P<.05)

E. faecalis suspension. The previous studies demonstrated
different incubation periods for E. faecalis biofilm forma-
tion. However, bacteria in mature biofilms are more resist-
ant than cells in young biofilms [31]. Thus, in this study,
a 3-week incubation period was selected. The formation
of dense E. faecalis biofilms on the dentin surface was
observed in the present study with CLSM.

CLSM has the ability to control the field depth and
eliminate the background signal away from the focal plane.
The crucial key to the confocal approach is the use of an
aperture in the conjugate focal plane of an objective lens
in both the illuminating and imaging pathways of a micro-
scope [32]. The area surrounding the aperture rejects stray
photons returning from areas that are not in the focal plane
of the lens. Thus, the sound dentin overwhelming autofluo-
rescence signal is eliminated and the signal from the live
and dead stained bacteria is enhanced. In addition, the use
of the ImageJ software allowed the calculation of bacterial
cells without the influence of the autofluorescence signal.
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The results of the present study showed that AH Plus
had weak activity against E. faecalis. Similar results were
reported by the previous investigators who showed that only
fresh AH Plus possessed antibacterial activity, whereas 24-h
and 7-day-old samples did not show antibacterial effects
against E. faecalis [33, 34]. The antimicrobial activity of
fresh AH Plus might be related to the toxic effects of amines
and epoxy resin present in its components [35]. In addi-
tion, this activity could be due to the minimum release of
formaldehyde during the polymerization process [34, 36].
The results of this study showed that AH Plus killed signifi-
cantly more bacteria than the no sealer group after 30 days.
A similar finding was reported when infected human dentin
discs were used for evaluation [18].

This study showed that both the BioRoot RCS and Total-
fill BC sealers possessed antimicrobial effects. The antibac-
terial activity of sealers is based mainly on their ability to
release hydroxyl ions and raise pH values [37]. During the
hydration reaction, endodontic bioceramics form calcium
hydroxide that dissociates into calcium and hydroxyl ions
[38]. It has been reported that the BioRoot RCS and Total-
fill BC sealers release calcium ions and raise the pH of the
surrounding environment [11, 39, 40], which might explain
their antimicrobial effect. The findings of this study con-
cerning the effectiveness of Totalfill BC against E. faecalis
are consistent with those from the previous studies [18, 34].
This study also showed that BC had consistent antimicrobial
activity throughout the 30-day study, which is in accord-
ance with the findings reported by Wang et al. [18]. In the
present work, there was no significant difference in the abil-
ity to eliminate E. faecalis biofilm between the Totalfill BC
and AH Plus sealers. However, these results are inconsistent
with those reported by Candeiro et al., who reported a sig-
nificantly greater ability of AH Plus to eliminate E. faecalis
than the Totalfill BC sealer when assessed by the agar dif-
fusion test [16]. These discrepant findings may be related to
differences in experimental conditions. The agar diffusion
test might produce false results because it depends on the
diffusion capacity of the material in the agar medium. In
the same study, when a DCT was used, both materials had
significant antibacterial effectiveness [16]. When infected
dentin and CLSM were used, it was shown that Totalfill BC
had antibacterial effects similar to those of AH Plus [18].

The results of the present study revealed that BioRoot
RCS exerted a strong antimicrobial effect on day 1, which
was greatly diminished on day 7. Previous reports have
shown that BioRoot RCS had time-dependent toxic effect
[35, 41], which might explain the higher antibacterial effect
on day 1. However, BioRoot RCS showed the strongest effect
in 30-day specimens. The possible reason for this pattern is
the difference in ion leaching from the sealer. BioRoot RCS
showed an increase in calcium hydroxide and pH values after
28 days in Hank’s Balanced Salt Solution compared with
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the values obtained after 1 day [42]. Further investigations
are required to evaluate the impact of biocompatibility and
molecular leaching on BioRoot RCS antibacterial activity.
This study is the first to evaluate the long-term antimi-
crobial effectiveness of the BioRoot RCS sealer. Results
in the present study showed that the antibacterial activ-
ity of BioRoot RCS was significantly higher than that of
the other sealers after 30 days of exposure. In a previous
study, BioRoot RCS was reported to have a significantly
higher antimicrobial activity than AH Plus after 7 days of
exposure [43]. This inconsistency might be explained by
differences in experimental design, including the incuba-
tion time to establish a biofilm. Arias-Moliz and Camilleri
established a 5-day-old biofilm in dentin for antimicrobial
evaluation. Bacteria in young biofilms are more susceptible
to antimicrobial medicaments due to their development and
extracellular polymeric matrix formation [44]. Furthermore,
in their study, the dentin discs were sterilized by autoclave,
while gamma radiation was selected for the present study. It
has been reported that less E. faecalis adheres to autoclaved
dentin than to freshly split or gamma-irradiated dentin [45].
The in vitro method used in the current study evaluated
the antimicrobial effectiveness against single species. Fur-
ther studies are indicated to evaluate the antibacterial activ-
ity of bioceramic sealers against polymicrobial biofilms.

Conclusions

Calcium silicate-based root canal sealers possess antimicro-
bial effects against Enterococcus faecalis biofilms. The anti-
bacterial activity of BioRoot RCS is significantly higher than
that of the Totalfill BC and AH Plus sealers after 30 days of
exposure.
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