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ARTICLE INFO ABSTRACT

Keywords: Background: To explore the surface modification of dentin using Er,Cr:YSGG phototherapy and bonding system
Er,Cr:YSGG laser on the shear bond strength and microleakage scores at two different distances and times of laser irradiation.

Microleakage Materials and Methods: Ninety disease-free third molars were collected for the experiment. The four laser groups
Bond strength were divided on the basis of non-contact mode distance and time of irradiation: Group-I: Distance of 1 mm with
Ez:itrin duration of 60 s; Group-II: Distance of 1 mm with duration of 120 s; Group-III: Distance of 2 mm with duration of

60 s and; Group-IV: Distance of 2 mm with duration of 120s. The surface for control group (Group-EB: Etch &
bond group) was treated with etch and rinse bonding regime. Specimens from all the groups were assessed for
shear bond strength and microleakage scores. Samples from all groups were immersed in 2% methylene blue for
24 h and assessed under a digital microscope for microleakage.

Results: The lowest bond strength and microleakage was observed in the control group EB. The maximum bond
strength score was observed in Group-IV with mean scores 23.41 + 1.83, while the maximum microleakage
scores were observed in Group-II and Group-IV with mean scores 1.0 = 0.36 and 1.0 %= 0.11, respectively. The
lowest bond strength and microleakage among laser groups was observed in Group-II and Group-III, respectively.
However, specimens in laser groups showed comparable bond strength and microleakge scores (p > 0.05). For
bond strength and microleakage values, analysis of variance showed significant difference among the study
groups (p < 0.001). Using Tukey post hoc test, bond strength and microleakage of laser groups showed sta-
tistically significant values than EB group.

Conclusion: Use of phototherapy using Er,Cr:YSGG for dentin surface treatment has the potential for clinical
application in comparison to conventional conditioning technique. Increasing the distance of laser application
and time of irradiation has significant effect on the shear bond strength and microleakage scores of dentin
bonded to resin composite. However, further in-vitro analysis should be undertaken in order to prove such
findings.

1. Introduction

There is constant research in the field of conservative dentistry on
how much should caries be removed from the infected tooth tissue.
Conventional high speed hand piece is generally used in cavity pre-
paration as they are cost effective, easy to prepare, and less time

consuming [1]. However there are few unintended limitations such as
pulpal hyperthermia, extreme sensitivity of the tooth, increase damage
to the tooth structure, cross contamination and even fear among pa-
tients [2]. On the other hand, phototherapy have additional merits as
they are proved to be more reliable, easy to handle, high patient ac-
ceptance, safe, with less invasive with no requirement of anesthesia [3].
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In view of these benefits of phototherapy, its use in dentistry has no-
ticeably increased in recent years.

The clinical application of phototherapy using Er,Cr:YSGG (Erbium
Chromium-yttrium-scandium-gallium-garnet) lasers has developed
much interest for both researchers and clinical practitioners [4]. Er,-
Cr:YSGG lasers operate at wavelength of 2780 nm have been shown to
be effective in cutting hard tissues including enamel, dentin and bone.
Such phototherapy system works on the principal of micro explosion
during tissue ablation resulting in micro and macroscopic surface ir-
regularities without significant collateral damage to tooth structure,
thermal effects or patients discomfort [5]. In addition, the purpose of
Er,Cr:YSGG laser includes removal of smear layer and surface rough-
ening of tooth mimicking acid etch technique [6]. Several studies have
compared the efficacy of tooth surface conditioning using laser photo-
therapy and conventional acid etch technique [7,8]. The results of these
studies indicate that bond strength of laser prepared surfaces are low or
comparable to conventional acid etch technique [7,8].

Removal of smear layer remains a prerequisite in order to attain
high marginal seal and bond strength [9]. There are various bonding
systems which facilitates modification or removal of smear layer [10].
On the one hand, there is conventional total etch which is regarded as
‘etch and rinse bonding system’ which is highly technique sensitive and
difficult to use and entirely eliminates the smear layer [11]. On the
other hand, ‘self-etch bonding systems’ are associated with the use of
non-rinse acidic monomer which rapidly conditions and prime dentin.
Unlike etch and rinse bonding systems, self-etch bonding systems are
considerably less technique sensitive and easy to use as it comprises of
only single step technique and is generally referred to as “all in one”
adhesive systems [11].

Research indicates that microleakage scores and bond strength of
dentin treated with Er,Cr:YSGG phototherapy and conventional burs
have shown significant convincing outcomes [12,13]. However,
bonding regimes with their roles with regards to curing distance and
time warrants further investigation. The purpose of this in-vitro study
was to explore the surface modification of dentin using Er,Cr:YSGG
phototherapy using different bonding systems on the shear bond
strength and microleakage scores at two different distances and times of
irradiation.

2. Materials and methods

This research follows the general guidelines as described in the CRIS
(checklist for Reporting In-vitro Studies). Sample size was calculated
using means from previous published studies set at 80% power.

2.1. Preparation of teeth samples

Teeth samples were prepared as explained in the previous study [4].
Ninety disease-free third molars were collected for the experiment.
Hard deposits, stains or tissue remnants were removed with the help of
a periodontal scaler (Sonic flex 2000, Biberach, Germany). Extracted
teeth were stored for 5 days in the container containing disinfectant
Chloramine T hydrate 95% (Sigma-Aldrich) and later shifted to distilled
water at 4°C until use. The teeth were mounted perpendicularly in ac-
rylic resin within the segments of polyvinyl chloride pipes with 10 mm
diameter. The roots were fixed in acrylic resin at the level of cemento-
enamel junction (CEJ) revealing only the coronal part of tooth struc-
ture. The buccal surface of all molar teeth was inserted to a depth of
1 mm. The occlusal surface was flattened by removing 1.5 mm of tooth
structure form the deepest fissure using a grit machine (Isomet saw,
Buehler, Illinois, USA) followed by polishing with 400-600 grit carbide
paper on a rotatory polishing machine at 250 rpm under water irriga-
tion for 10s.
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2.2. Study groups

The teeth were divided into 5 groups. Eighteen teeth were treated
with conventional flat wheel diamond bur and the remaining 72 teeth
were treated with Er,Cr:YSGG laser. For 4 laser treated groups, all
specimens were exposed to phototherapy using Biolase, Waterlase I-
Plus laser (Biolase, Irvine, CA, USA) (tip MZ8) with frequency 50 Hz
and power of 4.5W (W). The four laser groups were divided on the
basis of non-contact mode distance and time of irradiation:

Group-I: Distance of 1 mm with duration of 60s.

Group-II: Distance of 1 mm with duration of 120 s

Group-III: Distance of 2 mm with duration of 60 s

Group-IV: Distance of 2 mm with duration of 120 s

Similarly, 18 teeth were treated with flat wheel diamond bur
(Shenzhen Dian Fong Abrasives Co. China) for 1min at 1500 to
2500 rpm. The control group was denoted by Group-EB (etch & bond
group) and the surface was treated with etch and rinse bonding regime.
The samples in the EB group were etched using 37% phosphoric acid
(Bisco; Schaumburg, IL, USA) for 30 s. The samples from all the groups
were adhesively bonded using Harvard Bond TE Mono (Harvard Dental
International, GmbH, Hoppegarten, Germany). The agent was applied
to moist dentin for 30 s and air-dried for 15 s to form a uniform layer (as
per the manufacturer’s instructions). It was light cured for 20 s with an
intensity of 650 mWcm. (Bluephase. C8, Ivoclar Vivadent, Schaan,
Liechenstein).

2.3. Bond strength testing

Resin composite build-ups of 3x 3 mm were made using standar-
dized split moulds in cylindrical shape using Multi Core Flow (MC)
(Ivoclar Vivadent Schaan Liechtenstein) composite resin. Excess mate-
rial from the build-ups was excavated using hand instrument. Following
removal of excess material, the build-ups were light cured for 40 s. After
bonding, all specimens were stored in distilled water (at room tem-
perature) for 24 h. Specimens underwent thermocycling for 3000 cy-
cles, from 5°C to 55°C for 30s. Shear bond strength testing was per-
formed by a single operator using a universal testing machine (Model
4411; Instron Corp, Canton, Mass) with a parallel knife-edge blade just
touching the interface of dentin and composite resin build-up. A shear
load was applied until failure at a crosshead speed of 1 mm/min. The
mode of failure for all specimens was determined using a 3D digital
microscope (Hirox-KH7700, 100 Commerce Way, Hackensack, USA).

2.4. Microleakage assessment

Microleakage was evaluated using samples that were immersed in
methylene blue dye for 24 h and then sectioned with Isomet disc after
mounted in acrylic resin to prevent dislodgement of the composite.
Specimens were cleaned with distilled water and air dried for ex-
amination under digital microscope. Scores were assigned using the
following criteria:

0 No dye penetration

1 Dye penetration less than one-third of the restoration.

2 Dye penetration less than two-thirds of the restoration.

3 Dye penetration more than two-thirds of the restoration.

4 Dye penetration to the full extent of the restoration.

2.5. Statistical analysis

All quantitative outcomes of SBS and microleakage among the dif-
ferent study groups was tabulated using a specialized SPSS software.
The statistical significance was set at p < 0.05. Means and standard
deviations of SBS and microleakage was compared among the study
groups using one-way analysis of variance (ANOVA) and post hoc Tukey
for multiple comparisons.
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Table 1
Means (SD) for shear bond strength values among study groups using ANOVA
and Tukey multiple comparisons test.

Study groups Mean SD SE Variance P-value
Group-I 16.18* 2.12 0.88 5.99 < 0.000
Group-II 13.52% 1.81 0.49 1.23

Group-IIT 14.14% 3.01 0.12 2.89

Group-IV 23.41° 1.83 0.53 2.73

Group-EB 11.73* 2.04 0.45 1.38

*Dissimilar letters denotes inter-group significant difference.
3. Results
3.1. Shear bond strength

The lowest bond strength was achieved in the control group EB with
mean value 11.73 = 2.04. The maximum bond strength score was
observed in Group-IV with mean scores 23.41 *+ 1.83. The lowest bond
strength among laser groups was observed in Group-II with mean values
13.52 = 1.81. However, specimens in laser groups showed comparable
bond strength scores (p > 0.05). For bond strength values, analysis of
variance showed significant difference among the study groups
(p < 0.001). Using Tukey post hoc test, bond strength of laser groups
showed statistically significant values than EB group (Table 1).

3.2. Microleakage outcomes

The lowest microleakage values were observed in the control group
EB with mean value 0.3 * 0.18. The maximum microleakage scores
were observed in Group-II and followed by Group-I with mean scores
1.9 + 0.36 and 1.5 = 0.11. The lowest microleakage values among
the laser groups were observed in Group-IV with mean values
0.5 = 0.11. However, specimens in laser groups I, II and III showed
comparable microleakage scores (p > 0.05). For microleakage values,
analysis of variance showed significant difference among the study
groups (p < 0.001). Using Tukey post hoc test, microleakage of laser
groups showed statistically significant values than EB group (Table 2).

4. Discussion

To the authors knowledge, this is a maiden study to explore the
surface modification of dentin using Er,Cr:YSGG phototherapy using
different bonding systems on the shear bond strength and microleakage
scores at two different distances and times of irradiation. The authors
showed that distance of 2mm for 120 s has significant effect on the
shear bond strength and microleakage scores of dentin bonded to resin
composite.

There are considerable chances of tooth sensitivity with the use of
high speed handpiece and dentinal burs for cavity preparation which
may cause fear and anxiety among patients [12,14]. On the one hand,
surface treatment is necessary for durable bond between composite
resin and tooth substance. Smear layer is responsible for poor bonding
between the two interfaces. To circumvent the problems related to

Table 2
Means (SD) for micro leakage values among study groups using ANOVA and
Tukey multiple comparisons test.

Study groups Mean SD SE Variance P value
Group-1 1.5° 0.51 0.155 0.32 < 0.001
Group-II 1.9° 0.36 0.161 0.36

Group-IIT 1.2% 0.14 0.183 0.19

Group-1V 0.5 0.11 0.291 0.41

Group-EB 0.3° 0.18 0.148 0.22

*Dissimilar letters denotes inter-group significant difference.
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bonding, surface treatment should ideally be performed to remove the
smear layer entirely either with the help of total etch adhesive system
or by incorporating the smear layer within the bonding layer with help
of self-adhesive system [12,15,16]. On the other hand, phototherapy is
found to be more comfortable to the patients, is less invasive and re-
duces the risk of sensitivity during tooth preparation [17].

The premise of erbium lasers including Er,Cr:YSGG and Er:YAG
laser is generally well-absorbed by the mineralized tissues because both
wavelengths show high absorption by water and hydroxyapatite. These
lasers act at the dental hard tissue through explosive “thermo-me-
chanical” ablation. In this mechanism, the water molecules contained
between the hydroxyapatite crystals absorbs the incident radiation and
the water vaporization results in increased internal pressure and mi-
croexplosions leading to a substrate ejection in the form of inorganic
particles and to a precise irradiated tissue removal [18]. Studies have
evaluated the effect of erbium lasers in surface morphology of dentin,
and they have shown an irregular appearance, without smear layer,
with open dentinal tubules and prominent peritubular dentin, with a
microretentive morphological pattern possibly favorable to bonding
procedures and making it more resistance to demineralization at low
pH [19-21]. Shear bond strength of the material was evaluated using
universal testing machine to follow homogeneity and standardization.
The present study is a laboratory based qualitative test used to provide
data easily and quickly on specific parameters. It helps to measure
specific variable while keeping other parameters constant such as dis-
tance and time [22]. A single type of bonding system was used as it was
shown in the previous study that without etching removal of smear
layer was not enough and bond strength was negligible [4]. The reason
for treating one group with self-etch bonding system was based on the
controversy within the available evidence that whether Er,Cr:YSGG
laser is capable of complete removal of the smear layer [23]. Further-
more, there is no study reported previously showing self-etch group on
laser surfaces. Microleakage scores were assessed by Dye Penetration
Test (DPT) using 2% methylene blue to standardize and homogenize
method reported in previous studies [24,25]. The dye penetration
method is effective and gives a balance and a fair comparison between
different restorative materials [24].

In the current study, samples were fired laser using Er,Cr:YSGG and
non-laser sample bonded showed comparable bond strength values.
This finding was concurrent with the study done by Hadley et al. [26]
and Verma et al. [12]. However, using Er,Cr:YSGG from a distance of
2mm at 120s produced greater shear bond strength. A possible ex-
planation of this result with total etch bonding system causing complete
removal of the smear layer, opening of the tubular and peritubular
dentinal surface which would reflect the unevenness of the surface with
increasing time. It would be realistic to assume that this rough and
uneven surface influences the bond strength of the adhesive agents
[27]. In addition, the surface topography through SEM revealed that
surface treated with Er,Cr:YSGG laser in the presence of etch and rinse
bonding agents showed highly irregular, sharp jagged projections with
evidence of open dentinal tubules.

Microleakage scores was found to be more in groups treated with
laser in the presence of etch and rinse bonding agents. Multiple factors
including polymerization shrinkage, coefficient of thermal expansion,
bonding agent/liners, polymerization technique, quality of substrate
(enamel or dentin), location of margins in the substrate and the surface
topography are reported to influence marginal microleakage [28]. Re-
cent published data used ageing method to challenge tooth resin in-
terface [11,13]. In our study, thermocycling protocol was followed to
make the results valid, comparable and standardized. From our un-
derstanding, high microleakage scores was found in laser treated groups
due to heat damage, high power density and denaturation of dentin
crystals. Further, experiments are warranted to investigate micro-
leakage score at different power settings and number of applications.

Some limitations should not be overruled. The results are pertinent
only on Er,Cr:YSGG laser, type of bonding agent and materials used. In
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addition, the surface modification of dentin after laser application in
comparison to bur treated specimens was not quantitatively evaluated.
Furthermore, the dentin surface among different teeth is impossible to
standardize, due to sclerotic dentin, ethnic variations, and density of
dentinal tubules. Therefore, further studies are recommended to ex-
plore the influence of Er,Cr:YSGG on the surface roughness and strength
of dentin in a standardized environment. On the basis of current find-
ings, Er,Cr:YSGG laser treatment for tooth preparation and bonding of
resin composite to dentin has shown considerable potential. However
multiple factors including, laser parameters, dentin surface and type of
bonding agent influence the bonding outcomes of specimens after laser
application should further be investigated for enhanced clinical success.

5. Conclusion

Use of phototherapy using Er,Cr:YSGG for dentin surface treatment
has the potential for clinical application in comparison to conventional
conditioning technique. Increasing the distance of laser application and
time of irradiation has significant effect on the shear bond strength and
microleakage scores of dentin bonded to resin composite. However,
further in-vitro analysis should be undertaken in order to prove such
findings.
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