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ABSTRACT
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Background: Smear layer is a negative factor which prevents
adhesion of the filling material to the dentinal walls. Recent
advances in dental research have incorporated lasers as a
potential adjunct in root canal treatment by removing the smear
layer before filling the root canal system, enhancing the adhesion
of sealers to dentin and improving the sealing ability.
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Aim: To evaluate the microtensile bond strength of AH-Plus
resin-based sealer to dentin after treatment with 980 nm diode
and 1,064 nm neodymium-doped:yttrium aluminum garnet
(Nd:YAG) laser in vitro.
Materials and methods: Thirty specimens prepared for three
groups namely group I (control), group II (980 nm diode–lased
specimens) and group III (Nd:YAG–lased specimens). One tooth
from each group was observed under scanning electron
microscope for evaluation of intracanal root dentin morphology.
Remaining specimens were used for making microsections by
hard tissue microtome. Specimens for groups II and III were
lased with 980 nm diode and 1,064 nm Nd:YAG laser. AH Plus
sealer was applied onto specimens and mounted onto Instron
universal testing machine for microtensile bond strength testing.
Results were subjected to statistical analysis using one-way
analysis of variance (ANOVA) and Tukey’s test.
Results: Group III Nd:YAG had maximum mean microtensile
bond strength values (11.558 ± 0.869), followed by group II diode
(9.073 ± 0.468) and group I control (6.05 ± 0.036). Statistically
significant differences were seen among all the groups. SEM
analysis shows removal of smear layer in both groups II and III.
Conclusion: Both Nd:YAG and diode laser were more effective
than control group in improving the microtensile bond strength
of AH Plus sealer to dentin.
Clinical significance: Lasers have the potential to increase
the adhesiveness of root canal sealer to dentin surface, thereby
improving the quality of root canal obturation.
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Nd:YAG laser, Diode laser.
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INTRODUCTION
Endodontic therapy consists of thorough biomechanical
preparation, antiseptic irrigation and sterilization of the root
canal with three-dimensional (3D) obturation.1
To achieve 3D obturation, a fluid tight apical and coronal
seal is essential. Various materials have been tried for sealing
the root canal system for more than 10 decades. Recently,
adhesive sealing materials have been tried and their results
were encouraging.2
Advances in adhesive technology have lead to the search
for a sealing material which minimizes apical and coronal
marginal leakage by increasing sealing ability between the
filling material and root canal walls. Resin-based sealers
bond better to the dentinal walls because of deeper
penetration of these sealers into the dentinal tubules.3
AH Plus is an epoxy resin-based sealer containing no
formaldehyde. It was found that, it has better sealing property
to dentin when compared to other sealers, due its better and
deeper penetration into the dentin forming resin tags.3
During the chemomechanical preparation of the root
canal, iatrogenically produced smear layer is a negative
factor in root canal bonding. Removal of the smear layer
improves the adhesion of bonding materials to dentin.3
In addition to the routinely used chemical substances,
other surface-altering means have been investigated for
removal of smear layer from root-dentin walls, such as laser
irradiation like diode laser and neodymium-doped:yttrium
aluminum garnet (Nd:YAG) laser.2 The use of lasers has
been a great asset for root canal therapy. Studies have shown
that they remove the smear layer and debris, has better
bactericidal effect and improved intracanal cleanliness by
evaporation of debris when used along with hand
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instrumentation.4,6 They also have shown to increase the
sealing ability of root canal sealers to dentin walls. This
may be attributed to the morphologic changes in the dentinal
walls caused by the lasers.5
The aim of this study is to evaluate the microtensile bond
strength of resin-based sealer AH Plus to dentin after
treatment with diode and Nd:YAG laser.
MATERIALS AND METHODS
Tooth Preparation
Thirty specimens were taken and examined under
magnification for presence any root fractures. The roots of
each tooth was standardized to a length of 16 mm, as
measured from cementoenamel junction. Teeth were then
decoronated using a diamond disk attached to a straight hand
piece at the cementoenamel junction.
A 15 size hand K-file was inserted into each root canal
until it is visible at the apical foramen. The working length
of each root canal was then established 1 mm short of the
apical foramen. All canals were instrumented using stepback technique up to a size 35 hand K-file. Copious
irrigation was done with 3 ml of 2.5% sodium hypochlorite
and final rinse with saline to remove the intracanal debris
and remnants of pulp tissue if present. The root canals were
then dried with absorbent paper points. All teeth were
divided randomly into three groups of 10 specimens each.
• Group I: Control (n = 10)
• Group II: Teeth treated with 980 nm diode laser (n = 10)
• Group III: Teeth treated with Nd:YAG laser (n = 10).
Microsection Preparation
Out of 10 teeth in each group, one tooth from each group
was selected and studied under scanning electron
microscope (SEM) for evaluation of intracanal root dentin
morphology after laser irradiation. The remaining teeth were
used for microtensile bond strength testing. These were
mounted onto an acrylic block using self-cure acrylic resin
material. Then, they were placed in the hard tissue
microtome (Leica SP 1600, Germany) to prepare
microsections (1 × 1 mm cross-section). The microsections
were then stored in saline until the microtensile bond
strength testing was done.

used were 125 mJ/pulse and 20 Hz pulse frequency for
20 seconds. In group III, the specimens were irradiated with
a pulsed Nd:YAG laser (Fotona laser, Fidelis plus, Slovenia)
of wavelength 1,064 nm and the laser parameters used were
100 mJ/pulse and 15 Hz pulse frequency for 20 seconds.
SEM Observation
One specimen from each group selected for SEM study was
grooved and split longitudinally into two halves with the
help of diamond disk. The sections were dehydrated by a
series of graded ethanol solutions. After dehydration, the
samples were sputter-coated with gold ion and observed
under SEM (S-34OON, Hitachi Ltd, Tokyo, Japan) at a
magnification range of 500× to 2,000× for assessment of
smear layer and patency of dentinal tubules.
Microtensile Bond Strength Testing
The specimens were mounted onto customized jigs having
length 25 mm and inner diameter 12 mm with the help of
self-cure acrylic resin material. After the acrylic was set,
the mounted specimens were placed in place, so that the
dentin surface comes in contact and specimens are then held
together undisturbed (as shown in Fig. 1). AH Plus resinbased sealer (Dentsply, DeTrey, Germany) was then applied
onto the dentin specimen surfaces. The resin sealer was
allowed to set undisturbed for at least 8 hours. The
specimens were later mounted in place and subjected to
microtensile testing using an Instron universal testing
machine (Lloyd instruments, UK) at 2 mm/min cross-section
speed (Fig. 2). Forces at which debonding of the sealer
occurred for different groups of specimens were recorded.
Then the data collected were statistically analyzed using
one-way analysis of variance (ANOVA) followed by
Tukey’s multiple comparison test (p < 0.05).

Control Group Specimens
Group I specimens were kept as control group without any
laser treatment.
Groups II and III (Laser Treatment)
Group II specimens were irradiated with a pulsed 980 nm
diode laser (Giga diode laser, Italy). The laser parameters
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Fig. 1: Sectioning of the teeth into microsections
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Fig. 2: Specimens mounted onto an Instron
universal testing machine

Graph 1: Comparative evaluation of microtensile bond strength of
AH Plus sealer to dentin after treatment with diode and Nd:YAG
laser

RESULTS
The values of microtensile bond strength of all groups are
given in Table 1.
Statistical Analysis
The data were represented as mean and standard deviation
(Table 1). Mean values were compared by one-way ANOVA
and Tukey’s multiple comparison test to identify the
significant groups, with a significant level set at p = 0.05.
The results showed that group III (11.558) had the
maximum mean microtensile bond strength values, followed
by group II (9.073). Group I (6.05) being the control group
showed the lowest microtensile bond strength compared to
all the other groups (Graph 1).

Fig. 3: Group I—control

SEM Analysis
The control specimens showed dentin surface with smear
layer intact, smear plug was found occluding the dentinal
tubules. Dentinal debris was seen on the surface (red arrow)
(Fig. 3).
Diode laser–treated specimens showed melting and
recrystallization of dentinal tubules and melted dentin was
seen on the surface (red arrow) (Fig. 4).
Nd:YAG laser-treated specimens showed a spongy-like
appearance, smear layer was removed, open dentinal tubules
seen and melted and recrystallized dentin present on the
surface. Globules of ablated dentin were seen on the dentin
surface (red arrow) (Fig. 5).

Fig. 4: Group II—980 nm diode laser

Table 1: Comparative evaluation of microtensile bond strength of AH Plus sealer to dentin after treatment
with diode and Nd:YAG laser
Groups
Group I (control)
Group II (980 nm diode laser)
Group III (Nd:YAG laser)

Speed (mm/min)
2
2
2

Mean ± SD
6.05 ± 0.036
9.073 ± 0.468
11.558 ± 0.869
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Significance
Groups II, III
Groups I, III
Groups I, II
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Fig. 5: Group III—Nd:YAG laser

DISCUSSION
The key to successful endodontic treatment is to adequately
disinfect the root canal system by using a combination of
mechanical and chemical methods. One of the reasons for
failure of endodontic treatment is the presence of smear
layer which prevents adhesion of the filling material to the
dentinal walls. Thus, it acts as a physical barrier interfering
with adhesion and penetration of sealers into the dentinal
tubules, thereby preventing complete locking and adhesion
of root canal filling material to the dentinal wall (Kennedy
et al 1986).5,21
Epoxy resin-based cements have shown good
physicochemical properties as well as excellent sealing
ability compared to the zinc oxide-eugenol–based sealers.1
AH Plus which is an epoxy resin sealer was selected for
this study since it had shown satisfactory physicochemical
properties, low solubility and disintegration, good adhesion,
antimicrobial action and good biological properties like
biocompatibility compared to many other sealers.2,12 This
has been confirmed by various other investigators who
evaluated the bond strength by push-out technique, shear
bond strength of AH Plus, microleakage by using microbial
tracer, dye penetration method and confirmed good adhesion
and sealing ability to the dentinal walls.17,23
Recent advances in dental research have incorporated
laser technology as a potential adjunct in root canal treatment
(Moritz et al 2001, Stabholz et al 2004) which aimed at
reducing the number of microorganisms within the root canal
system, cleaning and shaping of the canal walls and removing
smear layer from the root canal walls.8,14 The removal of
smear layer before filling the root canal system enhanced the
ability of the filling materials to enter the dentinal tubules.
This in turn increased the adhesive strength of sealers to
dentin and improved the sealing ability of the filling.2,21
The effect of lasers on dentin is caused mainly by the
changes in temperature that can be extremely high at the
irradiated spot even for a short action time. Consequently,
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the dentin tissue melts, vaporizes and a crater is formed at
the irradiation site. Laser energy causes a quick local rise
in temperature and prompts melting, recrystallization and
decomposition of the apatite crystals.15,18
The surface changes after laser treatment was mostly due
to the thermal effects on the dental hard tissues. It has been
shown by a number of investigators that, during interaction
of a laser with the tooth structure, photon energy is converted
to heat. The photoablative effects include surface
modifications like melting and recrystallization of dentin.13,22
Lasers have been used to improve adhesion of epoxy
resin–based sealers. MD Sousa et al found that the epoxy
resin–based sealer had better penetration in the
microirregularities created by the surface alteration of dentin
by Nd:YAG and diode lasers, thus increasing mechanical
retention and resistance to shear forces.9 There was melting
and recrystallization of dentin, so dentin permeability
decreased, thus decreasing the microleakage after
obturation. AH Plus sealer adhesion was increased onto the
dentinal walls after laser irradiation due to complete removal
of smear layer.5,16,19,20
Advantages of microtensile bond strength testing are
that it permitted testing of very small surface areas (1 × 1 mm
cross-section) with higher interfacial bond strengths. It
allowed testing of bonds made to irregular surfaces and were
more accurate compared to other methods.7
Results of the present study showed highest microtensile
bond strength values of AH Plus sealer to Nd:YAG laser–
treated surface (11.558), followed by diode-treated surface
(9.073) and lastly control (6.05).
The highest microtensile bond strength values of AH
Plus to Nd:YAG laser–treated surface (group III) was mostly
due to the better penetration of AH Plus into the
microirregularities created in the dentin surface as a result
of surface remodification, increased patency of the dentinal
tubules and increased resistance to dislocation of the AH
Plus sealer resin tags to the tensile force applied by the
Instron universal testing machine.3,25
SEM of the control group (group I) revealed thick debris
layer on the dentinal surface, with no smear layer removal.
No surface alteration was seen in the control group. These
results were in accordance with the study done by Chengfei
et al.11 But the smear layer was completely removed in both
the laser-treated surface (groups II and III) and globules of
ablated dentin were seen on the surface (Monica de Souza
et al).10,24
From the foregoing analysis and discussion, it is evident
that the specimens in the control group showed the lowest
bond strength. Although diode laser caused removal of
smear layer, its penetration depth was less. Less irregular
surface was seen after diode laser treatment which might
have been the reason for lesser bond strength compared to
Nd:YAG laser.
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CONCLUSION
Group III Nd:YAG laser–treated specimens showed higher
microtensile bond strength to AH Plus sealer than group II
diode and group I control specimens. Hence, both Nd:YAG
and diode laser were more effective than the control group
in improving the microtensile bond strength of AH Plus
sealer to dentin.
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