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ABSTRACT

Introduction: Recently laser usage became popular in pediatric dentistry due to its efficiently
in cutting enamel and dentin without pain, and with lesser vibration and noise, which leads to
roughness in the structure of dental tissue like the etching process, which is the first indication for
composite restorations cavity preparation. Due to the morphological differences and heterogeneous
composition, of primary teeth compared to permanent teeth, the parameters of laser should be
differently set. Materials and methods: This study was conducted to evaluate and compare the
effect of bond prep mode and cutting mode of Er, Cr: YSGG laser in primary molars on shear bond
strength of composite resin and conventional flowable composite using applied on flattened buccal
and lingual surface on forty-eight freshly extracted sound natural deciduous molars divided into 2
groups and each group is subdivided into 2 subgroups each according to the mode of preparation:
into: group 1: bond prep mode Er,Cr:YSGG laser which were further divided into: subgroup A:
composite resin and subgroup B: conventional flowable composite, and group 2: cutting mode
Er,Cr:YSGG which were further divided into: subgroup A: composite resin and subgroup B:
conventional flowable composite. The samples were subjected to universal testing machine.
Results: The mean (SD) values for shear bond strength of Bond prep and cutting modes regardless
of restorative material were 22.8 (2.7) and 194 (2.7), respectively. Bond prep mode showed
statistically significantly higher mean shear bond strength than cutting mode (P-value <0.001, Effect
size = 0.296). The mean (SD) values for shear bond strength of composite resin and conventional
flowable composite regardless of preparation mode were 20.7 (3.1) and 21.4 (3.3), respectively.
There was no statistically significant difference between the two restorations (P-value = 0.394,
Effect size = 0.017). Conclusion: The bond prep mode is better than cutting mode, Er,Cr:YSGG
Laser irradiation improves shear bond stress and no significant difference between composite resin
and conventional flowable composite clinically.
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INTRODUCTION

In the last few years, research in dental field
showed improvement in both restorative techniques
and materials to mimic the appearance and
characteristics of the dental tissues lost due to caries.
The adhesive resin restorative systems showed
development which enabled cavity preparation
without more extension into sound tooth structure!=.
in which the essential factor for long-term clinical
success of esthetic restoration is the shear bond
strength (SBS)*°.

The increased demand for cosmetics and tooth
structure preservation leads to the development of
adhesive restorative materials which bond to the
enamel and dentin, where flowable composite resin
is a type of adhesive restorative materials that gained
popularity from its low viscosity, which lead to less
tooth preparation in preventive resin restorations
and superficial restorations’*.

A growing debate in the recent years on the
various applications of lasers in cavity preparation
due to their efficiency in enamel and dentin
removal’. Recently the popularity of laser usage
in pediatric dentistry was due to its efficiently
in cutting enamel and dentin without pain, and
with lesser vibration and noise'®. The U.S. Food
and Drug Administration approved Er:YAG and
Er,Cr:YSGG,
without damaging surrounding structures'''?. The

removal of hard dental tissues

best parameters for conditioning of the hard tissues
of the tooth are done by pulsed erbium lasers due
to the process thermomechanical ablation that
results in roughness in the structure of dental tissue
like the etching process’, due to high efficiency of
laser absorption by both water and hydroxyapatite
in enamel and dentin', which is the first indication
for composite restorations cavity preparation’'*!.
When the Er,Cr:YSGG laser is accompanied by
water spray during irradiation of hard dental tissues,
not only temperature suppression, but also increase
in the efficiency of cutting occurs. The alterations
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of the enamel and dentin surface that occurs after
irradiation by Er,Cr: YSGG laser are surfaces micro-

irregularities, beside no smear layer'!>17.

Several studies have shown that smear layer
can be removed by Er: YAG laser, together with
opening of dentinal tubules and creation of a
rough surface*®'®2 The dentin of primary tooth
is characterized by lower mineralization content,
higher organic material, and water content when
compared to permanent teeth, where dentinal tubules
have low thickness and density, about 0.4-0.5 mm to
pulp surface*!82!2? g0, taking into consideration all
these morphological differences and heterogeneous
composition, the setting of the parameters of laser in
primary teeth should be different*'®!20-22, As fewer
studies on laser irradiation in the primary teeth
were done for cavity preparation for composite
resin restorations*, so this study is conducted to
evaluate and compare the effect of bond prep mode
and cutting mode of Er, Cr: YSGG laser in the
primary molars on shear bond strength of composite
resin and conventional flowable composite using
universal testing machine.

MATERIALS AND METHODS

A forty-eight unidentified human primary molars
with at least intact one buccal or lingual surface
which were either exfoliated due to physiologic
reason or are indicated for extraction. Teeth
having caries on buccal or lingual surfaces or both,
hypoplastic, hypocalcified, fractured crown due to
extraction, and with any developmental anomaly
were rejected. The teeth were washed under running
water, cleaned of residual tissue and debris, then
autoclaved and stored in distilled water at 4°C for
not more than 1 week *?2. The forty-eight teeth were
divided into 2 groups and each group is subdivided
into 2 subgroups each according to the mode of
preparation as follows: group 1: bond prep mode
Er,Cr:YSGG laser which were further divided
into: subgroup A: composite resin and subgroup
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B: conventional flowable composite, and group
2: cutting mode Er,Cr:YSGG which were further
divided into: subgroup A: composite resin and
subgroup B: conventional flowable composite.

Tooth surface preparation (substrate):

The forty-eight samples were embedded in acrylic
resin in a standardized autoclavable Teflon molds.
In group 1, buccal surface was flattened (bond prep
mode) with Er,Cr:YSGG laser (Waterlase iPlus,
Biolase; Irvine, CA,USA) using a Waterlase iplus
Gold handpiece and aMGG6 tapered sapphire tip
having a fiber core diameter of 600 um. The laser
settings were 4.5 W (peak power), frequency 50 Hz,
air pressure 60%, and water pressure 80%, used in
non-contact mode in 24 samples. In group 1A (12
samples) composite resin (Z-250, 3M/ESPE) was
applied on prepared surfaces of dentin. In group
1B (12 samples) conventional flowable composite
(3M/Dental Product, USA) was applied on prepared
surfaces of dentin. For group 2, lingual surface was
roughened (cutting mode) with Er,Cr:YSGG laser
(Waterlase iPlus, Biolase; Irvine, CA,USA) using a
Waterlase iplus Gold handpiece and aMGG®6 tapered
sapphire tip having a fiber core diameter of 600 um
till yellow dentin was seen. The laser settings were
6 W (peak power), frequency 15 Hz, air pressure
60%, and water pressure 80% in 24 samples. In
group 2A (12 samples) composite resin (Z-250, 3M/
ESPE) was applied on prepared surfaces of dentin.
In group 2B (12 samples) conventional flowable
composite (3M/Dental Product, USA) was applied
on prepared surfaces of dentin.

Restorative Material Application

For all specimens of group 1, two layers of
bonding agent (Adper single bond, 3SMESPE, USA)
were applied on the etched surfaces and light cured
for 20 s (Arialux, ApadanaTak, Iran) with output
of 450 mW/cm2, according to the manufacturer’s
instructions*. Standardized cylinders of composite
resin and conventional flowable composite were
applied to the prepared tooth surfaces by the aid of
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a specially designed Teflon mold with standardized
dimension.

For all specimens of group 2, the dentin surfaces
were etched with 37% phosphoric acid gel for
10 seconds and rinsed for 20 seconds, followed
by application of two layers of bonding agent
(Adper single bond, 3BMESPE, USA) on the etched
surfaces and light cured for 20 seconds (Arialux,
ApadanaTak, Iran) with output of 450 mW/cm2,
according to the manufacturer’s instructions®.
Standardized cylinders of composite resin and
conventional flowable composite were applied to
the prepared tooth surfaces by the aid of a specially
designed Teflon mold with standardized dimension.

Shear Bond Strength Testing

All samples of groups la, 1b, 2a, and 2b were
subjected to shear bond strength test using Instron
universal testing machine (Instron, Norwood, USA)
at a cross head speed of 0.5mm/min until fracture.
The specimen was placed in the lower assembly of
the machine and the force was applied with the help
of a knife-like mandrel which engages the cylinders
of GI and RMGI at the tooth restoration interface
to test the strength of the bond. Data were recorded
using BlueHill computer software.

Statistical Analysis

Numerical data were explored for normality by
checking the distribution of data and using tests of
normality (Kolmogorov-Smirnov and Shapiro-Wilk
tests). Shear bond strength data showed normal
(parametric) distribution. Data were presented as
mean, standard deviation (SD) and 95% Confidence
Interval for the mean (95% CI) values. Two-way
Analysis of Variance (ANOVA) was used to study
the effect of preparation mode, restorative material
and their interaction on mean shear bond strength.
Bonferroni’s post-hoc test was used for pair-wise
comparisons when ANOVA test is significant. The
significance level was set at P < 0.05. Statistical
analysis was performed with IBM SPSS Statistics
for Windows, Version 23.0. Armonk, NY: IBM Corp.
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RESULTS

Descriptive statistics for shear bond strength
values (MPa) in the different groups are presented
in Table 1. Two-way ANOVA results showed that
regardless of restorative material; preparation mode
had a statistically significant effect on mean shear
bond strength (P-value <0.001, Effect size = 0.296).
Regardless of preparation mode; restorative material
had no statistically significant effect on mean shear
0.394, Effect size =
0.017). The interaction between the two variables

bond strength (P-value =

had no statistically significant effect on mean
shear bond strength (P-value = 0.702, Effect size =
0.003). Since the interaction between the variables
is not statistically significant, so the variables are
independent from each other (Table 2).

The mean (SD) values for shear bond strength
of Bond prep and cutting modes regardless of
restorative material were 22.8 (2.7) and 194 (2.7),
respectively (figure 1). Bond prep mode showed
statistically significantly higher mean shear bond
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strength than cutting mode (P-value <0.001, Effect
size = 0.296).

The mean (SD) values for shear bond strength
of composite and flowable composite regardless of
preparation mode were 20.7 (3.1) and 21.4 (3.3),
respectively (figure 2). There was no statistically
significant difference between the two restorations
(P-value = 0.394, Effect size = 0.017).

Table 3 represents the interaction of variables.
The results showed that Bond prep mode showed
statistically significantly higher mean shear bond
strength than cutting mode whether using composite
resin (P-value = 0.002, Effect size = 0.199) or with
conventional flowable composite (P-value = 0.008,
Effect size = 0.148). Comparison between the two
restorative materials revealed that there was no
statistically significant difference between composite
resin and conventional flowable composite whether
using Bond prep mode (P-value = 0.738, Effect size
= 0.003) or cutting mode (P-value = 0.383, Effect
size =0.017) (figure 3).

TABLE (1) Descriptive statistics for shear bond strength values (MPa)

Preparation . ) 95% CI
Restorative material Mean SD
mode Lower bound Upper bound
Composite resin 22.6 2.7 21 242
Bond prep
Conventional flowable composite 23 2.8 21.3 24.6
Composite resin 18.9 23 17.3 20.5
Cutting
Conventional flowable composite 199 2.7 18.3 21.5

TABLE (2) Two-way ANOVA results for the effect of different variables on mean shear bond strength

o Type III Sum Effect size (Partial
Source of variation df Mean Square F-value | P-value
of Squares eta squared)
Preparation mode 137.702 1 137.702 18.460 | <0.001* 0.296
Restorative material 5.535 1 5.535 0.742 0.394 0.017
Preparation mode x Restorative
L . 1.110 1 1.110 0.149 0.702 0.003
material interaction

df: degrees of freedom = (n-1), *: Significant at P < 0.05
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TABLE (3) The mean, standard deviation (SD) values and results of two-way ANOVA test for comparison
between shear bond strength values with different interactions

) ) Bond prep Cutting P-value (Between Effect size (Partial
Restorative material
Mean SD Mean SD modes) eta squared)
Composite 22.6 2.7 18.9 2.3 0.002%* 0.199
Flowable composite 23 2.8 199 2.7 0.008* 0.148
P-value (Between materials) 0.738 0.383
Effect size (Partial eta squared) 0.003 0.017

*: Significant at P < 0.05
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Fig. (2): Bar chart representing mean and standard deviation
values for shear bond strength of the two restorative
materials regardless of preparation mode

In the present study, shear bond strength test
was used, because shear stresses are considered
the major stresses responsible for bond failures of
restorative materials clinically', therefore, shear
bond strength test is the most reliable method for
assessing the restoration clinical performance'#.

The ability of different settings of erbium lasers
in improving bond strength and marginal seal have
been assessed in some studies, where a wide range
of results were reported’?. In the current study two
different laser settings was used in this study which
are 4.5 W and 6 W to determine the most effective
setting. In a study done by Gurgan et al 2008' the
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power level (5 W) was used for irradiation of dentin
surface, which was higher than that suggested by
the manufacturer (4 or 4.5 W), and they concluded
that the best shear bond strengths were gained
with the high power levels which disagree with the
current study. In a study done by Sung et al. 2005*
they discovered that higher shear bond strengths
of human primary teeth dentin was achieved with
Er,Cr:YSGG laser with parameters of 4 and 5 W for
preparation, and 0.75 W for etching', which may
agree with the current study.

In the current study the bond prep showed higher
shear bond strength than the cutting mode with both
materials, due to the bond prep leads to roughness
with no smear layer, which may be attributed to the
water content and organic material, which is higher
and with more irregular dentinal tubules in the dentin
of the primary teeth when compared to dentin of
the permanent teeth, and also, in primary teeth the
water content in inter-tubular dentin is more than
intra-tubular dentin, which means that using similar
power of laser will remove higher amount of tissue
in the deciduous teeth, so the parameters used in the
deciduous teeth should be lower than those used in
the permanent teeth!822,

It is well known that restorative composites
have a hydrophobic nature, which complicates their
bonding to hard dental tissues, therefore bonding
of these resins necessitates the alteration of the
topography of the tooth surface and use hydrophilic
resins'>%. In a study done by Gurgan et al. 2008,
modification of the surface morphology was done by
cutting the tooth surface with a bur and Er,Cr: YSGG
laser, and then conditioning of the surfaces with a
bonding agent with or without phosphoric acid or
with self-etching primer, and treating the surfaces by
laser with different energy settings, they concluded
that laser may have a positive effect and increase
bond strength versus traditional preparation by bur,
which depends on the adhesive system used which
was consistent with the results of this study.
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The lased dentin surface results in improvement
of the bonding ability of the surface due to its scaly
and flaky appearance after laser irradiation®. In a
study done by Bahrololoomi and Ghafourifard
2016* showed that laser irradiation produces an
adhesion pattern that will enhance the bonding
process which was in agreement with the results of
Hossain et al. 2001%°, Visuri et al. 1996 %7, Hibst et al.
19892, Wanderly et al. 2005 ** and Mahmoudian et
al. 2011 ?, also similar results was achieved, when
a study was conducted by Sung EC 2005 * using a
different type of Er, Cr: YSGG laser, accordingly
was consistent with the results of the current study.

In a study done by Line et al. 1999*they reported
that for non-etched enamel the bond strength
was highly elevated in case of surfaces cut by the
Er,Cr:YSGG laser when compared to surfaces
cut by bur, although regarding the two dentinal
groups, no difference was reported. In a study
conducted by Remos et al. 2002°' they found that
all subgroups irradiated by laser showed a decrease
in bond strength when compared to control groups,
especially when single-bottle bonding agents were
used. In a study done by Sakakibara 1999°?, Dunn
et al."” and Ceballo et al. 2002** lower shear bond
stress have found after laser irradiation. They
postulated that a layer of rather denatured collagen
fibers was created following laser irradiation with
poor adhesion to dentin surface which don’t contain
peri-fibrillar spaces and may limit penetration of the
resin to inter-tubular dentin subsurface and weaken
the hybrid layer formation®, which was on the
contrary to the results of the current study.

In a study conducted by Van Meerbeek et al.
2003* they stated that micro-explosions induced
by the laser treatment due to its thermo-mechanical
ablation, which firstly will lead to water and then
other hydrated organic components of the tissue to
vaporize, this vaporization in turn causes internal
pressure to increases in the tissue until explosive
destruction of the inorganic components of the sur-
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face occurs. Since the water content of intertubular
dentin is higher than mineral content in comparison
to peritubular dentin, so, it is selectively more ablat-
ed, leaving dentinal tubules protruding with a cuff-
like appearance®. This may be responsible for the
increase in the adhesive area together with the ab-
sence of the smear layer, which are additional fac-
tors that may improve bonding to dentin treated by
laser, which may be explained by the formation of
resin tag providing mechanical retention and infil-
tration of adhesive resin into the micro-irregularities
in lased demineralized dentin'. Furthermore, imag-
es taken by scanning electron microscopic reveals
that laser irradiation creates a surface that elevates
the retention of composite restorative materials’.
So, briefly we can assume that Er,Cr:YSGG laser
elevates shear bond strength in composite resin and
conventional fowable composite restorative mate-
rials for primary teeth through improving bonding
process, but with no significant difference between
the two restorative materials.

CONCLUSION

The following can be concluded as regards the
results of the current laboratory study:

1) Bond prep mode is better than cutting mode
regarding shear bond strength.

2) ErCr:YSGG Laser irradiation improves shear
bond stress.

3) No significant difference between composite
resin and conventional flowable composite
concerning shear bond strength.
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