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Push-out bond strength of different
tricalcium silicate-based filling
materials to root dentin

Abstract: The aim of this study was to evaluate the bond strength of
different triccalcium silicate cements to retrograde cavity using a push out
test. Thirty maxillary central incisors were shaped using #80 hand files
and sectioned transversally. Root slices were obtained from the apical 4
mm after eliminating the apical extremity. The specimens were embedded
in acrylic resin and positioned at 45° to the horizontal plane for preparation
of root-end cavities with a diamond ultrasonic retrotip. The samples were
divided into three groups according to the root-end filling material (n = 10):
MTA Angelus, ProRoot MTA and Biodentine. A gutta-percha cone (#80)
was tugged-back at the limit between the canal and the root-end cavity. The
root-end cavity was filled and the gutta-percha cone was removed after
complete setting of the materials. The specimens were placed in an Instron
machine with the root-end filling turned downwards. The push-out shaft
was inserted in the space previously occupied by the gutta-percha cone
and push out testing was performed at a crosshead speed of 1.0 mm/min.
There was no statistically significant difference in resistance to push out
by the materials tested (p > 0.01). MTA Angelus and ProRoot MTA showed
predominantly mixed failure while Biodentine exhibited mixed and
cohesive failures. The tricalcium silicate-based root-end filling materials
showed similar bond strength retrograde cavity.
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Introduction

Endodontic surgery is indicated in cases of periradicular infection
remaining after endodontic retreatment.! The choice of the root-end
filling material affects the treatment outcome.? Thus, an ideal root-end
filling material must exhibit the following properties: biocompatibility
with periapical tissues,** low cytotoxicity® and solubility,® appropriate
marginal sealing,” bond strength to dentin,® and bioactivity.’

Mineral trioxide aggregate (MTA) has calcium silicate (66.1%), calcium
silicate (8.4%), calcium aluminate (2.0%), bismuth oxide (14%), calcium
oxide (8.0%), silicon oxide ) and aluminum oxide (1.0%), which was the
first material to be formulated specifically as a root-end filling material,
interacted with periapical fluids and induced formation of hydroxyapatite,®
leading to the filling of dentin tubules, closure of gaps at the dentin/material
interface, and apical sealing."
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The interaction of MTA with tissue fluids is a result
of the reaction of calcium hydroxide, a by-product of
MTA hydration, with the phosphates found in the tissue
fluids. Thus, all tricalcium silicate-based materials
potentially exhibit this interaction. Biodentine is also
based on tricalcium silicate; thus, its interaction with
phosphate-containing tissue fluid has been proposed.'***

ProRoot MTA, the first MTA to become clinically
available and to undergo most research, is composed
of tricalcium silicate (53.1%), dicalcium silicate (22.5%),
bismuth oxide (21.6%), and small quantities of tricalcium
aluminate and calcium sulfate."*!* This material is
indicated for surgical and non-surgical procedures.
The cement consists of thin hydrophilic particles that
setin a humid environment after 3-4h ata of pH 12.5.3

Mineral trioxide aggregate (MTA Angelus) is
composed of tricalcium (66.1%) and dicalcium (8.4%)
silicate, tricalcium aluminate (2.0%), calcium sulfate
(5.0%), and bismuth oxide (14%),", being indicated for
direct pulp capping, in perforations, apexations and
as a retrofilling material.™**

Biodentine was commercially released in 2009
as a dentin substitute.? Its powder is composed of
tricalcium silicate (80,1%), calcium carbonate (14,9%),
and zirconium oxide as radiopacifiers (5%), whereas the
liquid contains calcium chloride and a water-soluble
polymer for providing appropriate flow ata low powder/
liquid ratio*. This cement exhibits physicochemical®
and biological properties'® similar to Portland cement
and has the consistency of phosphate-based cement.'®

Bioactivity or the interaction of root-end filling
materials to root dentin depends on their chemical
composition and presence of phosphate in the
biological tissue fluids’. Thus, the measurement of bond
strength of tricalcium silicate and phosphate-based
cements is important to enable quantification of
the dentin/material interaction. Usually, the bond
strength of root-end filling materials is evaluated
using push-out test on slices of the middle third of
the root®"” and artificial perforations' and is similar
to the method suggested for the evaluation of root
canal sealers. The dentin in the middle third of the
root has a higher density of dentin tubules with
greater diameter than that in the apical third."” These
characteristics may influence the bond strength of
root-end filling materials. Thus, the aim of this study
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was to evaluate the bond strength of the root-end
filling materials based on tricalcium silicate, including
MTA Angelus, ProRoot MTA, and Biodentine, using
a specific push out test for retrofilling cements. The
following hypothesis was tested: the proportion of
tricalcium silicate in each cement does not interfere
on the bond strength in the retrograde cavity.

Methodology

This study was approved by the Human Ethics
Committee of the Institutional Review Board
(Committee process n°. 15661713.2.0000.5498).

Thirty maxillary central incisors were examined
macro and microscopically under stereoscopic at
25x and radiographed in a bucco-palatal direction.
The criteria for inclusion were complete formation,
absence of calcifications, pulp nodules and internal
reabsorption. The criteria for exclusion were: root
fracture, previous endodontic treatment and the
presence of dentinal defects in the external morphology
of the roots. The teeth were sectioned horizontally
close to the cementoenamel junction using a diamond
disc under constant water cooling to obtain 16-mm
long roots. The root canal length was determined with
a size 15 K-file (Maillefer, Ballaigues, Switzerland),
which was introduced passively into the canal until its
tip was visible at the apical foramen. Working length
was calculated by subtracting 1 mm from the total
canal length. The canals were prepared initialy from
K-file #80 (Maillefer) by inserting in a handpiece with
alternating motion (NSK, Kanuma, Tochigi, Japan)
and then the preparation was complemented with the
drills Gates-Glidden drills #3, #4, and #5 (Maillefer)
and the K-file #90. The canals were irrigated with
2 mL of 1% NaOCl between the use of each file and
drill, and final irrigation was performed with 2 mL
of 17% EDTA for 5 min, followed by irrigation with
5 mL of distilled water. The canals were dried with
absorbent paper points.

After biomechanical preparation, the roots
were sectioned transversally at the following two
points: 2 mm short of the apical foramen (the level of
apicectomy) and 4 mm coronally to this point.? This
secction of the roots were embedded individually in
aluminum rings (16 mm in diameter and 4 mm in
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height) containing clear self-curing acrylic resin®. The
specimens were positioned in a device at 45° to the
horizontal plane during preparation and restoration
of the root-end cavities stainless steel. The root-end
cavities were prepared using a diamond ultrasonic
retrotip (ST12D-Mani; Mani, Inc. Takanezawa,
Tochigi-Ken, Japan) coupled to a ultrasound unit
(U.S. Profi II-AS; Dabi Atlante, Ribeirao Preto, Brazil)
set at power 3 (24W) and 24-28KHz under constant
cooling with distilled and deionized water. Root-end
cavities with standardized dimensions (1.5 mm
diameter and 2 mm deep) were prepared by making
intermittent forward-backward movements with the
retrotip for 17s, with penetration limited to 2/3 of
its active part®. The root-end cavities were rinsed
with 2 mL of saline using a NaviTip (Ultradent
Products Inc., South Jordan, USA) and dried with
absorbent paper cones®.

The specimens were divided into three groups
(n = 10) based on the root-end filling material used
for restoration of the root-end cavities: MTA Angelus
(Angelus, Londrina, Brazil), ProRoot MTA (Dentsply
Tulsa Dental Specialties, Konstanz, Germany), and
Biodentine (Septodont Ltda., Saint Maur-des-Fosses,
Paris, France). Filling of the root-end cavities and
push-out tests were performed according to the
protocol suggested by Marques et al.” The materials
were manipulated according to the manufacturers’
instructions. In each specimen, a master gutta-percha
cone (#80) was tug-backed at the limit between the root-
end cavity and the canal (Figure 1A), and the root-end
filling material was inserted into the root-end cavity
with an amalgam carrier, condensed with appropriate-
size condensers, and burnished. Following a time
period three times longer than the setting time of
each cement, the gutta-percha cones were removed
from the canal. The specimen was then fixed in an
Instron 4444 universal testing machine (Instron
Corp., Canton, USA) with the root-end filling facing
downwards and aligning to the shaft (Figure 1B). The
push-out cylindrical tip with a 1.0 mm diameter was
inserted in the space previously occupied by the gutta-
percha cone and push out testing was performed at a
crosshead speed of 1.0 mm/min.” Data were obtained
in MPa and statistically analyzed by one-way analysis
of variance (a = 0.05).

A Retrofilling
Metal ring

Acrylic resin

e
Master cone ’
B Push-out shaft ‘

Retrofilling

Figure. A) Root-end cavity and gutta-percha cone tug-backed
at the limit between the root canal and the retrofilling.
B) Simulation of the push-out test.

Following the push-out test, the specimens
were examined under a stereomicroscope at 25
magnification to evaluate the failure modes. Failure
was considered to be adhesive if the cement was
completely separated from the dentin with a dentin
surface free of cement. The failure was considered
cohesive if the fracture occurred within the cement,
with a dentin surface completely covered by the
cement. The failure was considered mixed when a
dentin surface was partially covered by the cement.?

Results

The results of the push-out tests are shown in
Table 1. No statistically significant differences were
identified in the bond strength of the root-end filling
materials (p > 0.001). MTA Angelus and ProRoot
MTA exhibited mixed failures, whereas Biodentine
showed both mixed and cohesive failures in the
cement (Table 2).
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Table 1. Mean and standard deviation of the push-out strength
values (in MPa) for the displacement of the retro-end filling
materials from the specimens.

Materials Mean (standard deviation)
MTA Angelus 1.82(0.47) a
ProRoot MTA 1.29 (0.32) a
Biodentine 1.79 (0.80) a

Table 2. Failure fypes (%) in each tested group after the push-out test.

Failure type MTA Angelus  ProRoot MTA Biodentine
Adhesive 10 10 0
Cohesive 30 30 50
Mixed 60 60 50
Discussion

Bond strength can be defined as a process of
union between two surfaces with different molecular
compositions as a consequence of chemical, physical,
or mechanical forces.! Bond strength of root-end
filling materials depends on the chemical composition
of the cement and dentin surface.”?

In the current study, the root-end cavity was prepared
to evaluate the bond strength of materials under
simulated clinical conditions. This method, proposed by
Marques et al,” evaluated the bond strength to dentin
using a root-end cavity rather than dentin slices from
various sites along the tooth root. This allowed evaluation
of the behavior of the retrofilling materials throughout
the extent of the retrograde cavity. The advantage of
the methodology recommended by Marques et al.?
is the possibility of evaluating the behavior of the
retrofilling materials confined to the retrograde cavity
in the apical third, which presents density, diameter and
number of dentinal tubules, different from the other
thirds, in which the push out test is performed for the
evaluation of endodontic sealers. Although it seems a
subtle difference, this methodology allows more reliable
results for the type of material tested.

Although similar bond strengths were shown for MTA
Angelus, ProRoot MTA, and Biodentine therefore, thenull
hypothesis was accepted. However, the difference was
found in structural performance of the materials (failure
mode). MTA Angelus and ProRoot MTA showed mixed
failure, whereas Biodentine exhibited a similar proportion
of mixed and cohesive failure. Although all three materials
tested are based on tricalcium silicate, the proportion
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of tricalcium silicate varies with each formulation.
Both MTA formulations contain a high proportion of
tricalcium silicate (MTA: 66.1% and Biodentine: 80,1%),
which is responsible for the late material hydration.*
MTA Angelus also contains unreacted lime (calcium
oxide). The presence of this calcium oxide has been
suggested to be a result of incomplete burning inside
the kiln during cement manufacture. Therefore, the
calcium ion availability from hydration varies between one
MTA formulation and another, as MTA Angelus shows
high levels of initial calcium release, which is a result of
the reaction of calcium oxide™ This higher calcium ion
release by MTA Angelus has been reported previously.
The ion release results in a porous and uneven surface
microstructure,® which weakens the cement structure
and reduces material cohesion, and may explain the
cohesive failure observed in this study.

The calcium ion leaching of Biodentine is higher
because of the higher proportion of tricalciumssilicate in
Biodentine than thatin MTA ¥ Furthermore, Biodentine
incorporates additives that enhance hydration, leading
to better material performance.®* The high calcium
ion release and improved material properties result
in the occurrence of mixed and cohesive failures in
Biodentine. Ca* and Si ions are absorbed by dentin
and cause chemical and structural alterations that
improve the physical properties at the bonding interface
as a consequence of the increased acid resistance of
dentin.? These alterations may explain the different
failure modes observed following the push-out test in
the present study. Furthermore, Biodentine comprises
smaller particles than other cements, which improves its
interaction with dentin. It also allows better penetration
within dentin tubules for mechanical retention.?

Although all three cements exhibited similar
bond strength in the present study, the failure mode
of Biodentine was different with a higher incidence
of cohesive failure. This suggests that Biodentine
may be used as an alternative to MTA because of its
improved stability at the filling site.

Conclusion
The tricalcium silicate-based root-end filling

materials tested in the present study showed similar
bond strength to retrograde cavity.
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