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Abstract

Objective: Er:YAG laser etching is reported to have conflicting effects 
on adhesion to dentin. As ethanol has been proved to increase the infiltration 
capacity and adhesive performance of resins, this study was conducted to 
evaluate the effect of ethanol pretreatment on the Shear Bond Strength (SBS) 
of a self-etch adhesive to Er:YAG laser etched coronal and root dentin. 

Methods: Forty extracted human premolars were ground flat exposing 
the coronal and root dentin surfaces, and randomly divided into four groups 
according to Er:YAG laser etching and ethanol pretreatment. The polished 
surfaces were either used as controls or etched with Er:YAG laser-80 mJ, 10 
Hz, VSP (Fidelis III/Fotona) (n=20). Prior to adhesive application, the coronal 
and root dentin of 10 teeth from each group were pretreated with ethanol 
(100%) (n=10). Adper Easy One (3M ESPE) self-etch adhesive was applied to 
the specimens and composite resin blocks (Z250, 3M ESPE) were built using 
a jig (Ultradent). SBS was tested and the data were evaluated using one-way 
ANOVA, Tukey’s HSD test, and t-test (p=0.05). 

Results: The Control/Ethanol group exhibited the highest values, which 
were significantly higher than those of the Er:YAG and Er:YAG/Ethanol groups 
for both coronal and root dentin (p<0.05). Comparison of two dentin substrates 
in the control groups did not show any significant differences (p>0.05). SBS to 
root dentin was higher in the Er:YAG group, whereas bonding to coronal dentin 
was higher in the Er:YAG/Ethanol group (p<0.05). 

Conclusion: Adhesive performance of the self-etch adhesive to Er:YAG 
laser etched dentin was not improved by ethanol pretreatment. 

Keywords: Ethanol; Self-Etch adhesive; Er:YAG laser etching; Coronal 
dentin; Root dentin

Introduction
With the growing demand for minimally invasive and esthetic 

dentistry applications, many of the current restorative procedures are 
based on adhesive techniques, which have been constantly improved 
to obtain more effective bonding between restorative materials 
and dental substrates [1]. For this purpose, the focus of studies has 
shifted to find new bonding techniques, new adhesive materials, and 
alternative instruments that can better prepare the tooth tissues for 
bonding procedures.

The pretreatment of dental tissues prior to adhesive procedures 
is an important step that directly affects the clinical success of the 
restorations. Hence, new instruments such as dental lasers have been 
recommended as alternative tools to conventional methods. Among 
the various types of lasers currently available, the erbium: yttrium 
aluminum garnet (Er:YAG) laser is one of the highest recommended 
types of laser for hard tissue applications, as its wavelength (2.94 µm) 
coincides with the main absorption band of water (~3.0 µm) and it is 
well absorbed by hydroxyapatite [2]. The use of the Er:YAG laser for 
dentin pretreatment (Er:YAG laser etching) was reported to yield a 
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microretentive surface with open dentin tubules, which are considered 
ideal for adhesion [3-5]. However, although some studies report that 
laser irradiation has no or a slight effect on dentin bonding, most 
researchers have concluded that laser irradiation impairs the resin 
bond strength to dentin [6-8]. Some authors have speculated that the 
lack of adhesive resin infiltration was the main explanation for the 
low bond strength of bonding agents to laser irradiated dentin [9,10]. 
In addition, studies in the literature present the results of current 
adhesive systems that were developed to act on the tooth substrate 
prepared by conventional techniques [8,10-12]. Thus, the effect of 
Er:YAG laser etching in combination with new adhesion strategies 
and adhesive systems on bonding to dentin remains to be clarified.

Parallel to the evolution of new instruments, many efforts have 
also been directed towards formulating new adhesive systems that 
are easier, faster, and more user-friendly. For this purpose, self-etch 
adhesives with a reduced number of bonding steps were introduced. 
The most recent type combining all the components into the liquid is 
referred to as a “one-step self-etch” adhesive system [13]. One-step 
self-etch adhesives are recommended to ensure maximum adhesion 
through the mechanism of improved monomer penetration into the 
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tooth substrate as well as improved wet ability of the tooth surface via 
the resin components [14]. These systems not only lessen the clinical 
application time, but also significantly reduce technique-sensitivity 
and the risk of making errors during application and manipulation 
as the infiltration of resin occurs simultaneously with the self-etching 
process, by which the risk of discrepancy between both processes is 
much lower [14]. 

In the basics of dentin bonding, water that fills the intrafibrillar 
and interfibrillar spaces after apatite dissolution by acids should 
be totally displaced and infiltrated by the resin monomers to form 
a strong and durable “hybrid layer” [15]. Therefore, incomplete 
replacement of water during adhesive application leaves behind a 
hydrated collagen matrix that could adversely affect the adhesion to 
dentin [15]. However, to date, complete displacement of water from 
the interfibrillar compartment by contemporary dentin adhesives 
has not been reported [15]. The “ethanol wet-bonding” technique 
has been suggested to overcome this limitation, in which ethanol 
instead of water is used to support the demineralized dentin collagen 
matrix. In this technique, ethanol is used to chemically dehydrate 
the demineralized collagen matrix as it is a polar solvent with lower 
hydrogen bonding capacity than water. The resultant shrinkage 
of the collagen fibrils in the lateral dimension and reduction in 
hydrophilicity of the collagen matrix create wider interfibrillar spaces 
for hydrophobic resins to infiltrate the matrix more completely as a 
potential mechanism for better resin-dentin adhesion [16,17]. It was 
clearly demonstrated that ethanol increases the infiltration capacity 
and adhesive performance of adhesive resins [18,19].

Efficacy of adhesive systems is generally evaluated based on 
their ability to bond to coronal dentin. Nevertheless, the increasing 
age of the population, and developments in adhesive dentistry and 
periodontology significantly increased the demand for restoration of 
root dentin defects [20]. Since “ethanol wet bonding” is a promising 
technique and, to date, no available report has described the adhesion 
of self-etch adhesives to Er:YAG laser etched dentin regions in 
combination with ethanol pretreatment, the present study was 
conducted to evaluate the effect of ethanol pretreatment on Shear 
Bond Strength (SBS) of a one-step self-etch adhesive to Er:YAG 
laser etched coronal and root dentin. The hypotheses tested were: 
I) Er:YAG laser etching increases the bond strength of the one-
step self-etch adhesive to coronal and root dentin regardless of the 

type of dentin and ethanol pretreatment; II) Ethanol pretreatment 
increases the bond strength of the one-step self-etch adhesive to 
dentin, regardless of the type of dentin and Er:YAG etching; III) 
There are no differences in bond strengths between different dentin 
regions (coronal or root) either with Er:YAG laser etching or ethanol 
pretreatment.

Materials and Methods
Table 1 shows the materials used in this study. Forty extracted 

intact human premolars were treated with a periodontal scaler to 
remove organic debris before being cleaned with water pumice slurry. 
Each tooth was examined under a stereomicroscope (Olympus SZ 
61, Olympus Corporation, Tokyo, Japan) at ×40 magnification to 
eliminate those with cracks and hypoplastic defects. The superficial 
enamel and cementum were abraded from the buccal tooth surfaces 
with a 180-grit Silicon Carbide (SiC) paper under running water 
to expose both coronal and root dentin within the same tooth. The 
prepared surfaces were polished with 200-grit, 320-grit, and 400-grit 
SiC papers under copious water for 10 s each and, finally, with a 600-
grit paper for 60 s, to create standard and clinically relevant smear 
layers. All specimens were examined under the stereomicroscope at 
×40 magnification to ensure that no enamel and cementum remained 
and that no pulp had been exposed. Each tooth was then mounted in 
a Plexiglas mold with autopolymerizing acrylic resin (Metafast, Sun 
Medical, Moriyama, Japan) so that the flattened surface of the tooth 
was positioned parallel to the base. The specimens were then placed in 
distilled water to reduce the temperature from the exothermic reaction 
of the embedding resin. After ultrasonic cleaning with distilled water 
for 3 min to remove debris, the surfaces were washed and dried with 
oil-free compressed air. The teeth were randomly divided into four 
groups according to Er:YAG laser etching and ethanol pretreatment 
(n=10).

Control group
The specimens in this group received no pretreatment. Specimens 

with polished surfaces served as controls.

Control/Ethanol group
Specimens with polished surfaces were rinsed with absolute 

ethanol (100% ethanol) for 30 s and excess ethanol was removed from 

Materials
(Batch no #) Composition Manufacturer Application procedure

Adper Easy 
One

(#2012204)

HEMA, Bis-GMA, methacrylated phosphoric esters, 1,6 hexanediol dimethacrylate, 
methacrylate functionalized polyalkenoic acid, silica filler, ethanol, water, initiators, 

stabilizers
3M ESPE,USA Apply adhesive and leave for 20 s. Dry 

with air for 5 s and light cure for 10 s

Filtek Z250
(# 6020A3) BiS-GMA, UDMA, BiS-EMA, TEGDMA, zirconia/silica fillers 3M ESPE,USA Apply 1.5 mm thick increments. Light 

cure for 20 s

Table 1: Materials used in the study.

Groups Coronal dentin
(n=10)

Root dentin
(n=10) Coronal/Root Dentin Comparison within Groups

Control Group 11.5±6.5ab 10.7±3.5xy p = 0.38

Control/Ethanol Group 15.6±6.4a 14.4±3.6x p =0.51

Er:YAG Group 5.3±1.4c 6.9±2.9yz p = 0.04

Er:YAG/Ethanol Group 7.7±2.8bc 5.2±1.8z p =0.02

Table 2: The Mean ± SD Shear Bond Strength Values (MPa).

Data with the same superscripts are not statistically different. (p<0.05).
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the specimens with filter paper in order to leave a moist, ethanol-
saturated dentine surface [21].

Er:YAG group
A square of 3 × 3 mm was marked on the coronal and root 

dentin surfaces of each specimen to indicate the test site. The dentin 
surfaces were manually irradiated to simulate the clinical conditions, 
by scanning movements, perpendicular to the surface, in focus mode 
(approximately 1 mm away from the surface) with an Er:YAG laser 
(Fidelis III, Fotona Medical Lasers, Ljubljana, Slovenia) with the 
settings 10 Hz, 80 mJ, 100 μs pulse duration with air-water cooling, 
using an R14 handpiece.

Er:YAG/Ethanol group
After Er:YAG laser etching, the dentin surfaces were pretreated 

with absolute ethanol for 30 s and excess ethanol was removed from 
the specimens with filter paper as in the Control/Ethanol group. 

Subsequently, a one-step self-etch adhesive (Adper Easy 
One/3M ESPE, St. Paul, MN, USA) was applied to the test sites of 
the specimens (middle third of the crown and the cervical third of 
the root) according to the manufacturers’ instructions. Following the 
adhesive procedures, a special Teflon jig (Ultradent, Salt Lake City, 
UT, USA) with an inner diameter of 2.3 mm and a height of 3 mm 
was attached to the prepared dentin surfaces and a resin composite 
(Filtek Z250, 3M ESPE, St. Paul, MN, USA, A3 shade) was placed 
in two increments (1.5 mm thick each). Each increment was light 
cured for 20 s (Elipar Free Light; 3M Espe, St. Paul, MN, USA). After 
curing, the Teflon jig surrounding the composite resin was carefully 
removed. The specimens were stored in distilled water at 37 °C for 
24 h, and then loaded by a metal rod parallel with and close to the 
bonding interface at 1 mm/min in shear mode until rupture occurred, 
on an Instron Universal Testing Machine (Lloyd Instruments Ltd, 
Foreham, Hampshire, UK). SBS values were calculated as the ratio 
of fracture load to bonding area and are expressed in megapascals. 
The fractured surface of each specimen was examined with a 
stereomicroscope (Olympus SZ 61, Olympus Corporation, Tokyo, 
Japan) at ×30 magnification to determine the mode of failure. The 
failure mode was classified as adhesive (between dentin and adhesive 
or within adhesive), cohesive (within the composite or dentin), or 
mixed (combination of adhesive and cohesive failures). Selected 
samples of each experimental and control group that exhibited 
a representative failure mode and a SBS close to the average value 

were processed for Scanning Electron Microscope (SEM) evaluation. 
The authors employed common procedures for SEM specimen 
preparation, including rinsing with distilled water, fixation in a 2.5% 
gluteraldehyde in cacodylate buffer solution and dehydration in 
ascending concentrations of ethanol. Each sample was then mounted 
on aluminum stubs, sputter coated with gold and examined under 

Groups n A (%) M (%) C (%)

Control Group
Coronal dentin 10 5 (50%) 4 (40%) 1 (10%)

Root dentin 10 9 (90%) 0 (0%) 1 (10%)

Control/Ethanol 
Group

Coronal dentin 10 2 (20%) 7 (70%) 1 (10%)

Root dentin 10 6 (60%) 2 (20%) 2 (20%)

Er:YAG Group
Coronal dentin 10 8 (80%) 2 (20%) 0 (0%)

Root dentin 10 8 (80%) 1 (10%) 1 (10%)

Er:YAG/Ethanol 
Group

Coronal dentin 10 8 (80%) 2 (20%) 0 (0%)

Root dentin 10 10 (100%) 0 (0%) 0 (0%)

Total 80 56 (70%) 18 (22.5%) 6 (7.5%)

Table 3: Failure mode distributions of the specimens.

A: Adhesive; M: Mixed; C: Cohesive

Figure 1: SEM micrographs of Control groups (X30). The specimens failed 
adhesively at the resin dentin interface and within the adhesive both on 
coronal (1a), and root dentin (1b). 

Figure 2: SEM micrographs of Control/Ethanol groups (X30). The interface 
failed mixed adhesively within the adhesive and cohesively within the 
composite on coronal dentin (2a); Failure within the adhesive was observed 
on root dentin (2b).
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SEM (JEOL 6400, JEOL, Tokyo, Japan).

The data obtained from the SBS testing were subjected to statistical 
analyses for differences among (one-way ANOVA, Tukey’s HSD 
tests) and within the groups (t-test). The calculations were conducted 
using SPSS 15.0 software for Windows (SPSS, Chicago, USA) and the 
level of significance was set at p<0.05 for all tests. 

Results
Table 2 demonstrates the results of one-way ANOVA, Tukey’s 

HSD, and t-tests. The SBS of the control groups was significantly 
higher than that of the Er:YAG groups. The Control/Ethanol group 
exhibited the highest values, which were significantly higher than 
those of the Er:YAG and Er:YAG/Ethanol groups both on coronal 
and root dentin (p<0.05). Comparisons of two dentin substrates in 
the control groups did not show any significant difference (p>0.05). 
SBS to root dentin was higher than coronal dentin for the Er:YAG 
group, whereas bonding to coronal dentin was higher than root 
dentin for the Er:YAG/Ethanol group (p<0.05). 

The failure mode distributions are presented in Table 3. The most 
frequently observed failures were adhesive in nature for all groups 
both for coronal and root dentin except for the Control/Ethanol 
coronal dentin subgroup, in which mixed failures were predominantly 
observed (Figures 1-4). 

Discussion
Today one-step self-etch adhesives are the first choice of many 

clinicians due to their user-friendliness and reduced technique-
sensitivity [13]. However, self-etch dental adhesives are a complex 
mixture of components including reactive monomers, an association 
of dissolved hydrophilic and hydrophobic monomers, cross linkers, 
initiators, and solvents. Although adhesives should ideally be 
formulated based on hydrophobic monomers of high molecular 
weight without additives such as water and solvents, monomers, 
hydrophilic resin diluents, and solvents are incorporated into 
these adhesives due to the necessity for adhesive to penetrate the 
microporosities of dentin [22]. Hydroxyethylmethacrylate (HEMA) 
is a widely used hydrophilic polar monomer that significantly 
improves adhesion by enhancing the wettability of dentin [23]. It also 
acts as a solvent and helps to prevent hydrophilic and hydrophobic 
phase separations [24,25]. Some co-solvents such as acetone, ethanol, 
or butanol are also included in these adhesives to provide organic 
molecules of lower polarity to enter a homogeneous phase [26]. The 
use of ethanol as co-solvent is reported to significantly increase the 
bond strength, as it allows more resin infiltration [27]. Based on 
previously reported data [26,27], Adper Easy One (3M ESPE, St. Paul, 
USA), a one-step self-etch adhesive that includes HEMA monomer 
and ethanol co-solvent, was used in this study. 

Utilizing the Er:YAG laser etching settings suggested by the 
manufacturer and previous studies [8,11,28], the present study 
demonstrated that Er:YAG laser etching with the current settings 
decreased the bond strength of the one-step self-etch adhesive to 
coronal and root dentin, by which the first hypothesis was rejected. 
This finding was in accordance with the results reported by De 
Munck  et al.. [4] and Van Meerbeek  et al.. [3], which revealed that 
the microtensile bond strength of self-etch adhesive was significantly 

lower when the dentin surface was irradiated by Er:YAG laser with 
the parameters 80 mJ, 10 Hz. Ramos  et al. [12] evaluated the effect of 
Er:YAG laser on SBS of different adhesives to dentin and concluded 
that Er:YAG laser irradiation with 80 mJ, 2 Hz adversely affected the 
bond strength of the self-etch adhesive used. De Oliveira  et al. [9] 
investigated the micromorphology of resin–dentin interfaces using 

Figure 3: SEM micrographs of Er:YAG groups (X30). The interfaces failed 
adhesively within the adhesive both on coronal (3a), and root dentin (3b).

Figure 4: SEM micrographs of Er:YAG/Ethanol groups (X30). The interface 
failed adhesively within the adhesive on coronal dentin (4a); whereas the 
specimen failed adhesively at the resin dentin interface and within the 
adhesive on root dentin (4b).
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etch&rinse and self-etch adhesive systems on laser-treated dentin 
surfaces and they concluded that Er:YAG laser irradiation of dentin 
surfaces at 120 or 200 mJ/pulse resulted in morphological changes 
in the hybrid layer and resin tags for all the adhesives tested. They 
also reported poor resin infiltration into the peritubular dentin, and 
that the expected funnel-shape appearance at the entrance of dentin 
tubules was less evident following Er:YAG laser irradiation. 

It is well known that the dentin surfaces are covered with a smear 
layer when prepared with burs or polishing papers [9]. As the self-etch 
adhesives are normally applied onto smear layer covered dentin, their 
mechanism is based on incorporating the smear layer into the hybrid 
layer [9]. The lack of smear layer after Er:YAG laser etching may be 
a reason for the decrease in SBS of the current one-step self-etch 
adhesive in this study. Moreover, the thermal collagen degradation, 
and morphological, compositional, and phase alterations, such as 
carbonate loss, formation of modified hydroxyapatite-like crystals, 
and increase in acid-resistance, after Er:YAG laser etching could 
also explain the impaired adhesion to dentin surfaces in this study 
[9,10,29].

For achieving better adhesion to Er:YAG laser irradiated tooth 
tissues, the adherent surfaces should be modified to create a more 
suitable host when using the current adhesive systems. Optimum 
wettability of solid surfaces and the infiltration capacity of the 
adhesive resins are of paramount importance in adhesion [30,31]. 
Ethanol-wet bonding was introduced to increase the wettability of 
the dentin surface, permitting the hydrophobic adhesive monomers 
to infiltrate into the collagen network and prevent phase separation 
[32,33]. There are limited data showing that ethanol-wet bonding 
increased the adhesion capacity of etch&rinse adhesive systems to 
coronal dentin [34]. However, it is difficult to compare the results 
of the present study with the literature as the dentin substrates, 
pretreatment procedures, and adhesive systems utilized are quite 
different [17,19,34]. This study is unique in evaluating the effect 
of ethanol pretreatment on SBS of a one-step self-etch adhesive 
to dentin either polished with SiC papers (control) or etched with 
Er:YAG laser. According to the findings of this study, the second 
hypothesis was rejected. Although an increase trend was observed in 
SBS of the Control/Ethanol group in comparison with the Control 
group, there were no significant differences within the Control and 
Er:YAG groups with ethanol pretreatment for coronal or root dentin. 

The adhesion process depends not only on the adhesive systems 
and surface pretreatment procedures but also on the dental substrates 
[35]. In the last few decades, the age of the patient population has 
increased and individuals have a greater tendency to maintain their 
natural dentition throughout their entire life. Gingival recession 
and subsequent root exposure leading to root caries have become 
more prevalent in the population [36]. Clinically, the margins of 
many adhesive restorations on the root surface are thought to be 
positioned in cervical outer root dentin [37]. While the adhesion to 
coronal dentin is important, that to root dentin is also critical for the 
clinical performance of restorations partially or totally located below 
the cementoenamel junction [38]. However, only a few studies have 
been published comparing the adhesive properties of coronal and 
root dentin [39-41]. In a previous work, Fogel  et al.. [39] reported 
that the permeability of root dentin was lower than that of coronal 
dentin, which might reduce hydrophilic resin infiltration capacity 

into the tissue and result in lower bond strength values in root dentin. 
Comparing regional tensile-bond strength, Yoshiyama  et al. [40] 
demonstrated that bond strength to coronal dentin was significantly 
higher than that to cervical root dentin. They related the decreased 
bond strength in root dentin to the lower number and the narrower 
diameter of the dentinal tubules. Gurgan  et al. [41] showed that the 
SBS of two-step self-etch adhesive to coronal dentin was higher than 
that to root dentin, although no significant difference was found for 
one-step self-etch adhesive between coronal and root dentin. The 
present study aimed to provide further information about the effect 
of current adhesive systems and surface treatment strategies on bond 
strength to coronal and root dentin regions. Although there were no 
significant differences between the SBS to coronal and root dentin 
regions with/without ethanol pretreatment in the control groups, 
the results of this study were in accordance with the literature for the 
Er:YAG/Ethanol group, which revealed higher SBS on coronal dentin 
[39,40]. Furthermore, the SBS to root dentin was significantly higher 
in the Er:YAG group. Thus the findings of this study refuted the third 
hypothesis.

It should be noted that only one representative one-step self-
etch adhesive was used and only one set of irradiation parameters 
was tested in this study. Although the present findings might open 
a gateway, this in vitro study could not predict clinical performance 
under in vivo conditions, as the absence of dentin fluid in the extracted 
teeth may have influenced the bond strengths. Therefore, further in 
vitro and in vivo studies testing a greater variety of adhesive systems 
and different Er:YAG laser settings, and evaluating the resin-dentin 
interfaces are required.

Clinical Relevance
1.	 Er:YAG laser etching with the current settings impaired the 

SBS of the current one-step self-etch adhesive to coronal and root 
dentin surfaces and it could not be improved by ethanol pretreatment.

2.	 Ethanol pretreatment might have a positive effect on the 
adhesive performance of the self-etch adhesive to control (non laser 
etched) dentin regardless of dentin region. 

3.	 The effects of Er:YAG laser etching and ethanol 
pretreatment might differ between coronal and root dentin surfaces.
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