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Abstract

Objectives To present and explore the potential of an animal-based experimental model developed to determine the set of root
canal sealers in vivo. The setting of AH Plus, BioC Sealer, TotalFill BC Sealer, and Sealapex was determined using either ISO
6876 or the novel in vivo method proposed in this study.

Material and methods The in vitro setting time of the sealers tested was determined in accordance with ISO 6876:2012.
In determining the in vivo set, 24 adult Wistar rats were followed up for two evaluation periods: 1 and 4 weeks. Their
upper-right incisor was extracted, and its pulp tissue was removed. The root canal was then filled from retrograde with
one of the 4 sealers, and the tooth was re-implanted and fixed with a layer of a flowable composite resin. After 1 or 4
weeks of the surgical procedures, the animals were euthanized, and their incisors were extracted. Two-mm-thick slices of
the middle third of the tooth root were obtained and assessed with a Gillmore device, to determine whether or not the
sealer had set.

Results The following in vitro results were obtained by using ISO 6876 methodology: AH Plus set after a mean time of 423 +
20 min and 476 £ 35 min, in metal and plaster molds, respectively. BioC Sealer set after 7 days (in dental plaster molds), whereas
TotalFill BC Sealer and Sealapex did not set even after 25 days in both tested conditions (metal or dental plaster molds). Using the
novel in vivo methodology, AH Plus, BioC Sealer, and TotalFill BC Sealer set after both 7 and 30 days. In contrast, Sealapex did
not set at either time point.

Conclusions AH Plus and BioC Sealer set under both in vitro and in vivo test conditions. TotalFill BC Sealer did not set under
in vitro conditions but did after 1 week under in vivo conditions. Sealapex did not set under either in vitro or in vivo conditions.
Clinical relevance The influence of the testing conditions on the setting results is a clear indication that new in vivo experimental
models should be useful in future studies on Bioceramics root canal sealers.
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Introduction

Ever since the first ready-to-use bioceramic root canal sealer
was introduced in 2007 (iRoot SP, Innovative BioCeramix
04 Emmanuel Jodo Nogueira Leal Silva Inc., Vancouver, BC, Canada), several similar calcium
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These hydrophilic calcium silicate root canal sealers in-
stantly attracted the dental community because they were
premixed, injectable, hydrophilic, and bioactive root-filling
materials. Overall, the body of evidence made available over
the last few years has shown that such hydrophilic calcium
silicate root canal sealers are biocompatible and bioactive,
features mostly attributed to the presence of calcium phos-
phate in their composition [5—10]. Moreover, it seems that this
class of sealers can interact with the surrounding dentinal tis-
sue by both alkalinization and ion release [8, 11]. Their anti-
bacterial activity has already been reported [12, 13], and their
high flowability has proven capable of filling the irregular
areas of the root canal space [11, 14]. However, other critical
physicochemical properties, such as setting ability, have yet to
be fully understood and elucidated.

Setting time is an essential physical property for a root
canal sealer, from a clinical point of view. As a rule, a fast
setting time not rarely renders technical difficulties during the
clinical application, whereas either a slow setting time or an
incomplete set can result in higher tissue irritation and in-
creased solubility, possibly leading to sealing failures.
Therefore, it is important to characterize how calcium
silicate-based sealers set since this may provide some indica-
tion of whether the sealer is undergoing normal hydration.
Commonly, the initial and final setting times of root canal
sealers are tested experimentally, based on methods described
by the International Organization of Standardization (ISO
6876:2012) [15], by the American National Standards
Institute/American Dental Association (ANSI/ADA
57:2000) [16] or by the American Society for Testing and
Materials (ASTM C266-07:2007) [17]. These methods con-
sist of basic benchtop tests, using the Gillmore needle appa-
ratus, where a circular needle of a particular size and weight is
pressured perpendicularly towards the specimen. The ratio-
nale of the test model using the Gillmore needle apparatus is
straightforward: if the needle penetrates a sealer specimen to a
given depth and leaves a circular indentation, the sealer is
considered unset. In contrast, if it fails to penetrate a sealer
specimen, leaving no marks, the set has occurred. In other
words, the final set status is achieved when the sealer has
hardened to a point at which it can sustain a preset load.

A major problem with these in vitro experimental models is
that their results cannot be extrapolated to clinical conditions.
The circumstances and environment in which sealers are test-
ed most likely differ from those existing when sealers are
clinically used inside the root canal. Sealers are placed into
root canals with gutta-percha points. Dentine walls contain
natural moisture, which is indispensable for the setting of cal-
cium silicate-based sealers, considering that their setting reac-
tion is triggered by the moisture present in dentinal tubules
[18-22]. Any of these factors could affect the setting process
of the sealer. Another drawback related to direct indentation
tests is the subjectivity involved in interpreting the results.
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This problem could explain the conflicting results found in
the literature regarding the setting ability of calcium silicate-
based sealers: whereas some studies demonstrated that these
sealers set under controlled in vitro conditions [23-25], others
were unable to demonstrate their complete set, even after long
experimental periods of time [19, 26, 27]. In short, there is an
ongoing debate over the setting ability of hydrophilic
premixed calcium silicate root canal sealers, one that has
gained even more significance with the growing popularity
of bioceramic sealers, and with the introduction of several
branded materials on the market. Although setting failures
have been reported in vitro, there is no evidence that this also
takes place in vivo. Therefore, the present study was designed
to address these conflicting results and the clear limitations of
the currently available in vitro setups used to assess the setting
ability of sealers. Thus, the main purpose of the present study
was to present and explore the potential of an animal-based
experimental model developed to determine the set of root
canal sealers in vivo. The advantages and disadvantages of
the methodology are presented and discussed. The setting of
a new hydrophilic premixed calcium silicate root canal sealer
(BioC Sealer; Angelus, Londrina, PR, Brazil) was evaluated
and compared with that of premixed calcium silicate sealer
TotalFill BC Sealer (FKG Dentaire, La Chaux-de-Fonts,
Switzerland (also marketed as iRoot SP and EndoSequence
BC Sealer)), calcium hydroxide-based sealer Sealapex (Kerr,
Brea, USA), and epoxy resin-based sealer AH Plus (Dentsply
DeTrey, Konstanz, Germany). The null hypotheses tested
were (i) that no differences would be found among the setting
of'the tested sealers and (ii) that no differences would be found
between the two tested methodological designs.

Materials and methods
Experiment 1: in vitro tests

The setting time of the 4 tested root canal sealers (AH Plus,
BioC Sealer, TotalFill BC Sealer, and Sealapex) was deter-
mined in accordance with ISO 6876:2012 [15]. The compo-
sition and lot numbers of the evaluated sealers are shown in
Table 1. All materials were manipulated according to the man-
ufacturer’s instructions. Metal molds measuring 10 mm in
diameter and 2 mm in height were used for all the tested
sealers (n = 3 per sealer). In addition, type IV dental plaster
molds (Durone IV Salmon; Dentsply-Sirona, Charlotte, USA)
measuring 10 mm in diameter and 1 mm in height were used
for BioC Sealer and TotalFill BC Sealer (materials that spe-
cifically require moisture to set) and for AH Plus and Sealapex
for comparison (n = 3 per sealer). The plaster molds were
stored at 37 °C and 95% relative humidity for 24 h before
the setting time experiment. The sealers were manipulated
according to their respective manufacturers’ specifications,
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Table1 Composition and lot number of the evaluated root canal sealers

Root canal sealer Composition Lot number

AH Plus (Dentsply 1810000182
DeTrey, Konstanz,

Germany)

Paste A: Bisphenol-A epoxy
resin, bisphenol-F epoxy resin,
calcium tungstate, zirconium
oxide, silica and iron oxide
pigments

Paste B: Dibenzydiamine,
aminoadamante,
trycyclodecane-diamine,
calcium tungstate, zirconium
oxide, silica, and silicone oil

BioC Sealer (Angelus, Calcium silicates, calcium
Londrina, Brazil) aluminate, calcium oxide,
oxido zirconium oxide, iron
oxide, silicon dioxide, and
dispersing agent

Zirconium oxide, calcium
silicates, calcium phosphate
monobasic, calcium
hydroxide, filler, and
thickening agents

Catalyst paste: Isobutyl salicylate 6653609
resin, fumed silica (silicon
dioxide), bismuth trioxide,
titanium dioxide pigment

Base paste:

N-ethyltoluenesulfonamidere-
sin, fumed silica (silicone
dioxide), zinc oxide, calcium
oxide

43980

TotalFill BC Sealer
(FKG Dentaire, La
Chaux-de-Fonts,
Switzerland)

19001SP

Sealapex (Kerr, Brea,
USA)

placed inside the matrices (metal or dental plaster), and stored
at a temperature of 37 °C and 95% air humidity. After 10 min
of manipulation, a 100-g Gillmore needle with an active 2-mm
tip was placed vertically on the specimen surface. This proce-
dure was repeated every 10 min until the surface of the end-
odontic sealer was no longer marked by the tip of the Gillmore
needle. After 24 h, the tests were performed daily for 25 days.

Experiment 2: in vivo test
Ethical considerations

All procedures were carried out in accordance with conven-
tional guidelines in the Guide for the Care and Use of
Laboratory Animals (US National Institutes of Health 85-23,
revised 1996). The local Institutional Animal Care and Use
Committee (register no. 1041) approved all experimental pro-
tocols. This study is reported according to the ARRIVE guide-
lines (Animal Research: Reporting of in vivo experiments)
[28] and PREPARE guidelines (Planning Research and
Experimental Procedures on Animals: Recommendations for
Excellence) [29] with regard to the relevant items. All efforts
were made to minimize animal suffering and to reduce the

number of animals used with adherence to the 3Rs principles
(replacement, reduction, and refinement).

Animal model

Twenty-four adult male and female Wistar rats, aged 10
weeks and weighing 200-300 g, were used in this study.
The rats were kept in temperature-controlled rooms, inside
individual cages, and received water and food ad libitum
throughout the study. They were randomly assigned to 4
groups (n = 6 per sealer) according to the sealer tested (AH
Plus, BioC Sealer, TotalFill BC Sealer, and Sealapex) and
were followed up for 2 evaluation periods—1 or 4 weeks—
resulting in 3 animals per group per evaluation period. A se-
nior veterinarian conducted all the nutritional recommenda-
tions and was in charge of the care and pre- and postoperative
fasting of the animals, carried out in accordance with the
guidelines of the National Institutes of Health Guide for the
Care and Use of Laboratory Animals, and with the current
international legislation on animal use in experimental
research.

Surgical and endodontic procedures

The animals were anesthetized intraperitoneally with 1 mL/
100 g of a solution containing 10% ketamine (1 mL/kg;
Virbac; Sao Paulo, SP, Brazil), 2% xylazine (0.5 mL/kg;
FortDodge; Rio de Janeiro, RJ, Brazil), 5% midazolam (0.6
mL/kg; Roche; Rio de Janeiro, RJ, Brazil), tramadol (0.2 mL/
kg; Sun; Goiania, GO, Brazil), and 0.9% saline solution (8.5
mL). During the postoperative period, the rats received anal-
gesia with 5 mg/kg of meloxicam (Eurofarma; Sao Paulo, SP,
Brazil) subcutaneously every 24 h, starting immediately after
the surgical procedure and for 2 additional days.

The endodontic procedures were performed under micro-
scopic observation at x 12.5 magnification (DFVasconcelos;
Sdo Paulo, SP, Brazil). Each animal was positioned on an
operative board specially designed for the experiment, in a
dorsal position with its head immobilized. Mouth opening
was achieved by using a device designed to fix the upper
and lower incisors with orthodontic elastics connected to op-
posite bars positioned on the extremities of the operative
board. In addition, metal rings involved by rubber cannula
were used to hold the anterior teeth. Subsequently,
syndesmotomy of the periodontal tissue was performed using
a syndesmotome (Duflex; Rio de Janeiro, RJ, Brazil) and the
upper-right incisor was extracted with a clinical probe adapted
to this tooth, taking care to hold it by the crown to preserve the
periodontal fibers of its radicular portion (Fig. 1a). The pulp
tissue was removed with a size 10 K-file (Dentsply Sirona
Endodontics; Ballaigues, Switzerland) (Fig. 1b and c) and a
25/0.04 rotary NiTi instrument (Fig. 1d and e) and the root
canal was irrigated with 5 mL of 0.9% saline solution, with a
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Fig. 1 Sequence depicting the removal of pulp tissue with hand and
rotary files and filling the root canal with the root canal sealers tested. a
Extracted upper-right incisor; b removal of pulp tissue with a size 10 K-
file; ¢ radiographic image with a size 10 K-file in the root canal; d

NaviTip 30G needle (Ultradent Products; South Jordan, UT,
USA). The root canal was dried with a sterile paper point
(Dentsply Sirona Endodontics) and space was filled with
one of the four experimental sealers, after manipulating them
according to their respective manufacturer’s instructions (Fig.
1f). The tooth was re-implanted into the socket, its enamel
surface was etched with 35% phosphoric acid (Ultra Etch;
Ultradent Products), and it was then fixed with a layer of a
flowable composite resin (Filtek Bulk Fill Flow 3M;
Maplewood, MN, USA). A single coat of Scotchbond (3 M)
was applied, dried, and polymerized for 10 s. The resin was
adapted in between the two anterior crowns, so that it would
pass through the interproximal space, to keep the crowns unit-
ed after polymerization of the material.

The animals were euthanized (3 per experimental group)
after 1 or 4 weeks of the surgical procedure, and their right
incisors were extracted to assess the sealer setting.

Evaluation of sealer setting

After tooth extraction, 2-mm-thick slices of the middle third of
the root were obtained using an Exakt 310 CP Series diamond
band saw (Exakt Apparatebbau; Norderstedt, Germany).
These slices were polished superficially with a Sof-lex Pop-
on kit (3 M). The specimens were assessed by a blinded in-
vestigator, who did not know which type of sealer was used in
each specimens, using a Gillmore device specially designed
for this experiment (Odeme Dental Research; Luzerna, SC,
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removal of remaining pulp tissue with a 25/0.04 rotary NiTi instrument;
e radiographic image with a size 25/0.04 rotary NiTi instrument in the
root canal; f root canal filled with root canal sealer

Brazil), to determine whether or not the sealer had set. The
Gillmore needle size was calculated to be proportionate to the
specimen size (rat incisor slice from the middle third, with a
mean dimension of 2.82 mm and 1.43 mm in the vestibulo-
lingual and mesio-distal diameter, respectively), following the
method described by ISO 6876:2012, resulting in its tip
weighing 50 g and measuring 1 mm in diameter. The setting
of the material was checked by lowering the indenter needle
positioned vertically over the sealer surface and observing
whether or not it left a complete circular indentation on the
sealer. When the needle failed to penetrate the sealer, the ma-
terial was deemed as set. Conversely, when it left a definitive
mark on the sealer surface, the material was deemed as unset.
Two experimental times (1 or 4 weeks) were used to deter-
mine whether the set of the material was reached (Fig. 2).

Results
Experiment 1: in vitro tests

The AH Plus Sealer was set after a mean time 0f 423 + 20 min
and 476 + 35 min, in metal and dental plaster molds, respec-
tively. The BioC Sealer was set after 7 days (only in dental
plaster molds), whereas both the TotalFill BC Sealer and the
Sealapex sealer did not set even after 25 days in both tested
conditions (metal and dental plaster molds) (Table 2).
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Fig.2 Example of dentinal slices,
obtained at the middle third of
maxillary rodent teeth, of a a
sealer before setting test and b the
same sample after setting test
demonstrating the complete
setting, and ¢ a sealer before
setting test and d the same sample
after setting test demonstrating
the absence of setting with a
complete circular indentation on
the sealer (arrow). Magnification
x50

Experiment 2: in vivo test

The AH Plus, BioC Sealer, and TotalFill BC Sealer were set at
both time points, 7 and 30 days. In contrast, Sealapex
remained unset even after 7 and after 30 days (Table 3).

Discussion

The results of the in vitro experiment showed that the setting
times of the evaluated sealers were different from those in-
formed by their manufacturers. In fact, only AH Plus Sealer
set in the in vitro setup after a period of time close to that
reported in previous studies [27, 30-32] and to that informed
by its manufacturer. BioC Sealer set after 7 days in dental
plaster molds. In contrast, TotalFill BC Sealer and Sealapex
did not set, even after 25 days, when the test was conducted
following ISO 6876:2012 specifications [15]. Due to the dif-
ferences in the setting of the tested root canal sealers, the first
null hypotheses were rejected. Loushine et al. [18] obtained
similar results, namely that both MTA Fillapex and

Table 2  In vitro setting time of the tested sealers using metal molds for
all tested sealers and dental plaster molds for BioC Sealer and TotalFill
BC Sealer (materials that specifically require moisture to set—according
to the ISO guidelines)

Setting time Metal molds Dental plaster molds
Group N Setting time N Setting time
AH Plus 3 423 £+ 20 (min) 3 476 + 35 (min)
BioC Sealer 3 Did not set 3 7 £+ 0 (days)
TotalFill BC Sealer 3 Did not set 3 Did not set
Sealapex 3 Did not set 3 Did not set

EndoSequence BC Sealer, calcium silicate-based sealers, did
not set under in vitro conditions unless they were immersed in
Hank’s Balanced Salt Solution. Also, previous studies dem-
onstrated that Sealapex did not set in in vitro conditions [24,
33]. In the present study, in vitro setting time was tested under
two different conditions: metal and dental plaster molds. ISO
6876:2012 [15] specifications recommend that hydraulic ma-
terials, such as BioC Sealer and TotalFill BC Sealer, should be
tested using dental plaster molds, as these materials require
moisture to completely set. The use of dental plaster molds
was also used to evaluate hydraulic materials in other previ-
ously published studies [18, 20, 34]. As moisture theoretically
influence the setting reaction of a sealer, in the present study,
AH Plus and Sealepex were also tested using this model. This
failure of some sealers to set under in vitro conditions
prompted the testing of these materials under in vivo condi-
tions to determine their set.

The in vivo results of the present study showed that AH
Plus, BioC Sealer, and TotalFill BC Sealer set after 1 week. In
contrast, Sealapex allowed the needle to penetrate into the
surface of the material and leave a complete circular

Table 3  Invivo setting test performed after 7 or 28 days after root canal
filling
Reached set After 7 days? After 28 days?

No Yes No Yes
Group N n % n % N n % n %
AH Plus 3.0 3 100 3 0 3 100
BioC Sealer 3.0 3 100 3 0 3 100
TotalFill BC Sealer 3 0 3 100 3 0 3 100
Sealapex 33 100 0 0 3 3 100 0 O
Total 12 3 25 9 75 12 3 25 9 75
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indentation, which indicated that this sealer remained unset
even after 4 weeks. Therefore, the second null hypothesis
was also rejected. This marked difference in the setting results
between in vitro and in vivo setups indicates that experimental
conditions are able to affect results markedly. Presumably,
controlled exposure to moisture and/or air may be necessary
for these sealers to set [18, 35]. When a sealer is on a glass
slab, it has a large surface area exposed to moisture/air; con-
versely, inside the canal, it has little surface area exposure. An
in vitro study demonstrated that sealers set more quickly on
their exposed surface and much more slowly below the sur-
face [36]. In addition, exposure to moisture is different under
in vitro versus in vivo conditions. This difference may be
critical to the setting of hydraulic root canal sealers.

Several different animals have been used in experimental
studies, including rats, dogs, cats, and monkeys [37—40]. One
of the benefits of using rats is that a large number of animals
can be assessed over a short period of time [41, 42]. The
biological response progresses faster in rodents due to their
faster metabolism compared with that of humans, thus
allowing fast results [43]. However, despite these advantages,
there are some difficulties related to the intrinsic features of
rats, such as their small teeth and mouth, which require proper
adaptations, materials, and training. That is the apparent rea-
son why larger animals have been preferred for endodontic
studies instead of rats [40, 44].

Some studies using rat models have used molars in their
experiments [44-46]. However, pulp space in a rat molar root
is very limited, thus making it unfeasible to assess sealer prop-
erties using the methods available in the literature. Therefore,
the use of maxillary incisors was preferred. Since these ro-
dents have continuously growing and erupting incisors, the
papilla had to be drained out to interrupt this process and allow
the sealer to remain in direct contact with periradicular tissues
[47]. The specimens were obtained from the middle third of
the teeth because it corresponds to the portion with the highest
volume to contain the sealer, as demonstrated by
microtomographic (micro-CT) images. When developing the
method, 2D/3D micro-CT images were also used to calculate
the mean area/volume of the canal lumen. This data was used
to determine the dimensions of the Gillmore device, specially
designed for this experiment, with weight and surface area
made proportionate to the incisors of the rats using a ratio of
the measurements provided by ISO 6876:2012 specifications
[15].

The results of the current study confirmed the usefulness of
this novel in vivo method, which enables testing under condi-
tions that are closer to those of a clinical setting. The in vivo
experimental animal model presented herein may contribute
to the future development of new root-filling materials, espe-
cially premixed sealers, which are dependent on the environ-
mental moisture conditions of the canal space to reach the
final set. Although the testing environment of in vitro studies
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is standardized and allows controlled conditions of humidity
and temperature, it fails to replicate all the uncontrolled clin-
ical variables that can potentially influence the setting reaction
of a material placed inside a tooth. The in vivo model pro-
posed here is an attempt at reproducing clinical conditions as
closely as possible, especially regarding moisture and other
fluids, such as dentinal fluid and blood, which are precondi-
tions for the sealers to set [48]. The proposed in vivo experi-
mental design has its own limitations and it does not perfectly
mimic the human teeth environment. On the other hand, it is
not possible to test the setting of the root canal sealers in the
clinical setting with currently available technology. One clear
limitation is that root canal sealers are recommended for or-
thograde intracanal use. However, in the present study, the
root canal sealers were inserted on recently extracted incisor
teeth in a retrograde manner, and afterwards, teeth were re-
implanted. The decision to perform experiments in this way
was based on the anatomical impossibility of performing
proper cleaning and shaping procedures in the rat’s incisors
due to the incisal calcification and extreme canal curvature.
Another shortcoming is related to the fact that the method does
not allow determining the precise setting time of the sealers
insofar as it is a destructive assay. However, even with this
less-than-ideal experimental situation, it is beyond doubt that
the in vivo scenario of the current method is able to provide
important insights regarding the setting of the new root canal
sealers—e.g., calcium silicate-based sealers—which are
completely subject to the intracanal environment conditions.
This is clearly demonstrated in present results where some of
the tested sealers did not set in vitro but completely set in the
in vivo model, which stands for quite innovative data. One
may argue that statistical analysis was not performed; howev-
er, statistics do not make sense for in vitro results as using
metallic molds, only AH Plus set while the BioC Sealer, Total
Fill BC Sealer, and Sealapex did not set and when dental
plaster molds, only BioC Sealer set while Total Fill BC
Sealer did not set. Moreover, for the in vivo setup for all root
canal sealers, 100% of the samples fallen into “set” or “did not
set” category so no frequency variation by categories can be
evaluated.

Conclusions

AH Plus and BioC Sealer set under both in vitro and in vivo
test conditions. TotalFill BC Sealer did not set under in vitro
conditions but did after 1 week under in vivo conditions.
Sealapex did not set under either in vitro or in vivo testing
conditions. The influence of the testing conditions on the set-
ting results is a clear indication that new in vivo experimental
setups should be tested in future studies on bioceramics root
canal sealers.
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