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Introduction: Bioceramic root canal sealers are the newest generation of root canal sealers. Τhere are 
contradictory results in the literature about their antimicrobial activity. The aim of the study was to evaluate 
the antimicrobial efficacy of four root canal sealers against Enterococcus faecalis.
Materials and Methods: Four root canal sealers were used in order to examine antibacterial efficacy: 
TotalFill, BioRoot Root Canal Sealer, mineral trioxide aggregate (MTA) Fillapex, and AH Plus. The bacterial 
suspension was placed on a freshly mixed sealer, one or 3 days set sealer in vertically held microtiter plates. 
After incubation of 2, 5, 20, and 60 min in 100% humidity at 37 C, Trypticase Soy Broth was added to each 
well and mixed. Then, bacterial suspension from each well was transferred, serially diluted, and placed 
on Mitis salivarius agar plates. After incubation, colony‑forming units were counted. All experiments were 
performed in triplicate. The outcomes of antimicrobial properties of tested materials were analyzed by 
one‑way analysis of variance.
Results: All bioceramic root canal sealers showed significantly better efficacy than the control group 
and epoxy resin sealer  (P  <  0.05). TotalFill presented the highest efficacy comparable with BioRoot 
RCS (P > 0.05), followed with MTA Fillapex (P < 0.05). Also, freshly mixed sealers showed comparable 
efficacy as sealers set for 3 days (P > 0.05), but better than sealers set for 1 day (P < 0.05). All sealers 
exhibited the highest efficacy after 20 min of contact time, independently of materials that were freshly 
mixed or set for 1 or 3 days.
Conclusion: Bioceramic sealers have greater antimicrobial activity than commercially used epoxy resin 
sealer. These sealers exhibited the strongest efficacy at 20 min of contact time, independently of their 
setting condition.
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INTRODUCTION

Primary ethiological factors in pulpal and periapical diseases 
are microorganisms and their products. Root canal treatment 
aims to eliminate microorganisms from the infected root 
canal system and prevent its reinfection.[1] Although 
conventional chemomechanical intracanal protocols reduce 
significantly the number of  intracanal microorganisms, their 
complete eradication is unattainable due to the anatomical 
irregularities of  endodontic space (extensions, lateral and 
accessory canals, and ramifications).[2] Consequently, these 
residual microorganisms and their endotoxins impair 
periapical immune response and prevent the healing of  
the periapical lesion.[3]

It has already been proven that complete cleaning of  infected 
dentin walls is impossible, regardless of  the instrumentation 
techniques used.[4] Furthermore, conventional irrigation 
protocols have limited ability in cleaning intracanal 
irregularities, especially the apical part of  the canal, which 
has been considered as the critical area in debridement 
and disinfection.[5] Therefore, attention has been given to 
improving the antimicrobial efficacy of  the root canal sealers.

The aim of  a filling material is to entomb the residual 
microorganisms in the root canal system and to prevent 
their further growth and re‑infection.[2] All commercially 
available sealers show a certain degree of  antimicrobial 
activity,[6] which changes over time.[2] Epoxy resin sealers, 
which have been considered as a gold standard in 
endodontics, showed efficacy against Enterococcus faecalis 
within a zone of  300 µm around the root canal.[7] Their 
antimicrobial action has been claimed to be the result of  the 
activity of  unpolymerized residues (i.e. epoxide and amide) 
which are released during the setting process, but this 
activity decreases over the time.[8]

Bioceramic root canal sealers are the latest generation 
of  endodontic sealers.[9] They are based on tricalcium 
phosphate, mineral trioxide aggregate  (MTA), and 
tricalcium silicate. They have promising biological and 
physicochemical properties as alkaline pH, high calcium 
ions release, and suitable radiopacity and flow capacity.[10,11] 
Their antimicrobial activity has been reported in earlier 
in vitro studies against planktonic microbial cells or bacterial 
biofilms. The results of  the studies showed contradictory 
results regarding the duration of  their antimicrobial 
activity.[2,12,13] Observing the long‑term antimicrobial activity 
could be useful in considering the maximal effect of  sealers.

The aim of  this in  vitro study was to evaluate the 
antibacterial activity of  three bioceramics and one 

epoxy‑based endodontic sealer after different setting 
times (20 min, 24 h, and 72 h after mixing) and different 
contact times (2, 5, 20, and 60 min).

MATERIALS AND METHODS

Three different bioceramic materials and an epoxy 
resin‑based sealer were tested in this study:

1.	 Total Fill Bioceramic Sealer (TotalFill BC Sealer, FKG, 
Switzerland).

2.	 BioRoot Root Canal Sealer (BioRoot RCS, Septodont, 
Saint Maur Des Fosses, France).

3.	 MTA Fillapex (Angelus, Londrina, PR, Brazil).
4.	 Epoxy resin‑based sealer, AH Plus  (Dentsply, 

Konstanz, Germany).

Antibacterial efficacy of  the bioceramic root canal sealers 
was evaluated using modified direct contact test  (DCT) 
described by Zhang et al.[2] with some modifications.

The tested materials were prepared according to the 
manufacturers’ instructions.

Approximately 20 µL of  each freshly prepared sealer, 
measured by a spoon excavator  (Premium instruments, 
New  York, USA) of  the same volume, was used for 
modified DCT.

Preparation of bacterial suspension
The antibacterial efficacy of  the sealers was tested against 
E. faecalis (ATCC 29212). The bacteria was grown overnight 
in Tryptic Soy Broth (TSB; Becton, Spark, MD) at 37°C. 
Bacteria were prepared in sterile water and optical density 
was adjusted to a density of  3  ×  108 colony‑forming 
units  (CFU)/ml using a spectrophotometer  (PrimLight 
SECOMAM, France) at 405nm.

The modified DCT was performed in 96‑microtiter 
plates (Sarstedt Inc, Newton, NC). An equal amount of  
each sealer was placed, using a cavity liner applicator, 
on the sidewall of  the microtiter plate which was held 
vertically. Microtiter plates which were purposed for 
1 or 3‑day material setting were incubated in a 100% humid 
atmosphere at 37°C before application of  the bacterial 
suspension.

A 10 µl of  bacterial suspension was placed on the surface 
of  each sealer. For the control group, wells where the 
bacterial suspension was placed on the wall without sealer 
were used. Antimicrobial efficacy was tested for freshly 
set sealers, sealers set for 1 day, and for the sealers set for 
3 days. Sealers purposed to set 1 or 3 days before application 
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of  the bacterial suspension were placed in 100% humidity at 
37°C. After the bacterial suspension was placed, microtiter 
plates were incubated for 2, 5, 20, and 60 min in 100% 
humidity at 37°C. Three wells were used for each time 
period for each material (in triplicate). Also for the control 
group, the same number of  wells were used.

Microbiological evaluation
After incubation, 190 µl of  TSB was added to each well and 
mixed with a pipette for 1 min. Then, bacterial suspension 
from each well was transferred and serially diluted in TSB. 
After 12‑fold dilution, 10 µl of  suspension was placed 
on Mitis salivarius agar plates. After incubation for 24 h at 
37°C, CFU was counted and the CFU/ml was calculated. 
One examiner counted the colonies on the each field of  
the microtiter plate.

Statistical analysis
The outcomes of  antimicrobial properties of  tested 
materials were analyzed by one‑way analysis of  variance. 
The level of  confidence was set at 95%. Statistical analysis 
was performed with the statistical software SPSS v. 
11.0 (SPSS for Windows; SPSS Inc., Chicago, IL, USA) and 
Microsoft Office Excel 2016 (Microsoft Corp., Redmond, WA, 
USA).

RESULTS

All tested sealers showed significant antibacterial efficacy 
when compared to the control group  (P  <  0.05). The 
TotalFill BC Sealer showed the highest, while AH Plus 
showed the lowest efficacy in all tested setting times 
and contact times. There was no statistically significant 
difference between TotalFill and BioRoot RCS in all 
time periods (P > 0.05). Furthermore, MTA Fillapex and 
BioRoot RCS presented statistically better antibacterial 
efficacy compared to AH‑Plus  (P < 0.05) in all settings 
and contact times.

Considering the setting time of  the sealers, all freshly 
mixed sealers had significantly greater antibacterial efficacy 
compared to the sealers set for 1 day (P < 0.05). There was 
no statistically significant difference between freshly mixed 
sealers and sealers set for 3 days (P > 0.05). Furthermore, 
the sealers, that were set for 3 days, were statistically more 
efficient than the sealers, that were set for 1 day (P < 0.05).

All tested bioceramic sealers (TotalFill BC Sealer, BioRoot 
RCS, and MTA Fillapex) exhibited the highest antibacterial 
efficacy after 20 min of  contact time, independently of  the 
setting time (P < 0.05). In contact time periods of  2, 5, and 
60 min, the bioceramic sealers did not show statistically 

different results  (P > 0.05). Antibacterial activity of  the 
sealers at different settings and contact times are presented 
in Figures 1‑3.

DISSCUSION

The results of  this study showed that the bioceramic sealers 
had better antibacterial activity compared to the epoxy 
resin‑based sealer. The calcium silicate and phosphate‑based 
sealer (TotalFill BC Sealer) was the most efficient against 
E.  faecalis, followed by the pure tri‑calcium silicate 
sealer  (BioRoot RCS), whereas the MTA‑based salicylate 
resin sealer (MTA Fillapex) was the least efficient, but still 

Figure 1: Antibacterial efficacy of freshly prepared materials

Figure 2: Antibacterial efficacy of materials after one setting day

Figure 3: Antibacterial efficacy of materials after three setting days
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better than the AH Plus. A modified direct contact technique 
described by Zhang et al.[2] with some modifications was used 
in the study. Modifications were made due to the insufficient 
growth of  bacterial colonies on agar plates.

The microorganism used in this study was E. faecalis. It has 
a significant role in the etiology of  persistent periradicular 
lesions because of  its virulence factors and ability to 
survive the conventional chemo‑mechanical root canal 
procedures.[2] Also, it has the ability to penetrate deep into 
dentin tubules, form biofilms, survive nutrition deprivation, 
and resist commonly used disinfection agents.[14,15]

The significant antibacterial efficacy of  the bioceramic 
sealers is result of  their high pH, hydrophilicity, and active 
calcium hydroxide, which is released during the setting 
process.[2,10,16] According to the best knowledge, there has 
been only one study[16] published so far comparing the 
antibacterial efficacy of  few bioceramic sealers. In the study 
of  Poggio et al.,[17] the TotalFill BC eradicated all bacteria 
evaluated by the DCT. The results of  this study are in 
accordance with the previous results of  Bronzel et al.[13] 
and Bukhari et al.[18] who also found significant and better 
antibacterial efficacy of  calcium silicate and phosphate 
sealers  (TotalFill BC and Endosequence BC) against 
E. faecalis compared to the epoxy resin sealer (AH Plus).

However, there have still been some controversies in the 
literature regarding the superior antibacterial efficacy 
of  the calcium silicate and phosphate‑based sealers. In 
the studies of  Shin et  al.[19] and Candeiro et  al.,[12] the 
EndoSequence BC Sealer did not present any significant 
antibacterial efficacy over the epoxy‑resin‑based sealer. 
The differences among the studies could be explained by 
the different microbiological methodology used. So far 
in the literature, the antibacterial efficacy of  the root canal 
sealers has been evaluated mostly using an agar diffusion 
test  (ADT).[20,21] ADT is the most common used test in 
this kind of  study. The results of  the test are recorded 
after analyzing of  the inhibition zones of  bacteria growth 
around testing materials. If  the inhibition zone is larger, 
the material had better antibacterial efficacy. However, this 
test has certain limitations such as influence of  diffusion 
characteristics of  agar and solubility of  materials on test 
results. Therefore, this test is not appropriate for testing 
endodontic materials.[22] DCT is another method for 
testing the antibacterial efficacy of  materials based on 
contact between the tested sealer and microbial cells. It is 
a more reliable method, since it evaluates the bactericidal 
efficacy of  the sealer, which is clinically more relevant. 
Furthermore, the DCT has the possibility to test the 
efficacy of  sealers in different setting times.[2]

According to the best knowledge, there have been only three 
studies[6,14,23] published so far on the antibacterial efficacy 
of  BioRoot RCS. In the study of  Poggio et al.,[17] BioRoot 
RCS had similar efficacy as MTA Fillapex, but lower than 
the TotalFill BC. The authors used DCT for the evaluation 
of  antibacterial efficacy of  the sealers as done in this study. 
In another study by Alsubait et al.,[6] the BioRoot RCS and 
the TotalFill BCS showed similar antibacterial efficacy using 
confocal laser scanning microscopy. Ariaz‑Moliz et  al.[23] 
reported superiority of  BioRoot RCS over MTA Fillapex 
and AH Plus. From the above‑presented studies and the 
results of  this study, it could be concluded that BioRoot 
RCS, in in  vitro conditions, had significant antibacterial 
efficacy superior to AH Plus and MTA Fillapex.

The most commonly investigated bioceramic material 
in the literature is MTA Fillapex.[24] However, the results 
of  its antibacterial efficacy are conflicting. In this study, 
MTA Fillapex had the lowest antibacterial efficacy when 
compared to other tested bioceramic sealers, but better than 
the epoxy resin‑based sealer. Similar results are reported 
in other previous studies.[23,25,26] Contrary, there have been 
few studies showing its lower efficacy compared to the AH 
Plus.[27,28] This difference could be attributed to the use of  
ADT, whose limitations have been mentioned previously.[22] 
The lowest antibacterial efficacy of  MTA Fillapex when 
compared with other bioceramic sealers might be due to 
lower pH because of  the lower percentage of  available 
calcium hydroxide.[29]

In this study, there were no differences in antibacterial 
activity between the freshly mixed sealers and the sealers 
set for 3  days. This topic is quite controversial in the 
literature showing different conclusions. Most past studies 
reported decrease of  the antimicrobial activity of  root 
canal sealers during setting.[2,19,30] However, Kapralos et al.[31] 
showed that the efficacy of  set sealers might be valuable in 
longer time periods. In their study TotalFill, BC Sealer had 
similar antibacterial activity when freshly mixed or when 
set 24 h or 7 days. The long‑term efficacy of  bioceramic 
sealers could be explained by their long‑term releasing 
of  calcium hydroxide ions even after the initial setting 
reaction.[32]

The limitation of  the study was the usage of  the planktonic 
cells for the investigation of  the antibacterial activity of  
root canal sealers. In the clinical situation, after conventional 
chemo‑mechanical root canal preparation, there are 
remaining bacterial biofilms as well as planktonic bacterial 
cells left on intracanal walls and in intracanal anatomical 
irregularities.[33] However, since the aim of  this study was 
to compare three well‑known bioceramic sealers in well 
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standardized in vitro conditions, the next studies should be 
a focus on their individual efficacy against one‑species or 
multispecies biofilms of  different maturation stage.

CONCLUSION

Under the limitations of  this study, the TotalFill BC Sealer 
showed the best antibacterial activity compared to other 
bioceramic sealers. Its efficacy was most evident at freshly 
mixed sealer and after 20 min of  contact.
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