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Introduction

The fluid- and bacteria-tight seal of  a thoroughly cleaned and 
shaped root canal system is fundamental for endodontic treat-
ment. An adequate seal of  the root canal system cannot be 
achieved without a root canal sealer because gutta percha can-
not bond to the dentinal walls. Moreover, the area that cannot be 
reached by gutta percha can be penetrated and sealed with a root 
canal sealer. An ideal root canal sealer should have good biocom-
patibility, antibacterial activity, good sealing ability and adequate 
flowability, which is clinically important to allow deep penetra-
tion of  the narrow and complex anatomical spaces in root canal 
systems. In this regard, a precise investigation of  the flowabilities 
of  root canal sealers is important for evaluating their clinical per-
formance.

However, few studies have examined the viscosity of  root canal 
sealers. The majority of  previous studies measuring the flow abili-
ties of  root canal sealers used the simple press method that is 

specified by the International Organization for Standardization 
(ISO) 6876. Although this method is simple and economical, the 
information obtained is limited in that this method can determine 
only the compressed sealer diameter. In contrast, a strain-con-
trolled rheometer provides information regarding the rheological 
properties of  root canal sealers as a function of  time and tem-
perature. However, few studies have investigated the rheological 
properties of  root canal sealers using a strain-controlled rheom-
eter. The rheological properties of  root canal sealers change with 
time because all root canal sealers undergo a setting reaction. Not 
all root canal sealers undergo identical patterns of  change because 
each is affected by a different setting process (development of  
chemical crosslinks between the polymer chains). The rheological 
properties of  root canal sealers also change with increasing tem-
perature. In modern endodontic treatments, the continuous wave 
of  condensation technique is widely used, in which gutta percha 
and the root canal sealer are exposed to a temperature of  ~200 
°C. However, no other study has investigated the changes in the 
rheological properties of  root canal sealers that have been heated 
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to 200 °C. Based on the mineralization potential of  tricalcium sili-
cate–based materials, a new calcium silicate–based root canal seal-
er, BioRoot RCS (Septodont), has been specifically developed for 
root canal filling[1]. According to the manufacturer, this material 
is presented as a powder and a liquid. The powder is composed of  
tricalcium silicate, zirconium oxide (opacifier), and excipients. The 
aqueous solution is made of  calcium chloride and excipients. Al-
though these modifications are aimed at improving the handling 
properties and avoiding tooth discoloration, they may influence 
the regeneration potential of  the surrounding tissues.

BioRoot ™ RCS is the newest endodontic sealer based on tri-
calcium silicate materials benefiting from both Active Biosilicate 
Technology and Biodentine™[2]. The first provides medical 
grade level of  purity and, unlike “Portland cement” based materi-
als, it ensures the purity of  the calcium silicate content with the 
absence of  any aluminate and BioRoot ™ RCS is a mineral based 
root canal sealer using tricalcium silicate setting system. 

The powder part additionally contains zirconium oxide as a bio-
compatible radiopacifier and a hydrophilic biocompatible polymer 
for adhesion enhancing. The liquid part contains mainly water, 
calcium chloride as a setting modifier and a water reducing agent. 
BioRoot ™ RCS is bioactive by stimulating bone physiological 
processes and mineralization of  the dentinal structure (Camps 
2015, Dimitrova-Nakov 2015,). Therefore it creates a favorable 
environment for periapical healing and bioactive properties in-
cluding biocompatibility (Reichl 2015), hydroxyapatite formation, 
mineralization of  dentinal structure, alkaline pH and sealing prop-
erties. BioRoot ™ RCS is indicated for the permanent root canal 
filling in combination with gutta-percha points and is suitable for 
use in single cone technique or cold lateral condensation (Camill-
eri, 2015). BioRoot ™ RCS was designed to be used by mixing 
powder part with the liquid part by simple spatulation: there is 
no need for a mixing machine. The working time is around 15 
minutes and the setting time is less than 4 hours in the root canal. 
In addition, BioRoot ™ RCS displayed a tight seal with the dentin 
and the gutta-percha (Xuereb 2014) and an appropriate radiopac-
ity[3]. The paste is of  smooth consistency with good flow and 
adequate adhesion to instruments in order to enable an optimal 
placement in the root canal. Thanks to the use of  Active BioSili-
cate Technology which is monomer free, there is no shrinkage of  
BioRoot ™ RCS during setting to allow a tight seal of  the root 
canal. Despite the similar composition in terms of  viscosity and 
texture with a sealer, BioRoot ™ RCS must be considered as an 
adhesive root filling material. A fitted gutta-percha point is used as 
a pluggerlike carrier to facilitate the flow of  BioRoot ™ RCS into 
the canal space. Indeed, BioRoot ™ RCS is also recommended 
for facilitating the obturation removal in case of  retreatment.

The purpose of  this study was to compare the flow abilities 
measured using the simple press method and the viscosities of  
four root canal sealers (AH Plus, Bioroot RCS , MTA Fillapex 
measured using iso standardisation[4]. The null hypothesis was 
that there was no statistical significance between the flowabilities 
measured using the simple press method and there is a correlation 
between the flowabilities. Previously our team has a rich experi-
ence in working on various research projects across multiple dis-
ciplines [5-19]Now the growing trend in this area motivated us to 
pursue this project. 

Materials And Methods 

The study was carried out by a single operator , the ISO guidelines 
to evaluate the flowability of  the sealer under the iso standardisa-
tion 9002 is as follows - all the sealers under the study should have 
a volume of  0.5ml . The sealer should be dropped on a clean glass 
slab. Once the sealer is kept on the clean glass slab an additional 
glass slab should be placed over the sealer which should have a 
weight of  20 gms . The sealer is allowed to flow and spread for 
a duration of  3 minutes . This is followed by placement of  addi-
tional load of  100 gms over the initial glass slab. The sealer is al-
lowed to spread for a time span of  10 minutes once the additional 
load of  100 gram is kept over the initial glass slab of  20 gms. The 
process is to be performed by a single operator and the samples 
should be kept on a flat plane surface. After this the measurement 
of  the internal and the external diameter should be done with 
the help of  the digital vernier callipers The external diameter was 
denoted by maximum flow of  the sealer and the internal diameter 
was denoted by the minimal flow of  the sealer. Any sample hav-
ing a diameter less than 2cm was excluded from the study .In this 
study 10 samples of  each sealer were recorded of  the following 
sealers - AH plus , Bioroot Rcs and Meta fill apex. And the data 
was recorded on the excel sheet and subjected to statistical analy-
sis using theIBM  SPSS statistical software version 22.0

Results and Discussion

Most previous studies on the flowabilities of  root canal sealers 
used the simple press method, which provides limited informa-
tion.. The results showed that the flowability of  root canal sealers 
measured using the simple press method were correlated.Thus, 
the null hypothesis was rejected. Notably, the flow diameters 
of  AH Plus (22.6 mm) and Bioroot Rcs (24 mm),Mta fill apex 
(21.8mm) were not significantly different. 

Almeida et al.13 compared the flowabilities of  root canal sealers 
using the simple press method and reported that the flowability 
was highest AH Plus and lowest for Sealapex. These results agree 
well with the results of  the present study. The high flowability of  
AH plus Sealer EWT may be due to the resin additives.

The  sealer based on tricalcium silicate was MTA Fillapex (Ange-
lus, Londrina, Brazil)[20]. This sealer is mainly composed of  a sa-
licylate resin matrix, silica, and mineral trioxide aggregate, with the 
mineral trioxide aggregate being a minor component. Although 
the main scope of  using a tricalcium silicate–based sealer is the 
release of  calcium hydroxide from the material, hydration MTA 
Fillapex has been shown to be inert, and no calcium hydroxide 
was formed when the material set . However, MTA Fillapex com-
plies with ISO 6876 and is also stable when used with warm verti-
cal compaction techniques [21] . In our study it was found that 
Fillapex has least flowability.

AH Plus showed little change in complex viscosity with time. This 
result supports a report that the working time for AH Plus is 4 
h.BioRoot RCS showed an early increase in complex viscosity, 
which could be explained by an early setting reaction that occurs 
between dicalcium silicate dihydrate and tri calcium silicate. These 
results agree with those of  a previous study35 that reported that 
the setting time of  calcium phosphate ranged from 30 to 60 
min.36 Mta fill apex showed little change in complex viscosity 
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during the study. This result agreed with those of  previous stud-
ies reporting that Mta fillapex sets in 2–3 weeks in 100% relative 
humidity .

Thus, future studies are necessary to investigate the nature of  
flowabilities of  these materials. Bioroot RCS showed maximum 
diameter when a simple press method was used to compare the 
flowability , followed by resin based AH plus Sealer[22] . The least 
flowability was shown by MTA fillapex.

The  clinical significance  of  the study is that the Bioroot RCS 
sealer is a part of  bioceramic based sealer [23], these sealers not 
only have antibacterial properties but they also have the ability 
to heal the periapical region having radiolucency as compared to 
resin based sealer which have post operative pain as a well known 
complication . The flowability of  the Bioroot RCS sealer was 
found more than AH plus and mta based fillapex sealers.

Our institution is passionate about high quality evidence based  
research and has excelled in various fields ( [24-38])

Tukey HSD        

      95% C Interval 95% C Interval

Dependent Variable I Groups J Groups Mean 
 Difference i-j

Std 
Error

Sig. Lower Bound Upper Bound

Max Flow (cm) BIO AH PLUS 0.7 0.062 0 0.534 0.866

ROOT

  MTA FILL 1.6 0.062 0 1.434 1.766

APEX

 AH PLUS BIO -0.7 0.062 0 0.866 -0.534

ROOT RCS

  MTA FILLAPEX 0.9 0.062 0 0.734 1.066

 MTA FILL BIO 0.28 0.062 0 -1.766 -1.434

APEX ROOT RCS

  AH PLUS 1.34 0.062 0 -1.066 -0.734

MIN FLOW (cm) BIO AH PLUS -28 0.048 0 0.153 0.407

ROOT

  MTA FILL 1.34 0.048 0 1.213 1.467

APEX

 AH PLUS BIO -0.28 0.048 0 -0.407 -0.153

ROOT RCS

  MTA FILL 1.06 0.048 0 0.933 1.187

APEX

 MTA FILL BIO -1.34 0.048 0 -1.467 -1.213

APEX ROOT RCS

  AH PLUS -1.06 0.048 0 -1.187 -0.933

Depicting the statistical output of  the samples

Figure 1 - representing the electronic weighing scale measuring the weight of  the initial glass slab of  20 grams. This was 
custom made.

Figure 2 - Depicting the demonstration of  the additional load of  100 gms kept over the initial glass plate measuring 20 
grams . This gave a total load of  120 grams for the assessment of  the flowability of  the sealer.
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Figure 3 - Depicting the flowability of  sealer under the combined load of  120 gms

Figure 4 - The flowability of  the gold standard material in the study which was Ah plus sealer. This was the control group

Figure 5- The recent Bioroot Rcs Sealer which depicted the maximal flowability in the study.

Figure 6- The Mta fill apex sealer by Angelus.

Figure 7- the digital vernier calliper having a measuring range of  0 - 15 cm with a range of  0.01 mm

Conclusion 

The maximum flowability is seen for the Bioroot Rcs which is a 
recently introduced sealer followed by AH plus sealer and mta fill 
apex.
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