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Effect of aging on microshearing bond 2
strength of different adhesive systems

Cansu Dagdelen Ahisha' ® and Mine Bettl Uctasl’

Abstract

Background Reliable bonding agents are essential for durable tooth-colored restorations. This study aimed to
evaluate the effects of a two-step self-etch adhesive and a universal adhesive (used in self-etch and etch-and-rinse
modes) on dentin microshear bond strength and the impact of 1-year simulated thermal aging.

Methods In this study, 60 caries-free human incisors were used. A two-step self-etch adhesive system (SE) (Clearfil
SE Bond; Kuraray Noritake Dental, Japan), a universal adhesive in self-etch mode (U-SE) (Clearfil S3 Bond Universal;
Kuraray Noritake Dental, Japan), and the same universal adhesive in etch-and-rinse mode (U-ER) were tested. The
specimens were randomly divided into six groups (n=10 per group): (1) SE, initial measurement without aging (T0);
(2) U-SE, initial measurement without aging (T0); (3) U-ER, initial measurement without aging (T0); (4) SE, after artificial
aging (T1); (5) U-SE, after artificial aging (T1); and (6) U-ER, after artificial aging (T1). Artificial aging was performed

by 10,000 thermal cycles between 5 °C and 55 °C, simulating approximately one year of intraoral conditions. The
prepared samples were evaluated using the microshear bond strength test. Non-parametric tests were applied for
statistical analysis due to the small sample size and non-normal data distribution, with significance set at p <0.05.

Results The SE without aging group 1 (15.70 MPa) and SE aged group 4 (11.82 MPa) showed the highest bond
strength values, while the U-ER without aging group 3 and aged group 6 consistently presented the lowest (6.58
MPa, 6.33 MPa). After 1-year artificial aging, bond strength significantly decreased in the SE (p<0.05) and U-SE (p<0.05)
groups, whereas no significant change was observed in the U-ER group (p>0.05). Overall, statistical analysis confirmed
significant differences among the adhesive systems and aging conditions (p<0.05).

Conclusions According to the results of this study, when the micro shear bond strengths of dentin adhesive systems
were compared, it was found that the SE group showed higher bond strength values than the U-ER and U-SE groups
at the beginning and after 1-year aging simulation.
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Background

To meet the increasing aesthetic demands of patients,
direct restoration applications with easy-to-apply tooth-
colored restorative materials become widespread.
Adhesive systems are critical to the success of esthetic
restorative materials. Since Buonocore achieved the first
successful adhesion to acid-etched enamel surfaces in
1954, the bonding mechanism to enamel and dentin has
been extensively investigated and three-step adhesive
systems were developed in the early 1990s. To reduce the
clinical application time, 2-step etch-and-rinse (ER) and
one-step self-etch (SE) adhesive systems were introduced
as new generation dental adhesive systems, respectively
[1].

Two-step ER adhesive systems consist of the applica-
tion of a hydrophilic primer and adhesive resin with acid
that roughens the surface. SE adhesive systems are known
as adhesive systems that do not use a separate acid etch-
ing step. SE adhesive systems gently decalcify superficial
hydroxyapatite at the enamel and dentin surface and inte-
grate the residual smear layer into the adhesive interface.
The depth of decalcification depends on the acidity of the
primer: ultra-mild (pH=>2.5) mild (pH=~2), moderately
strong (pH 1-2) and strong (pH < 1). The SE adhesive sys-
tem application is carried out in one or two steps [2].

Adhesive systems called “universal adhesive” or “multi-
mode” were developed to combine the “simplification” of
the SE technique and the “bond strength” of the ER tech-
nique. Universal adhesive systems allow the use of tech-
niques such as ER, SE and selective-etch [3-6].

The structure and natural wetness of dentin make it a
difficult substrate for adhesion. In addition, in most clini-
cal situations, dentin remains covered with a smear layer,
which prevents the penetration of molecules for adhe-
sion. Therefore, removing the smear layer by acid appli-
cation (etch-and-rinse system) or modification (self-etch
system) is crucial for a strong adhesion [7].

Aging procedures are carried out using mechanical,
thermal, or chemical methods, or through combina-
tions of these approaches [8]. Thermal cycling test is a
commonly used artificial aging method to simulate the
physiological aging of restorative materials. Accelerated
water diffusion and temperature fluctuations can weaken
the bond strength at the adhesive—material interface [9].
Thermal aging is performed in cycles between 5 °C and
55 °C to simulate thermal changes in the oral environ-
ment in vitro [10-12]. 10,000 thermal cycles are consid-
ered to be equivalent to approximately 1 year of in vivo
thermal cycling [13-15].

Bond strength tests can be categorized based on the
direction of the applied force: tensile or shear bond
strength tests. Moreover, considering the bonded area,
they can be further classified as macro- or micro-ten-
sile and macro- or micro-shear bond strength tests [16].
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The micro-shear bond strength test offers several ben-
efits compared to other bond strength methods [16]. It
allows multiple samples to be taken from a single tooth
and enables testing on very small areas of different den-
tal tissues, such as carious dentin, sclerotic dentin, and
enamel [16]. Because the bonded area is minimal, the risk
of imperfections like microgaps or air bubbles is reduced
[16]. Additionally, the small size of the bonding area facil-
itates detailed examination using SEM [16].

The aim of this study was to evaluate the effects of a
two-step self-etch adhesive system and a universal adhe-
sive system used as self-etch application mode and etch-
and-rinse application mode on dentin microshear bond
strengths, and the effect of thermal aging process simu-
lating 1-year aging procedures on dentin microshear
bond strength.

The first null hypothesis is that there is no difference in
dentin bond strength among different adhesive systems.
The second null hypothesis is that there is no differ-
ence in dentin bond strength among different applica-
tion modes of the same adhesive system. The third null
hypothesis is that the dynamic aging process has no effect
on dentin bond strength.

Methods
The study was approved by the Clinical Research

Ethics Committee of Gazi University Faculty of
Dentistry, Ankara, Turkiye (Protokol number:
GUDHKAEK.2022.04/2).

Gazi University Scientific Research Projects Unit sup-
ported this thesis study. The study was conducted in Gazi
University Faculty of Dentistry, Department of Restor-
ative Dentistry Research Laboratory.

Specimen preparation

In the study, 60 extracted non-caries human incisor teeth
were used. The teeth were stored in saline solution no
longer than 3 months. The roots of the teeth were sep-
arated 1-2 mm apical to the enamel-dentin junction.
Then, the teeth were placed in autopolymerized acrylic
resin surrounded by a polyvinylchloride (PVC) cylinder,
with the buccal surfaces on top. The buccal surfaces of
the teeth were grounded wet to expose the dentin using
180-grit silicon carbide abrasive paper with a polish-
ing machine (Mecapol P230, Presi, Turkey) (Fig. 2A).
The exposed dentin surfaces of the teeth were polished
for 60 s using 320-grit silicon carbide paper under water
cooling to create a standard smear layer (Fig. 2B).

Prior to group allocation, a power analysis was per-
formed to determine the required sample size. Based on
an effect size of 0.5, a=0.05, and a desired power (1-f) of
0.80, the total sample size was calculated as 48, requir-
ing at least 8 teeth per group. In the study, 10 teeth were
assigned to each group.
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Table 1 Grouping of Test Samples

Groups Procedures Applied to Samples

1 (SE-TO) Two-stage self-etch adhesive system
(Initial measurement without aging)

2 (U-SE-TO) Universal adhesive system self etch mode
(Initial measurement without aging)

3(U-ER-TO) Universal adhesive system Etch and Rinse
mode (Initial measurement without aging)

4 (SE-T1) Two-stage self-etch adhesive system (after
1 year aging procedure)

5 (U-SE-T1) Universal adhesive system self etch mode
(after 1 year aging procedure)

6 (U-ER-TT) Universal adhesive system Etch and Rinse

mode (after 1 year aging procedure)

In the study, the teeth to be tested were randomly
divided into 6 groups (Table 1; Fig. 1). Then the com-
posite resin restorative material applied following the
application of the two-step self-etch adhesive system,
the universal adhesive system used as self-etch mode and
etch-rinse mode was evaluated for the microshear bond
strength.
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Application of adhesive systems

In the 2-step self-etch adhesive system application, the
primer was first applied to the dentin (Clearfil SE Bond,
Kuraray Noritake Dental, Japan) with a micro brush,
waited for 20 s, and the bond was applied and polymer-
ized with 10 s with LED light curing unit (1400mW/cm?2,
D-Light Pro, GC, Japan) (Table 2).

In the universal adhesive self-etch mode application
(Clearfil S [3] Bond Universal, Kuraray Noritake Dental,
Japan), the bonding agent was applied to the dentin sur-
face with a micro brush for 10 s and spread on the surface
with gentle air until the bonding agent did not move on
the surface (not exceeding 5 s). It was polymerized with
10 s with LED light curing unit (Table 2).

In the universal adhesive etch-and-rinse mode appli-
cation, orthophosphoric acid gel (35% phosphoric acid,
K-etchant gel, Kuraray Noritake Dental, Japan) was
applied to the dentin surfaces for 15 s, and the acid gel
was removed by applying water spray and gently dried
with air spray. The bonding agent (Clearfil S3 Bond Uni-
versal, Kuraray Noritake Dental, Japan) was applied to
the dentin surface for 10 s with a micro brush and spread

| 60 extracted non-caries human incisor teeth |

L |

\ —

Two-stage self-etch
adhesive system-
Initial measurement
without aging (SE-T0)
(n=10)

Universal adhesive system
self etch mode- Initial
measurement without

aging (U-SE-T0)
(n=10)

Universal adhesive system
Etch and Rinse mode -
Initial measurement
without aging (U-ER-TO0)
(n=10)

Two-stage self-etch
adhesive system-
after 1 year aging

procedure (SE-T1)

(n=10)

Universal adhesive
system self etch mode -
after 1 year aging
procedure (U-SE-T1)
(n=10)

Universal adhesive
system Etch and Rinse
mode -after 1 year aging
procedure (U-ER-T1)
(n=10)

Fig. 1 Study Design Overview

Table 2 pH Level, Composition and Application Protocol of Adhesive Systems Used

Adhesive Manufacturer pH Composition Lot Number  Application Method
Primer Bond
Clearfil SE Kuraray Noritake 2.0 MDP, HEMA, MDP, Bis- Lot 000404 1-The primer is applied to the surface and left on the
Bond Dental, Japan Hydrophilic GMA, HEMA, surface for 20s;
aliphatic dimeth-  Hydrophobic 2- Dry with light air;
acrylate, dl-cam-  aliphatic di- 3- Bond is applied and spread over the surface;
phorquinone, N,  methacrylate, 4-Polymerization with light cure for 10's
N-diethanol-p-  dl-cam-
tolidine, Water phorquinone,
N, N-
diethanol-
p-tolidine,
Colloidal
silica
Clearfil Kuraray Noritake 2.7 10-MDP, Bis-GMA, HEMA, Lot 000041 SE MOD
S3Bond Dental, Japan hydrophobic dimethacrylate, 1-Application for 20's;
Universal camphorquinone, ethanol, 2-Drying with air water spray for 5 s;

water, silanated colloidal silica

3-Polymerization with light cure for 10's

ER MOD

1-15 s orthophosphoric acid gel application (dentin);
2-15 s washing and light air drying;

3-Application for 20 's;

4-Drying with air water spray for 5 s;
5-Polymerization with light cure for 10's
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Fig.2 A:Sanding and polishing device (Mecapol P230, Presi, Turkey) B: Image after sanding the dentin surface with 320-grid sandpaper for 60 s to create
a standard smear layer C: Transparent tube D: Test sample with adhesive and composite resin restorative material

Table 3 Composition and Filler Ratio of Composite Resin
Restorative Material Used

Materiel  Manufacturer Composi- Filler Ratio Lot
tion/Particle (% weight-% Num-
Size volume) ber
CLEARFIL  Kuraray Medical ~ Bis-GMA, 78%- 40% C80116
MAJESTY  Inc, Okayama, Silane barium
ES-2 Japan glass filler,
0.37-1.5um
(%W)

on the surface with the application of light air until the
bonding agent did not move on the surface and then light
cured for 10 s with LED light curing unit (Table 2).

Composite application to samples

Nanohybrid composite resin restorative material (Clearfil
Majesty ES-2 Classic, Kuraray Noritake Dental, Japan)
was placed on the dentin surface with the disk-shaped
transparent tubes (Nutrition catheter, Bicakcilar Medi-
cal Devices Industry and Trade Inc., Esenyurt, Istanbul,
Tiirkiye) of 0.8 mm inner diameter, 1 mm outer diame-
ter and 1 mm height (Fig. 2C). The inner diameter of the
tube defined the bonding area. After applying the adhe-
sive, the transparent tube was positioned and light-cured
for 10 s. Subsequently, the composite resin was carefully
placed into the transparent tube using a blunt-tip probe

and light-cured for 20 s (Fig. 2D). The composition and
filler ratio of the composite resin used in this study are
presented in Table 3.

Application of thermal cycle to samples

The prepared 1st, 2nd and 3rd test groups were stored
in water at 37°C for 24 h without any aging process. The
4th, 5th and 6th test groups were subjected to a thermal
aging process of 10,000 times, simulating a 1-year intra-
oral aging process.

The termal aging process of the samples was con-
ducted in a standard thermal cycling device (Modental,
Esetron Mechatronic, Turkey) (Fig. 3A) at temperatures
of 5-55 °C, with a dwell time of 20 s and a transfer time
of 10s.

Microshear bond strength test

The samples without the aging process, the 1st, 2nd and
3rd group test samples, were stored in water at 37°C for
24 h. At the end of 24 h, they were fixed to the universal
testing machine (Shimadzu IG-IS, Japan) with a special
apparatus for microshear bond strength testing (Fig. 3B).
The aged 4th, 5th and 6th group test samples were fixed
to the universal testing machine with a special apparatus
for microshear bond strength testing after being sub-
jected to thermal cycling.

Fig.3 A:Thermal cycle device (Thermocycler, SD Mechatronik, Germany) B: Fixing the samples to the universal testing machine (Schimadzu IG-IS, Japan)

with a special apparatus for microshear bond strength testing.
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Table 4 Comparison of Initial Bond Strength Measurement by Groups
TO SE-USE SE-UER USE-UER p
Avg+SD Min-Max (M) P P
Material-Use Mode SE 15,70+247 12-20(14) 0,006* 0,000* 0,001*
p 0,000 U-SE 11214196 8-14(11)
U-ER 6,58+1,93 5-12(6)
*p<0,05 Kruskal Wallis/Mann Whitney
Table 5 Comparison of 1-Year Aging Bond Strength Measurement by Groups
T1 SE-USE p SE-UER p USE-UER p
Avg+SD Min-Max (M)
Material-Use Mode SE 11,82+1,82 9-14(11) 0,000* 0,000* 0,049*
p 0,000% U-SE 9,17+164 8-13(8)
U-ER 6,33+1,05 4-8 (6)
*p<0,05 Kruskal Wallis/Mann Whitney
Table 6 Comparison of Bond Strength Measurements in Group Separation between Initial (TO) and 1 Year Aging (T1)
TO T p
Avg +SD Min-Max (M) Avg +ss Min-Max (M)
Material-Use Mode SE 15,70+£2,47 12-20(14) 11,82+£1,82 9-14(11) 0,037*
U-SE 11,21£1,96 8-14(11) 9,17 +1,64 8-13(8) 0,009*
U-ER 6,58+1,93 5-12(6) 6,33+1,05 4-8 (6) 0,859

*p<0,05 Wilcoxon

A chisel-shaped blade was positioned perpendicular to
the bonding interface between the composite resin and
the teeth. The bond strength values, expressed in New-
tons (N), were obtained by applying a force at a 1 mm/
min rate until failure occurred for each specimen. The
obtained N values were divided by the surface area of the
samples, converted to Megapascals (MPa) values, and the
obtained data were recorded for statistical analysis.

Statistical analysis

Data analysis was carried out using the SPSS 26 program
with a 95% confidence level. Mean, standard deviation
(sd), minimum, maximum and median (Min-Max(M))
statistics were given for the measurements. Since the
sample size per group was less than 30 and normality was
not confirmed (Shapiro-Wilk test, p<0.05), non-para-
metric tests were used. In the study, Kruskal Wallis test
was used to compare measurements by groups, Mann
Whitney test was used to compare multiple groups, and
Wilcoxon test was used to compare baseline (T0) and 1
year post-aging (T1) measurements for group separa-
tion. All statistical comparisons were reported with cor-
responding p-values, and significance was set at p <0.05.

Results

According to Kruskal Wallis test results (Table 4), there
is a statistically significant difference between the mate-
rial usage mode groups in terms of initial bond strength
(TO0) measurements (p<0.05). The TO measurement is
the highest (15.70) in the two-step SE Bond (SE) group

and is the lowest (6.58) in the S3 Bond Universal ER
mode group (U-ER). According to Mann-Whitney test
results (Table 4), there is a statistically significant dif-
ference between the SE, S3 Bond Universal in self-etch
mode (U-SE) and U-ER groups in terms of TO measure-
ment (p<0.05).

According to Kruskal Wallis test results (Table 5), there
is a statistically significant difference between the mate-
rial usage mode groups in terms of 1-year aging (T1)
bond strength measurement (p<0.05). The T1 bond
strength measurement was highest in the SE group
(11.82) and lowest in the U-ER group (6.33). According
to Mann-Whitney test results (Table 5), there is a statis-
tically significant difference between the SE, U-SE, and
U-ER groups regarding T1 bond strength measurement
(p<0.05).

Wilcoxon test results (Table 6; Fig. 4) show a statisti-
cally significant difference between bond strength mea-
surements at TO and T1 in the SE and U-SE groups
(p<0.05). T1 bond strength measurement was lower than
TO bond strength measurement in the SE (n=8 samples
showed a decrease, Mean=11.82) and U-SE (#n=9 sam-
ples showed a decrease, Mean=9.17) groups. The differ-
ence between bond strength measurements of To ad T1
for the U-SE group is not significant (p > 0.05).

Discussion

Based on the results, the first null hypothesis—that there
is no difference in dentin bond strength among adhe-
sive systems is rejected, as significant differences were
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Fig. 4 Comparison of TO and T1 Bond Strength Measurements by Groups

observed (p<0.05), with SE showing the highest and
U-ER the lowest bond strength. The second null hypoth-
esis no difference between application modes of the
same adhesive is partially rejected, with U-SE and U-ER
showing significant differences, while some intra-group
changes were not significant. The third null hypothesis—
that dynamic aging has no effect is partially rejected, as
bond strength decreased significantly from TO to T1 in
SE and U-SE groups (p <0.05), but not in U-ER group.

Dentin is a composite structure consisting of inorganic
and organic structures. Structurally, it is a collagen-based
tissue consisting of collagen (90%), non-collagenous pro-
teins (10%) and inorganic apatite crystals embedded in
the extracellular matrix (ECM), containing 30% (by vol-
ume) organic matrix [17].

It is more difficult to achieve ideal bonding in dentin
than in enamel tissue. The structure and thickness of the
dentin tissue (sclerotic or demineralized), the diameter of
the dentinal tubules and their density on the surface, the
ratio of peritubular and intertubular dentin, and the pres-
ence of the smear layer are the factors that affect adhe-
sion in dentin tissue [18].

Successful adhesion between the restorative material
and the dentin surface is a decisive feature for the clini-
cal success of such materials. When examining the adhe-
sion of restorative materials, an important issue to be
addressed is the bond strength test methodology. In this
study, the microshear bond strength test (uSBS) test was
used to evaluate the adhesion of adhesive systems with
different applications to the dentin structure.

Page 6 of 9

T1

U-ER

In this study, the puSBS values obtained from all test
groups were lower than those reported in the dentin
bond strength literature [19-21]. This finding can be
explained by the difference in the teeth used in other
studies and their different organic, mineral composition
and water content.

Dentin tissue contains different MMPs: collage-
nase MMP-8 [22], gelatinases MMP-2 and -9 [23-27],
stromelysin MMP-3 [28] and enamelin MMP-20 [29].
These MMPs play an active role during tooth develop-
ment [30]. Dentin proteases remain structurally stable as
long as the dentin tissue is mineralized31. MMPs in den-
tin tissue can also be activated by the acidic properties of
adhesive systems.

Mazzoni et al. [23] reported that etch-and-rinse (ER)
adhesive systems, and Nishitani et al. [31] reported that
self-etch (SE) adhesive systems, can reactivate gelatinases
(MMP-2 and MMP-9) and collagenases in demineralized
dentin. The study by Lehmann et al. [32] showed that the
expression of MMP-2 and pro-MMP-9 in odontoblasts
increased after using SE adhesive systems on dentin tis-
sue. Pashley et al. [33] believed that the use of 35-37%
phosphoric acid (pH 0.7-1) to acid etch dentin in the ER
approach initially denatures MMPs and inactivates pro-
MMPs trapped in mineralized dentin due to the low pH.
According to the data obtained from this study, in line
with the literature, no statistically significant decrease
in microtensile bond strength was observed in the U-ER
group after aging by thermal cycling.

In this study, both adhesive systems used contain func-
tional monomers such as HEMA, bis-GMA and 10-MDP
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in their structure. Functional monomers are considered
important components of adhesive systems because
they regulate the interaction of the adhesive interface
with dental tissue. Typically, adhesives contain func-
tional monomers in their composition to increase bond
strength, improve diffusion and penetration of other
monomers and even provide antimicrobial effect [34].

Jaggi et al. [35], in their study examining the shear
bond strength of universal adhesives to enamel and den-
tin, observed the lowest shear bond strength values in
HEMA-free systems and reported no significant decrease
in bond strength following thermocycling and aging.
Brkanovi¢ et al. [36], in their study comparing the shear
bond strength of different universal adhesive systems
to dentin, found that the HEMA-free universal adhe-
sive, G2-Bond Universal, exhibited the most stable shear
bond strength values when applied in the self-etch mode.
Takahashi et al. [37], examined the water absorption and
tensile bond strength properties of one-step self etch
adhesive systems with and without HEMA, and found
that water absorption increased, bond strength decreased
over time in adhesive systems containing HEMA. Simi-
larly, both adhesive systems evaluated in this study con-
tain HEMA, and this explains the decrease in microshear
bond strength values observed in all tested groups in the
long term.

The popularity of self etch adhesive systems has
increased due to their user-friendly features, resulting
in fewer clinical steps and adequate bonding [38]. Such
adhesives promote simultaneous demineralization and
resin infiltration, lowering the risk of adhesive penetra-
tion failure. Self etch adhesive systems reduce the poten-
tial problems observed with the ER technique, providing
better sealing of the dentinal tubules and creating a more
homogeneous hybrid layer, which results in less postop-
erative sensitivity [39].

However, the life of self etch adhesive systems depends
on the level of acidic monomers, as these affect bond
strength and stability. Therefore, a mild self etch adhesive
is currently recommended for adhesion to dentin [40].
Furthermore, the degradation of collagen fibrils can be
reduced by the absence of phosphoric acid application,
which directly affects the stability of the bond over time
[40]. Raji et al. [41], in their study evaluating the micro-
shear bond strength of mild and ultra-mild universal
adhesives to deep dentin, reported that the type of adhe-
sive (mild/ultra-mild) influenced the bond strength to
deep dentin, whereas the application mode did not have
a significant effect on the microshear bond strength to
deep dentin.

Simplifying the clinical application stages of adhesive
procedures is targeted as a commercial strategy. For this
purpose, adhesive systems called “universal/multimode”
have been introduced. Most universal adhesive agents

Page 7 of 9

are applied as two-step ER and one-step self etch mode
[42-44].

All adhesive systems have their strengths and weak-
nesses. In general, ER adhesive systems are hydropho-
bic and therefore durable adhesives, but must be used in
conjunction with phosphoric acid etching [7]. This appli-
cation process is not always the most suitable approach
and is considered aggressive to dentin [7]. Self etch adhe-
sive systems avoid phosphoric acid etching of dentin and
can be used in conjunction with self etch or selective-
etch approaches, but are more hydrophilic and therefore
prone to degradation [45]. Finally, universal adhesive
agents can be used with or without phosphoric acid etch-
ing and have greater hydrophilicity than multi-step adhe-
sives [46]. The bond strength of universal adhesives in
self etch and ER modes is debatable [19, 47, 48].

Takamizawa et al. [47], evaluated the bond strength of
self etch adhesives to dentin in different modes, reported
a decrease in the bond strength of Clearfil SE Bond when
applied in etch and rinse mode. Valizade et al. measured
the dentine uSBS of Single Bond, Scotchbond Univer-
sal and Clearfil SE Bond in ER and self etch modes and
reported that the uSBS values were maximum in self etch
mode but the difference was not statistically significant.
Bakry et al. [49], in their study evaluated the effects of
different application modes of two universal adhesive
systems on shear bond strength and reported that Tet-
ric N-Bond exhibited the highest shear bond strength
when applied in the self etch mode. Hosseini et al. [50]
investigated the microshear bond strength of universal
adhesives with varying pH levels to superficial dentin in
both self etch and etch and rinse application modes. The
results of their study demonstrated that All-Bond Uni-
versal exhibited the highest microshear bond strength in
the self etch mode, whereas the lowest bond strength was
observed in the etch and rinse mode. The researchers rec-
ommend using the self etch mode because of less demin-
eralization of the dentine surface [51]. According to the
results of this study, when the micro shear bond strengths
of dentin adhesive systems were compared, it was deter-
mined that the SE adhesive system showed higher bond
strength values than the U-SE after the initial and 1-year
aging simulation. This result can be explained by the fact
that the evaluated SE adhesive system has higher acid-
ity than the universal adhesive system. It is thought that
the more acidic system among the two adhesive systems,
light and ultra-light, causes deeper demineralization on
the surface and provides better micromechanical inter-
locking to the dentin.

Conclusions
Within the limits of this in vitro study,
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1- Two-step SE adhesive groups showed the highest
uSBS values among the groups where aging process
was not applied or applied.

2- The result of the study showed that the bond
strength to dentin was lower in the acid etching
protocol.

3- In the two-step SE adhesive group and the
group where the universal adhesive was applied

in SE mode, uSBS values decreased significantly
after aging. No decrease was observed in the uSBS
values in the group where the universal adhesive was
applied in ER mode.

All these findings should be considered in material selec-
tion in clinical applications. In order to investigate the
decrease observed in SE and U-SE groups after the aging
protocol in more detail, further studies on the subject,
both in vitro and in vivo, are needed.
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