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Various materials have been used in managing perforations. MTA HP (Angelus, Londrina, Brazil), a
more recent silicate-based cement material, was developed based on the biological and physical
properties of calcium-silicate cements, claiming improved performance compared with traditional
MTA. Although several studies have assessed the bond strength of MTA HP to dentin, none of them
have evaluated the effect of blood contamination on the dislocation resistance of the new material.
Therefore, the present study was designed to investigate the resistance to dislodgment provided by
MTA HP. Biodentine (Septodont, St. Maur-des-Fossés, France) and White MTA (Angelus, Londrina,
Brazil) were used as reference materials for the comparison.
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INTRODUCTION

A perforation is a communication that arises between the
periodontium and the root canal space. Perforations can be
pathological, resulting from caries or resorptive defects, but
most commonly occur iatrogenically (during or after root canal
treatment). It has been identified as the second greatest cause
of endodontic failure that accounts for 9.6% of all unsuccessful
cases (Pitt Ford, er al., 1995).'An infectious process once
started at the perforation site either from the root canal or from
periodontal tissues impairs the healing and initiates an
inflammatory process that exposes the supporting tissues to
infection, pain and suppurations. In chronic conditions may
lead to abscess and fistulae including bone resorptive
processes, thus making prognosis for treatment questionable
leading to extraction of the affected tooth ,however if
diagnosed early and with appropriate management of the
perforation will lead to long term survival of the
tooth.*Various materials have been used in managing
perforations, including zinc oxide—eugenol, amalgam, calcium
hydroxide, composite resin, glass ionomer and resin modified
glass ionomer. The ideal material for treating radicular
perforations should be nontoxic, non-absorbable, radiopaque,
and bacteriostatic or bactericidal; it should also provide a seal
against micro leakage from the perforation."*

*Corresponding author: Anamika Sinha
Shah Aracde Sector-6 Kharghar Navi Mumbai Maharashtra

Mineral trioxide aggregate (MTA) has been considered as an
ideal material for perforation repair, apexification retrograde
filling, pulp capping etc. However, the drawbacks of the MTA
such as difficult handling, slow setting-3 to 4 hours, with the
possibility of solubilized by being in contact with oral fluids as
this process occurs and shorter working time, has been
bothersome to the clinician.>*'Biodentine was introduced as
an alternative to MTA. It has shorter setting time
approximately 12 minutes and it is easy to handle and has high
alkaline pH which makes it a biocompatible material.
However,its inferior radio-opacity makes it difficult for the
clinician to distinguish it from the dentine.”*MTA HP
(Angelus, Londrina, Brazil), a more recent silicate-based
cement material, was developed based on the biological and
physical properties of calcium-silicate cements, claiming
improved performance compared with traditional MTA. MTA
HP powder is composed mainly of tricalcium silicate,
dicalcium silicate, tricalcium aluminate, calcium oxide,
calcium carbonate (filler material) and calcium tungstate
(radiopacifier), whereas the liquid supplied for mixing with the
cement powder consists of water and a plasticizing agent.
According to the manufacturer, this new material has high-
plasticity and improved physical properties, as compared with
White MTA."
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Perforations that occur during root canal treatments should be
immediately sealed using a biocompatible material resistant to
dislodging forces applied during restorative procedures and
functional activities. Therefore, it is important to use a push-
out assay to evaluate the dentin bond strength of reparative
materials. Although several studies have assessed the bond
strength of MTA HP to dentin, none of them have evaluated
the effect of blood contamination on the dislocation resistance
of the new material. Therefore, the present study was designed
to investigate the resistance to dislodgment provided by MTA
HP. Biodentine (Septodont, St. Maur-des-Fossés, France) and
White MTA (Angelus, Londrina, Brazil) were used as
reference materials for the comparison.

MATERIALS

e 24 extracted mandibular molars
e MTA HP(Angelus, Brazil)
e Biodentine (Septodont, Saint-Maur-des-Fosses, France)
e  White MTA (Angelus, Brazil)
e Low speed saw with diamond disc, universal testing
machine (Praj labs, Pune).
e Normal saline (Amanta, Gujarat)
e No. 4 round bur (Mani, India)
e Collagen matrix- Coloplug ( dentalkart.com)
e 5% Sodium hypochlorite (Prime dental, Bhiwandi)
e 27 gauge needle (Hindustan syringes, Faridabad)
e Blood from blood bank
Study Groups
w
GROUP I BIODENTINE 8
GROUP I1 MTA HP 8
GROUP III WHITE MTA 8
TOTAL SAMPLES 24
METHODOLGY

This study used 24 human extracted mandibular first molars
with mature apices, and no signs of any carious lesions, shape
or size anomalies, fused roots, or previous root canal. The teeth
were cleaned by removing the hard deposits using curettes, and
the soft tissues, by soaking in 5.25% sodium hypochlorite for
10 minutes and were stored in normal saline till use.A standard
endodontic access cavity was prepared in each tooth. The teeth
weredecoronated 5 mm above the pulpal floor using a water-
cooled diamond disk and were mounted on acrylic resin to
stabilize the roots.Perforations were created using no.4 round
bur, perpendicular to the furcal floor and parallel to the tooth
axis. A periodontal probe was used to measure penetration
depth (2 mm).All the samples were rinsed with distilled water
to remove debris produced during the procedure.An internal
matrix of collagen was placed and compacted beyond the
perforation using hand pluggers. To simulate contamination, a
27-gauge syringe was used to inject the perforation cavities
with blood, provided by the blood bank and excess blood was
removed with paper points (size 40), without touching the
walls of the perforated dentin.

All the 24 teeth were then divided into three groups, each with
8 samples and based on the three repair materials. The

subgroups were- Biodentine, MTA HP and White
MTA Biodentinewas mixed for 30 s using an amalgam
mixer.MTA HP and White MTA were mixed according to
manufacturer’s recommendations and were packed in the
perforations.Cottonpellets, wet with normal saline, were
placed over the reparative material in each tooth. All samples
were kept in an incubator at 37°C and 95% relative humidity
for 14 days, after which they were subjected to a push-out test.
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Push-Out Test

The push-out test was conducted using a universal test
machine (universal testing machine, Praj labs, Pune). The
material placed in the perforation cavity was subjected to a
load at a crosshead speed of 1 mm/min in the apical direction
and parallel to the long axis of the tooth, using a cylindrical
plunger with 1.0 mm diameter, until dislodgement occurred.
The maximum load applied to dislodge the reparative material
was recorded in Newtons.The push-out bond strength was
calculated in MPa using this formula:(Force needed to
dislodge the material) / (m x diameter of perforation site X
height of perforation)

Statistical Analysis

The main outcome variable in the present study was the push-
out bond strength (MPa). A Kruskal-Wallis test was applied to
assess the effect of each endodontic cement on the push-out
bond strength. Mann-Whitney with Bonferroni correction was
used to isolate the differences. The alpha-type error was set at
0.05. The analysis was done using PC based program MedCalc
Statistical Software version 14.8.1 (MedCalc Software bvba,
Ostend, Belgium; http://www.medcalc.org;2014).

RESULTS

All the specimens had measurable push-out values, and no
premature failure occurred. There were significant differences
among the materials (p < 0.05). Biodentine specimens had the
highest push-out bond strength values (p < 0.05). MTA HP
had significantly higher bond strength than White MTA (p <
0.05). Box plots illustratingthe variance of the push-out bond
strength data in each experimental group.

Fush out bond strength (MPa)

A ] -

T T
Biodentine MTA HP

White MTA

DISCUSSION

The material used to seal the external surface of the teeth
should be able to prevent leakage and remain in place under
dislodging forces, such as functional pressures or the
application of other restorative materials.'' To the best of our
knowledge, this study is the first to evaluate the push-out bond
strength of MTA HP, a modified tri-calcium silicate-based
material, in comparison with Biodentine and White MTA in
presence of simulated blood contamination. The present results
pointed out a significantly different performance among the
tested materials. Biodentine produced higher bond strength
values to root dentin than both MTA HP and White MTA (p <
0.05).

Biodentine outperformance cannot be regarded as a novelty,
since it has been well documented in endodontic literature.
1213.19Bj0dentine biomineralization ability can most likely be
attributed to the formation of tags, and may be the cause of its
superior dislodgement resistance herein demonstrated. Han
and Okijishowed that calcium and silicon ion uptake into
dentin, leading to the formation of tag-like structures in

Biodentine, was higher than in MTA, and may have a role in
the overall adaptation to root dentin.” Moreover, the different
particle sizes of MTA and Biodentine may affect their
penetration into the dentinal tubules, with consequences to
displacement resistance. Atmeh et al. demonstrated that Ca-Si
cements facilitate the permeation of Ca and OH ions into the
dentine, due to their caustic effect.'’It can be assumed that the
improved ability to release remineralizing Ca and OH ions by
Biodentine is responsible for the improved formation of apatite
at the interface, and for micromechanical
anchorage.”’lg’lgMTA HP showed improved push-out bond
strength values compared with those of White MTA (p <
0.05). The substitution of bismuth oxide for calcium tungstate
as a radiopacifier agent in the MTA HP could explain the
better results of this cement in comparison with White MTA.
Calcium tungstate contributes to higher calcium release,
promoting higher biomineralization. '“**Moreover, the high-
plasticity of MTA HP may positively affect the marginal
adaptation of the cement to the root walls, and this can be
associated with higher bond strength.

The moistening of calcium silicate cements during setting is
particularly important, since these cements have greater
comprehensive strength when kept in a moist environment.”'
In addition, the retention characteristic and push-out strength
of calcium silicate cements increases over time if kept under
moist conditions.?? In the present study, all the samples were
kept in a 95% relative humidity using wet cotton pellets until
the push-out test was performed. Considering the clinical
conditions, contamination of the site with blood was imitated.
The previous literature has evaluated the effect of blood
contamination on the push-out bond strength values of
endodontic materials.”>*** The results of these studies are
conflicting, showing that blood could improve, decrease or
make no difference in the push-out values. However, in the
present study, blood had no effect on the dissociation
resistance of the materials.

Nevertheless, this study is in an exploratory level, and more
advance probing with larger sample size is required to gain
concrete resolve.

CONCLUSION

MTA HP showed better push-out bond strength than its
predecessor, White MTA; however, Biodentine showed better
results than both MTA formulations.
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