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ABSTRACT

The present study was designed to evaluate shear bond strength of dentin when bonded with self- etch and self-
adhesive resin cements with ErCrYSGG laser (ErCrY) and Er-YAG (ErY) conditioning. Ninety extracted molar teeth
were mounted and allocated into nine groups (n = 10) according to the dentine surface conditioning and type of
cement. Three type of cement, Panavia, Rely-X and Maxcem were used in the study for comparison among the
laser conditioning SBS values. All specimens were tested for shear bond strength using universal testing machine.
Ten samples from each group were assessed for modes of failure. Data were assessed using analysis of variance
and Tukey multiple comparisons test. The highest mean shear bond strength was observed in conventional
treatment with Panavia cement application (21.51 (+ 2.13) MPa) whereas the least mean shear bond strength was
measured in Er-YAG conditioning along with Maxcem cement application (14.89 (+ 3.48) MPa). The hypothesis
was partly accepted as the influence of conditioning methods among different cements was comparable, except
Panavia cement (p >0.05). Moreover, the SBS values were significantly influenced by the type of resin cement
rather than the type of laser used in dentinal conditioning (P < 0.001). Among all groups the most common type
of observed failure was adhesive. The study was revealed that the type of Self-etch and self-adhesive cements
exhibited significant influence on their bond strength to laser treated (ErCrYSGG and Er-YAG) dentin compared
to the type of surface conditioning.
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self-adhesive resin cements are introduced for the purpose
of easy handling and quick bond formation (Durski et al.,

In the field of restorative dentistry, steps have been taken
to simplify the use of adhesive procedures. Initially, a
conventional adhesive restoration technique, a standard
procedure was employed; however, due to an increased
risk of excess demineralisation and salivary contamination
these procedures evolved over time. Recently, self- etch,
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2016). Using the multipurpose system presents with an
opportunity for a positive bond formation in a restorative
retention. Several studies demonstrated the dentin
adhesive bond formation to be considered as a major
factor influencing the success of restorative retention
(Esteves-Oliveira et al., 2007, Gulec et al., 2018). The self
-etch self- adhesive cement exhibited reduction in the
need for pre-treatment of dentinal surface, minimises
the procedure time and technique sensitivity; however,
its viscosity limits decalcification and deep penetration
into dentin, which result in compromised bond formation
(Ferreira-Filho et al., 2018).

With the advancement in technology and change
in the perceptions, minimal invasive treatments are



implemented in current practices. Recently, the use
laser technology has been introduced to enhance the
dentin surface adhesion to the resin cement (Gulec et
al., 2018). A contemporary method to enhance bond
strength is the use of high intensity lasers. Erbium:
yttrium-aluminum-garnet (ErYAG) and erbium,
chromium: yttrium-scandium-gallium-garnet (Er, Cr:
YSGG) belonging to the Erbium family have an ability
to ablate the hard tissues without thermal damage,
reduces dentinal hypersensitivity and exhibit bactericidal
property (Bandéca et al., 2012, Acar et al., 2014). The use
of these lasers increases the resistance of the dentine
surface against a caries progression developing under
the restoration (Harorli et al., 2015, Giray et al., 2014).
The dentinal conditioning has exhibited a positive
bond formation at the dentinal interface with the resin
cement. The phototherapy causes the hydroxyapatite
crystal as well as water to absorb wavelength energy
of the laser (Er:YAG, A= 2.94 m; Er,Cr:YSGG, A=2.87 m)
resulting in the dentin ablation and water evaporation
forming imbricate irregularities on the dentin surface.
The topographical change along with clearance of the
smear layer initiate favourable condition for adhesive
bond between resin and dentin (Esteves-Oliveira et
al., 2007, Lukac et al., 2016). Moreover, phototherapy
conditioned dentinal surface led to open dentinal tubules
and peritubular dentin rather than intertubular dentin
(Gulec et al., 2018).

Previous studies suggest that the laser irradiation
modifies the dentin surface cultivating susceptible
conditions for effective adhesive bond between resin and
dentine (Ramos et al., 2015, Aras et al., 2016). In addition
laser parameters including, wavelength, pulse-energy
and power are a critical factor, in dentin conditioning
outcomes for adhesive bonding to resins (Ramalho et
al., 2015, Ferreira-Filho et al., 2018, Lopes et al., 2015).
Esteves-Oliveira et al proclaimed that the use of self-etch
adhesives is influenced by the type of erbium laser as
the shear bond strength of resin to dentine was greater
in the Er: YAG-laser conditioned surface compared to
the Er, Cr:YSGG-laser irradiated, (Esteves-Oliveira et al.,
2007, David and Gupta, 2015). This mounting interest in
laser therapy encourages further investigation in laser
conditioning using different type of self- etch and self
-adhesive resin cements. It is hypothesized that use of
Er, Cr:YSGG and Er: YAG laser for dentin conditioning
presents with comparable self-etch, self- adhesive
resin cement bond strength outcomes to conventional
conditioning techniques. Therefore, the present study
was designed to evaluate shear bond strength of dentin
when bonded with self- etch and self- adhesive resin
cements with ErCrYSGG laser (ErCrY) and Er-YAG (ErY)
conditioning,.

The project was approved by the institutional research
review board. The study compared the shear bond
strength of dentin when bonded with self- etch and
self- adhesive resin cements with ErCrYSGG laser (ErCrY)
and Er-YAG (ErY) conditioning. A total of 90 extracted

molars, with no caries, restoration or fracture were
selected and stored in thymol solution (0.01%) for 1
week. Each tooth was cleansed using the chlorohexidine
to remove the debris, calculus and plaque before sample
preparation. The samples were shifted temporarily into a
jar of distilled water at 4°C. All the specimen roots were
sectioned using a diamond saw (Leitz 1600, Wetzlar,
Germany) at 2mm below the cemento-enamel junction.
The teeth were then mounted in acrylic resin (Meliodent;
Kulzer, Hanau, Germany) and the occlusal enamel was
removed to expose the mid coronal dentine. Dentine
surface preparation: Each specimen was cut by the
diamond saw (Leitz 1600, Wetzlar, Germany) to prepare
an area of 4 mm in the mesiodistal plane followed by
400 - 600 grit carbide paper (Buehler) polish under a
water coolant spray. Using the stereomicroscope the
surface was closely examined for any enamel residue
or pulpal tissue exposure. The total 90 extracted tooth
was now divided into three categories: control (no laser
treatment - standard bur cut with cylinder diamond burs
with medium-sized particles), ErCrYSGG (ErCRY) laser
and ErYAG (ErY) laser application.

Composite disc preparation:A putty mould (Easy
Composites’ Uni-Mould system, UK) combined with
a wax disc was prepared with dimension of 2 mm
diameter and 3mm height. Resin composite disc was
prepared with a similar dimension of 2mm x 3 mm using
technique of placing the putty mold on a glass slide and
packing the material (MultiCore Flow bulk-fill composite
Ivoclar-Vivadent, Schaan, Liechtenstein) in a mould.
The excess was removed using the hand instrument and
the disc was photo polymerised using the light source
(Bluephase G2; Ivoclar-Vivadent) for 40 sec from top to
bottom through another glass placed on the mould. The
composite discs were finished followed by polishing and
measured for required dimensions. Sample preparation:
The dentinal surface in the all specimens were polished
with a 600 grit silicon carbide waterproof abrasive paper
before dentinal conditioning, creating an area of 4 mm
in diameter under a water coolant spray. The samples
were divided randomly into three groups, conventional,
ErCrYSGG and ErYAG laser (n=30). Following the
distribution experimental groups abide by the subsequent
conditioning protocol

Group 1: Conventional treatment:Specimens were
conditioned using a diamond bur with medium sized
particles to flatten the dentine followed by polishing. No
laser treatment was applied on the dentine.

Group 2: ErCr laser: Dentinal surface was conditioned by
Er,Cr:YSGG (Waterlase C100; BioLase Tech, Inc., CA) laser
power 4.5 W, wavelength of 2780nm and frequency 20
Hz in a noncontact mode from a distance of 2 mm using
tip (MZ = 8, 6 mm) for a interval of 60 sec.

Group 3: ErY laser: Dentinal surface was conditioned by
the ErYAG laser (Kavo Key Laser 3, Kavo Dental GmbH
& Co. KG,). The laser frequency 6 Hz, with a working
distance of 20 mm, wavelength 2940 nm and directing
300 mJ per pulse.
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After the tooth dentin conditioning, each group consisting
of 30 specimens was distributed further into three sub
groups based on the type of cement applied.

Group A: Panavia 2.0
Group B: RelyX Unicem
Group C: Maxcem

Total of 9 groups were created as a result as shown
below:

Gp A1- Control Gp A2- ErCr laser Gp
A3- ErY laser

Gp B1-Control Gp B2- ErCr laser Gp
B3-ErY laser

Gp C1-Control Gp C2- ErCr laser Gp

C3- ErY laser

Each dentinal surface was smeared with a particular
cement according to manufacturer’s instructions and
composite discs were cemented under a constant load
of 15kg for 30 secs. The excess cement was removed
using a micro brush. The cement layer was polymerized
from all sides for 20 seconds (80 seconds in total). After
completion of the process, tooth specimens underwent
thermocycling for 30,000 cycles, under temperature of
5 to 55 °C with a dwell time of 30 sec in (Thermocycler
(GMBH, Miebacher Strabe, Germany) and then stored
in humid conditions (Incubator, Memmert Universal
Oven, Germany) at 37 °C. The shear bond strength (SBS)
was evaluated using universal testing machine (Instron
8500 Plus, Canton) through the controlled application of
force at a cross-head speed of 0.5mm/min, resulting in
fracture at the cement interface. The chisel-shaped probe
was applied parallel to the interface on the composite
disc until fracture. Shear bond strength was expressed
in Megapascals (MPa). The fractured surface (bonding
interface) was evaluated through the stereomicroscope
and classified according to the type of failure; adhesive
(the interface between dentine and cement), cohesive
(within the material) and admixed (cement partly
remains on dentine interference). The normality of data
was assessed using Kolmogorov-Smirnov test. Mean
and standard deviations (SD) of the observed data were
assessed using descriptive statistics. Comparison of
means and SD was performed with ANOVA and Multiple
comparisons tests (Tukey-Kramer). Statistical software for
social sciences (SPSS 20.0 version) was employed and p
<0.05 was considered statistically significant.

The Kolmogorov-Smirnov test displayed the normality
of the data to be distributed evenly. The study groups
without laser conditioning are designated as A1, B1, and
C1 for the Panavia, RelyX Unicem and Maxcem cement,
respectively. The laser conditioning, ErCrY laser and
ErYAG laser study groups were classified as A2, B2, C2
and A3, B3, C3 for the three types of cement (Panavia,
RelyX Unicem and Maxcem), respectively. The highest
mean shear bond strength was observed in conventional
treatment with Panavia cement application (21.51 (+

2.13)) whereas the least mean shear bond strength was
measured in Er-YAG conditioning along with Maxcem
cement application (14.89 ( + 3.48)). Table 2 presents
the mean and standard deviation of shear bond strength
measured in each study group. Analysis of variance
(ANOVA) was performed among the study groups
exhibiting statistical differences in the calculated mean
SBS value (p-value <0.05) (table 2).

Two - way ANOVA and tukey HSD Post-hoc test revealed
that the SBS strength is significantly influenced by the
type of resin cement rather than a type of laser used in
dentinal conditioning (P < 0.001)(table 2). Except for
panavia, which successfully presented with a significant
difference between the control group and Er-YAG
conditioning (p<0.036); however, similar results were
appreciated with the ERYSGG group. As for the Rely
X and Maxcem, the results were comparable, each
group showing no evident significance (p >0.05). A
comparison between the three types of cement exhibited
a significant difference between Panavia and Maxcem
in each type of conditioning. Nevertheless, Rely X
presented with comparable results with no significance
in the study groups (p >0.05). However, tukey HSD Post-
hoc test demonstrated that study groups under different
circumstances also displayed a significant difference
in the mean value (p<0.05) that includes an evident
comparable result between panavia control to Rely X
Er- YAG and Rely X Er- YSGG.

The failure modes assessment pointed out that Adhesive
failure was more evident among the study group
compared to cohesive and admixed failure. 100%
adhesive failure was observed in the Rely-Er-Cr-YSG,
Max-Control and Max-Er-Cr-YSGG groups. Cohesive
failure was appreciated only in panavia control group
(n=1). Admixed failure ranged from 20 - 40 % mainly
among four study groups; Pan control, Pan-Er-YAG,
Rely-Er-YAG and Max-Er-YAG. The analysis of the failure
mode indicated Er-Cr-YSGG and Er-YAG conditioned
exhibited adhesive failures compared to conventional
treatment. However, all the cement study groups equally
demonstrated adhesive failure except panavia control,
which exhibited equal failure of adhesive and admix
failure (4 specimens each) and 1 failure of cohesive
type (table 3).

The present study was based on the hypothesis, that
use of Er, Cr:YSGG (30 Hz 4.5 W) and Er: YAG (6 Hz 2
W) laser for dentin conditioning will show comparable
self-etch, self -adhesive resin cement bond strength
outcomes to conventional conditioning techniques.
The influence of conditioning methods among different
cements was comparable, except Panavia cement. The
study’s results revealed the formation of a strong shear
bond strength depends upon the type of the cement used
rather than the type of dentin conditioning. Therefore, the
hypothesis was partly accepted in addition to a multitude
of explanations can be provided in this regards including
each step performed in the study for establishing a certain
standard and shear bond failure in the specimens. The
use of universal testing machine to measure the shear
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bond strength, sets a peculiar standardization, consistency and
homogeneity in the variable outcome (Jayasheel et al., 2017). To
age the bonded specimen and simulate the oral functions, the
specimen were placed in a thermocycler after cement application.
As stated by Brunzel et al (2010) thermocycling creates favorable

Table 1. Cements used in the study and their application details

Cement/
manufacturer

Panavia 2.0

Kuraray Inc.,
Tokyo, Japan

RelyX Unicem
3M, ESPE, USA

Maxcem

Kerr Corporation
1717 W. Collins Ave
.Orange, CA 92867-
5422 U.S.A

Adhesive Component Dentin
system pretreatment
ED primer II ED primer combine a drop
one-step A 00252: of each
self-etch ED Primer 2.0 ED primer liquid
HEMA, MDP, A and B for5s
5-NMSA, air dry for 60 s

water, accelerator

ED primer B 00129:

5-NMSA, accelerator, w
ater, sodium benzene sulphinate

Universal paste 00269

Catalyst paste 00053

(filler load 72% wt,
particle size < 9.5 pm)

gently.

No adhesive No pretreatment
Liquid: Methacrylated phosphoric
esters, dimethacrylates, acetate,
stabilizers, self-curing
initiators, light-
curing initiators
self-etch, self-
adhesive dual

GPDM, co-monomers No pretreatment
(mono-, di-, and tri-functional
cure resin cement. methacrylate monomers),
proprietary self-curing
redox activator, photoinitiator
(CQ), stabilizer, barium
glass fillers, fluoroaluminosilicate
glass filler, fumed
silica (filler load 67% wt,

particle size 3.6 pm)

Ahdal

condition at the dentine bonding surface that instigates artificial
ageing of the bonding system.The present study aimed to
compare the effectiveness of dentinal conditioning between
the conventional technique and two different types of lasers,
ErCrYSGG and ErYAG.

Material

pretreatment

Luting agent
pretreatment
Conventional preparation Mix universal and
or laser treatment.
Add one drop of each
Clearfil SE primer and

catalyst paste for
20 s followed by 20 s
of light cure.
Porcelain Bond activator
for 5 secs for bond
activation.

No pretreatment Mix the capsule
for 15 s, light

cure for 20 s

No pretreatment use the automix cartridge
system and dispense the
material Remove extra
cement and cure for 10
seconds (self-cure for

2 - 3mins).

Table 2: Mean and standard deviation with three different types of cement-based on three

different dentine conditioning methods.

Note: Dissimilar superscript small alphabets in same row denote significant difference in
dentinal conditioning (p<0.05). Dissimilar superscript capital alphabets in same column
denote significant difference in a different types of cement (p<0.05). * denotes a significant

Cement Type No laser Er-Cr-YSGG Er-YAG ANOVA
(Control) P value

Panavia 21.51 (2.13)** 19.16 (1.70)®* 18.43 (1.36)"*

Rely-X 18.24 (3.66)* A8 17.39 (2.11)2AF° 17.54 (3.61)a *& <0.001

Maxcem 16.40 (1.89)*® 15.71 (2.26)*® 14.89 (3.48)*®

difference between the two different study groups.
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It is proposed that laser conditioning causes the water
evaporation from the surface resulting in microburst
activity with increased surface tension for bonding
(Cassimiro-Silva et al., 2016, Gulec et al., 2018). The low
organic content in peritubular dentin is easily opened
up by the laser; thus, dentinal tubules produce a cuff
like appearance around it (Samad-Zadeh et al., 2011).
In the present study, use of laser showed comparable
outcomes of SBS to conventional conditioning technique.
It is narrated that the laser conditioning facilitates the
removal of the smear layer, which allows the formation
of retention tags to improve the shear bond strength
(Gulec et al., 2018). In addition, it is suggested that
using conventional bur conditioning leads to the
formation of a smear layer that limits the retention tags
formation compared to laser conditioning, which ablates
the interprismatic dentin and removes smear layer,
permitting resin tags formation(Naranjo et al., 2015,
Cassimiro-Silva et al., 2016).

Kiomarsi et al (2018), presented higher shear bond
strength with Er YAG laser-treated dentin compared to
the control group. The possible explanation for high SBS
was the micro ablation of the dentine surface without any
thermal damage to hard tissue and pulp; in addition, to
antimicrobial activity (Kiomarsi et al., 2018). However,
in the present study, only Panavia demonstrated similar
results of high SBS in ErYAG treated dentine compared to
the control group; however, other cement did not exhibit
an evident difference. Appreciating the descriptive
statistics, there was a slight difference between the
mean values of the study groups; nevertheless, multiple
comparison test proved no significant difference between
conditioning treatment in Relay -X and Maxcem cement
study groups. Therefore, the viscous nature of the cement
can be deduced as a limiting factor for strong SBS
observed. Furthermore, the slight difference in the mean
value of the Er YAG and ErYSGG study groups indicates
structural differences in ablated dentin after laser
conditioning. As per Kiomarsi et al (2018), ErCrYSGG
creates a scaled surface showing a thermal damaged
surface because its wavelength is easily absorbed in
the tissue leading to a rise in temperature. In contrast,
Er YAG creates a surface with close resemblance to the
conventional acid etched surface (Harorli et al., 2015).

Table 3: Failure mode between study groups.

Study Groups Adhesive Cohesive Admixed
Pan-Control 40 10 40
Pan-Er-Cr-YSGG 70 0 30
Pan-Er-YAG 80 0 20
Rely-Control 60 0 40
Rely-Er-Cr-YSGG 100 0 0
Rely-Er-YAG 80 0 20
Max-Control 100 0 0
Max-Er-Cr-YSGG 100 0 0
Max-Er-YAG 80 0 20

In the current study, the effect of dentinal conditioning
using three different types of cement; Panavia, Rely x
and Maxcem was evaluated. The results displayed a
significant difference between the SBS among Panavia
and Maxcem specimens. However, SBS among the
specimens of Rely-X and other cement groups was
comparable. Naranjo, Ali, and Belles (2015) presented in
their study no significance in the shear bond strength
in self- etch self- adhesive resin cements. These authors
recommended that conventional methods and total etch
methods are more preferred compared to self- etch and
self- adhesive cement. Furthermore, in the present study,
no significant relation with Rely X was evident because
of its low pH and low surface interaction, which leads to
limited resin tags formation (Zidan et al., 2015).

Nevertheless, statistical test revealed that if dentinal
conditioning was varied in addition to change in cement
preference, a significant difference was observed among
the Panavia controls and Rely X. Many studies’ have
assessed the tensile bond strength that measures the
adhesive nature of the luting cement (Brunzel et al., 2010,
Souza et al., 2016, Sekhri et al., 2016). This study, on the
contrary, evaluated shear bond strength; the analysis of
shear bond indicates the strength of the adhesive bond
in an altered configuration (Brunzel et al., 2010). Few
authors have reported that cohesive failures are observed
in cases of the shear bond test; however, the present study
displayed adhesive failure in the majority of specimens
(Brunzel et al., 2010, Souza et al., 2016). Despite the
effort for dentin conditioning to make the surface more
retentive, the self -etch and self - adhesive cements has
a limited capacity to demineralized dentine. In addition,
they displayed limited inflow of viscous cement leaving
a thick area of collagen mesh resulting in 100% adhesive
failure (Weiser and Behr, 2015, Aguiar et al., 2014). I

t is pertinent to mention that there was no evident
difference between the three dentin conditioning
groups suggesting ablated surface may not influence
the interfacial bond between dentine and cement. The
outcomes of the study should be viewed in light of the
possible limitations. The study observed an in-vitro
design, with extracted teeth; in contrast, in-vivo, dentin
shows fluid movement in and out of the tubules possibly
challenging the adhesive bond. In addition, the variation
in the morphology and composition of dentine along
with directions and dimensions of dentinal tubules vary
among the teeth employed in the in-vitro design. Despite
these limitations, results produced were comparable
to previous in vitro studies (Jayasheel et al., 2017,
Cassimiro-Silva et al., 2016). However, in vivo studies
under clinical conditions are essential to validate these
outcomes. As conventional etch and rinse methods has
shown a better dentine adhesion compared to the self-
etch and self- adhesive cements (Kiomarsi et al., 2018).
Therefore, to clinical trials assessing self-etch and total
etch adhesives with laser treatments are recommended.

The adhesive bond strength of self-etch and self-adhesive
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resin cements was not influenced by the use of ErCrYSGG
and Er-YAG laser for dentin conditioning, except
Panavia. The type of Self-etch and self-adhesive cements
exhibited significant influence on their bond strength to
laser treated (ErCrYSGG and Er-YAG) dentin.

Conflict of interest statement: No conflict of interest
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