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Bond strength of a calcium silicate-
based sealer tested in bulk or with
different main core materials

Abstract: The aim of this study was to evaluate the influence of a cal-
cium silicate-based sealer (iRoot SP), with or without a core material,
on bond strength to radicular dentin, in comparison with various con-
temporary root filling systems. Root canals of freshly extracted single-
rooted teeth (n = 60) were instrumented using rotary instruments.
The roots were randomly assigned to one of the following experimen-
tal groups: (1) a calcium silicate-based sealer without a core material
(bulk-fill); (2) a calcium silicate-based sealer + gutta-percha; (3) a cal-
cium silicate-based sealer + Resilon; (4) a methacrylate resin-based seal-
er (RealSeal SE) + Resilon; (5) an epoxy resin-based sealer (AH Plus)
+ gutta-percha, and (6) a mineral trioxide aggregate-based endodontic
sealer (MTA Fillapex) + gutta-percha. Four 1-mm-thick sections were
obtained from the coronal aspect of each root (n = 40 slices/group).
Push-out bond strength testing was performed at a cross-head speed of
1 mm/min, and the bond strength data were analyzed statistically by
one-way analysis of variance and Tukey tests (p < 0.05). The highest and
lowest debonding values were obtained for the calcium silicate-based
sealer bulk-fill and mineral trioxide aggregate-based endodontic sealer
+ gutta-percha groups, respectively (p < 0.05). It was concluded that the
calcium silicate-based sealer showed higher resistance to dislocation in
the bulk-filled form than in conjunction with the tested core filling ma-
terials. When the calcium silicate-based sealer was placed in bulk, its
dislocation resistance was similar to that of commonly used sealer +
core root filling systems. Thus, the concept of using a calcium silicate-
based sealer in bulk can be more easily advocated in clinical practice.
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Introduction

Three-dimensional obturation of the root canal system is key for suc-
cessful endodontic therapy."* Among a plethora of materials and techniques
available today, the use of a sealer in conjunction with a thermoplastic core
material has remained the most widely accepted approach for filling the
root canals.? Regardless of the filling technique, the use of a sealer is essen-
tial* because it establishes a unique joint between radicular dentin and the
filling material.” Consequently, an ideal sealer should adhere to both the
dentin and the core filling,® hermetically seal the root canal system with-
out being disrupted in the long term,*” and resist dislocation during tooth
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flexure and operative procedures.>®No current sealer
is capable of providing all of these properties.

Recently, a calcium silicate-based sealer has been
introduced, described by the manufacturer as an
insoluble, radiopaque, aluminum-free material that
requires the presence of water to set and harden
(www.ibioceramix.com). The extremely small particle
size of this premixed, injectable material enhances
its flow into dentinal tubules, lateral canals, and
anatomic imperfections, leading to improved adap-
tation and gap-free seal.’ The calcium silicate-based
sealer has shown antibacterial effectiveness against
Enterococcus faecalis in vitro,® as well as good biocom-
patibility and increased expression of mineraliza-
tion-related genes."

The calcium silicate-based sealer is claimed by
its manufacturer to perform successfully as a root
filling material with or without the use of gutta-
percha points. In the latter form (i.e., bulk), iRoot SP
was recently shown to perform similarly to a epoxy
resin-based sealer and significantly better than cal-
cium hydroxide- and methacrylate resin-based seal-
ers in terms of radicular push-out bond strength.!?
However, no information is available regarding its
adhesive strength when used with a core filling
material and whether its dislocation resistance in
conjunction with a core material is superior to that
of its bulk-filled form as well as to that of other root
filling systems. Thus, the aim of this study was to
evaluate the radicular push-out bond strength of a
calcium silicate-based sealer with or without differ-
ent core filling materials in comparison with com-
monly used sealer + core filling systems. The null
hypothesis tested was that there is no difference in
the dislocation resistance between calcium silicate-
based sealer bulk-filled canals and those filled with
calcium silicate-based sealer + core filling materials
or another tested sealer + core filling systems.

Methodology
Specimen Preparation

Sixty periodontally involved, freshly extracted
single-rooted teeth (from humans aged 18-45 years),
including maxillary incisors and mandibular pre-
molars with straight roots, were used. Tooth crowns
were sectioned off below the cemento-enamel junc-

2 Braz Oral Res., (Sdo Paulo) 2014;28(1):1-7

tion for adjusting the root length to approximately 15
mm. The root canals were prepared using ProTaper
rotary instruments (Dentsply-Maillefer, Ballaigues,
Switzerland) up to master apical rotary size F3 (#30),
in conjunction with 2 mL of 5.25% NaOCl irrigation
between each file. Prepared root canals were rinsed
with 5 mL of 17% ethylenediamine tetraacetic acid
(Pulpdent Corporation, Watertown, USA), followed
by a final rinse with 5 mL distilled water, and were
dried with paper points. Thereafter, the specimens
were randomly assigned to one of the six groups (n
= 10/group) with respect to the root filling system
tested: (1) a calcium silicate-based sealer iRoot SP
(Innovative BioCreamix Inc., Vancouver, Canada),
without a core material; (2) a calcium silicate-based
sealer + gutta-percha; (3) a calcium silicate-based
sealer + Resilon (Resilon Research LLC, Madison,
USA); (4) a methacrylate resin-based sealer (Real-
Seal SE, SybronEndo, Orange, USA) + Resilon; (5) an
epoxy resin-based sealer (AH Plus, Dentsply DeTrey
GmbH, Konstanz, Germany) + gutta-percha; and (6)
mineral trioxide aggregate (MTA)-based endodontic
sealer (MTA Fillapex, Angelus, Londrina, Brazil) +
gutta-percha. All materials were applied with strict
adherence to the manufacturers’ recommendations.
Following root filling procedures, the specimens
were stored at 37 °C and 100% humidity for 1 week
to allow complete set of the test materials.

Push-out Bond Strength Test

Four 1-mm-thick horizontal sections were obtained
consecutively from each specimen (n = 40 slices/
group), from the coronal-to-apical direction, using
a water-cooled precision saw (Ernst-Leitz, Wetzlar,
Germany). Root sections demonstrating the oval root
canal form (i.e., non-instrumented areas) were dis-
carded and replaced with a new specimen prepared
in accordance with the experimental protocol for that
group.” Thereafter, the filling material was loaded
using a 0.75-mm-diameter stainless steel cylindrical
plunger, which provided the most extended coverage
over the filling material without coming into contact
with the surrounding dentin. Because of the conver-
gence of the root canal sections, the push-out force
was applied from the apical to the coronal direc-
tion. Loading was performed on a universal testing



machine, Lloyd LRX (Lloyd Instruments Ltd., Fare-
ham, United Kingdom), at a cross-head speed of 1
mm/min until bond failure occurred. The force was
recorded using Nexygen data analysis software (Lloyd
Instruments Ltd., Fareham, United Kingdom), and
the debonding values were used to calculate push-
out strength in megapascals (MPa)."*

Analysis of Failure Modes

Following the push-out test, the failure modes of
each specimen on both surfaces were evaluated under
a stereomicroscope (Olympus Optical Co. Ltd., Tokyo,
Japan) at 40x magnification and classified into one of
the following categories: (I) adhesive (failure at the
sealer-dentin interface or sealer-core interface), (II)
cohesive (failure within the sealer or dentin), and (III)
mixed (failure in both the sealer and dentin).* Two
specimens, representative of the failure modes from
each group, were evaluated under a scanning elec-
tron microscope (JSM 5500; Jeol Ltd. Paris, France)."

Statistical Evaluation

SPSS 15.0 (Statistical Package for Social Sciences,
IBM, New York, USA) for Windows 2007 (Microsoft,
Albuquerque, USA) was used for statistical analysis
of the results. Whether the data were normally dis-
tributed was determined using the Shapiro-Wilk test.
Homogeneity of variances was evaluated by Levene’s
test. While evaluating the data using descriptive sta-
tistical methods, we evaluated parameters with nor-
mal distribution to compare quantitative data using
one-way analysis of variance and Tukey post hoc tests
with the significance level set at p < 0.05.

Results

The push-out bond strength values are presented
in Table 1 as mean + SD.

The highest and lowest mean push-out values
were obtained for the calcium silicate-based bulk-fill
sealer (i.e., without core material) and the methacry-
late resin-based sealer + Resilon, respectively (both
p < 0.05, Tukey test). A statistically significant rank-
ing for bond strength values was obtained as follows:
a calcium silicate-based bulk-fill sealer > an epoxy
resin-based sealer + gutta-percha > a calcium silicate-
based sealer + gutta-percha > a calcium silicate-based
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sealer + Resilon > mineral trioxide aggregate-based
endodontic sealer + gutta-percha > a methacrylate
resin-based sealer + Resilon (p < 0.05).

Table. Push-out bond strength values (MPa, mean=standard
deviation) of the experimental groups. Within each column,
values with different lowercase superscript letters are signifi-
cantly different at p<0.05 (One-way ANOVA and Tukey tests).

Root Filling Bond strength (MPa)
iRoot SP without core material ~ 2.03+0.49¢
iRoot SP + gutta-percha 1.61+0.57
iRoot SP + Resilon 1.4440.41b
RealSeal SE + Resilon 0.94+0.41¢
AH Plus + gutta-percha 1.63+0.38%®
MTA Fillapex + gutta-percha 1.06+0.35¢

The percentage distribution of failure modes is
presented in Figure 1, and representative scanning
electron microscopy images of the failure modes for
each corresponding type of failure can be seen in Fig-
ure 2. Adhesive failure at the sealer-dentin interface
was the predominant failure mode in the calcium
silicate-based sealer bulk-fill group, whereas adhe-
sive failure at the sealer-core interface was the most
common type of fracture mode for other test groups.

Discussion

The bond strength of an endodontic sealer to radic-
ular dentin is essential for maintaining the integrity
of the root canal seal’in both the static condition and
in resisting displacement of the filling material dur-
ing function and preparation of post space.®*In the
present study, the push-out test was used because it
has become a widely accepted method for recording
the interfacial bond strength of endodontic materials
to root dentin, even at low levels.*® It has been shown
that the push-out test produces a more homogenous
stress distribution and less variability than the micro-
tensile bond test during dislocation resistance testing
to intraradicular dentin.”” An additional advantage of
using the push-out test is that multiple slices can be
obtained from a single root specimen.”® On the other
hand, most studies evaluating push-out bond strength
have used single-rooted human teeth, despite the
fact that the structure of root canal dentin is differ-
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Figure 1. Distribution of failure modes (GP= Gutta-percha, RES=Resilon, S-D= Between sealer and dentin, S-C=Between sealer

and core material).

ent for each tooth. Although tooth distribution may
influence bond strength results, those values might
be too low in the clinical scenario.

When tested in bulk, a calcium silicate-based sealer
exhibited significantly higher dislocation resistance
than its experimental version involving a Resilon
main core, as well as the mineral trioxide aggregate-
based endodontic sealer + gutta-percha and methac-
rylate resin-based sealer + Resilon groups. Thus, the
null hypothesis should be partially rejected. Com-
pared with the remaining experimental groups (a
calcium silicate-based sealer + gutta-percha and an
epoxy resin-based sealer + gutta-percha), the push-
out strength of the calcium silicate-based sealer bulk-
fill group was still higher, without significant differ-
ences. These results confirm those of previous stud-
ies utilizing identical or modified push-out testing
conditions, which reported that root canal sealers
demonstrate considerably higher bond strength val-
ues in the bulk-filled form than in conjunction with
a core filling material > More specifically, this might
be the case for calcium silicate-based root canal seal-
ers,’regardless of proprietary differences that might
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exist. The use of iRoot SP without a core material cre-
ates only one interface between the root filling mate-
rial and root dentin. When used in bulk, the sealer
should allow optimal monoblock formation along the
root canal walls, leading to more ideal sealer-dentin
dislocation resistance, without the limited disloca-
tion resistance between the core material and sealer
imposed by the core material. Conversely, when iRoot
SP is used with a main core, the type of obturation
should logically lack homogeneity, with spaces found
between the master cone and sealer,”” which would
potentially decrease the quality of the obturation.”
Here, the finding that the failures of the calcium
silicate-based sealer in conjunction with core mate-
rials were adhesive in nature confirms its limited
ability (or lack thereof) to adhere to gutta-percha and
Resilon, and suggests that a calcium silicate-based
sealer bonds much more strongly to dentin than to
the tested core filling materials. Although root canals
are rarely filled only with sealers in contemporary
endodontics, this scenario was tested to reflect the
reductions in C-factor that may occur when canals
are filled only with sealers.?? In addition, it may be
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Figure 2. Scanning electron micrographs depict representative failure modes for each corresponding type of failure. A. Adhesive
/S-D, B. Adhesive/ S-C, C. Cohesive, D. Mixed (GP= Gutta-percha, RES=Resilon, S-D= Between sealer and dentin, S-C=Between

sealer and core material).

speculated that some inherent properties of the cal-
cium silicate-based sealer—including the calcium
silicate composition, which helps minimize shrink-
ing during setting,” and the extremely small particle
size and level of viscosity, which enhance flow into
dentinal tubules* —may have enhanced its bond-
ing effectiveness to root canal dentin, resulting in
increased dislocation resistance.

Although push-out testing of the calcium sili-
cate-based sealer with a Resilon core was solely an
experimental approach, the fact that their combina-
tion yielded significantly greater dislocation resis-
tance than the combination of the methacrylate resin-
based sealer and Resilon merits further investiga-
tion, because a calcium-silicate-based sealer cannot
adhere to Resilon cones. Presumably, the frictional
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interaction between the calcium silicate-based sealer
and Resilon generates higher resistance to debond-
ing than the chemical bond between Resilon and the
methacrylate resin-based sealer. As for the differ-
ence between the push-out strength of the calcium-
silicate-based sealer with Resilon and gutta-percha,
it might be logical to assume that not only is gutta-
percha more compactable than Resilon but also its
modulus of elasticity is higher than that of Resilon,
which might help resist its dislocation and thus gen-
erate greater debonding values.? %

According to the present results, the epoxy resin-
based sealer showed significantly higher dislocation
resistance than the methacrylate resin- and mineral
trioxide aggregate-based sealers, ranking second
among the sealers tested. This result corroborates
those of previous studies** showing that the epoxy
resin-based sealer had significantly higher bond
strength to radicular dentin than the tested meth-
acrylate resin- and mineral trioxide aggregate-based
sealers. The results obtained with the epoxy-resin-
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