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ABSTRACT

Ee use of an adequate method for evaluation of the adhesion of root canal filling materials provides more reliable results to allow
comparison of the materials and substantiate their clinical choice. The aims of this study were to compare the shear bond strength
(SBS) test and push-out test for evaluation of the adhesion of an epoxy-based endodontic sealer (AH Plus) to dentin and gutta-
percha, and to assess the failure modes on the debonded surfaces by means of scanning electron microscopy (SEM). Three groups
were established (n=7): in group 1, root cylinders obtained from human canines were embedded in acrylic resin and had their canals
prepared and filled with sealer; in group 2, longitudinal sections of dentin cylinders were embedded in resin with the canal surface
smoothed and turned upwards; in group 3, gutta-percha cylinders were embedded in resin. Polyethylene tubes filled with sealer
were positioned on the polished surface of the specimens (groups 2 and 3). The push-out test (group 1) and the SBS test (groups 2
and 3) were performed in an Instron universal testing machine running at crosshead speed of 1 mm/min. Means (£SD) in MPa were:
G1 (8.8£1.13), G2 (5.9+1.05) and G3 (3.8+0.55). Statistical analysis by ANOVA and Student’s t-test (0=0.05) revealed statistically
significant differences (p<0.01) among the groups. SEM analysis showed a predominance of adhesive and mixed failures of AH
Plus sealer. The tested surface affected significantly the results with the sealer reaching higher bond strength to dentin than to gutta-
percha with the SBS test. The comparison of the employed methodologies showed that the SBS test produced significantly lower
bond strength values than the push-out test, was skilful in determining the adhesion of AH Plus sealer to dentin and gutta-percha,
and required specimens that could be easily prepared for SEM, presenting as a viable alternative for further experiments.
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INTRODUCTION

The endodontic treatment is completed by the three-
dimensional filling of the root canal system, which provides
adequate sealing of the dentin structures after
chemomechanical preparation. Root filling is achieved with
the association of a solid filling material, such as gutta-percha
or, more recently, Resilon®?”? and a root canal sealer. Ideally,
one of the key roles of the sealer is to aggregate the root
filling material and maintain it as compact mass with no gaps,
which adheres to the canal walls and provides a single block
configuration that seals hermetically the canal space®'. This
adhesion process involves mechanical forces that yield the
intertwining of the material with the dentin structures' and
may result in a greater sealing ability, thus reducing the risk
of root canal microleakage and maintaining a cohesive filling

mass®.

Several studies have investigated the adhesion of different
types of root canal sealers to root dentin and gutta-
percha*!:1920222¢ Although the American Dental Association?
has issued a series of regulations and tests for study of the
physical properties of root canal sealers, adhesion tests have
not yet been standardized because no consensus on test
parameters has been reached among researchers. Moreover,
the divergent results obtained in the studies and the difficulties
in testing materials with great plasticity, such as gutta-percha
and Resilon®, or materials with high modules of elasticity,
such as radicular posts, have led to the development of
different methodologies for determining the bond strength of
endodontic sealers to coronal or root dentin”*!**2, Among
the mechanical tests, stands out the shear bond strength (SBS)
test, in which the force is applied parallel to the interface
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between the material and the tested surface’. This test has
been used to measure the bond strength of endodontic sealers
to dentin and gutta-percha or, more recently, for Resilon® and
has been proven effective and reproducible’!*!12526, On the
other hand, the push-out test allows an accurate
standardization of the specimens?? while the micro-push-
out test, for use in smaller areas, yields the development of a
more uniform shear strength without the interference of the
tensile component, thus producing a stress more reliably
directed at the adhesive interface®'>!"?%, However, test models
cannot reproduce the exact clinical conditions, mainly because
root dentin is not uniform and the surface of the canal walls
prepared during the endodontic treatment differ
considerably?'. Root canal dentin cylinders with a post space-
like cavity, as used in the push-out test*, is an interesting
option to test resin-based root canal sealers and radicular posts.
Nevertheless, the use of flat root dentin surfaces would be a
viable alternative to test resin materials®, as well as other
materials with less cohesive strength, such as gutta-percha
and non-resin sealers, allowing comparison of the results by
the same methodology?.

The use of an adequate method for evaluation of the
adhesion of root canal filling materials provides more reliable
results to allow comparison of the materials and substantiate
their clinical choice. Therefore, the primary goal of this study
was to compare the SBS test and push-out test in their ability
to measure accurately the bond strength of a resin-based
endodontic sealer (AH Plus) to dentin and gutta-percha. The
secondary goal of this study was to assess the failure modes
on the debonded surfaces by scanning electron microscopy
(SEM).

MATERIAL AND METHODS

Eleven extracted noncarious human maxillary canines
were stored in 0.1% thymol diluted in saline at 4°C and used
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displaced sealer ~_
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within 3 months following extraction. The teeth were sectioned
transversally at the cementoenamel junction and at the root
tip with a low-speed diamond saw (Isomet; Buehler, Lake
Bluff, IL, USA) to produce 7-mm root cylinders. Three groups
were formed, according to the type of adhesion methodology
and test surface, as follows: Group 1: push-out test, dentin;
Group 2: SBS test, dentin; and Group 3: SBS test, gutta-
percha.

Push-out test, Dentin (Group 1)

Seven dentin cylinders were centered in aluminum rings
(16 mm diameter; 7 mm height) and embedded in acrylic
resin, with the coronal side turned upwards. The aluminum
rings containing the dentin cylinders were placed in a
parallelometer and their coronal and apical surfaces were
flattened and made parallel, until a final height of 6.8 mm
was obtained. Each specimen was mounted in a specific
apparatus that maintained it in a vertical position, parallel to
the long axis of the tooth and to the root canal (Figure 1). The
root canal diameter was enlarged using a low-speed handpiece
and a conical diamond bur (893-047; Brasseler, Savannah,
GA, USA). The depth of penetration of the bur was determined
by the tip of its active part, which was leveled with the
specimen’s surface, and a standard conical shape was prepared
with the following dimensions: height=6.80 mm; larger
diameter=2.60 mm; and smaller diameter=1.90 mm. During
preparation, the canals were irrigated with distilled water. The
root canals were filled with AH Plus endodontic sealer
(Dentsply, De Trey GmbH, Konstanz, Germany) using a
syringe, stored in a humidifier at 37°C for 24 h for complete
sealer setting and thereafter dried and subjected to the push-
out test (Figure 1).

A stainless steel support was used to hold the specimens
(aluminum ring + dentin cylinder) in a universal testing
machine (Model 4444; Instron Inc., Canton, MA, USA)
equipped with a load cell of 2000 N, and running at a cross-
head speed of 1 mm/min, in such a way that the side with the
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FIGURE 1- Schematic drawing of the push-out test
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smaller diameter of the root canal faced upwards and was
aligned to the shaft that would exert pressure load on the sealer
(apicocoronally). The tip of apparatus used for load
application in the push-out test had diameter of 1.7 mm; the
smaller end of the dentin sample (where the tip was placed)
was 1.9 mm in diameter, leaving a thin cement layer (0.1
mm) surrounding the tip. This method assured the alignment
of the specimen in a reproducible manner, and also avoided
contact of the shaft with the dentin during testing. After
pressure was applied, the load required to dislodge or fracture
the sealer was recorded in MPa.

Shear bond strength test, dentin (Group 2)

The remaining 4 dentin cylinders were sectioned
longitudinally, producing 8 hemi-sections. One hemi-section
was discarded and 7 hemi-sections were used for specimen
preparation. The hemi-sections were centered in aluminum
rings (diameter=16 mm and height=7 mm) and embedded in
acrylic resin with the root canal surface upwards. After resin
polymerization, the dentin side of the specimens was ground
with wet 100-grit sandpaper to flatten the surface and then
submitted to 15-s polishing cycles with wet 180-, 220-, 300-
,400- and 600-grit sandpaper, sequentially. Polyethylene tubes
(length=7 mm; inner diameter=3 mm; outer diameter=4 mm)
were filled with AH Plus sealer (Dentsply, De Trey GmbH,
Konstanz, Germany) with a syringe and carefully placed with
one open side contacting the polished flat dentin,
perpendicular to its surface. The specimens were stored in a
humidifier at 37°C for 24 hours, and thereafter dried and
subjected to the SBS test.

A stainless steel support was used to hold the specimens
that were screwed into the base and aligned with the loading
axis of a Bencor Multi-T testing assembly (Danville
Engineering, San Ramon, CA, USA). A wire loop prepared
from a nylon thread (0.60 mm in diameter) was wrapped
around the bonded assembly so that it was as close as possible
to dentin (Figure 2), in such a way that the load would be

Aluminum ring

Gutta-percha disc or
root hemi-section

applied with the least possible variations. The universal testing
machine (Model 4444) was calibrated at crosshead speed of
1 mm/min and a tensile load was applied to produce a shearing
force that resulted in debonding of the root hemi-section along
the AH Plus sealer interface. Interfacial shear strength was
calculated by dividing the maximum load recorded on failure
with the circular bonding area and expressed in MPa.

Shear bond strength test, gutta-percha (Group 3)
Seven specimens were fabricated as follows: a red wax
cylinder (diameter = 6 mm and height =3 mm) was centered
in an aluminum ring (diameter = 16 mm and height =7 mm)
and acrylic resin was poured over the wax until the cylinder
was filled. After resin polymerization, the wax was removed
and replaced by gutta-percha. Standardized size 80 cones of
gutta-percha (Hygienic Corp., Akron, OH, USA) were
softened by short immersion in a thermostat controlled water
bath (45 + 3°C), and compacted with a larger plugger into the
previously described cavity. A glass plate was placed over
this set until the gutta-percha hardened. The specimens were
polished to ensure flattened surfaces in the same way as
described for Group 2. Polyethylene tubes containing AH Plus
sealer were centered on the gutta-percha and allowed to set
as described above. Next, the specimens were dried and
subjected to SBS test, as described for Group 2 (Figure 2).

Specimen Preparation for Scanning Electron
Microscopy Analysis

The dentin cylinders from group 1 were sectioned
longitudinally to its long axis to make possible the
perpendicular analysis of dentin surface. In all groups, the
debonded surfaces were dried, mounted on aluminum stubs,
sputter-coated with gold/palladium (Bal-Tec SCD 005, Bal-
Tec Co., Balzers, Liechtenstein) and analyzed with a scanning
electron microscope (Philips SEM XL 30; Philips, Eindhoven,
The Netherlands) to determine the failure mode: adhesive (at
dentin/sealer or gutta-percha/sealer interface), cohesive in the

Force

Wire loop wrapped
around the bonded
assembly

Polyethylene tubes
filled with sealer
for testing

FIGURE 2- Schematic drawing of the SBS test. Placement of a nylon wire as close as possible to the gutta-percha disc or root
hemi-section and stressing of the bonded assembly to failure in a universal testing machine
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sealer, and mixed (adhesive and cohesive) (11).

Statistical Analysis

In each set of data, the coefficient of variation was
calculated as a parameter of consistency or reproducibility of
the adhesion. Kolmogorov-Smirnov test was used to assess
whether data distribution was normal. Bond strength means
were analyzed statistically by the Student’s t-test, with the
significance level set at oc = 0.05.

RESULTS

Shear bond strength and push out tests

For the tested methodologies, no early specimen failure
was observed during sealer insertion and setting, prior to the
tests. The results of the push-out and SBS tests are shown in
Table 1. The Kolmogorov-Smirnov test revealed that data
distribution was normal and the variation coefficients were
12.84%, 17.79% and 14.47% for groups 1, 2 and 3,
respectively. There was statistically significant difference
(Student’s t-test; P=0.0004) between group | (push-out test/
dentin) and group 2 (SBS/dentin), the push-out test presenting
higher mean. The type of tested surface also affected

significantly the bond strength means (Student’s t-test; P =
0.0005), group 2 (SBS test/dentin) presenting higher mean
than group 3 (SBS test/gutta-percha).

SEM Analysis

The results of the failure modes analysis are show in the
Table 2. The analysis of the debonded surfaces by SEM
revealed that, regardless of the tested surfaces (dentin or gutta-
percha), there was a predominance of the mixed failure mode
(adhesive failure of the sealer on center of the specimen and
cohesive failure on its borders) in the groups submitted to
shear bond strength test (Figure 3A-D). For the specimens
submitted to the push-out test, adhesive failures of the sealer
were predominately observed. However, some specimens
exhibited cohesive failures on the outer apical region (Figure
4A,B).

TABLE 1- Bond strength means (MPa) and standard deviations (SD) of AH Plus sealer to dentin after push-out test (G1) and

to dentin and gutta-percha after SBS test (G2 and G3)

Samples G1
Push-out test/dentin

8.9
8.0
9.8
10.4
7.5
9.2
7.6
8.8+ 1.134

NOoO OOk ODN -~

Mean * SD*

G2 G3
SBS test/dentin SBS test/gutta-percha
7.2 44
5.0 3.7
4.7 3.6
5.4 2.8
6.0 3.6
7.5 4.0
5.6 43
5.9+ 1.0582 3.8+0.55°

*Different letters indicate statistically significant difference (p < 0.05)

TABLE 2- Failure modes observed on the debonded specimens of the three experimental groups

Groups Adhesive/dentin (%)

Adhesive/gutta-percha (%)

Mixed (%) Cohesive/sealer (%)

G1 571
Push-out

test/dentin

G2 28.6
SBS

test/dentin

G3 -
SBS test/

gutta-percha

28.6 14.3

71.4 -

571 -
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FIGURE 3- Representative debonded surfaces after SBS test. (A) AH Plus sealer with cohesive failure of the sealer close to
the borders (SE, x15). (B) Dentin surface exhibiting fractured cement (arrows) adhered to the surface (SE, x15). (C) Surface
of a gutta-percha specimen where mixed failure occurred, with sealer failure on the borders of the circle formed by the
polyethylene tube (SE, x15). (D) Greater magpnification of the area delimited in C, confirming the presence of sealer remnants
adhered to gutta-percha surface (BSE, x1000). S = AH Plus sealer, G = gutta-percha

Ilmm ©OO0OB0O3

10pm 000003

15kV X1,0080

FIGURE 4- (A) Representative sample of AH Plus sealer post after debonding by the push-out test. (SE, x15). There was
cohesive failure of the sealer on the outer apical region (arrows). (B) Representative dentin of the root canal, partly covered by

sealer after the push-out test (SE, x1000)
DISCUSSION

Bond strength of endodontic sealers to dentin and root
canal filling material has been extensively
investigated’14181920242530 " Nevertheless, few studies have
attempted to establish a methodology that would provide a
more standardized test model, and overall investigated the
adhesion of endodontic sealers to the coronal dentin rather
than root dentin'3?>3°, Other studies have tested coronal dentin
discs cemented to gutta-percha discs'**. However, not using

root canal dentin for conduction of these tests could mask
some results due to the structural differences between coronal
and intra-radicular dentin®'.

The primary objective of the present study was to compare
the SBS test to the push-out test regarding their ability to
measure accurately the bond strength of AH Plus resin-based
sealer to dentin and gutta-percha. Therefore, unlike previous
study models, the present work not only used root canal dentin
(rather than coronal dentin), but also obtained results derived
from the application of shearing forces (rather than tensile
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forces). In another study? that evaluated the effect of dentin
pretreatment on the adhesion of root canal sealers, the dentin/
sealer/gutta-percha interface was tractioned until failure with
application of the tensile load in the same direction as that of
the dentin tubules. In the present study, the load was applied
perpendicular to the dentin tubules, which simulates the real
forces that act inside the root canal?*. Furthermore, the tensile
bond strength test is more sensitive than the push-out test, in
such a way that even small changes in the specimen or in
stress distribution during load application affect significantly
the results?®%.

The push-out test used in this study was performed on
specimens obtained from the cervical and middle root thirds
of human canines. Others authors®* have pointed out the
advantages of this method, including the possibility of placing
the sealer in direct contact with the intracanal dentin walls,
instead of a flat coronal dentin surface, which presents a
different tubule arrangement pattern. Additionally, when the
specimen is filled with sealer, the material accommodates to
the canal shape and penetrates into the dentinal tubules,
promoting mechanical retention similar to that of clinical
conditions. However, this method is not advisable for plastic
materials, such as gutta-percha or Resilon®.

The use of SBS test with flat intra-radicular dentin
specimens allows assessing the bond strength of materials
with greater plasticity, such as gutta-percha. Another
advantage of using flat surfaces is the ease of specimen
standardization®, which allows comparing the bond strength
of root canal sealers not only to dentin, but also to other root
canal filling materials'’. In the present study, flat surfaces were
used to assess the SBS of AH Plus sealer to root canal dentin
and gutta-percha.

On the other hand, a major problem of the shear testing is
that it is difficult to align closely the shear-loading device
with the adhesive interface’. If the load is offset away from
the interface, a bending moment will be created which could
cause some deviation in the results'2. In this experiment, the
use of a wire loop prepared with a nylon thread as close as
possible to the tested interface (Figure 2) in order to apply
the shear load with the least possible variations.

The bond strength means of AH Plus sealer obtained with
the SBS test on flat surfaces (group 2/dentin or group 3/gutta-
percha) were lower than those recorded with the push-out
test (group 1). AH Plus is an epoxy-based endodontic sealer
that is used with gutta-percha in vertical or lateral compaction
techniques. Although AH-Plus has adequate long-term
dimensional stability, its sealing ability remains controversial
partly because AH-Plus does not bond to gutta-percha. Despite
this, AH Plus has been shown to provide adhesion to dentin
and better long-term sealing ability due its reported expansion
over time'*'®. Even though the bond strengths were not very
high in either of the methods used in this experiment, the low
standard deviations indicate that the means recorded with both
tests were homogeneous (Table 1). Moreover, our results are
in agreement with those of previous studies that have reported
low bond strengths for epoxy resin sealers to gutta-percha?
and dentin’$2628,

A possible explanation for the higher bond strengths

recorded with the push-out test (Group 1) compared to the
SBS test with flat surfaces may be the shape of the cavity and
the mode of specimen fabrication. The preparation of the canal
space produces a series of variables that may affect the results,
including C factor configuration and polymerization shrinkage
of resin-based materials**!>!”. In the specimens subjected to
the push-out test, canal preparation resulted in an
approximately 7-mm deep confined cavity, and it may be
hypothesized that the cavity shape may have exerted a friction
effect on the sealer. According to another study’, friction has
a significant role on the bond strength of cemented intra-
radicular posts. Likewise, it may be speculated that the sealer
is also subjected to these friction forces in the push-out test.

During chemomechanical preparation of root canals,
smear layer is formed on the dentin walls. Treatment of the
intra-radicular dentin with chemicals that remove the smear
layer, such as, ethylenediaminetetraacetic acid (EDTA) and
sodium hypochlorite, may affect bond strength. While some
studies have found higher bond strengths with AH Plus sealer
when the smear layer was maintained?*?, others have reported
higher bond strengths after smear layer removal’. Given that
no surface treatment other than polishing, rinsing with distilled
water and drying could be performed on the gutta-percha
specimens, dentin surface was treated in the same way for
standardization purposes.

It is important to emphasize that due to its resin nature,
flow and long setting time, AH Plus sealer penetrates deeper
into the surface microirregularities, as well inside the lateral
root canals'. These properties lead to greater intertwining of
the sealer with dentin structure, which, together with the
cohesion among the cement molecules®, provides greater
adhesiveness and resistance to dislodgment from dentin®.
Further studies should investigate the influence of different
surface pretreatments before sealer insertion and compare the
methodologies used in this experiment.

The secondary objective of this study was to determine
the failure modes after debonding. SEM analysis showed a
predominance of adhesive or mixed failures. In most cases,
the sealer was almost completely dislodged from the surface
(dentin or gutta-percha). In the SBS test to flat surfaces (groups
2 and 3), the nylon wire loop located around the specimen
(Figure 2) favored a more uniform distribution of the load
applied during shearing rather than if the load would have
been applied on a single point. Nevertheless, failure occurred
on the sealer borders and sealer remnants were found on dentin
surface in almost all debonded specimens (mixed failure).
Close to the polyethylene tube, cohesive failure of the sealer
was observed and adhesive failure occurred on the center of
the material (Figure 3A,B). The analysis of specimens
subjected to the push-out test revealed an adhesive failure
mode in most part of the sealer cone after debonding.
However, failure within the sealer (cohesive failure) was
observed in the areas closer to the apex. In the same way as
observed for the specimens submitted to SBS test on flat
surfaces, the areas initially exposed to tensile loads seemed
to produce cohesive failures in the sealer. Given that the
debonding force exerted on the specimens in the push-out
test was in the apical to coronal direction, it may be inferred
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that there was greater load distribution in the apical region,
resulting in cohesive failure in the sealer in this area (Figure
4A) and part of the fractured sealer covering the dentin (Figure
4B).

CONCLUSION

In this study, the SBS test to root dentin was proved to be
a feasible and reproducible method. Although it produced
significantly lower bond strengths than the push-out method,
SBS test was easier to perform, which allowed testing gutta-
percha and dentin specimens in a similar manner. Additionally,
it provided homogenous results with considerably low
variation of bond strength.
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