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Abstract

Introduction: One of the main applications of laser in dentistry is the removal of dental caries and
preparation of restorative cavities. The morphology and wettability of laser prepared surfaces are
different from that of those prepared with conventional method which may affect the quality of the
adhesive potential of bonding agents in these surfaces. This study aimed to assess the shear bond
strength of a total-etch and self-etch adhesive system to primary tooth dentin prepared by two
different energy densities of Er:-YAG laser in comparison with surfaces prepared by bur.

Methods: A total of 60 human primary second molars extracted for orthodontic purposes were
selected and randomly divided into 3 main groups of equal (n=20). Group A: Preparation of dentin
surface by bur; group B: Preparation of dentin surface by laser with 300 m) energy level; group
C: Preparation of dentin surface by laser with 400 mJ energy level. In each of the main groups,
the teeth were randomly assigned to 2 subgroups. Composite resin material was bonded with the
total-etch adhesive system in subgroups AT, B1, and C1 and with the self-etch adhesive system in
subgroups A2, B2, and C2. The samples were thermo-cycled, and composite restorations shear
bond strength was measured in MPa. Data were analyzed using two-way analysis of variance
(ANOVA), and P values less than 0.05 were considered statistically significant.

Results: The highest and the lowest shear bond strength values were observed in group A2
(Preparation by bur- Composite resin material bonded by Clearfil SE Bond) and group C2
(Preparation by laser with 400 mJ energy level - Composite resin material bonded by Clearfil SE
Bond), respectively. The results showed no statistically significant differences between the study
subgroups (P > 0.05).

Conclusion: It is concluded that in terms of shear bond strength to dentin, Single Bond and Clearfil
SE Bond adhesive agents adequately perform in primary tooth dentin prepared by Er: YAG laser
with energy levels of 300 and 400 mJ and frequency of 10 Hz.
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Introduction
Laser is an acronym for Light Amplification by Stimulated
Emission of Radiation, and its application in medical and
dental sciences has been described.! One of the main
uses of laser in dentistry is the removal of dental caries
and preparation of restorative cavities. The use of laser
with high power in preparation of cavities presents the
advantages of less vibration and pain during procedure
and reduced need for local anesthesia.? Similarly, using
laser in preparation of restorative cavities is accompanied
with low risk of damage to adjacent teeth.’ It also makes
the tooth structure more resistant to acid and decay.
Amongst lasers used in dentistry, the erbium laser
group with a cooling system has been proved by the Food

and Drug Administration in 1997 to be the most effective
and safest lasers for the preparation of dental surfaces.® Er-
YAG laser with wavelength of 2940 nm is easily absorbed
by water molecules and hydroxyl groups of dental tissue
causing sudden heating and water vaporization. The
resulting high stream pressure within the irradiated tissue
leads to the occurrence of multiple micro explosions,
tissue ablation and ejection of dental tissue particles.®

As laser acts with a different mechanism to prepare
dental cavities, the morphology of laser prepared surfaces
is different from that of those prepared by conventional
method. Electron microscope scanning examination
in laser-prepared permanent and primary tooth dentin
reveals non-uniform scaly rough surfaces and opened
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tubules without formation of smear layer and any
evidence of thermal damages.*'® However, some others
have reported inappropriate chemical changes in beneath
the collagen network resulting in thin tags and irregular
hybridization zone."""?

The important matter is how the adhesive systems
perform in the laser prepared tooth surfaces.

The adhesive systems have been designed for tooth
dentin prepared by a conventional method so the
differences in morphology and wettability of surfaces
prepared by laser may affect the quality of the adhesive
potential of bonding agents on these surfaces.

The adhesive potential of laser treated dentin in terms of
bond strength and microleakage of the adhesive systems
have been controversially discussed in the literature. Some
studies found laser treatment to negatively influence the
bond strength and leakage of adhesive dentin interface.'**!
Some other results have reported no difference in the
bond strength or leakage of adhesive restorations between
bur and laser prepared restorative cavities.?*?*

At different laser parameters, different amount of
tooth ablation and thermo-chemical changes occur on
tooth surfaces, resulting in different performances from
the same adhesives. Laser energy is one of the most
important parameters affecting the characteristics of the
prepared surface. The ideal energy for laser irradiation
of different restorative material depends on the surface
wettability and adaptability as well as the amount of
adhesive demineralization; therefor, determining the
appropriate laser energy level in the use of different
adhesive systems would be crucial. Some limited studies
by Roebuck et al,***” Monghini et al,” Flury et al** and
Baghalian et al* have investigated ideal laser energy for
different restorative materials in permanent and primary
dentitions.

It is necessary to evaluate the performance of different
generations of adhesive systems at various settings of laser
irradiation. This study aimed to assess the shear bond
strength of a total-etch and self-etch adhesive system to
primary tooth dentin irradiated with two different energy
densities of Er-YAG laser in comparison with surfaces
prepared with a bur.

Methods
Prior to the main steps of the study, a pilot study was
designed to determine the appropriate settings of the laser
device. First, according to the previous studies, a range of
100-400 m] for energy output and a range of 2-10 Hz for
frequency were selected. Then, different levels of energies
and frequencies were used to remove the buccal surfaces
of some primary teeth. Two energies of 300 mJ and 400
m] with a frequency of 10 Hz were recognized as the best
laser parameters, with easier ablation of the dental tissue,
appropriate speed for clinical practice and no signs of
carbonization.

A total of 60 human primary second molars were

collected within a 6-month period and disinfected in 0.5%
chloramine-T solution for 1 week. The specimens had no
history of crown restoration or root canal treatment and
were healthy for at least a third of the cervical root length.
All teeth were examined with an explorer to rule out any
enamel defects, cracks or caries on the buccal surface. The
teeth were cleaned with water/pumice slurry to remove
any residue and debris. According to the buccal surface
preparation method, the samples were randomly divided
into 3 main groups of equal (n=20).

Group A: Preparation of Dentin Surface by Bur

A guiding groove with a 2 mm depth was created on the
buccal surface by high speed fissured bur (Teezkavan Co,
Iran) and the buccal surface was removed with 120, 240,
400 and 600 grit silicone carbamide disc (Teezkavan Co,
Iran) to expose a flat dentin.

Group B: Preparation of Dentin Surface by Laser With An
Energy Level of 300 m]J

A guiding groove with a 2 mm depth was created on the
buccal surface by a short pulse Er-YAG dental laser (smart,
DEKA, 2940D Plus, Italy) with a wavelength of 2940 nm,
pulse duration of 450 s, focal spot size of 0.785 mm?,
output energy of 300 mJ and frequency of 10 Hz along
with air/water cooling system. The laser was delivered
in a non-contact and defocused mode at a 0.8-1.2 cm
distance from the surface with the beam perpendicular
to the surface. The laser handpiece was moved in a right
to left and anterior to posterior direction to prepare a flat
dentin surface.

Group C: Preparation of Dentin Surface by Laser With
the Energy Level of 400 m]

The guiding groove and flat dentin surface were created
on the buccal surface by the same short pulse Er-YAG
dental laser (smart, DEKA, 2940D Plus, Italy). The laser
irradiation was set similarly to the laser irradiation used
in group B. It was just different from the group B in terms
of laser output energy level, which was 400 m].

In each of the main groups, the teeth were randomly
assigned to two subgroups according to the total etch
adhesive system (A1, B1, and C1) and self etch adhesive
system (A2, B2, and C2).

In the total etch adhesive system groups (Al, B1, and
C1), the buccal surface of the teeth was etched with
35% etchant gel (Ultra etch, Ultradent product INC)
for 5 seconds and then rinsed thoroughly for 5 seconds.
Excess water was removed with oil-free compressed
air in a blotted way to obtain teeth surfaces appearing
wet. Two consecutive coats of Single Bond (Total etch
adhesive system, 3M, EPSE, USA) were applied to etched
dentin with gentle agitation using a fully saturated
applicator. This was left undisturbed for 10 seconds,
and the surface was then gently dried for 15 seconds to
evaporate solvents and excess material. According to the
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manufacturer’s instructions, the adhesive was light-cured
for 10 seconds. Then, Z250 composite material (3M,
ESPE, USA) condensed in a semi-transparent plastic
mold with an internal diameter of 3 mm and height of
3 mm (as a matrix) was attached at the buccal surface of
dentin forcefully with a plastic spatula. After wiping out
of the extra composite around the matrix, it was cured
with polymerizing light for 80 seconds (20 seconds per
each side) with a visible light curing-unit (Coltolux 75,
Colten, USA) with a 450 mW/mm? output energy. And
this process was repeated after removal of the plastic mold
(post-curing)

In the self etch adhesive system groups (A2, B2,
C2), Clear fill SE Bond were placed according to the
manufacturers’ instructions. A drop of primer was
applied on the dentin surface for 20 seconds using an
applicator and then air-dried using a gentle air stream.
Then a layer of bonding agent was applied on the surface
using an applicator and cured for 10 seconds. Bonding of
composite restoration material was performed similarly
to the total etch adhesive groups.

According to the ISO/TR 11405 standardization,” the
samples were stored for at least 24 hours before testing in
distilled water at 37°C, and thermo cycled for 500 cycles
between 5 -55°C, with a 50 seconds dwell time. All thermo-
cycled samples were stored in distilled water for 24 hours
at 37°C. Following the thermo-cycling procedure, all
samples were placed in the center of cold-cured acrylic
resin blocks to assess the shear bond strength.

The acrylic blocks were fitted to a metallic ring in a
universal testing machine (Zwick, Germany). The test
knife edge blade was placed on the dentin-material
interface along the long axis of each sample. Subsequently,
a progressively increasing load with a cross-head speed
of 0.5 mm/min was used until dislodgement occurred.
The load (force) required to dislodge the restoration
was measured in Newton. To calculate the shear bond
strength (SBS) in MPa, the measured load was divided by
the cross-section of the bonding area (mm?).

Statistical Analysis

The distribution of data was assessed using Kolmogorov-
Smirnov method. Two-way analysis of variance (ANOVA)
analysis was performed to analyze the mean of SBS in
6 experimental subgroups. P values less than 0.05 were
considered statistically significant.

Mode of Fractures

Blinded to the treatment conditions, 2 calibrated observers
examined the fractured surfaces under a light microscope
with 10X magnification and recorded the fracture modes,
as following:

Type 1: Cohesive failure in composite material

Type 2: Adhesive failure at the composite and dentin
interface

Type 3: Mixed adhesive and composite cohesive failures

Results

Shear Bond Strength

Sixty samples were assessed for shear bond strength (SBS).
Minimum, maximum, the mean and standard deviation of
SBS in each subgroup are presented in Table 1. Maximum
bond strength values belonged to the samples prepared
by bur followed by the samples prepared by laser with the
energy level of 300 m]J and the samples prepared by laser
with the energy level of 400 m]J. The highest shear bond
strength value was observed in group A2 and the lowest
in group C2.

The means of SBS of 6 subgroups were analyzed using
Two-Way ANOVA statistical analysis method and the
results showed no statistically significant differences
between the study subgroups (P = 0.397) (Figure 1).

The fracture mode of samples in each subgroup is shown
in Table 2. The mixed fracture mode was predominantly
observed in study subgroups. Subgroup B, showed no
adhesive fracture.

Table 1. Minimum, maximum, the Mean and Standard Deviation of SBS
of Composite Resin to Primary Teeth Dentin in Study Subgroups

Groups Minimum  Maximum  Mean Standard Deviation
A, 3.44 10.88 6.94 2.12
A, 5.72 13 9 2.47
B, 3.27 11.52 6.28 2.58
B, 2.36 13.47 6.42 3.9
C 3.26 11.05 6 3.16
C 2.47 12.47 5.62 2.99

2

Subgroup A,: Bur preparation- Etching- Single Bond — Composite
Bonding.

Subgroup A,: Bur preparation- Clearfil SE Primer- Clearfil SE Bond —
Composite Bonding.

Subgroup B,: laser preparation (300 m)) -
Composite Bonding.

Subgroup B,: laser preparation (300 m)) - Clearfil SE Primer- Clearfil SE
Bond — Composite Bonding.

Subgroup C,: laser preparation (400 mJ) - Etching- Single Bond —
Composite Bonding.

Subgroup C,: laser preparation (400 m)) - Clearfil SE Primer- Clearfil SE
Bond — Composite Bonding.
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Figure 1. Error Bar of Mean and 95% Cl of Composite Bond Strength
to Primary Tooth Dentin in Using of Fifth and Sixth Generation
Bonding Agents.
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Table 2. The Fracture Modes of Composite Resin Material in Study
Subgroups

Groups Adhesive Cohesive in Composite Mixed
A, 4 - 6
A, 5 - 5
B, - 1 9
B, 3 3 4
C, 5 - 5
C 2 1 7

2

Subgroup A,: Bur preparation- Etching- Single Bond — Composite
Bonding.

Subgroup A,: Bur preparation- Clearfil SE Primer- Clearfil SE Bond —
Composite Bonding.

Subgroup B,: laser preparation (300 mJ) - Etching- Single Bond —
Composite Bonding.

Subgroup B,: laser preparation (300 m)) - Clearfil SE Primer- Clearfil SE
Bond — Composite Bonding.

Subgroup C,: laser preparation (400 mJ) - Etching- Single Bond —
Composite Bonding.

Subgroup C,: laser preparation (400 mJ) - Clearfil SE Primer- Clearfil SE
Bond — Composite Bonding.

Discussion

New technologies have been developed to find easier
methods and achieve better treatment results. However,
it is necessary to evaluate different aspects of new ones.
The cavity preparation with the Er:YAG laser could be an
alternative safe method for fearful children in pediatric
dentistry. Therefore, it has been attempted to evaluate
the performance of different adhesive systems which
have different component, acidity and mechanism of
interaction and establish the most appropriate laser
parameters for the performance of these adhesive systems.
The purpose of this study was to evaluate the shear bond
strength of fifth and sixth generation adhesive systems
to primary tooth dentin prepared with two different
energies of laser.

In studies performed in this field, Roebuck et al**¥
found that in laser prepared permanent teeth, using laser
irradiation with 350 m]J energylevel prior to the application
of composite restorative materials bonded with total-etch
adhesive system and energy levels of 100-200-300/100 m]
prior to the application of compomer restorative materials
bonded with self-etch adhesive system resulted in higher
bond strength to dentin. Monghini et al® reported that
in laser prepared primary teeth, laser irradiation with
energy level up to 100 mJ was appropriate in the bonding
of composite restorative materials and total-etch adhesive
system. In the study by Flury et al,* using various settings
of laser irradiation, favorable results in the bonding of
composite restorative materials were observed. Baghalian
et al”® found that using laser with an energy level of 200
mJ, the composite material bonded with clearfil SE Bond
had less marginal micro leakage in comparison with the
compomer materials.

The parameters of Er-YAG laser used in this study were
determined based on the previous studies of morphology
and performance of adhesive systems in laser prepared
surface. The energy levels of laser up to 300 mJ have

been reported as safe energy outputs in primary teeth.?*
The issue that the laser with an energy output of 400 mJ
leads into melting, cracks or some areas of imperfection
in dentin surfaces is a controversial issue. In a study by
Zhang et al* some areas of melting were reported, but in
some studies, no signs of cracks or carbonization have
been observed.*

Controversy also exists about the effect of the laser
frequency of 10 Hz. In the study by Flury et al,** no cracks
or carbonization was observed up to frequencies of 20 Hz.
In the study by Castilho et al,’! the results showed that
irradiation of laser with the frequency of 14 Hz caused
increased temperature in the safety zone. Frequency is
the most important parameter in increasing temperature,
rough surface, crack and fusion.”” In the pilot study, the
frequency of 10 Hz was considered an ideal frequency in
terms of clinical speed, so higher values of frequencies
were not applied in this study to prevent the possible effect
of frequency in increasing temperature of surrounding
tissue.

Two frequently used bonding agent, single bond (total-
etch adhesive system) and Clearfil SE Bond (self- etch
adhesive system) were used in this study. Most studies
have shown higher bond strength and lower marginal
leakage of these bonding agents in primary teeth.*

The results of present study showed no statistically
significant differences between the mean of the shear
bond strength of the samples prepared by laser and bur.
These results are in contrast to the results of studies by
Torres et al,'”” Bahrololoomi et al** and Monghini et al*
who observed lower bond strength of composite to laser
prepared primary tooth dentin. They disclosed that
composite resin bonded with Single Bond adhesive agent
had lower bond strength to laser prepared primary teeth
dentin than in the bur prepared samples. They discussed
that lower bond strengths to the laser prepared teeth could
be due to the pulsing nature of laser creating a surface
with an irregular pattern of roughness, subsurface micro-
cracks, and fusion or micro-rupture of collagen fibrils
resulting in the lack of appropriate resin penetration in
these surfaces.”” And since laser irradiation increases the
surface calcium-phosphorous ratio, resulting in a more
resistant tooth surface to acid, so acid cannot eliminate
the damaged subsurface. Laser parameters including
energy density, frequency, pulse duration, distance from
the target surface and the use of cooling system could
affect the quality of these changes®~'"2%; so, the difference
between their results and ours may be attributed to
different laser parameters used in these studies. Laser
energy and frequency used in the studies by Bahrololoomi
et al (300 mJ/2 Hz),"® Torres et al* (200 mJ/10 Hz) and
Monghini et al® (100 mJ/2 Hz) were lower than in our
studies (300 mJ/10 Hz, 400 m]J/ 10 Hz). Although no
published data support this assumption, it seems that
higher energy level and frequency of laser, of course in a
safe range, increase the speed of ablation which may result
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in a lower chemical change of dentin surfaces. So, the
performance of acid etchant solution on these surfaces
would be more efficient. On the other hand, Single Bond
adhesive agent containing alcohol and water as solvents in
its formulation need a slightly moist substrate for optimal
bonding; so, it can adapt and penetrate suitably to dentin
surface prepared by laser.

The results of this study are consistent with the results
obtained in the study by Flury et al.** In both of these
studies, higher levels of energy and frequency were used,
and the results showed favorable bond strength of Clearfil
SE bond up to the group prepared with conventional
rotating instrument. Baghalian et al® also disclosed the
same favorable marginal leakage for the composite resin
bound with Clearfil SE bond to the level of bur prepared
cavity ina primary tooth. Clearfil Se Bond is a 2-step smear
layer modifying bonding system (with the pH=2) and
is categorized as a mild self-etch system. In this system,
depth of dentin demineralization and resin monomer
penetration are equal and occur simultaneously. At the
same time, Clearfil SE Bond has an important feature,
which is, it contains 10-MDP (methacryloxy decyl
dihydrogen phosphate) hydrophilic acidic monomer. It
has a molecular structure capable of chemically reacting
with hydroxy apatite remnants following acid etching.
The produced chemical salt has hydrophilic stability.
Several studies have attributed the high bond strength
of Clearfil SE Bond to the presence of this monomer
in its composition.”” Presence of MDP in this self-etch
system in the present study may be responsible for their
comparable bond strength to that of total etch systems.

Bonding to permanent teeth has been studied
extensively. The results of this study about the
performance of Single Bond and Clearfil SE Bond were in
accord with those by Celik et al”? and da Silva et al* and in
contrast to the studies by Ramos et al,"”> De Munck et al,'”
and Koliniotou-Koumpia et al."* The results of the present
study cannot be reliably compared to the outcomes of
the conducted research on the permanent teeth. Many
studies have suggested that the permanent tooth dentin
has some morphological and structural differences in
comparison with primary tooth dentin.’®* Different
mineral and water content of primary tooth dentin result
in a different ablation threshold of laser irradiation and
thermal changes of the tooth surface. Different number
and diameter of dentin tubules of primary tooth dentin
lead to the different reactivity of primary tooth dentin to
the acidic solutions.

It should be kept in mind that other different practical
condition of tooth structure such as carious tissue,
different tooth anatomy and chemical component and
presence of sclerotic dentin can affect water amount,
ablation threshold and removal of the dental structure.
So, it is definitely a hindrance to extend the results of an in
vitro study to practice conditions. These results are to be
confirmed in the future with studies encompassing more

samples and clinical situations.

Further evaluation of changes occurring in the primary
tooth dentin prepared by laser in the setting of this study
in terms of the amount of ablation (interferometry),
melting, surface cracking or carbonization, TEM ultra
structure analysis and changes in chemical compositions
of tooth structure, is recommended.

Conclusion

Based on the current study’s findings, and within the
limitations of an in vitro investigation, Er:YAG laser with
two energy of 300 and 400 m] and frequency of 10 Hz can
be used in preparing restorative cavities of primary teeth
with proper clinical speed. It may be concluded that in
terms of shear bond strength, Single Bond and Clearfil
SE Bond adhesive agents adequately perform in primary
tooth dentin prepared by Er: YAG laser with the energy
level of 300 & 400 mJ and 10 Hz.
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