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Effect of Tooth Surface
Preparation on the
Bonding of Self-Etching
Primer Adhesives

OA Adebayo ® MF Burrow ® MJ Tyas
J Palamara

Clinical Relevance

The effectiveness of some self-etching primer adhesive systems is not significantly affected
by the mode of rotary instrumentation used in dentin preparation.

SUMMARY

The aim of this study was to determine the
bonding effectiveness of four self-etching
primer adhesives after various tooth prepara-
tion protocols. Enamel/dentin specimens were
prepared from 84 permanent molars, divided
into three enamel preparation groups (silicon
carbide paper [SiCl; erbium, chromium:yttri-
um, scandium, gallium, garnet [Er,Cr:YSGG]

*Qlabisi Asande Adebayo, BDS, Dr Med Dent, PhD, Restor-
ative Dentistry, University of Melbourne, Melbourne, Victo-
ria, Australia

Michael F. Burrow, BDS, MDS, PhD, MEd, MRACDS(Pros),
FRACDS, Faculty of Dentistry, Hong Kong University, Hong
Kong, China

Martin John Tyas, BDS, PhD, DDS, University of Melbourne,
Melbourne, Australia

Joseph Palamara, BSc, PhD, Melbourne Dental School, The
University of Melbourne, Carlton, Victoria, Australia

*Corresponding author: 720 Swanston Street, Carlton,
Melbourne, Victoria, Australia; e-mail: adebayoo@
unimelb.edu.au

DOI: 10.2341/11-172-L

laser [EL] and diamond bur [DB]) and five
dentin preparation groups (SiC, EL, DB, steel
[SB], and ceramic burs [CBs]). In each group,
specimens were equally divided into four sub-
groups and were bonded using Clearfil SE
Bond (CSE, Kuraray), Xeno IV (XE, Dentsply),
Tokuyama Bond Force (TK, Tokuyama) and
Filtek Silorane System Adhesive (FS, 3M
ESPE), as well as a hybrid resin composite
(Clearfil Majesty Esthetic, Kuraray) for CSE,
XE, and TK, and Filtek Posterior Restorative
(B3M ESPE) for FS). After 24 hours of water
storage at 37°C, microshear bond strength
(uSBS) testing was carried out. Data were
analyzed using analysis of variance (ANOVA)-
Tukey test at ©=0.05 and bond failure modes
assessed. Representative debonded specimens
were prepared and examined under the scan-
ning electron microscope (SEM). All adhesives
exhibited no significant differences in uSBS on
enamel and dentin under the clinical cavity
preparation protocols, except for TK on den-
tin. SEM revealed areas of altered subsurface
enamel/dentin following EL ablation.
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INTRODUCTION

The bond strengths of enamel-dentin adhesives to
enamel and dentin may be affected by various
factors.!® Surface characteristics of tooth structure
resulting from different preparations of protocols
may affect bonding effectiveness, but this may
depend on the type of adhesive system used.
Generally, total-etch adhesives are less affected by
surface characteristics than are self-etching primer
adhesives.* 3 On enamel, surface roughness'! while
on dentin, surface roughness,>1%'* and smear layer
quality,>®'® may influence bond strengths for self-
etching primer adhesives. Variability in bonding
effectiveness of this group of adhesives may be
attributed in part to their pH and etching aggres-
siveness on the enamel and dentin substrate,®!7
and to the particular enamel-dentin adhesive
used.'"2°

Self-etching primer adhesives simultaneously de-
mineralize and infiltrate dentin; therefore theoreti-
cally, more complete resin infiltration may be
accomplished than with total-etch adhesives. Because
functional and cross-linking monomers are present in
a single mixture, resin infiltration to the same depth
as dentin demineralization may be more likely in “all-
in-one” adhesives than in their two-step counterparts.
Results of a previous study by the present authors, in
which four recent “all-in-one” adhesives exhibited no
significant differences in microshear bond strength,
irrespective of dentin tubule orientation and depth,?!
in contrast to two-step self-etching primer adhesives,
appear to support this.

Tooth preparation is accomplished with the aid of
hand and/or powered cutting instruments, including
rotary and laser instruments. Conventional cavity
preparation using rotary instruments usually in-
volves the use of more than one type of such
instruments. It is important to ascertain the effects
on enamel and dentin bond strength of various
surface characteristics that may result from such
cavity preparation.

With the advent of “minimal intervention” den-
tistry, more conservative modes of tooth preparation
have been introduced. The use of erbium lasers for
enamel and dentin preparation has been proposed.
However, conflicting reports have described the
effectiveness of resin bonding following laser tooth
preparation.'t?227 Increased resistance to acid
etching of Er:YAG-irradiated enamel has been
reported.?® Other authors have reported a signifi-
cant increase in calcium and phosphate concentra-
tions in irradiated dentin at the cavity floor following
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erbium, chromium:yttrium, scandium, gallium, gar-
net (Er,Cr:YSSG) irradiation.?® Another study re-
ported a significant increase in quantities of calcium
in Er,Cr:YSSG-irradiated canine mandibular bone,
although the calcium:phosphate ratio was not sig-
nificantly affected.®® A more mineralized, acid-
resistant enamel surface may resist etching by the
weak acid of a self-etching primer adhesive.!” A
more mineralized enamel surface, such as could
arise following laser irradiation, may result in poorer
etching and lower bond strengths.

More recently, a novel innovation for the excava-
tion of soft, carious dentin,®' a ceramic bur (KISM-
Cera Bur, Komet, Lemgo, Germany) was developed.
There are as yet no reports on the effect on cavity
preparation of using the ceramic bur on resin
bonding.

A resin composite based on a new technology using
silorane resin was recently introduced. The name
“silorane” is derived from its chemical building
blocks of siloxanes and oxiranes.?! The combination
of the properties of siloxanes and oxiranes results in
a resin composite that the manufacturer claims is a
biocompatible, hydrophobic, low-shrinkage prod-
uct.>! The novel resin matrix requires a specific
two-part self-etching primer adhesive. Although the
primer component of the adhesive is made up of
hydrophilic methacrylate—based resins similar to
those of other adhesive systems,?! the hydrophobic
adhesive bond, developed to be compatible with the
new silorane restorative resin,! has been reported
to exhibit lower polymerization stress and shrink-
age. The microshear bond strengths exhibited by this
adhesive to enamel and dentin after different tooth
preparation conditions are not known.

The aim of this study was to determine the
microshear bond strengths of one two-step self-
etching primer adhesive, two “all-in-one” adhesive
systems, and the silorane-based adhesive to enamel
and dentin, prepared using a high-speed flat-fissure
medium-grit diamond bur, a slow-speed cross-cut
flat-fissure steel bur, a round ceramic bur, and an
Er,Cr:YSGG laser. The null hypothesis tested was
that there is no difference in microshear bond
strengths of one two-step self-etching primer adhe-
sive, two “all-in-one” adhesives, and the silorane-
based adhesive to enamel and dentin prepared using
various tooth preparation methods.

MATERIALS AND METHODS

Ethics approval was obtained from the University of
Melbourne Human Research Ethics Committee for
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the collection and use of 84 whole human permanent
molar teeth from the Royal Dental Hospital in
Melbourne. The teeth were stored in 1% chloramine
T (pH = 9.1) solution for two weeks, transferred into
phosphate-buffered saline solution (pH = 7.2) at 4°C,
and used within six months of extraction. Twenty-
four teeth were used for enamel specimen prepara-
tion and were sectioned at the cementoenamel
junction and perpendicular to the occlusal surfaces
mesiodistally and buccolingually to obtain 96 enamel
specimens. Sixty-four enamel specimens from 16
teeth were mounted in dental stone in plastics molds
with the enamel surface exposed, labeled according
to tooth number and ground with 600-grit silicon
carbide paper (SiC). These specimens were divided
into two groups for tooth preparation using 600-grit
SiC paper as control and the erbium laser (EL,
Waterlase; Biolase Technology Inc, San Clemente,
CA, USA); each group comprised 32 specimens from
eight teeth. The 32 enamel specimens from the
remaining eight teeth were mounted as above but
were not ground with SiC paper. These constituted
the specimens that were prepared with a high-speed
medium-grit flat-fissure diamond bur (DB, average
particle size 100 pm, DB 835 314 012). Surface
enamel was abraded by the diamond bur in a hand-
held high-speed handpiece (Trend, TC 95BC, W & H,
Biirmoose, Austria) with two straight strokes to
obtain a flat surface. The bur was changed after
every four preparations.

The erbium laser was used with the following
characteristics: wavelength 2780 nm, power output
range of 0—6 W, pulse duration 140 ps, repetition
rate 20 Hz, and pulse energy of 0-300 md. A G6
fiberoptic sapphire tip, 6 mm in length and with a
spot size of 600 pm diameter, was used in a
noncontact, focused mode held perpendicular and
1-2 mm away from the surface being ablated. The
enamel was irradiated at a power setting of 5.5 W
(energy density 171.9 J/cm?) with air pressure 90%
and water pressure 80%, and was moved back and
forth until the whole surface was ablated. An
average enamel surface area of 4 mm X 4 mm was
irradiated for five seconds. The 32 enamel specimens
from each tooth preparation group were further
divided into four subgroups comprising the eight
specimens from two teeth for bonding with one of the
two-step self-etching primer adhesives, Clearfil SE
Bond (CSE, Kuraray Medical, Okayama, Japan); two
“all-in-one” adhesives—Xeno IV (XE, Denstply
Caulk, Milford, DE, USA) and Tokuyama Bond
Force (TK, Tokuyama Dental Corp, Tokyo, Japan);
and the Filtek Silorane Adhesive System (FS, 3M

ESPE, St Paul, MN, USA). Details of the materials
are provided in Table 1. After tooth preparation, the
enamel was dried, enamel/dentin adhesives were
applied according to manufacturers’ instructions
(Table 2), and three to four 0.75-mm diameter and
1.5-mm high translucent polyvinylchloride micro-
tubes were placed on the adhesive surface before
curing and the adhesive light-cured using a light-
emitting diode light unit with an output intensity of
800 mW/cm? (Bluephase C8, Ivoclar Vivadent, AG,
Schaan, Liechtenstein). The intensity of the curing
light was checked before use. A hybrid resin
composite (Clearfil Majesty Esthetic, Kuraray Med-
ical) was loaded into the tubes and cured for 20
seconds. For specimens bonded with FS, the Filtek
Silorane Posterior Restorative (3M ESPE) was
loaded into the microtubes and cured for 40 seconds.

The remaining 60 molar teeth were used in dentin
specimen preparation. The occlusal thirds of the
crowns were removed by sectioning perpendicular to
the tooth long axes, the exposed dentin surfaces
checked to confirm complete removal of the enamel,
and the crowns sectioned at the cementoenamel
junctions. The dentin discs were mounted in dental
stone and wet-ground with 600-grit SiC paper.
Dentin specimens were divided into five groups of
12 specimens each for tooth preparation using the
DB, a slow-speed cross-cut flat-fissure steel bur (SB,
S36204 014, Komet), a slow-speed round ceramic bur
(CB, K4547 014, Komet), EL, and SiC paper as
controls. The high-speed handpiece carrying the DB
was run across the dentin surface in four straight
strokes until the whole surface was cut. The SB and
CB were used in a slow-speed handpiece (WD-75, W
& H) and moved back and forth on the surface until
the whole dentin surface was cut. Dentin was lased
using the erbium laser at a power setting of 3.5 W
(energy density 109.4 J/cm?), an air pressure setting
of 65%, and a water pressure of 60%. An average
dentin surface area of 8 mm X 6 mm was irradiated
for 15 seconds. On completion of the tooth prepara-
tions, the 12 dentin specimens in each preparation
group were further divided into four groups of three
for bonding with the four dentin adhesives (Table 2).
Resin bonding was carried out as described for the
enamel specimens; however, six to eight microtubes
were bonded per dentin disc.

The specimens were placed in distilled water in an
incubator at 37°C for 24 hours. Plastics molds with
the embedded specimens were mounted in a jig with
the enamel/dentin surfaces flush with the external
surface of the jig. A wire loop (0.35-mm diameter)
was wound around the bonded cylinder with the
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Table 1: Materials

Adhesive Code pH

Contents

Manufacturer Batch No.

Clearfil SE Bond CSE 2.0

Primer: 10-methacryloyloxydecyl dihydrogen
phosphate (10-MDP), 2-hydroxyethyl methacrylate
(HEMA), hydrophilic dimethacrylate, di-
camphoroquinone, N,N-diethanol-p-toluidine, water

Kuraray Medical, 51766
Okayama, Japan

silanated colloidal silica

Bond: 10-MDP, Bisphenol A diglycidylmethacrylate
(Bis-GMA), HEMA, hydrophobic dimethacrylate, di-
camphoroquinone, N,N-diethanol-p-toluidine,

Xeno IV XE ~2.1

Mono-, di-, and trimethacrylate resins,
dipentaerythritol penta acrylate monophosphate,
cetylamine hydrofluoride, acetone, water

Dentsply-Caulk, 080411
Milford, DE, USA

Tokuyama Bond TK 2.3

Methacryloyloxyalkyl acid phosphate, C2-4 alkyl,
Force HEMA, Bis-GMA, triethylene glycol dimethacrylate
(TEGDMA), camphoroquinone, purified water, alcohol

Tokuyama Dental, YT11407

Tokyo, Japan

Clearfil — —

Majesty Esthetic camphoroquinone

Bis-GMA, hydrophobic aromatic dimethacrylate,
hydrophobic aliphatic dimethacrylate, silanated
barium glass filler, prepolymerized organic filler, di-

Kuraray Medical, 00003C

Okayama, Japan

00004D

Filtek Silorane System FS 2.7
Adhesive

silica, water, ethanol

Primer: HEMA, Bis-GMA, phosphoric acid
methacryloxy-hexylesters, 1,6-hexanediol
dimethacrylate, copolymer of acrylic and itaconic
acids, (dimethylamino)ethyl methacrylate, di-
camphoroquinone, phosphine oxide, silane-treated

3M ESPE, St Paul, 20080311

MN, USA

silane-treated silica

Bond: substituted dimethacrylate, TEGDMA,
phosphoric acid methacryloxy-hexylesters, 1,6-
hexanediol dimethacrylate, di-camphoroquinone,

Filtek Silorane — —
Posterior Restorative

yttrium trifluoride

3,4-epoxycyclohexylcyclopolymethylsiloxane, bis-3,4-
epoxycyclohexylethyl-phenyl-methylsilane, mixtures of
resin and siloxane by-products, silane-treated quartz,

3M ESPE, St Paul, 20080311

MN, USA

composite-dentin interface at one end and was
attached to a load cell connected to a computer at
the other end. Microshear bond strength testing was
carried out on a universal testing machine (Imperial
1000, Mecmesin, West Sussex, UK) using the
corresponding computer software (Emperor, version
1, Mecmesin) at a cross-head speed of 1 mm/min
until failure occurred. Maximum loads at failure
were recorded and converted to MPa by dividing the
failure load by the bonded specimen surface area.
Logarithmic transformation of the data was done to
satisfy the assumptions of the model for statistical
analyses. Means and standard deviations were

obtained for each adhesive for the tooth preparation
methods. Random effects mixed model analysis of
variance (ANOVA) was used with the compound
symmetry covariance matrix option for analyses of
data obtained from samples from the same tooth.
Bonferroni correction was used to compare prepara-
tion methods. Statistical analyses were carried out
using the Statistical Package for the Social Sciences
(SPSS), version 17 software for Windows (SPSS Inc,
Chicago, IL, USA), at a significance level of p<<0.05.
Bond failure modes were assessed using a light
microscope at 100X magnification and were classi-
fied as follows:
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Table 2: Bonding Procedures?

undisturbed
for 20 s, air-thinned for 5 s

Light Resin Composite/
Adhesive Priming Bonding Cure Light Cure
Clearfil SE Bond Primer applied, left Bond applied and gently 10s Clearfil Majesty Esthetic/

air-blown for 3 s 20 s

Xeno IV Adhesive applied with a scrubbing action for 15 s, 10s
reapplied in same manner for 15 s, gently air-thinned for 5 s 20 s

Clearfil Majesty Esthetic/

Tokuyama Bond
Force

Adhesive applied, left in place for 20 s, air-thinned for 3 s 10s

Clearfil Majesty Esthetic/
20s

Filtek Silorane System
Adhesive

Primer applied, rubbed in
for 15 s, air-thinned for 3 s,
light-cured for 10 s

Bond applied, gently 10s
air-thinned for 5 s

Filtek Silorane Posterior
Restorative/40 s

a Light-curing was carried out using a light-emitting diode light unit with intensity of 800 mW/cm? (Bluephase C8, Ivoclar Vivadent, AG, Schaan, Liechtenstein).

e A = Adhesive bond failure, involving more than
50% of the bonded surface

¢ C = Cohesive failure in resin composite, involving
more than 50% of the bonded surface

e M = Mixed bond failure involving up to 50% each
of adhesive and cohesive failures

Debonded specimens representative of the adhe-
sives and tooth preparation methods were retrieved
from their molds, cleaned ultrasonically, embedded
in epoxy resin (Epofix, Struers, Copenhagen, Den-
mark) for 24 hours, and sectioned perpendicular to
the bonded surfaces. Exposed cross-sectional surfac-
es were polished with 600, 1200, 2000, and 4000-grit
SiC papers, then 3 um, 1 um, and 0.25 pm diamond
pastes; they were ultrasonically cleaned for 30
minutes, etched with 10% orthophosphoric acid for
three to five seconds, rinsed for five seconds, placed
in 5% NaOC] solution for five minutes, and rinsed
under running water for five minutes. Specimens
were dehydrated in an ascending ethanol:water
series (10%, 30%, 50%, 70%, 90%, 100%) for one
hour in each with at least three changes in 100%
ethanol and critical point-dried (ethanol/CO,) (CPD
030, Bal-Tec AG, Balzers, Liechtenstein). Immedi-
ately after drying, the specimens were mounted on
aluminum stubs, gold sputter—coated, and examined
under the field emission scanning electron micro-
scope (FE-SEM, Quanta 200F, FEI, Hillsboro, OR,
USA). Two enamel and dentin specimens were
prepared using each of the tooth preparation
methods.

RESULTS

Statistical analyses using random effects mixed
model ANOVA showed that microshear bond
strengths varied according to tooth preparation on
enamel (p=0.002) and dentin (p=0.002), and also
varied according to enamel-dentin adhesive on
enamel (p=0.001). The results of mixed model
ANOVA and Bonferroni correction for microshear
bond strengths are shown in Tables 3 and 4. Results
of analyses showed that bond strengths to enamel
(Table 3) were significantly different between SiC
and EL only for CSE (p=0.29) and XE (p=0.36). For
TK, bond strengths to enamel were not significantly
different between groups.

For dentin (Table 3), the microshear bond
strengths of CSE and XE were not significantly
affected by tooth preparation methods. Bond
strengths for TK were significantly lower (p<<0.05)
following EL in comparison with other preparation
methods.

At least 62% of bond failures in each enamel
adhesive/tooth preparation group were mixed fail-
ures, followed by adhesive failures and a few
cohesive failures (Figure 1). On dentin, bond failures
in each adhesive/tooth preparation were also mainly
mixed in nature (70%), except after bonding with XE
on dentin prepared using the cross-cut flat-fissure
steel bur, where bond failure was completely
adhesive (Figure 2). Adhesive failures were also
observed in the other adhesive/tooth preparation
groups, but no cohesive failures were observed in
dentin.
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Table 3: Microshear Bond Strength Test Results*t

Tooth Preparation Protocol Clearfil SE Bond Xeno IV Tokuyama Bond Force

Enamel (n=24)

600-grit SiC paper 22.0 (4.48)" 14.6 (3.43)" 12.1 (3.40)*

Medium (100-pm)-grit diamond bur 18.9 (5.12)*B 11.6 (2.93)B 10.2 (4.44)"

Er,Cr'YSGG laser 12.5 (2.80)8 10.1 (3.16)B 14.3 (4.19)*
dentin (n=20)

600-grit SiC paper 14.7 (4.85)" 13.0 (4.79)" 11.8 (3.21)"

Medium (100-um)-grit diamond bur 13.0 (5.05)* 12.2 (3.95)" 12.6 (2.96)"

Steel bur 10.3 (4.58)* 12.6 (5.73)" 11.6 (4.47)*

Ceramic bur 11.8 (5.37)* 11.3 (4.82)" 12.1 (3.41)"

Er,Cr.YSGG laser 9.00 (3.35)* 10.4 (2.85)" 6.78 (2.12)B

* Means (SD) in MPa.

different for either substrate.

T Statistical analyses were carried out using random effects mixed model ANOVA and Bonferroni test at o=0.05. Logarithmic transformation of microshear bond
strength data was used in the analyses to satisfy the assumption of the model. Within the same columns, values with different superscript letters are significantly

For FS (Table 4), microshear bond strengths to
enamel varied according to enamel preparation
(p<<0.001). Bond strength of FS was significantly
different between SiC and EL (p=0.005). On dentin,
bond strengths between tooth preparation groups
were not significantly different. Similar to observa-
tions made with the other three self-etching primer
adhesives, bond failure modes for F'S (Figure 3) on
enamel were mainly mixed (85%), followed by a few
adhesive and cohesive failures. On dentin, mixed
failures constituted 70%, followed by adhesive
failures. No cohesive failures were observed.

FE-SEM images of the cross-sectional surfaces of
debonded specimens showed a remarkable difference
between enamel and dentin prepared with SiC paper
and the erbium laser. The typical keyhole appear-
ance of enamel prisms was not observed in the
enamel immediately underlying the lased surface
(Figure 4a,b); instead there appeared to be collapse
of the enamel prismatic structure. Subsurface crack
formation with infiltration of adhesive resin into the
cracks was observed within and underlying the lased
enamel. This zone of altered enamel appeared
distinctively different from the sound enamel below
it. On dentin, cross-sectional views of the debonded

surface revealed that the dentin immediately under-
lying the lased surface appeared structurally differ-
ent from the sound dentin below it and from dentin
prepared with SiC paper (Figure 5a,b). An area of
altered dentin was observed that exhibited fewer
resin tags and appeared denser in consistency, with
collagen fibrils less readily visible. A layer appeared
to be demarcating altered dentin from the sound
dentin below it.

DISCUSSION

Reports have described the variability of bond
strengths exhibited by self-etching primer ad-
hesives under different tooth preparation proto-
cols #811:13.14.23.32 O enamel, conflicting reports
have been put forth on the efficacy of laser prepara-
tions and the effectiveness of subsequent resin
bonding. Some reports have found no significant
difference in microtensile bond strengths of a two-
step self-etching primer adhesive vs Er:YAG-lased
enamel.'?3 Other reports found significant lowering
of enamel bond strengths of the same two-step
adhesive, a one-step self-etching primer adhesive,
and a total-etch adhesive following Er,Cr:YSGG?? and
Er:YAG laser ablation,!' in comparison with a
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Table 4:  Microshear Bond Strength Results for Filtek
Posterior Restorative System*t

Filtek Posterior

Tooth Preparation Protocol Restorative System

Enamel (n=20)

600-grit SiC paper 17.1 (3.21)2

Medium (100um)-grit diamond bur 10.2 (2.16)2°
Er,Cr:'YSGG laser 8.94 (1.75)°

Dentin (n=20)

600-grit SiC paper 6.37 (1.52)%
Medium (100um)-grit diamond bur 7.90 (2.14)2
Steel bur 8.23 (2.59)%
Ceramic bur 7.17 (2.09)2
Er,Cr:YSGG laser 8.02 (1.53)%

* Means (SD) in MPa.

+ Statistical analyses were carried out using random effects mixed model
ANOVA and Bonferroni test at «=0.05. Logarithmic transformation of
microshear bond strength data was used in the analyses to satisfy the
assumption of the model. Within the same columns, values with different
superscript letters are significantly different for either substrate.

medium-grit diamond bur. In yet another study, the
bond strength of one “all-in-one” adhesive was not
different between Er,Cr:YSGG-lased and medium-
grit diamond bur—cut enamel.*?

Our study revealed no significant differences in
bond strength on diamond bur—cut enamel and lased
enamel for the two-step self-etching primer adhesive
and two “all-in-one” adhesives. This result is similar
in part to those of Cardoso and others,® who
reported no change in microshear bond strength for
the “all-in-one” adhesive used in their study but in
part contrasts with reported significant lowering of
bond strength of the two-step adhesive to enamel
following Er,Cr:YSGG laser ablation compared with
diamond bur—cut enamel. Kim and others®® reported
increased resistance to acid etching of Er:YAG-
irradiated enamel. Hossain and others®® reported a
significant increase in calcium and phosphate con-
centrations in irradiated dentin at the cavity floor
following Er,Cr:YSSG irradiation. Furthermore, Ki-
mura and others®® reported a significant increase in

quantities of calcium in Er,Cr:YSSG-irradiated
canine mandibular bone, although the calcium:phos-
phate ratio was not significantly affected. A more
mineralized, acid-resistant enamel surface may
resist etching by the weak acid of a self-etching
primer adhesive.!” A more mineralized enamel
surface, such as could arise following laser irradia-
tion, may thus result in poorer etching and could
explain in part the lower bond strengths observed for
the two-step adhesive following laser irradiation. A
recent finding by the same authors®* of a weak
negative correlation between enamel microhardness
and the bond strength of the two-step self-etching
primer adhesive used in this study appears to
support this argument.

Silicon carbide paper, usually a 600-grit surface, is
used in the laboratory to prepare specimens, simu-
lating clinical dentin/enamel preparation using a
medium-grit diamond bur. Our study found no
significant difference in bond strengths between the
two methods on enamel and dentin for all adhesives;
however, higher bond strengths were recorded with
SiC. This suggests that laboratory microshear bond
strengths using SiC may be higher than what may be
obtainable under clinical tooth preparation condi-
tions if a medium-grit diamond bur was used.
However, significantly lower bond strengths were
noted on lased enamel compared with SiC for three of
the adhesives. This outcome may be explained by
SEM findings of microcracks and structural alter-
ations in enamel, which could have compromised
resin bonding. SEMs of the subsurfaces of debonded
lased enamel (Figure 4) revealed areas of altered
enamel in which the typical keyhole appearance of
enamel prisms was not present; instead, there
appeared to have been collapse, cracking, and
shattering of the enamel prismatic structure. The
Er,Cr:YSGG laser is a hydrokinetic system; during
irradiation, water ejected from an air-water spray
onto the tooth surface is absorbed by incident
radiation, causing heating and water evaporation,
which results in high-stream pressure, which in turn
induces microexpansion and explosion of dental hard
tissues.?3 The Er,Cr:YSGG laser has been reported to
result in enamel melting and recrystallization®® and
subsurface grooving.?® Such a surface may compro-
mise resin penetration and/or introduce weaknesses
in the bond, which may lead to premature bond
failure and low bond strengths.

On dentin, the adhesives exhibited no statistically
significant difference in microshear bond strength
after various tooth preparation protocols, except for
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Tokuyama Bond Force - Er,Cr:-YSGG laser|
Tokuyama Bond Force - Diamond bur|—
Tokuyama Bond Force - 600-grit SIC paper|
Xeno IV - Er,Cr:YSGG laser|

Xeno IV - Diamond bur |

Xeno IV - 600-grit SIC paper|

Clearfil SE Bond - Er,Cr:YSGG laser|
Clearfil SE Bond - Diamond bur

Clearfil SE Bond - 600-grit SIC paper|

[ Adhesive
B Mixed
[] Cohesive

60 80 100%

Figure 1. Bond failure modes observed on enamel. Adhesive bond failure—involving more than 50% of the bonded surface; cohesive failure in resin
composite—involving more than 50% of the bonded surface; and mixed bond failure—involving up to 50% each of adhesive and cohesive failures.

Tokuyama Bond Force - Er,Cr:YSGG laser [
Tokuyama Bond Force - Ceramic bur
Tokuyama Bond Force - Steel bur -
Tokuyama Bond Force - Diamond bur -
Tokuyama Bond Force - 600-grit SIC paper -

Xeno IV - Er,Cr:YSGG laser

Xeno |V - Ceramic bur

[ Adhesive

Xeno |V - Steel bur 1

Xeno IV - Diamond bur
Xeno IV - 600-grit SIC paper -
Clearfil SE Bond - Er,Cr:-YSGG laser |
Clearfil SE Bond - Ceramic bur |
Clearfil SE Bond - Steel bur |
Clearfil SE Bond - Diamond bur -
Clearfil SE Bond - 600-grit SIC paper 1

Il Mixed
[ Cohesive

0 20 40

60 80  100%

Figure 2. Bond failure modes observed on dentine. Adhesive bond failure—involving more than 50% of the bonded surface; cohesive failure in resin
composite—involving more than 50% of the bonded surface; and mixed bond failure—involving up to 50% each of adhesive and cohesive failures.
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Figure 3. Bond failure modes observed for the Filtek Silorane Posterior Restorative. Adhesive bond failure—involving more than 50% of the bonded
surface; cohesive failure in resin composite—involving more than 50% of the bonded surface; and mixed bond failure—involving up to 50% each of

adhesive and cohesive failures.

one “all-in-one” adhesive, which reported lower bond
strengths following Er,Cr:YSGG laser ablation.

Results suggest that bond strengths of the self-
etching primer adhesives used in this study to dentin
may not be affected by the type of rotary instrument
used. However, variability in bond strengths of two-
step self-etching primer adhesives in relation to “all-
in-one” adhesives to dentin surface preparation has
been reported in previous studies.!®*36 Semeraro
and others'® reported that two “all-in-one” adhesive
systems exhibited no significant differences in micro-
tensile bond strength to dentin prepared with
regular and superfine-grit diamond burs. In the
same study,'® another “all-in-one” adhesive and a
two-step self-etching primer adhesive exhibited
significantly higher bond strengths with a finer
surface finish. In another study, however, Ermis
and others®” reported no significant difference in
microtensile bond strength of the two-step self-
etching primer adhesive and one “all-in-one” adhe-
sive bonded to dentin prepared with medium-, fine-,
and extra-fine—grit diamond burs. However, lower

bond strengths were observed for another “all-in-
one” adhesive used.?” In yet another study, Inoue
and others' reported significantly higher bond
strength of a one-step (two-bottle) self-etching
primer adhesive to dentin finished with a super-
fine-grit diamond bur compared with a regular-grit
diamond bur. The variable bond strength results
obtained may be explained by factors such as the
thickness of the dentin smear layer after prepara-
tion,>1% the aggressiveness of the adhesive prim-
ers,?° and the nature of the dentin surface, whether
sound or sclerotic.?®

In contrast to the results obtained in our study,
Ogata and others'® reported significantly lower bond
strength of three two-step self-etching primer adhe-
sives to dentin prepared with a cross-cut flat-fissure
steel bur compared with a medium-grit diamond bur.
The difference in results may lie in the quality of the
smear layer produced following dentin preparation.
In the above study, the authors reported that steel
burs at a speed of 2000 rpm were used; those used in
our study had a speed of up to 40,000 rpm. This
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Mag | HV Det Spolf WD Mag | HV Det Spot WD |
2000x 5.0 kVETD 2.0 11.1 mm 2000x/5.0 kW ETD 2.0 9.2 mm

Figure 4. Representative FE-SEM images of cross-section of a) enamel surface prepared with 600-grit silicon carbide paper; and b) enamel
prepared with the Er,Cr:YSGG laser. The typical keyhole appearance of enamel prisms (as seen in part a) is distorted in the enamel immediately
beneath the lased surface. Collapse of the enamel prismatic structure and subsurface crack formation within the altered enamel are evident. Resin
infiltration into the cracks has occurred in the underlying enamel as the result of crack formation (asterix). AE, altered enamel; E, sound enamel; R,
resin.

Mag = HV |Det Spot WD Mag | HV Det Spot WD
5000x 10.0 KVIETD 2.0 6 mm Untreated dentine-CSE-S-PP-H 4000x 5.0 WV ETD 2.0 10.9 mm X-DL-adh

Figure 5. Representative FE-SEM of a) bonded interface of dentin prepared with 600-grit silicon carbide paper; and b) cross-section of debonded
dentin surface prepared with Er,Cr:YSGG laser. The dentin immediately beneath the debonded surface (AD) appears to be different in structure to the
sound dentin further below (D). This altered dentin appears to be denser in consistency and exhibits fewer resin tags, and a layer (L) appears to be
demarcating the altered dentin from the sound dentin. AD, altered dentine; D, sound dentine; RC, resin composite.

difference in speed of cut may produce different rable dentin microshear bond strengths to other

stresses on dentin and different smear layer charac- tooth preparation protocols and therefore appears

teristics, which may in turn influence bond promising. Failure modes were mainly mixed in
21, 37

strengths. The novel ceramic bur resulted in compa- nature and consistent with other studies.
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The lowest bond strengths were reported following
dentin laser ablation for the two-step and both “all-
in-one” adhesives, but this was significant only for
TK. Other changes brought about by laser tooth
preparation that could weaken adhesion include
formation of microcracks beneath the hybrid layer,
collagen denaturation due to selective ablation of
organic tissue resulting in less collagen being
exposed,?® ?° and deficient dentin hybridization.>
Martinez-Insua and others®® also reported the
presence of widespread subsurface grooving in
Er:YAG-lased enamel and dentin. Crack formation
and other alterations observed in subsurface enamel
and dentin in this study could be attributed to
thermal changes caused by laser irradiation. SEM
evaluation of the subsurface of the debonded lased
dentin (Figure 5) revealed dentin that appeared
more dense in consistency, exhibited fewer resin
tags, and appeared demarcated from the sound
dentin below it by a distinctive layer. These changes
observed in the lased enamel could have weakened
the dental tissue and impeded resin infiltration and
dentin hybridization, predisposing to premature
bond failure and thus significantly lower bond
strength observed for the “all-in-one” adhesive. With
the altered state of the dentin, the viscosity of the
adhesive and its mode of application (i.e., with or
without scrubbing) may play a more important role
in assisting adhesive penetration into dentin, and
this may have had an effect on the bond strength
outcome on dentin.

The silorane-based adhesive exhibited no signifi-
cant difference in microshear bond strength to
enamel and dentin under the clinical tooth prepara-
tion protocols. Low microshear bond strengths were,
however, observed with the adhesive on dentin. This
newly developed resin composite is hydrophobic, and
its low polymerization shrinkage is attributed to the
cationic ring-opening reaction, which results in a
gain in chain length and subsequent lower polymer-
ization contraction compared with the radical addi-
tion polymerization of methacrylate resins.?® The pH
of the silorane-based self-etching primer®® is the
least acidic of all the adhesives used in this study.
The demineralizing aggressiveness on dentin of a
self-etching primer adhesive has also been reported
to be related to its pH.?° The adhesive primer is
cured before application of the bond; dentin hybrid-
ization may thus be entirely dependent on the degree
of demineralization, penetration, and cross-linking
produced by the primer. The pH and the resultant
hydrophilicity of the silorane adhesive primer may
greatly determine the extent of resin permeation
into dentin. Additional studies are required.

Findings in this study show that the microshear
bond strengths of the two-step self-etching primer
adhesive, one “all-in-one” adhesive, and the Filtek
Silorane Posterior Restorative System were not
affected by tooth preparation methods. However,
the bond strength of one “all-in-one” adhesive was
significantly lower after laser ablation. Therefore,
the null hypothesis cannot be accepted.

CONCLUSIONS

Although the microshear bond strength of one “all-
in-one” adhesive may be significantly affected by
dentin laser ablation, the bond strengths of all other
self-etching primer adhesives used in this study,
including the silorane adhesive, were not signifi-
cantly affected by tooth preparation methods. Alter-
ations in subsurface enamel and dentin, which may
compromise resin bonding, were observed following
Er,Cr:YSGG laser ablation.
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