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ABSTRACT

Introduction: The aim of this in vitro study was to evaluate the bond strength of Photo-Activated Disinfection (PAD)
system to dentin with different root canal sealers by using a push-out test design. Materials and Methods: A total of 30
extracted mandibular premolar teeth with single and straight roots were used. The crowns were removed and the root canals
were prepared by using ProTaper rotary files. The smear layer was removed and the roots were randomly divided into
two groups (n = 15) according to the use of PAD system as the final disinfecting agent. Each group was then divided into
6 (n = 5) subgroups and obturated with gutta-percha and 3 different root canal sealers. The groups were Group 1: Sodium
hypochlorite (NaOCl) + ethylenediaminetetraacetic acid (EDTA)-AH Plus sealer; Group 2: NaOCl + EDTA + PAD-AH
Plus; Group 3: NaOCl + EDTA-Sealapex; Group 4: NaOCl + EDTA + PAD-Sealapex; Group 5: NaOCl + EDTA-mineral
trioxide aggregate (MTA)-Fiallapex; and Group 6: NaOCl + EDTA + PAD-MTA-Fillapex. 1-mm thickness horizontal
sections (n: 5 x 4 = 20) were sliced for the push-out bond strength measurement. Results: Group 3 and 4 showed significantly
lower bond strengths compared with all the other groups (P < 0.05). No statistically significant difference was found among
Groups 1, 2 and 5, but there was statistically significant difference between Group 5 and 6 (P < 0.05). Conclusion: This
in vitro study indicated that the PAD system adversely affected the bond strength of the MTA Fillapex root canal sealer.
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INTRODUCTION to activate a photo-sensitizing dye in the presence
of oxygen.P! This technique has been shown to be

Successful obturation of the root canal system  successful in eliminating all cultivable bacteria in the

depends upon preparing, shaping, disinfecting and
hermetically sealing the root canal system. During
and after preparation, disinfection of the root canal
is an important factor in the success of the treatment.
Sodium hypochlorite (NaOCI) is the most commonly
used root canal irrigation solution to date due to
its antimicrobial and tissue-dissolving properties.
However, it does not completely disinfect the root
canal system.!"! Thus, an additional disinfection agent
is essential. Photo-activated disinfection (PAD) is a
recently available disinfectant option that helps to
reduce the number of microorganisms in artificial
root canals.” PAD uses light of a specific wavelength

root canal.™

Various materials have been used for hermetic
obturation of the root canal in the past. Gutta-percha
and a traditional root canal sealer are the most
commonly used and accepted materials for hermetic
root canal obturation.! Gutta-percha is an impermeable
core material, but leakage between the sealer and the
dentin and the sealer and the Gutta-percha, in addition
to voids within the sealer, may lead to treatment
failure.[! Many factors affect the sealing ability of the
sealer such as irrigation or the disinfection agent and
the type and the quality of the sealer.
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AH Plus is an epoxy resin-based root canal
sealer, which has been widely used for root canal
obturation. It has acceptable physical properties,”
good sealing ability, good adhesion to root canal
walls and satisfactory biocompatibility.®®! Sealapex is
a calcium hydroxide-based root canal sealer, which
has been used since 1980. It has good sealing ability,!
exhibits volumetric expansion during setting'” and is
resistant to long-term microleakage.”’ Mineral trioxide
aggregate (MTA) Fillapex is a calcium silicate-based
root canal sealer. According to the manufacturer, it
contains MTA, salicylate resin, natural resin, diluting
resins, nanoparticulated resin, bismuth and silica.

Several studies evaluated the effect of different irrigation
solutions on the bond strength of root canal sealers.
However, no study could be found evaluating the effect
of the PAD system on the bond strength of different
root canal sealers. The aim of this in vitro study was
to evaluate and compare the effect of the PAD system
on the bond strength of AH Plus, Sealapex and MTA
Fillapex root canal sealers using the push-out test design.

MATERIALS AND METHODS

Preparation of specimens

A total of 30 extracted human mandibular premolar
teeth with single and straight roots were used in
this study. The external surfaces of the teeth were
cleaned with periodontal curettes and maintained
in 0.1% thymol solution. The crowns were removed
with a water-cooled diamond saw and the roots were
standardized to a length of 15 mm.

The #15 K-files (DiaDent, Chongju, Korea) were
placed into the root canals and working lengths were
determined 1 mm beyond the apex. The root canals
were then prepared with ProTaper (Dentsply Maillefer,
Ballaigues, Switzerland) rotary files to the size of F3
file. The root canals were irrigated with 2 ml of sterile
saline solution after each instrumentation. The canals
were irrigated with 3 ml of 5.25% NaOCI (Wizard,
Ankara, Turkey) for 1 min, followed by 3 ml 17%
ethylenediaminetetraacetic acid and then 5 ml of
distilled water for 1 min to effectively remove the smear
layer. The specimens were then randomly divided into
2 groups (n = 15) according to the use of the PAD
system as the final disinfection agent. In the first 15
teeth, the PAD solution was injected into the root canal
using a sterile endodontic micro-needle (gauge 27). The
liquid was then agitated in each canal for 60 s using
#30 K-files. The emitter was inserted 3 mm above the
apex and light cured for 20 s. All the samples were
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then dried with absorbent paper points and each
group was divided into 3 (n = 5) subgroups. All the
samples were obturated with the lateral condensation
technique using gutta-percha and 3 different root
canal sealers: AH Plus sealer (Dentsply Maillefer),
Sealapex (Kerr, Italia) and MTA Fillapex (Angelus
Industria de Produtos Odontologicos S/ A, Londrina,
Brazil). Excess Gutta-percha was removed with a hot
instrument and condensed vertically. All the specimens
were stored at 37°C and 95% humidity for 1 week to
allow sufficient setting time each root was then cut
perpendicular to the long axis by using an Isomet
slow-speed saw under water cooling. 1 mm thick
horizontal sections from the coronal and mid-thirds
of each root (1: 5 x 4 = 20) were sliced for the push-out
bond strength measurement [Figure 1].

Push-out test

Push-out test was accomplished by using a 1-mm
diameter cylindrical stainless steel plunger and
applying a constant compressive load at a speed of
0.5 mm/min until bond failure occurred. Bond failure
load was noted when a sharp decline was observed
on the complete dislodgement of the root filling
material. Results were calculated by dividing the load
in Newton’s by the area of the bonded interface.

Statistical analysis

The data were converted to MPa and statistically
analyzed using one-way ANOVA and the post-hoc
Tukey test with significance set at P < 0.05.

RESULTS

The means and standard deviations of the push-out
bond strength (in MPa) of the root canal sealers were

Figure 1: 1 mm thickness of horizontal sections that taken from the
coronal and mid-thirds of each root for the push-out bond strength
measurement
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shown in Table 1. Comparing the results, there was a
significant difference among the groups. The Sealapex
groups (Group 3 and Group 4) showed statistically lower
bond strength compared with the other groups (P <0.05).
There was no significant difference between Groups 1,
2 and 5. However, there was a statistically significant
difference between Groups 5 and 6 (P < 0.05). And also
there was a statistically significant difference between
Groups 1,2 and 6. According to the results of this study,
the PAD system affected the bond strength of the MTA
Fillapex root canal sealer.

DISCUSSION

Disinfection of the root canals with an irrigation
solution is very important for the success of root
canal treatment. The PAD system is an additional
disinfection agent, which aids deep disinfection of
the root canal system, thereby reducing numbers of
microorganisms in artificial root canals. However, both
irrigation solutions and disinfection agents change
the chemical and structural composition of root canal
dentin, as well as its permeability!"!! and this may
affect the sealing ability of the root canal sealers.'” The
importance of the adhesive properties of root canal
sealers has been highlighted in many studies.!">""!

Several studies have used various techniques such as
leakage, micro-tensile, shear bond and push-out bond
strength methods to analyze the sealing ability of root
canal sealers. In this study, a push-out bond strength
test was used. Leakage studies have drawbacks, as
does the micro-tensile method, which can result in
premature bond failure when cutting the specimens.!"®!
The ability of the push-out test to evaluate the bonding
strength surpasses that of other tests because it
generates parallel fractures in the interfacial area of
dentin-bonding."” Thus, this test has become popular
recently . However, a limitation of the push-out test
is that it creates non-uniform stress distribution.!"!
We prevented this limitation in this study by using
1 mm thick slices.

Removal of the smear layer provides better adhesion
of the sealers to the dentin and this plays an important
role in the success of root canal treatment.! For this
reason, the smear layer was removed to evaluate the
sealing ability of the root canal sealers to the dentin
in the present study. In addition, the length of the
samples was adjusted to 15 mm to avoid anatomical
variations and to standardize the slices.

There are a wide variety of commercially available
root canal sealers and their physical properties are
different. We investigated sealers based on calcium
hydroxide (Sealapex), epoxy resin (AH Plus) and
calcium silicate (MTA Fillapex) to determine their
sealing ability when the root canals were finally
disinfected with the PAD system. To the best of our
knowledge, this is the first study to evaluate the
sealing ability of 3 different root canal sealers using
the PAD system.

All groups in this study showed measurable adhesive
properties and the results showed that there was
a significant difference between the groups. The
resin-based AH Plus root canal sealer can be considered
as a gold standard material for testing the sealing
ability of root canal sealers.* In this study, we used
the AH Plus root canal sealer as a control group and
found that the PAD system did not adversely affect
the sealing ability of the AH Plus root canal sealer.

Cobankara et al.! studied the sealing ability of 4 root
canal sealers using the fluid filtration method and
found that Sealapex performed better than AH Plus
sealer. Yiicel ef al.1?? studied the sealing ability of AH
Plus, AH 26, Sealapex and Ketac-Endo canal sealers in
a bacterial leakage study. They found no statistically
significant differences between AH Plus and the
Sealapex root canal sealer. Vasconcelos et al.»! studied
the sealing ability of 5 different root canal sealers
using the fluid filtration method and found that AH
Plus root canal sealer performed better sealing ability
than Sealapex. In the present study, Sealapex showed
reduced bond strength compared with AH Plus and

Table 1: Mean push-out bond strengths and standard deviations of groups in Mpa

Groups N Irrigation Final irrigation
1 20 NaOCI+EDTA -

2 20 NaOCI+EDTA PAD

3 20 NaOCI+EDTA -

4 20 NaOCI+EDTA PAD

5 20 NaOCI+EDTA -

6 20 NaOCI+EDTA PAD

Root canal sealer Mean Standard deviation
AH Plus sealer 8.1 1.8
AH Plus sealer 7.8 1.2
Sealapex 45 1.3
Sealapex 45 1.2
MTA Fillapex 7.9 1.4
MTA Fillapex 6.3 1.5

NaOCI: Sodium hypochlorite, PAD: Photo-activated disinfection, MTA: Mineral trioxide aggregate, EDTA: Ethylenediaminetetraacetic acid
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MTA Fillapex root canal sealers. This may be due
to Sealapex containing calcium oxide, which causes
water absorption and volumetric expansion during
setting.l'”! As a result, the solubility of Sealapex may
be increased and its adhesion may be decreased.*!

According to the results of this study, there was
no statistically significant difference in the sealing
ability of the sealer in the Sealapex group, irrespective
of whether the PAD system was used as a final
disinfectant agent. This indicates that the PAD system
did not negatively affect the sealing ability of the
Sealapex root canal sealer to dentin.

The calcium silicate-based MTA Fillapex root canal
sealer contains resins, silica, bismuth trioxide and
MTA. Sagsen et al.**! evaluated the bond strength
of 2 new calcium silicate-based and AH Plus
endodontic sealers and found that MTA Fillapex
had lower push-out bond values than the AH Plus
sealer. Assmann et al.”” studied the bond strength
of MTA Fillapex, Endo-CPM and AH Plus root canal
sealers and found no statistically significant difference
between the AH Plus and the MTA Fillapex sealers.
Similarly, in this study, there was no statistically
significant difference between the MTA Fillapex sealer
and the AH Plus root canal sealer. The present study
supports the findings of Assmann et al.*™! This may
be explained by similarities between the composition
of MTA Fillapex and resin-based root canal sealers. !

The results of this study also revealed a statistically
significant difference in the MTA Fillapex group when
the PAD system used was used as a final irrigant.
Thus, the PAD system appeared to negatively affect
the bonding of the MTA Fillapex root canal sealer.

MTA Fillapex contains MTA. When set sealer comes
into contact with phosphate-containing fluids, calcium
and hydroxyl ions are released.” This has an adverse
effect on the adhesion of MTA Fillapex. In addition, in
manufacturing MTA Fillapex, the original formulation
of MTA is altered to improve its viscosity, setting time
and adhesion,”! all of which affect the composition
of the sealer. Physical and chemical properties of
the root canals are important for deep penetration
of the sealer into the dentin tubules.?! If the contact
surface between the root canal sealer and the dentin
increases, the adhesion capacity of the root canal sealer
increases.” The PAD system uses photo-sensitizing
dye, which might adversely affect the contact angle of
the MTA Fillapex root canal sealer. Alternatively, there
might be an interaction between the photo-sensitizing
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dye and MTA Fillapex. Further investigations are
needed to shed light on these issues.

CONCLUSION

Taking into consideration the limitations of this in vitro
study, we concluded that AH Plus and MTA Fillapex
sealers had greater bond strength compared with
Sealapex root canal sealers. The superior adhesion
capacity of the AH Plus sealer might make it more
advantageous when additional disinfection is required
for root canal disinfection. We also concluded that the
PAD system adversely affected the bond strength of
the MTA Fillapex root canal sealer to dentin.
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