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Bond strength of different endodontic sealers to
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ABSTRACT

bjective: The aim of this in vitro study was to evaluate the bond strength of different

root canal sealers to dentin. Material and Methods: Forty extracted single-rooted human
teeth were examined and the coronal and middle thirds of the canals were prepared with
a 1.50 mm post drill (FibreKor Post System, Pentron). The teeth were allocated in two
experimental groups, irrigated with 2.5% NaOCI+17% EDTA or saline solution (control
group) and instrumented using Race rotary files (FKG) to a size #40 at the working length.
Then, the groups were divided into four subgroups and filled with Epiphany sealer (Group
1), EndoREZ (Group 2), AH26 (Group 3) and Grossman ’s Sealer (Group 4). After 2 weeks
of storage in 100% humidity at 37°C, all teeth were sectioned transversally into 2-mm-
thick discs. Push-out tests were performed at a cross-head speed of 1 mm/min using a
universal testing machine. The maximum load at failure was recorded and expressed in
MPa. Results: Means (£SD) in root canals irrigated with 2.5% NaOCI| and 17% EDTA were:
G1 (21.6+£6.0), G2 (15.2+£3.7), G3 (14.6+4.5) and G4 (11.7%4.1).Two-way ANOVA and
Tukey’s test showed the highest bond strength for the Epiphany’s group (p< 0.01) when
compared to the other tested sealers. Saline solution decreased the values of bond-strength
(p<0.05) for all sealers. Conclusion: Epiphany sealer presented higher bond strength values
to dentin in both irrigating protocols, and the use of 2.5% NaOCI and 17% EDTA increased

the bond strength values for all sealers.
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INTRODUCTION

Adhesion of sealers to dentin is a required
property for root canal sealers. Although
standard organization does not provide any data
concerning the minimal required bond strength for
endodontic sealers, it has been subject of several
Studies1’4’5'8_12’14’15’20'21’23'25.

It has been suggested that the ability of root
canal sealers to adhere to core material and to
dentin may result in superior sealing ability, which
could reduce coronal and apical leakage?s.

Differences in the adhesive properties of sealers
to dentin may be expected for several reasons,
including differences of root dentin between
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specimens, or even in different sites of the same
root*2!. The presence or absence of smear layer
after root preparation has also been related as
an important factor to be evaluated* as well, the
sealer’s chemical composition and its interaction
with the dentin??.

Several root canal sealers have been used
in endodontics, from ZOE-based sealers to the
epoxy-resin based sealers, all of them proposed
to be used in association with gutta-percha. It has
been demonstrated that ZOE-based sealers have
lower bond strength to dentin, when compared
to epoxy-based sealers, especially in presence of
smear layer',

Therefore, the concepts of root canal filling
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materials have changed since materials with
adhesive properties have been evaluated. A
synthetic polymer composite commercially known
as Resilon (Pentron, Wallingford, CT, USA) has been
suggested as a gutta-percha substitute. This filling
material is used in association with a dual curable,
polymer, composite sealer (Epyphany sealer,
Pentron) which is able to bond to both core material
and dentin?* forming a “monoblock” obturation.

The philosophy of adhesive root canal filling
and the results obtained with Resilon/Epiphany
showing its ability to prevent mainly coronal
microleakage!®'®, seems to be strongly altering
the concepts of endodontics and the choice for
filling materials. It can be seen by the number
of studies®!® and by the launching of new filling
materials, such as resin-coated gutta-percha cones
and dual-cure root canal sealers??, with the specific
focus on obtaining a monoblock obturation. Another
example of these adhesives system is EndoREZ
(Ultradent, South Jordan, UT, USA). This system
establishes a bond between a polybutadiene-
diisocyanate-methacrylate resin-coated gutta-
percha core material and a self-priming sealer with
an active ingredient of urethane dimethacrylate®.

The purpose of this study was to evaluate the
bond strength of different sealers to dentin, in
presence or absence of smear layer, using push-out
tests. It was considered the hypotheses that bond
strength of resin-based sealers is similar among
them, but higher than that of ZOE-based sealer,
and that bond strength of all sealers is higher in
the absence of smear layer.

MATERIAL AND METHODS

Forty extracted single-rooted human teeth were
used in this study, after approval by the Research
Ethics Committee of the University of Passo Fundo,
RS, Brazil (Process #246/2006). The crowns of the
specimens were removed at the cement-enamel
junction using a diamonded disk in a low-speed

hand piece. The working length was determined BY
introducing a #15K file until it reached the apical
foramen, subtracting 1 mm from this length.

The teeth were allocated in two groups (n=20).
In Group A each root was irrigated with 2 mL
of 2.5% NaOCI. The canals were enlarged with
rotary Ni-Ti files (Race, FKG, La-Chaux-des-Fonds,
Switzerland), up to file #40 at the working length.
The coronal and middle thirds of the canals were
shaped with a 1.50 mm post drill (FibreKor Post
System, Pentron), followed by a final flush with 3
mL of 17% EDTA (Pulpdent Corporation, Watertown,
MA, USA).

In Group B the same procedures were repeated
using only saline solution (0.9% NaCl, Aqualite,
Chicago IL, USA) as irrigating. The root canals
were dried with paper points. Then, all samples
subdivided once again, into four groups (n=5)
and filled with different root canal sealers: Group
I, Epiphany™ (Pentron), Group II, EndoREZ
(Ultradent), Group III, AH 26 (Dentsply-DeTrey,
Konstanz, Germany); and Group IV, Grossman’s
sealer (Endo Fill, Dentsply Ind. e Com. Ltda., Rio
de Janeiro, RJ, Brazil).

All specimens were filled with the sealers without
core material. The sealers were mixed according
manufacturers’ specifications and introduced into
the root canals using a lentulo spiral #40 in low-
speed handpiece.

In the Epiphany’s group, primer (Epiphany
Primer, Pentron,) was applied on the root canal
walls using a paper point previously to the sealer
fulfillment. After that, the sealer was light cured for
40 s in the root canal entrance.

After 2 weeks of storage in 100% humidity at
37°C, all teeth were sectioned transversally into
2-mm-thick discs using a diamond saw (Isomet,
Buehler, Lake Bluff, IL, USA). Push-out tests were
performed at a crosshead speed of 1 mm/min using
a universal testing machine (Instron 4411, Instron
Ltd., High Wycombe, England). The maximum load
at failure (Fmax) was recorded in N and the bonding

Table 1- Mean (SD) in MPa for each group tested. Means with similar superscript symbols indicate non-significant differences

(p<0,01)

Irrigating Solution Filling material Mean (SD)

2.5% NaOCI + 17% EDTA AH 26 14.6 (4.5)a

Epiphany 21.6 (6.0)b

EndoRez 15.2 (3.7)a
Grossman’s sealer 11.7 (4.1)ac
Saline solution AH 26 13.0 (3.7)ac

Epiphany 20.2 (5.8)b
EndoRez 13.2 (4.2)ac

Grossman’s sealer 6.9 (3.7)c

Means with similar superscript symbols indicate no statistically significant differences (p<0.01)
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surface (A) was calculated using the equation:

A=2mrxh

Where n is the constant 3.14, ris the root canal
space radius, and h is the thickness of the slice in
mm. Then, the bond strength (d), expressed in MPa,
was calculated using the equation:

0=_F

A

The data were recorded and submitted to
statistical analysis by two-way ANOVA and Tukey's
test using the software SPSS 14.0. A significance
level of 5% was set.

RESULTS

The Epiphany’s group presented the highest
bond strength (p< 0.01) of all other sealers, when
using both 2.5 NaOCI| and 17% EDTA or saline
solution. Irrigation only with saline decreased the
bond strength to dentin of all sealers, in comparison
to 2.5 NaOCl and 17% EDTA irrigation (p<0.05).
Mean values (SD) expressed in MPa (n=15) are
shown in Table 1.

DISCUSSION

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!623,

New materials have been developed in order
to increase the sealing ability of endodontic filling
materials. The goal is to create a better interface
between root canal walls and sealer, resulting in
less microleakage.

Although no correlation has been found so far
between microleakage by the root canal filling
material and the strength of the bond of the sealer
to dentin in vitro, the assumption that it would
reduce the leakage and also improve the stability
of root canal filling are always correlated.

Different tests have been reported for bond
strength evaluation. Shear strength#10.23.25
microtensile5 and even pull-out or push-out
tests!6:8:20.23.24 hgve been described as reproducible
and effective for direct comparison of the results.
Push-out test allows an accurate standardization of
the specimens?3. However, it is clear that 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!®23, The
thickness of dentin used for push-out tests has been
also variable in several studies. Root slices from
0.6 mm to 7.0 mm??23 have been suggested. Thin
slices, around 1.0 mm thick, seem to be preferable
in order to create a larger number of samples and
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also when high bond strength values are expected.
Otherwise, there is a risk of sealer detachment
while slicing, as reported by Gesi, et al.® (2005).
In the present study, 2-mm-thick slices were used
in order to prevent premature debonding and also
in accordance to Kreimer, et al.!! (2008). It was
assumed that the area of bonded surface would be
calculated and taken into account during the bond
strength values (MPa) calculations. Although the
model used in this study does not simulate clinical
conditions, we tried to be as closer as possible to the
reality by using root canal dentin instead of coronal
dentin?'. The use of coronal dentin could mask some
results due to the structural differences between
coronal and intra-radicular dentint323,

Another important point is that the coronal and
middle thirds of the root were prepared with the
same 1.5-mm-diameter post drill, making sure to
avoid the influence of anatomical variations over
the results. We strongly believe that it is one of
the factors that could have influenced the results
presented by Gesi, et al.8 (2005), and are clearly
visible on these authors’ images. On the other hand,
in the present study, all samples were filled only
with sealers without core material (gutta-percha or
Resilon), which could explain the different results
from those achieved by Gesi, et al.® (2005) were
Epiphany sealer had the lowest bond strength
values and from Fisher, et al.> (2004) were both
Epiphany and EndoREZ had lower bond strength
values, compared to an epoxy-resin based sealer
(AH Plus).

A hypothetic explanation for our results is that
the absence of the core material could allow the root
canal sealer to achieve its full expansion without
to be affected by the weak interface between the
sealer and the core material. It could also explain
the higher values obtained in this study when
compared to the studies that used the same method
but included the core material (gutta-percha or
Resilon)723, indicating that the failure on adhesion
could be mainly affected in the interface sealer/
core material.

Current literature has shown the superiority of
epoxy-resin based sealers in comparison to ZOE-
based sealers, in terms of bonding. Our results
are in agreement with those findings and partially
confirm our first hypothesis. Grossman’s sealer
showed the lowest bond strength to dentin in
absence or presence of smear layer, when compared
to the resin based sealers. The bond strength
values decreased when smear layer was present,
independently of the sealers’ composition, which
is in accordance with other authors®!* and confirm
our second hypothesis. In the present study, the
bond strength values of Epiphany were higher than
those of other sealers, rejecting the hypothesis that
all resin-based sealers would have similar bond
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strength to dentin. Epiphany’s results might be
explained by the bonding agent used to penetrate
into de dentin tubules, forming tags!?°. Research
on the EndoREZ obturation system disclosed good
hydrophilic properties, thus helping create long
resin tags in radicular dentin'’. However, these
gaps appeared unbounded and exhibited insufficient
adhesive strength, resulting in gap formation
between sealer and canal walls3’. It can explain
the low bond strength for this group in our study.

Further studies including the core materials and
cyclic fatigue are being performed in order to clarify
the doubts resulted from this study.

CONCLUSION

Epiphany sealer presented higher bond strength
values to dentin in both irrigating protocols, and the
use of 2.5% NaOCl and 17% EDTA increased the
bond strength values for all sealers.
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