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Abstract

This laboratory study aimed to evaluate the micro push-out bond strength of 3 sealers: AH Plus, Endosequence BC, and MTA Fillapex. The Finite
Element Analysis (FEA) was built and estimated micro push-out bond strength to the laboratory. Thirty extracted single-rooted lower premolars were
instrumented and divided into 3 groups. All root canals were obturated by warm vertical compaction technique using a match gutta-percha cone and 3 different
sealers: AH Plus, Endosequence BC, and MTA Fillapex (n=10 roots/ group). After 2 weeks incubation at 37°C and 100% humidity, three slices of 120.1 mm-
thickness were cut 3 locations: coronal, middle and apical, for the push-out bond strength test. The failure mode of the sample was examined under 10x
magnification. Three samples size 2x2x25 mm of each sealer were prepared and tested for modulus of elasticity, and then the FEA results analysis was created
under ANSYS workbench. The micro push-out bond strength was analyzed using one-way ANOVA, and the correlation between the laboratory and FEA was
evaluated by the Pearson correlation test. The significance was set at p<0.05. Results of the laboratory test showed that AH Plus and Endosequence BC sealers
had a superior micro push-out bond strength compared to the MTA Fillapex sealer (p<0.001), but there was no statistically significant difference between the
AH Plus and the Endosequence BC sealer (p>0.05). For the FEA, AH Plus presented the highest maximum micro push-out bond strength at the coronal dentine,
followed by Endosequence BC and MTA Fillapex sealer (2.48, 2.16 and 1.23 MPa, respectively). The same results were found at middle dentine (2.19, 2.09 and
0.70 MPa, respectively), and at apical dentine (1.72, 1.63 and 0.43 MPa, respectively). The micro push-out bond strength from the laboratory and FEA had
highly positive relationship (r=0.869). In conclusion, Endosequence BC exhibited a micro push-out bond strength comparable to AH Plus, surpassing MTA
Fillapex sealer. The FEA test presented a highly positive correlation in micro push-out bond strength with laboratory testing.
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Introduction

The primary purposes of endodontic treatment are
to eliminate and prevent infection of the root canal system,
which depends on debridement, shaping and obturation
procedures. Gutta-percha cones are the first choice as filling
material due to their suitable physical, chemical, and
biological properties. However, gutta-percha does not bond to
the root dentine, which works as a piston to pull sealer into
the small and irregular spaces of the root canal system and
attach to the root dentine surface.' AH Plus is an epoxy resin-

based sealer, which has been widely used and considered the

standard sealer.”> AH Plus bonds to radicular dentine by
forming a covalent bond with the collagen matrix.*’
However, the moist environment of the root canal will affect
the setting process, hence, the bond strength of AH Plus to the
dentine wall will be decreased.”” The calcium silicate-based
sealers have been developed to overcome the moist
environment of the root canal. Endosequence BC'™
(Brasseler, Savannah, GA, USA) and MTA Fillapex (Angelus,
Londrina, PR, Brazil) are two of the most famous calcium

silicate-based sealers in dental market. They presented an
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excellent flowing ability, releasing calcium ions and bonding
to the dentine by a biomineralization process.8 Therefore, it is
essential to compare the adhesion of these sealers to radicular
dentine, which will provide new information for clinical
choice.

The micro push-out test is a modification method
that evaluates the bond strength of root canal filling materials.
In this method, a loading force is applied on the root canal
filling materials through a plunger until the dislodgement
occurs.” The plungers are placed on the center of root canal
filling specimen, without making contact with the dentine
wall. This method allows for evaluating the bond strength of
the root canal filling materials and the failure mode of the
bonding interface.'™"" However, the micro push-out bond
strength test can be affected by various factors, including root
canal anatomy, plunger diameter and sample thickness.”"" In
order to minimize the factors that affect the micro-push out
test in individual tooth samples, the micro-computer is
involved in tooth model creation for the Finite Element
Analysis (FEA). FEA is an engineering method that is used
to determine the stress distribution when a force is applied to
a structure by the numerical analysis of complex structures
based on their material properties. The fundamental principle
of FEA involves dividing the problem domain into elements
and connecting each element through a node."” FEA analysis
is performed by creating a mesh that contains millions of
small elements to form the shape of a structure. " For the study
of root canal therapy, FEA simulates and analyzes the stress
within the root canal and on the root canal wall.'"* FEA was
also reported to simulate a push-out test by established 3
parameters: the diameter of the pin, the specimen's thickness,
and the elastic modulus of the intracanal filler.”

This study aimed to determine the micro push-out
bond strength of AH Plus, Endosequence BC, and MTA
Fillapex to root dentine and evaluate the relationship between
the laboratory and the FEA test. The null hypotheses tested
were: (i) There was no difference in the micro push-out bond

strength of three experimental sealers; (ii) There was no

correlation between the laboratory and the FEA test for micro

push-out bond strength.

Materials and methods

Sample of study

Thirty-extracted lower premolar teeth with a length of
at least 15 mm from Cemento-Enamel Junction (CEJ) to the
root apex were used. After extraction, the teeth were stored in
0.1% thymol solution for disinfection. Then, the teeth were
radiographed in mesiodistal and buccolingual directions to
evaluate root canal curvature. Roots with a single-rooted
canal and a curvature less than 5° according to Schneider’s
method were included.”

Instrumentation and obturation

The crowns were transversely sectioned 2 mm below
the CEJ with a diamond saw (Isomet 1000, Buehler, Lake
Bluff, NY, USA) at low speed under copious water cooling.
To determine the working length, a K-file n0.20 (SybronEndo,
Orange, CA, USA) was inserted into the root canal until the
tip of the file was observed at the apical foramen. The file was
removed from the root canal, and the length of the file was
measured using an endodontic ruler. Then, the working length
was determined by subtracting 1 mm from the file’s length.
Thirty canals were prepared by WaveOne™ rotary instrument
(Dentsply, Maillefer, Tulsa, Oklahoma, USA) to size 40/08.
The canals were irrigated between each file with 5 ml of 2.5%
NaOCl. To remove the smear layer, the root canals were
irrigated with 5 ml of 17% EDTA followed by 5 ml of 2.5%
NaOCl. The teeth were randomly divided into three groups
(n=10). Then, the canals were filled using a match gutta-
percha cone (Large Wave One™ obturation, Dentsply,
Maillefer, Tulsa, Oklahoma, USA)) and warm vertical
compaction technique with one of 3 kinds of sealer.

Group 1: The canals were obturated by gutta-percha cone
and AH Plus™ Jet (Dentsply Maillefer, Tulsa, Oklahoma, USA)

Group 2: The canals were obturated by gutta-percha cone
and Endosequence BC™ (Brasseler, Savannah, GA, USA)

Group 3: The canals were obturated by gutta-percha
cone and MTA Fillapex (Angelus, Londrina, PR, Brazil)




Sealers were prepared according to manufacturers’

instructions. AH Plus" was mixed using the AH Plus Jet
mixing system with the intraoral tip. MTA Fillapex came with
auto mix syringe while Endosequence BC™ was a ready
mixed sealer (Table 1). The sealer was inserted into the canal

using a K-file no.40, the master cone was also lightly coated

Table 1

with sealer and seated to working length in a slow plunging
motion. The main cone was cut until 4 mm left at apical with
System B endodontic cordless unit (SybronEndo, Orange,
CA, USA) and filled up the rest of the canal with
thermoplasticised gutta percha with System B endodontic
cordless fill unit (SybronEndo, Orange, CA, USA).

Root canal sealers used in this study, with their respective manufacturer, composition and batch number.

AH Plus Paste A: Bisphenol-F epoxy resin, calcium tungstate, zirconium oxide, 0705000020
(Dentsply Maillefer, Tulsa, silica, iron oxide, pigments
Oklahoma, USA) Paste B: Dibenzyldiamine, aminoadamantane, tricyclodecanediamine,

calcium tungstate, zirconium oxide, silica, silicone oil y !""'"'"'J p—
Endosequence BC Zirconium oxide, filler, calcium silicates, calcium phosphate, calcium 15223-1

(Brasseler, Savannah, GA, USA) hydroxide, thickening agents

MTA Fillapex

(Angelus, Londrina, PR, Brazil) nanoparticles, MTA, pigments

Salicylate resin, resin diluent, natural resin, bismuth oxide, silica

Preparation of samples for micro push-out bond
strength testing

After the obturation process, all roots were
radiographed at labiolingual and mesiodistal directions to
verify the quality of root canal filling. The canal orifices were
restored with Cavit (3M ESPE, Seefeld, Germany). All
samples were placed at 37°C in 100% humidity for 2 weeks
to allow for complete setting of root canal sealers. Then, each
root was sectioned perpendicular to the long axis at 2 mm
(apical), 7 mm (middle) and 12 mm (coronal) from the apex
using a diamond saw (Isomet 1000, Buehler, Lake Bluff, NY,
USA) under continuous water cooling. The thickness of the

root sections was 1+ 0.1mm. Thirty slices per group were

tested for micro push-out bond strength.

The micro push-out bond strength testing

Each root section was mounted on a rigid metal plate
with the apical side facing to the plunger. The root canal was
centered above an opening hole of the metal plate to allow the
filling material to fall from the canal. The micro push-out test
was performed by applying a compressive load to the apical
side of each section by using plungers. The diameter of
plungers was selected according to the root canal diameter of
the slice: 0.8 mm for the coronal dentine, 0.5 mm for the
middle dentine and 0.3 mm for the apical dentine section
(Figure 1). The micro push-out bond strength was measured
using a universal testing machine (LR30K, Ametek Inc,
Pennsylvania, USA) with a crosshead speed of 0.5 mm/min.
The maximum force (F-max) was recorded in Newton (N)
and transformed to Mega-Pascal (MPa) according to the

following equation:




The micro push-out bond strength (MPa)=F,__/ A
A was sealer adhesion area in mmz, which was

calculated using the following equation:

A= TR + 1) [h*+ (R-1)*]*

LOAD CELL

TU = 3.14; R = radius of the canal in the coronal side;
r = radius of the canal in the apical side; h = height of the
specimen.16 The radius of the coronal and apical sides in each
specimen was measured under the stereomicroscope

(Olympus, Tokyo, Japan).
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Figure 1 The illustration of micro push-out bond strength testing. The root section was affixed onto a rigid metal plate, with the apical side oriented

towards the plunger. The plunger was positioned at the center of the root canal (left image). Plunger diameters were chosen as follows:

0.8 mm for coronal dentine (A), 0.5 mm for middle dentine (B) and 0.3 mm for apical dentine section (C) (right image).

After the laboratory test, the root section was
evaluated with a stereomicroscope at 10x magnification to
detect the failure mode between the filling material and the
root canal wall.” The failure mode was classified as follows:
cohesive, adhesive, or mixed.

- Adhesive: The sealer was totally removed from the
root canal dentine wall.

- Cohesive: The fracture occurred within the material,
with the sealer covering the dentine.

- Mixed: Mode was a combination of two kinds of
failure: adhesive and cohesive.

Young’s modulus and Poisson’s ratio

Nine bar shape specimens were prepared using
stainless steel mold with the dimensions 25x2x2 mm according
to 1S04049/2000" from the AH Plus, Endosequence BC and
MTA Fillapex sealer. After specimens were set, they were

removed from the mold and stored at 37°C and 95% humidity

for 2 weeks to allow complete setting. The three-point bending
test was prepared using the universal testing machine (LR30K,
Ametek Inc, Pennsylvania, USA) with a crosshead speed of 0.5
mm/min and the load cell set at SON for maximum load. The
maximum values were recorded in Newton (N), and Young’s

modulus was determined as follows:

E=FL’/4bH’d

Where F was the maximum load; L was the distance
between the support; b was the width of the specimen; H was
the height of the specimen; d was the deflection corresponding
to load F."”

The Poisson’s ratio was calculated as the transverse to
the longitudinal strain, derived from the model validation

from the ANSY'S workbench program in FEA.




Finite element analysis

A three-dimensional sample of a lower premolar
tooth was created from a Micro CT scan (Skyscan Micro-CT,
Kontich, Belgium) and sectioned into 1 mm-thick slices
perpendicular to the longitudinal axis of the root,
corresponding to the laboratory preparation level. The FEA
models consisted of root dentine, sealer, and gutta-percha.
The simulation model had a thickness of 1 mm, with an
additional 0.01 mm layer of endodontic sealer. The FEA

model was fixed at the outermost of the root dentine surface,

Table2  Young’s modulus and Poisson’s ratio

and the nodal force was applied only to endodontic materials.
In the FEA analysis, Young’s modulus and Poisson’s ratio of
the sealers were determined through a three-point bending
test, while the values for dentine and gutta-percha were
derived from a previous study (Table 2).” The FEA results
were presented in terms of the maximum shear stress area
within the sample considered as a push-out test since this test
is modified from the punch shear test as its more suitable test
for evaluating the bond strengths of intracanal filling

. 21
materials.

AH Plus
Endosequence BC
MTA Fillapex
Dentine
Gutta-percha

* From the laboratory, **From a study of Belli et al, 2014”

Correlation between laboratory and FEA test

The means of the micro push-out bond strength of 3
experimental sealers in 3 regions (coronal, middle and apical)
were utilized to establish a comparison and determine their
correlation with the FEA test results through the Pearson
correlation test.

Statistical analysis

Homogeneity and normality of data were tested by
Levene’s and Kolmogorov-Smirnov’s tests. The outcome
data of the micro push-out test were analyzed statistically by
one-way analysis of variance (ANOVA). The correlation
between the laboratory and FEA findings was examined using
the Pearson correlation test. The level of statistical

significance was set at 00=0.05.

Table 3

Micro push-out bond strength in the laboratory

Coronal (n=10)

(Mean + SD)
AH Plus 1.22°£0.14
Endosequence BC 1.13°+0.18
MTA Fillapex 0.50°+0.08
p-value <0.001

0.074-0.079**

0.48* 0.1*
0.44* 0.1*
0.12* 0.1*
18.6%* 0.31**

0.45%*

Results

Micro push-out bond strength (Laboratory)

The mean values of micro push-out bond strength
(in MPa) for each group were found in Table 3, which
presented a comparison among different sealers. The
laboratory tests revealed that AH Plus sealer exhibited the
highest mean push-out bond strength across all three root
regions. In contrast, MTA Fillapex sealer demonstrated
significantly lower micro push-out bond strength than AH
Plus and Endosequence BC sealers in all three root regions
(p<0.001). Nevertheless, no statistically significant difference
was observed between AH Plus and Endosequence BC

sealers (p>0.05) in any of the three root regions (Table 3).

Middle (n=10) Apical (n=10)

(Mean + SD) (Mean + SD)
0.61"+£0.10 0.39"+ 0.04
0.56 +£0.06 0.37°+0.08
0.19°+0.06 0.16°+0.06

<0.001 <0.001

Groups with different superscript letters indicate a statistically significant difference within the same column (p<0.001).




Micro push-out bond strength (FEA)

The FEA test results indicated that AH Plus
exhibited the highest micro push-out bond strength (MPa)
among the three root regions, while MTA Fillapex displayed
the lowest bond strength, as detailed in Table 4 and Figure 2,

Figure 3, and Figure 4.

Table 4

Coronal

AH Plus 2.48/0.01
Endosequence BC 2.19/0.003
MTA Fillapex 1.72 /0.005

0.24385
0.010174 Min

®)

0.000 3.000 (mm)

(Maximum / Minimum)

Correlation between laboratory and FEA test

The Pearson correlation test assessed the correlation
between the laboratory and the FEA test results. The findings
demonstrated a highly positive relationship between both
tests, with a correlation coefficient of r=0.869 and a

significance level of p<0.001.

The maximum and minimum micro push-out bond strength in the FEA.

Middle Apical

(Maximum / Minimum) (Maximum / Minimum)
2.16/0.01 1.23/0.005
2.09/0.003 0.70/0.001
1.63/0.005 0.43/0.001

©

3.000 (mm) 0.000 3.000 (mm)

1.500 1.500

Figure 2 The maximum and minimum shear stress (MPa) in FEA at coronal in the AH Plus (A) Endosequence BC (B) and MTA Fillapex (C).

3.000 (mm) (C) 0.000
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3.000 (mm)
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Figure 3 The maximum and minimum shear stress (MPa) in FEA at middle in the AH Plus (A) Endosequence BC (B) and MTA Fillapex (C).
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Figure 4 The maximum and minimum shear stress (MPa) in FEA at apical in the AH Plus (A) Endosequence BC (B) and MTA Fillapex (C).




Failure mode

Endosequence BC; coronal dentine 60%, middle dentine 60%

A stereo microscope at 10x magnification was used  and apical dentine 80%). In contrast, the MTA Fillapex sealer

to examine the failure mode of sealers. The failure mode of  showed mostly adhesive failure (100% at coronal dentine,

the AH Plus and Endosequence BC sealers showed 80% at middle dentine and 80% at apical dentine) at the

predominantly cohesive failure (AH Plus; coronal dentine  dentine-sealer interface (Figure 5).

50%, middle dentine 50% and apical dentine 70%,

Group
Adhesive failure
AH Plus
Coronal 30%, Middle 40%,
Apical 30%
Endosequence
BC
Coronal 40%, Middle 30%,
Apical 20%
MTA
Fillapex

Coronal 100%, Middle 80%,
Apical 80%

Failure

Cohesive failure Mix failure

Coronal 50%, Middle 50%, Coronal 20%, Middle 10%,
Apical 70% Apical 0%

Coronal 60%, Middle 60%, Coronal 0%, Middle 10%,
Apical 80% Apical 0%
o Wy
- 4
/ )
5 y
¥ s
” ‘: " J ’I(
Coronal 0%, Middle 10%, Coronal 0%, Middle 10%,
Apical 20% Apical 0%

Figure 5 The failure mode of sealers at 10x magnification at coronal, middle and apical sections in percentage.




Discussion

This study compared the micro push-out bond
strength of 3 kinds of root canal sealer and found a correlation
between laboratory and FEA tests. According to the results
obtained, the null hypothesis tests were rejected, as the one-
way ANOVA and the Pearson correlation test confirmed
differences in the micro push-out bond strength among three
experimental sealers and a correlation between the laboratory
and FEA.

The morphology of root canals varies among tooth
type and location. In this study, the anatomic features of the
lower premolar root canals were standardized by a proper
radiographic examination performed in mesiodistal and
buccolingual directions. Furthermore, we used the straight or
slight curvature root to eliminate the influence of canal
curvature. A large rotary file was used to complete the
shaping process to create a round canal, replacing the ones
with large oval canals or flattened roots. Importantly, the
three different punch sizes were used according to the canal
size: 0.8 mm for coronal dentine, 0.5 mm for middle dentine
and 0.3 mm for apical dentine. The same punch size to the
root canal wall was crucial to cover all the test material and
reduce the excessive force surrounding the canal wall.

The AH Plus sealer showed the highest micro
push-out bond strength at three regions of all experimental
sealers. This study’s result corroborates with previous

22-25
reports.

AH Plus shows good flow and adequate setting
time, allowing it to penetrate the dentinal tubules and lateral
canals. Besides, AH Plus can create a covalent bond with
amino groups of collagens in root dentine. These phenomena
will increase the bond strength and improve the sealing ability
by mechanical interlocking.’*”" Similar results were also
found in previous studies, which confirmed that the push-out
bond strength of the AH Plus sealer was higher than other
sealers.”®” In this study, although a higher micro push-out
bond strength was found in the AH Plus sealer, there was no
statistical difference between the AH Plus and Endosequence
BC sealer (p>0.05). Previous study also reported no
significant difference in push-out bond strength of the AH

Plus and the Endosequence BC.” However, some authors

found the opposite results when they concluded that

Bioceramic-based sealer presented a superior bonding force
compared to AH Plus sealer. Endosequence BC can release
calcium hydroxide and interact with phosphate in the dentine
wall to form a hydroxyapatite layer on the canal wall and
improve the bond strength.”*

MTA Fillapex sealer showed the lowest micro
push-out bond strength with a statistically significant
difference from the AH Plus and Endosequence BC sealer
(p<0.001). The low bond strength can be explained by short
resin tag formation in dentinal tubules and a high shrinkage
rate during the setting process.24 Previous studies confirmed

that MTA Fillapex presented the lowest bond strength to the
A weak bonding between the MTA

6,24,25,31,33,34
root canal wall.

Fillapex and dentine wall resulted from the composition of
this sealer. The salicylate resin is added to the MTA in a ratio
of 1:1, which allows MTA to be used as a root canal sealer.”
The high percentage of salicylate resin in MTA Fillapex is
responsible for its properties, such as long setting and
working times, excessive flowability, and solubility. The
decrease in volume following the setting time is found in

. .. 35,36
salicylate-containing root canal sealers.

This shrinkage
will lead to the formation of short sealer tags in the dentinal
tubules and increase the risk of sealer detachment from the
root surface.”’

The comparisons in the root sections showed the
highest micro push-out bond strength at the coronal region,
followed by the middle and at least in the apical part with a
statically different (p<0.001) (Table 3). The reason for this
finding may be the dentinal tubules are greater and denser in
the coronal region.38 In the apical area, the root canal exhibits
a narrower diameter, resulting in diminished smear layer
removal.” Conversely, the ease of removing the smear layer,
combined with larger tubule dimensions in the coronal
dentine, can improve the depth and percentage of sealer
penetration into the dentinal tubules when compared to the
middle and apical dentine."”** This improvement will
increase the adhesion ability of the sealer to the root canal

wall and prevent the dislodgement of the material filling in

the root canal.




Enhancing the bonding interface between sealer and

dentine wall is always the crucial goal in development process
of sealer. A high bonding will reduce the risk of creating root
canal gaps. In this study, AH Plus and Endosequence BC
sealers showed predominantly cohesive failure. In
comparison, MTA Fillapex sealer showed that the most
common failure mode was adhesive failure in the dentine-
sealer interface. This phenomenon could be explained by a
difference in micro push-out bond strength of 3 kinds of
sealer. MTA Fillapex illustrated the lowest bond strength, so
bond failure was usually present in the dentine-sealer
interface because the low push-out bond strength
corresponded with adhesive failure and dislodgement at the
dentine-sealer interface.”** AH Plus and the Endosequence
BC presented a superior bond strength to the dentine wall,
therefore the bond failure usually occurred in the gutta-percha
cone-sealer interface, ******

In root canal treatment, if endodontic materials have
a modulus of elasticity similar to dentine (10-20 GPa), a
monoblock unit can be created in the root canal sys‘[em.47 The
monoblock unit can prevent stress concentration at their
interfaces, reinforce root and reduce tooth fracture in the
masticatory and restorative procedure.‘";'51 Gutta-percha and
sealers have been accepted as the standard material in
endodontics, so sealers should have the same physical
properties as dentine. However, no information has been
available for the modulus elasticity of the AH Plus,
Endosequence BC and MTA Fillapex sealers. In this study,
the three-point bending test showed that the modulus of
elasticity in the AH Plus, Endosequence BC and MTA
Fillapex sealers were 0.48, 0.44 and 0.12 GPa, respectively.
The modulus of elasticity of experimental sealers was much
lower than dentine (18.6 GPa) but relatively higher than
gutta-percha (0.074-0.079 GPa).” The modulus of elasticity
of root canal filling and sealer should be close to dentine to
distribute stress and prevent root susceptibility to fracture.”
Therefore, with a relatively low modulus of elasticity of the
three sealers, these would not be able to resist fracture of root

dentine. Poisson’s ratio is a mechanical parameter describing

the material’s elasticity property. In the laboratory, it has a
value between 0.0-0.5. The model validation of three sealers
showed a Poisson’s ratio value of 0.1 and correlated to the
brittle material.” Therefore, the monoblock concept of root
canal filling to enhance fracture properties of root dentine has
been questioned.54

In this study, the results of the FEA test were higher
than in a laboratory. FEA was a computerized simulating
program that could define a specific position, direction, and
magnitude of the force with no confounding factor.”
However, the relationship between the micro push-out bond
strength from the laboratory and FEA with Pearson
correlation had a strong positive relationship (r=0.869 and
p<0.001). With the high correlation, the FEA test can possibly
substitute laboratory study for evaluating new material micro
push-out bond strength by adding Young's modulus and
Poisson's ratio of each new material. The advantages of the
FEA method not only help eliminate the limitations of
laboratory tests, such as the variability of root canal samples
and technique sensitivity of laboratory study, but also reduce
cost and time in laboratory work. Although FEA is a useful
and multifunctional technique, it has some limitations. The
precise simulation of the structure of teeth remained a
challenge for FEA. Furthermore, most of FEA experiments,
this could assume that the distribution of forces on the canal
surface is uniform.® The FEA technique is not clinically

applicable compared with the conventional laboratory study.

Conclusion

In the confines of this in-vitro study, the findings
indicated that Endosequence BC exhibited a comparable
micro push-out bond strength to AH Plus, surpassing MTA
Fillapex sealer. Consequently, Endosequence BC emerged as
a superior choice for root canal treatment. Additionally, FEA
proved a valuable tool for assessing the push-out bond
strength of root canal filling materials, given its strong

correlation with laboratory testing.




Clinical relevance

Endosequence BC sealer should be regarded as

superior material options, particularly due to their high micro

push-out bond strength to root dentine, effectively mitigating

factors contributing to post-treatment failure.
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