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ABSTRACT

Objectives: The aim of the current study was to evaluate the resin-dentin micro-tensile bond
strength (u-TBS) using 2 types of universal adhesives with etch-and-rinse and self-etch approaches
after 24 hours and 6 months of water storage.

Materials and Methods: A total of 20 extracted non-carious human molars were used in this
study. Teeth were equally and randomly divided into 2 groups (N= 10 teeth) according to the type
of adhesive used; Group I; Adhese® Universal and Group II; Single Bond Universal. Each group
was further subdivided into 2 equal subgroups (n=5 teeth) according to the bonding approach used;
Subgroup A; using the self-etch (SE) approach and Subgroup Bj; using the etch-and-rinse (ER)
approach. After bonding, each tooth was built up by resin composite, cut into sticks (0.9 mm x 0.9
mm) and stored in distilled water at 37°C for 24 hours and 6 months. Then, each stick was stressed
under tension until failure using a simplified universal testing machine at a crosshead speed of 1
mm/min. Data were statistically analyzed using One-Way ANOVA, Two-Way ANOVA and Tukey
HSD Tests. After u-TBS testing, all debonded surfaces were observed using a stereomicroscope at
50X magnification to determine the modes of failure, which were categorized as adhesive, cohesive
or mixed failure.

Results: After 24 hours of water storage, there was no significant difference between the u-TBS
exhibited by Adhese Universal using both SE and ER approaches while both approaches differed
significantly when using Single Bond Universal (P=0.0003). Furthermore, there was no significant
difference when comparing the p-TBS means of SE groups or ER groups of both adhesive systems.
After 6 months of water storage at 37°C, there was a significant decrease in the p-TBS values of
all groups (p<0.0001) except when Adhese Universal was used with SE approach, there was no
difference between the 24 h and the 6 month-groups (p=0.1449). The failure mode analysis was
consistent with the u-TBS test results as the number of adhesive failures increased with decreased
bond strength values.

Conclusions: When bonding resin-based composite restoratives to dentin, a separate acid-
etching step is not required when using Adhese Universal, but it is preferred with Single Bond
Universal adhesive. Aging markedly contributes to bond degradation of universal adhesives.

KEYWORDS: Universal adhesive, etch-and-rinse, self-etch, microtensile bond strength,
fracture mode analysis, water storage.
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INTRODUCTION
Nowadays, tooth-colored restoratives have
efficiently succeeded to replace the classic

predominating metallic ones in posterior teeth
restoration.'” This is considered valuable for direct
and indirect restorative techniques for bonded
restorations, as direct resin-based composite
(RBC) restoratives have also been accepted as
efficient core ‘build-up’ materials that contribute
significantly to the fracture resistance and retention
of the extra-coronal restorations.*® This is mainly
due to its aesthetics as well as it is associated with
more conservative restorative techniques.® To date,
replacement of failed restorations is considered the
most frequent procedure in daily practice,” because
of the limited longevity of available restoratives.”
Unfortunately, such procedure is accompanied by
further destruction of tooth structure as a result of
the removal of old restoration.®?

Great attention has been given to adhesive
dentistry in the last decades as it represents the
key to success of such tooth-colored restorations."
The attempts of improvements were all directed
to the simplification of the clinical adhesive steps
to decrease the needed application time, reduce
the possibility of technical errors and enhance the
bonding with the tooth structure."

The inorganic composition and prismatic
structure of enamel make bonding to this tooth
tissue more predictable and less challenging when
compared to that of dentin.'>!* The high water and
organic content, the tubular structure containing the
odontoblastic processes and the variation in number
and diameter of the dentinal tubules according to
the proximity to the pulp contribute greatly in the
magnification of the dentin bonding challenge.!*!3

Based on their action on the smear layer,
adhesive systems are classified into two main
classes; smear layer removal etch-and-rinse (ER)
or smear layer dissolving self-etch (SE) adhesive
approach.'® The two approaches are different as the
former removes all the smear layer while the latter
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dissolves and incorporates its remnants within the
hybrid layer.!” In spite of the success of the former
for enamel bonding,'® durability of such approach
when used for dentin bonding is questionable,
because of its technique sensitivity,'” and the
discrepancy in the encapsulation of the collagen
fibrils because of the high water content remaining
through the demineralization zone whole depth.”
Alternatively, the use of SE approach with dentin
comprises the simultaneous demineralization and
resin penetration resulting in the creation of a thin
and a properly infiltrated hybrid layer.*'* This had
led to the preference of the selective enamel etching
technique combined with a mild pH SE adhesive
among clinicians in attempt to achieve efficient and
long-lasting bonding to both tooth substances.?*

In order to satisfy this need, manufacturers

“universal” or “multi-mode”

21

developed the
simplified SE adhesives,”' comprising all bonding
elements inasingle bottle (one-step).” It was claimed
that these simplified adhesives could be applied
concurrently with both ER and SE techniques,
without jeopardizing the bonding efficiency.?**’
However, according to the literature,*** the use of
such simplified SE adhesives usually result in lower
in-vitro bond strength and are accompanied with
inferior in-vivo durability of bonded restorations.

The achievement of strong and long-lasting
bond between the tooth structure and the subsequent
restoratives has always been an ambition for the
dental profession.”*** More than a few laboratory
tests were recommended to test the adhesives’
bonding performance; i.e. micro-tensile (u-TBS)*
and micro-shear (u-SBS)*® bond strength tests. The
former was the adopted one for the current study as
compared to others it improves stress distribution
during testing, reduces the tendency of cohesive
failure in the dentin, and enables the measurements
of regional differences in resin—dentin bond
strength and the bond strengths of newly introduced
materials. >’
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Furthermore, aging presents an imperative
feature that may affect the longevity of resin-bonded
restorations.”’” To date, there is little available
information concerning the performance of these
newly introduced adhesives in clinical practice.’®
Therefore, the aim of the current study was to
evaluate the immediate and six-month resin-dentin
u-TBS of two universal adhesives using the ER and
SE approaches and determine the predominating
failure mode in each of the tested samples. The
following null hypotheses were tested: 1) The type
of universal adhesive used would affect the bond
strength. 2) ER adhesive approach would exhibit
higher bond strength when compared to SE one. 3)
Aging would significantly affect the bond strength
of the universal adhesives to dentin.

MATERIALS AND METHODS

A total of 20 extracted non-carious human
molars were used in this study. They were stored in
0.5% chloramine T solution at 4°C not more than
one month. Low-speed diamond saw (Micromet
AG, Munich, Germany) was used perpendicular
to the long axis of each tooth to remove occlusal
enamel and superficial dentin under water irrigation.
A standardized smear layer was created on the
exposed flat middle/deep coronal dentin with 320
grit wet silicon carbide paper.

Samples grouping:

The teeth were equally and randomly divided
into 2 groups (N= 10 teeth) according to the type of
adhesive used; Group I; Adhese® Universal (Ivoclar
Vivadent AG, Schaan, Liechtenstein) and Group
II; Single Bond Universal (3M ESPE, St. Paul,
MN, USA). Each group was further subdivided
according to the bonding approach used into 2 equal
subgroups (N=5 teeth); Subgroup A; using the SE
mode and Subgroup B; using the ER mode.
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Application of adhesives and resin composite:

The selected adhesive materials were applied
to dentin according to manufacturers’ instructions
(Table 1). Then, five 1-mm thick layers of resin
composite; Tetric EvoCeram (Ivoclar Vivadent AG,
Schaan, Liechtenstein) was used with Adhese®
Universal groups while Filtek Z350 XT (3M
ESPE, St. Paul, MN, USA) was used with Single
Bond Universal groups, were incrementally placed
over the bonded dentin surface and individually
polymerized for 20 s (Blue phase LED curing light,
Ivoclar Vivadent). The type of resin composite does
not play a role in the test, the composites used were
selected to be compatible with their corresponding

adhesive; having the same manufacturer.

Micro-tensile bond strength test:

After soaking in water at 37°C for 24 hours, each
bonded tooth was cut into sticks (0.9 mm x 0.9 mm)
using the non-trimming technique.* Sticks obtained
from each tooth were stored in separate containers
in distilled water at 37°C. Three sticks from each
tooth of each group were randomly selected after
24 hours and 6 months of water storage (3 sticks x
5 teeth/group = 15 sticks at each time period). The
experimental design of the study is presented in
table 2.

The dimensions of each stick were measured
using a digital caliper to the nearest 0.01 mm and
were recorded to calculate the bond strength. Each
stick was stressed to failure under tension using a
simplified universal testing machine at a crosshead
speed of 1 mm/min (Bisco Inc., Schaumburg, IL,
USA).

Mode of failure analysis after microtensile bond
strength test:

After p-TBS testing, all debonded surfaces
were observed using a stereomicroscope (LG-P52;
Olympus, Tokyo, Japan) at 50X magnification
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to determine the modes of failure, which were
categorized as adhesive failure (at the dentin/
adhesive interface), cohesive failure (within the
composite or dentin), and mixed failure (including
both adhesive and cohesive failures).

Statistical Analysis:

Data for u-TBS test is presented as means and
standard deviation (SD) values. Data explored for
normality using D’ Agostino-Pearson test. Two-Way
ANOVA was performed between different adhesives

Manar M. Abu-Nawareg and Rasha Ramadan Basheer

with each bonding approach used within aging time
and vice versa to assess the significance between
the different groups. One Way ANOVA was used to
compare between the interactions between variables
followed by Tukey HSD Test to study the effect
of different adhesives, bonding approaches and
aging time on the mean p-TBS (MPa) within each
group and subgroup; respectively. The significance
level was set at P < 0.05. Statistical analysis was
performed with SPSS (v 20, IBM Corporation,
Armonk, NY, USA) for Windows.

TABLE (1) Materials used in this study, their composition and their modes of application.

Material Composition

Mode of application

1.

Adhese® Universal

10-MDP, 2-HEMA, Bis- 2.
GMA, MCAP, D3MA, highly
dispersed silica, ethanol, water,

Ivoclar Vivadent
AG, Schaan,

Liechtenstein. L
photoinitiators

Etch-and-rinse approach:

Self-etch approach:

Apply a thick layer of the adhesive to dentin by scrubbing action for
10 sec. Remove excess material and the solvent by a gentle stream
of air so that the adhesive completely covers the dentin without

pooling. Light cure for 10 sec.

Apply N-Etch to dentin. Wait 15 seconds. Rinse thoroughly for
10 seconds. Blot excess water using a dry brush or mini-sponge.
The surface should appear glistening without pooling of water
(wet bonding). Do not over-dry the dentin.

Apply a thick layer of the adhesive to dentin by scrubbing action
for 10 sec. Remove excess material and the solvent by a gentle
stream of air so that the adhesive completely covers the dentin

without pooling. Light cure for 10 sec.

1.

10-MDP, 2-HEMA, silane,
dimethacrylate resins,

Single Bond

Universal
Vitrebond™ methacrylate-
3M ESPE, St. Paul,

Etch-and-rinse approach:

Apply Scotchbond™ Etchant to dentin. Wait 15 seconds. Rinse
thoroughly for 10 seconds. Blot excess water using a dry brush
or mini-sponge. The surface should appear glistening without
pooling of water.

MN. USA modified polyalkenoic 2. Apply adhesive to dentin by scrubbing action for 20 sec. Dry the
’ ' acid copolymer structure, filler, adhesive for 5 sec and light cure for 10 sec.
ethanol, water, photoinitiators Self-etch approach:
Apply adhesive to dentin by scrubbing action for 20 sec. Dry the
adhesive for 5 sec and light cure for 10 sec.
2-HEMA, 2-hydroxyethyl methacrylate; 4-META, 4-methacryloyloxyethy trimellitate anhydride; 10-MDP,

10-methacryloyloxydecyl dihydrogen phosphate; Bis-GMA, bisphenol A glycidyl methacrylate; D3MA, decandiol
dimethacrylate; MCAP, methacrylated carboxylic acid polymer.
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RESULTS

Micro-tensile bond strength test:

Two-Way ANOVA showed that both adhesives
with each bonding approach used as well as aging
time had a significant effect on dentin p-TBS
(MPa) (P<0.001, P=0.0293), respectively (Table 3).
The interaction between those variables on dentin
u-TBS (MPa) means was statistically significant
(p=0.0004).

Means and standard deviations (SD) of
dentin p-TBS (MPa) for both adhesives, bonding
approaches and aging time were presented in table

4 and figure 1.

TABLE (2): Experimental Design of the study
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After 24 hours of water storage, there was
no significant difference between the p-TBS
exhibited by Adhese Universal using both SE and
ER approaches while both approaches differed
significantly when using Single Bond Universal
(P=0.0003). Furthermore, there was no significance
difference when comparing the p-TBS means of SE
groups or ER groups of both adhesive systems.

After 6 months of water storage at 37°C, there
was a significant decrease in the p-TBS values
of all groups (p<0.0001) except when Adhese
Universal was used with SE approach, there was
no difference between the 24 h and the 6 months
groups (p=0.1449).

Groups
(Adhesive material)
Group I Group II
Adhese® Universal (N=10 teeth) Single Bond Universal (N=10 teeth)
Subgroups Subgroup A: Subgroup B: Subgroup A: Subgroup B:
(Bonding Self-Etch Etch-and-rinse Self-Etch Etch-and-rinse
approach) (N=5 teeth) (N=5 teeth) (N=5 Teeth) (N=5 Teeth)
24 h 6 m 24 h 6 m 24 h 6 m 24 h 6 m
Aging Time (n=15 (n=15 (n=15 (n=15 (n=15 (n=15 (n=15 (n=15
sticks) sticks) sticks) sticks) sticks) sticks) sticks) sticks)
Total 120 samples

TABLE (3): Two-Way ANOVA used to study the effect of different adhesives with different bonding
approaches and aging time on dentin u-TBS (MPa) means

Source SS df MS F P-value
Adhesives with different adhesive approaches 624 1 624 61 <0.0001*
Aging time 95.36 3 31.79 3.11 0.0293*
Adhesives with different adhesive approaches x Aging time 2014 3 67.13 6.56 0.0004*
Error 1145.71 112 10.23
Total 2066.47 119

(SS= Sum of Squares, df= degrees of freedom, MS= Mean Square,

(Probability level), *= Significant at P<0.05)

=variance of the group means, Sig. = Significant
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TABLE (4) Means and standard deviations (SD) of dentin u-TBS (MPa) for both adhesives, bonding

approaches and aging time.

Adhesive Adhese® Universal Single Bond Universal
P-value
Bonding approach SE ER SE ER
After 24 hours 32.243.26%¢ 34,543,194 30.8+2.75%4 35.7+3.28A® 0.0003*
After 6 months 30.5+£2.944 28.9+3.048® 28.2+1.978® 27 .4+2.75% 0.02*
P-value 0.1449 <0.0001* 0.0059%* <0.0001*

* significant (p<0.05), different upper case letters within each column indicate significant difference, different lower case
letters within each row indicate significant difference (p=<0.05)
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Fig (1): Column chart showing the mean dentin p-TBS (MPa) for different adhesives and bonding approaches within each aging

time

Effect of adhesive type (Regardless of bonding ap-
proach or aging time)

Table 5 and figure 2 show that, regardless of
the bonding approach used before the application
of different adhesives on dentin and regardless of
the aging time, there was no statistically significant
difference between the dentin u-TBS means
exhibited by Adhese® Universal (31.53+3.9 MPa)
and Single Bond Universal (30.52+4.39 MPa) (p=
0.1853).

Effect of bonding approach (Regardless of adhe-
sive type or aging time)

Regardless of the adhesive type and the aging
time, table 5 and figure 2 show that there was no
statistically significant difference in the dentin
uw-TBS means between ER bonding approach

(31.62+4.83 MPa) and SE bonding approach
(30.43+3.31 MPa) (p=0.1181).

Effect of aging time (Regardless of adhesive
type or bonding approach)

As we can see from table 5 and figure 2,
the dentin pu-TBS mean decreased significantly
from (33.31£3.83 MPa) in the 24 hour-group
to (28.75+3.13 MPa) in the 6 month- group
(p<0.0001), regardless of the adhesive type or the
bonding approach.

Mode of failure:

The fracture modes of all groups are shown in
table 6. The analysis of the failure modes indicated
that the fracture pattern distribution was variable
in each group. Generally, the predominant fracture
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TABLE (5) Means and standard deviations of dentin u-TBS (MPa) of each variable regardless of the other

two factors

Mean and standard deviation (SD) of dentin u-TBS (MPa) P-value
Adhese® Universal 31.53+39

Adhesives - - 0.1853
Single Bond Universal 30.52+4.39
Adhesive SE 3043+3.31

0.1181
approaches ER 31.62+4.83
) After 24 hours 33.31+3.83

Aging time <0.0001*

After 6 months 28.75+3.13

*: significant (p<0.05)
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Fig (2): Column chart showing the mean dentin u-TBS (MPa) of each variable regardless of the other two factors

mode was the mixed type, irrespective of the tested
group.

For Adhese® Universal with both bonding
approaches, after 24 h-water storage; most of the
failures were mixed (73.33%) while the remaining
sticks (26.67%) showed adhesive failures. After 6
months of water storage, mixed failures were still
predominating (60%) while the adhesive failures
were 33.33%, and there was 6.67% cohesive failure
in composite.

When the Single Bond Universal adhesive was
used with SE bonding approach, the 24 h-water
storage group showed 60% mixed failures and 40%
adhesive failures, while after 6 months, the mixed

failure dropped to 53.33% while the adhesive
failures increased to 46.67%. On the other hand,
when Single Bond Universal adhesive was used
with ER bonding approach, the 24 h-group exhibited
66.66% mixed failure, 26.67% adhesive failures
and 6.67% cohesive failure in composite while after
6 months of water storage, the mixed failure was
equal to the adhesive failure (46.67%) and there was
6.66% cohesive failure in composite.

No cohesive failure in dentin was observed in any
of the tested specimens. Regardless of the adhesive
type, bonding approach or aging time, there were
42 adhesive failures (35%), 4 cohesive failures in
composite (3.33%) and 74 mixed failures (61.67%).
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TABLE (6) Failure modes % of debonded specimens after u-TBS test of the two adhesives used, bonding

approaches and aging time.

Adhesive . Adhese® Universal Single Bond Universal Single Bond Universal
Adhese® Universal (SE)
(ER) (SE) (ER)
Fracture mode 24 h 6m 24 h 6 m 24 h 6m 24 h 6m
. . 4 5 4 5 6 7 4 7
Adhesive Failure
26.67% 33.33% 26.67% 33.33% 40% 46.67% 26.67% 46.67%
Cohesive in 0 1 0 1 0 0 1 1
Composite 0% 6.67% 0% 6.67% 0% 0% 6.67% 6.67%
Cohesive in 0 0 0 0 0 0 0 0
Dentin 0% 0% 0% 0% 0% 0% 0% 0%
. 11 9 11 9 9 8 10 7
Mixed
73.33% 60% 73.33% 60% 60% 53.33% 66.66% 46.67%
Total 15 15 15 15 15 15 15 15
a
© 100% 100% 100% 100% 100% 100% 100% 100%
DISCUSSION in their ingredients 10-methacryloyloxydecyl

Adhesive dentistry is a swiftly developing
discipline.”> New products are introduced in the
market at an exceptionally fast rate.** Although
clinical experiments are considered the best to test
the performance of dental restorations, they are
unable to identify the exact cause of failure because
of the concurrent effect of different factors and
different stresses on restorations within the oral
environment.*® On the other hand, lab testing can
assess the effect of a single variable whereas all
others are kept constant.?*

The results of our study rejected the first null
hypothesis that stated that the type of universal
adhesive used would affect the dentin bond strength
as, regardless of the bonding approach used and
the aging time, there was no statistically significant
difference in the dentin u-TBS means between
Adhese® Universal (31.53+3.9 MPa) and Single
Bond Universal (30.52+4.39 MPa) adhesives (p=
0.1853). This may be attributed to the compositional
similarity between the two universal adhesives
used in this research, as an example; both comprise

dihydrogen phosphate monomer (MDP) that creates
a strong nano-layer along the adhesive interface
through its chemical bond to the hydroxyapatite
(HA) of dentin.*** Furthermore, the more complex
composition of the Single Bond Universal did not
seem to significantly affect the bond strength when
compared to the simpler Adhese® Universal, as an
example; the former contains silane and Vitrebond™
methacrylate-modified polyalkenoic acid copolymer
structure (table 1), this was not in agreement with

2832 who supported the idea that

many other studies,
the increase in the complexity of the composition
of the bonding agent would compromise its bond

strength.

Also, our study showed that when Adhese
Universal was used, there was no statistically
significant difference in the dentin p-TBS means
between ER (34.5+3.19 MPa) and SE (32.2+ 3.26
MPa) bonding approaches (p=0.0003). This was
in coincidence with Zeidan et al., 2017, who
proved that universal adhesives performed well
in conjunction with either ER and SE approaches
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comparable to conventional adhesive systems with
regards to dentin bond strengths. They concluded
that this enables the clinician to flexibly choose one
adhesive for all purposes. Moreover, Hanabusa et
al.,2012,2 and Chen et al., 2015,”” agreed with these
results as they stated that the use of the ER and the
SE approaches with the universal adhesives did not
alter their bonding efficiency.

This was not in agreement with Mufioz et al.,
2013,* who proved that the use of the ER approach
in conjunction with the universal adhesives resulted
in higher bond strength when compared to the
SE one, which they attributed to the presence
of the smear layer in the latter that represented a
true physical obstacle that hinders efficient resin
penetration within the dentinal surface.*® Moreover,
many authors,”*’?¢ stated that the application of
one-step SE adhesive on phosphoric acid-etched
dentin substrate improved its bonding performance
since it causes total removal of the smear layer
and demineralization of the superficial dentin, thus
resulting in increase in the adhesive impregnation
and hence the formation of a well infiltrated hybrid
layer. In the contrary, Torii et al., 2002,*® and Van
Landuyt et al., 2006,* demonstrated that the use
of SE adhesives on phosphoric acid-etched dentin
surface would result in decreased bond strengths
as this brings up all disadvantages of etch and
rinse technique including improper penetration of
the adhesive into deeply etched dentinal surface
resulting in increased nanoleakage. Ozer and Blatz,
2013, also favored the use of the SE adhesives on
dentin and limit the acid etching step to enamel.

Furthermore, Erhardt, et al., 2008," stated that
the effect of phosphoric acid dentin etching before
the application of SE adhesives on bond strength is
material dependent. This supported the results of the
current study since ER bonding approach exhibited
significantly (p<0.0003) higher bond strength
(35.7+£3.28 MPa) than the SE approach (30.8+2.75
MPa) when Single Bond Universal was used. This

(583)

may be attributed to the existence of polyalkenoic
acid copolymer in the composition of Single Bond
Universal. Generally, presence of polyalkenoic acid
copolymer in any material enhances the chemical
bonding with the tooth structure. However, in
case of Single Bond Universal, polyalkenoic acid
copolymer might have competed with the MDP for
bonding to the calcium of the HA, which might have
deprived this adhesive from the continuous strong
nano-layer created by the MDP at the resin-dentin
interface. This might have resulted in bond strength
less than the mechanical bonding provided by the
ER approach. This was supported by Yoshihara
et al., 2012,% and Mufoz et al., 2013.* as well as
Yoshihara et al., 2010, and Tian et al., 2016,>*
who stated that the ionic bond present in MDP-Ca
salt was the most stable amongst other functional
monomers and thus resulted in the creation of a
stronger adhesive interface. This may also explain
the higher bond strength of Adhese Universal
compared to Single bond Universal when each
was used with SE approach despite of the lack of
significance between both (p=0.0609).

Moreover, the different behavior of the two
tested materials may be attributed to the difference
in the pH values of the two tested universal
Adhese Universal (2.5, mild SE
adhesive) and Single Bond Universal (2.7, ultra-
mild SE adhesive), which might have affected their
interaction with the dentin substrate. This was in

adhesives;

agreement with Rosa, et al., 2015, who stated
that the ultra-mild multi-mode adhesives showed
an improvement in the dentin bond strength when
preceded by phosphoric acid etching as they are
not able to properly “etch” and “prime” the dentin
substrate, while prior acid etching did not seem to
affect the dentin bond strength for mild SE universal
adhesives. Accordingly, the second null hypothesis,
that stated that ER bonding approach would exhibit
higher bond strength when compared to SE one,
was partially rejected.
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Based on the present study, the third null
that that
significantly affect the bond strength of universal
adhesives was accepted. As the dentin u-TBS mean
decreased significantly from (33.31+3.83 MPa) in
the 24 hour-group to (28.75+3.13 MPa) in the 6
month-group (p<0.0001), regardless of the adhesive

type or bonding approach. The results of the current
56-59

hypothesis declared aging would

study conform to earlier ones’®” suggesting that
water storage decreases resin-dentin bond strength
values. This could be explained by the hydrolytic
effect of water on the ester bonds of the adhesive
used,” resulting in loss of the resin mass.® This
is considered to be one of the key causes of resin
degradation inside the hybrid layer resulting in
decrease of dentin adhesives bond strengths with
time %" This also agreed with Koshiro et al., 2005,*
who proved that in absence of enamel protection,
the dentin bond degraded,”** and the bond strength
decreased due to the direct exposure of resin-dentin
interfaces to water. This was not in agreement
with Zeidan et al., 2017,*' who stated that storage
of universal adhesives in water did not affect bond
strengths for both the SE and the ER approaches.

On the other hand, regarding the influence of
the two universal adhesives in correlation to the
bonding approaches used, there was a significant
decrease in the 6 month u-TBS values of all groups
when compared to the 24 h values (p<0.0001) except
when Adhese Universal was used with SE approach,
there was no difference between the 24 h and the
6 months groups (p=0.1449). This may be due to
the strong nanolayer created by MDP at the resin
dentin interface which resulted in more stable bond
strength. This was in agreement with Yoshihara et
al., 2010, and Tian et al., 2016,>* whose statement
about the ionic bond present in MDP-Ca salt may
clarify the previously proven favorable bond
strength of these adhesives and clinical longevity of
corresponding restorations,> as a result of hindrance
of micro and nanoleakage.% Furthermore, Muiloz et
al., 2013,* added that the deposition of such salt
along the adhesive interface resulted in high bond
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stability,>?¢

in in-vitro and in-vivo studies . *¢7-7!

which has been previously proven both

Furthermore, Single bond Universal used with
SE approach exhibited decreased 6 m bond strength
values compared to the 24 h values. This may be
explained by the more complex nature of the Single
Bond Adhesive, which according to the literature -3
results in lower durability of the bonded interfaces.
Also, as mentioned before, the presence of the
polyalkenoic acid that might have competed with
MDP for the Ca of the Hydroxyapatite, depriving
the resin-dentin interface created by this adhesive
from the strong nanolayer that is responsible for the
stability of such interface. This was supported by
several studies. *»*>* However, Sofan et al., 2017,7
did not agree as they stated that the existence
of polyalkenoic acid copolymer, present in the
composition of the latter, may improve the bond
durability through preventing the water sorption and
the hydrolytic breakdown of the adhesive interface
over time that represent the main reasons of bond
failure %7

The drop in the bond strengths exhibited by
both adhesives when ER approach was used may
be attributed to the high water content remaining at
the deep demineralization zone in the ER approach
leading to inconsistency in resin encapsulation of
the collagen fibrils and hence make the durability
of such approach when used for dentin bonding
questionable. This was supported by Wang and
Spencer, 2003, and Van Meerbeek et al., 2005,
who related the reason of such deterioration to
technique sensitivity. This was also in agreement
with Santos et al, 2014,'> who claimed that dentin
etching limits the capability for monomer infiltration
to its full extent as it excessively exposes the
collagen fiber network,*7+7 making it vulnerable to
degradation and ends in bond failure and reduction
of clinical longevity.”*’”” Muiloz et al, 2013,* also
agreed as they reported that the ER approach results
in increased demineralization and creation of a HA
depleted, collagen-rich, network 787 thus raising
the jeopardy of nanoleakage.’%%2 Mena-Serrano
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et al., 2013.,% did not agree with the results of the
current study as they found that the behavior of the
universal adhesives is not affected by the bonding
approach at 6 months. Also Perdigdo et al., 2014 %
blamed the highly hydrophilic nature of one-step
SE adhesives in the increase of the liability of
degradation by time, because of their attraction to
water,”®¢ which is directly proportional to their
hydrophilic properties.®’

The analysis of mode of failure is an essential
factor to exemplify tests results.®® In the current
study, the analysis of the failure mode was
consistent with the pu-TBS test results as the groups
that showed the least bond strength; Single Bond
Universal with SE and ER approaches after 6
month storage in water (28.2+1.97 and 27.4+2.75
MPa, respectively), showed the highest adhesive
failure among all tested groups (46.67%). Also,
regarding the effect of aging within each group, we
can correlate the drop in the bond strength after 6
month storage in water with the increasing number
of adhesive failure of such specimens. This was
in agreement with Armstrong, et al., 2001,¥ who
demonstrated the indirect relationship between the
bond strength and the adhesive failure. This also
coincided with Proenga et al., 2007,* who stated
that the relative lower percentage of adhesive
failures after the pu-TBS testing might be related to
superior hybridization.

CONCLUSIONS

Within the limitations of this study, the following
could be concluded: When bonding resin-based
composite restoratives to dentin, a separate acid-
etching step is not required when using Adhese
Universal, but it is preferred with Single Bond
Universal adhesive. Aging markedly contributes to
bond degradation of universal adhesives. Further in-
vitro and in-vivo research work is recommended to
test the 2—5 year stability of resin—dentin interfaces
using universal adhesives.
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