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Durability of bond
strength to dentin using
two universal adhesives in
different etching modes

Amany A. Salem’,* ((2), Mohamed S. Nassif?, Dalia I.

El-Korashy?

Aim. To evaluate the bond durability of two universal adhesives;
mild and ultra-mild in both etch-and-rinse and self-etch modes
after simulated in-vitro degradation by long-term water storage
or thermocycling. Methods. A total of 144 specimens were
used in this study; 120 specimens (prepared from 30 teeth) for
microshear bond strength testing and fracture mode assessment,
and 24 specimens for scanning electron microscopic evaluation
(prepared from 24 teeth). Specimens were prepared from
54 recently extracted caries free third molars and randomly
divided into 12 groups, according to the adhesive treatment
(All Bond or Scotchbond Universal), etching mode (etch-and-
rinse or self-etch) and aging method (thermocycling or water
storage). Each tooth was sectioned mesio-distally into two
halves exposing free dentin surface for bonding where dentin
substrate T mm below the dentino-enamel junction was used.
After adhesive application and composite build up, specimens
were tested in shear mode after storing in distilled water at 37°C
for 24 hours or 1 year, or after being thermocycled between 5 and
55 °C for 10,000 cycles (n=10). Microshear bond strength (USBS)
was tested using a universal testing machine. Adhesive-dentin
interface was examined using scanning electron microscope
(SEM) (n=2). Data were analyzed using 3 way ANOVA and pair-
wise comparisons was performed using Bonferroni correction
at significance level of a <0.05. Results. Statistical analysis
revealed non-significant difference for etching mode in both
adhesives (p=0.596). After aging, the bond strength was only
reduced in Scotchbond Universal after one year of water storage
in both modes (p<0.007). SEM evaluation revealed intact hybrid
layer and longer resin tags for etch-and-rinse mode than self-
etch mode of both adhesives. Conclusion. The bond strength of
universal adhesives is not affected by the etching mode, however
its durability was shown to be material dependent.
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Introduction

The success of most of the current esthetic restorations depends greatly on the quality
of the bond between the tooth structure and the restorative material’. In this context, a
great effort has been directed towards the development of dental adhesives that can
achieve a strong bond to the tooth structure by relatively simple adhesive procedures?.

Recently, manufacturers have introduced a single product for all situations, referred to
as ‘universal’ or ‘multi-mode’ adhesives®. Universal adhesives represent the last gen-
eration of adhesives in the market“ They are “universal” in two main ways: First, they
are recommended by dental manufacturers for use both in etch-and-rinse and self-
etch modes with claims by manufacturers that there is no compromise on bond-
ing effectiveness when either bonding strategy is employed®. Second, they can be
used on a wide range of substrates; they can be used to bond to dentin and enamel|,
for the placement of both direct and indirect restorations. Moreover, some universal
adhesives can be used as adhesive primers on substrates such as zirconia, noble
and non-precious metals, composites and various silica-based ceramics without the
need for dedicated and separately placed primers®.

The immediate bond strength of contemporary adhesives are quite satisfactory, how-
ever the long term durability upon aging is more critical and more clinically relevant?.
The pH of universal adhesives greatly influences the long term stability and durability
of the bond strength to dentin. Universal adhesives can be classified according to the
PH into “ultra-mild (pH > 2.5) or mild (pH > 2) or intermediately strong (pH approxi-
mately equal 1.5). Generally, lower stability of bonding to dentin has been reported to
intermediately strong universal adhesives after aging due to the high acidity of resid-
ual monomers that continue to demineralize the dentin and further weaken the adhe-
sive interface.

Resin-dentin bonds are more challenging and less durable than resin-enamel bonds.
The limited durability of resin-dentin bonds severely compromises the lifetime of
tooth-colored restorations’. This may be attributed to several factors including the
heterogeneity of dentin composition (high organic and water content), the variation
in the density of dentinal tubules with dentinal depth and the structural changes as
in carious and sclerotic dentin which are usually accompanied with decrease in the
dentin permeability®.

In contrast to clinical trials, simulated oral environment testing can be used to rapidly
determine the relative bonding durability of materials. In-vitro degradation of restored
teeth can be simulated allowing standardization of conditions before and after stor-
age, and assessing degradation using various tests allows easy comparison®.

Several methodologies of aging have been reported in literature such as water stor-
age, thermocycling, mechanical loading as well as degradation by enzymes and var-
ious chemical substances among which water storage and thermocycling represent
the most popular artificial aging methods™. Water is thought to play a major role in
degradation of dentin-resin bond. In long-term water storage experiments, degrada-
tion is accelerated by hydrolysis of hydrophilic resin components and by host-derived
proteases with collagenolytic activity. In addition, the restorations are clinically sub-
jected to repetitive expansion and contraction stresses caused by temperature fluctu-
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ations within the oral cavity. These stresses have been proposed to affect the bonded
interface. In thermocycling, the bonded specimens are subjected to cyclic tempera-
ture changes through water immersion®.

There are insufficient data in the literature regarding the effect of different aging
methods on the performance of universal adhesives. Moreover, there is heterogeneity
in the results of studies testing the long term durability of universal adhesives®'1®
Hence, this study was designed to evaluate the effect of the application mode and the
simulated in vitro degradation method on the micro-shear bond strength of two dif-
ferent universal adhesives. The null hypotheses were that (i) the application mode will
not affect the microshear bond strength of an ultra-mild or mild universal adhesives,
(i) the bond strength is not affected by the simulated in vitro degradation methods.

Material and Methods

Materials: Adhesive systems, their description, composition and application proce-
dures according to the manufacturer’s instructions are shown in Table 1.

Table 1. Adhesive systems, their description, composition and application procedures according to the
manufacturer’s instructions.

Brand
name and Description ~ Composition Application procedures
manufacturer
Self-etching mode:
MDP Monomer, 1. The a_dheswg was applied to the exposed dentin surface
Dimethacrvlate with a micro brush and rubbed for 20 seconds.
acry 2. A gentle stream of air was directed over the adhesive for
resins, ; . NS
5 seconds until the adhesive no longer moved indicating
HEMA,
Scotchbond Mild Vitrebond™ that the solvent has completely evaporated.
Universal (3M . 3. The adhesive was then light cured for 10 seconds.
Universal Copolymer, . .
ESPE, Neuss, adhesive Fillers Etch-and-rinse mode:
Germany) e ' 1. The etchant (Meta Etchant 37% Phosphoric Acid Semi
(pH=2.7) Ethanol, . .
W Gel) was applied on dentin surface for 15 seconds.
ater, ) :
L 2. The etchant was thoroughly rinsed under running water
Initiators,
Silane for 15 seconds.
' 3. Excess water was removed by blotting the surface with a
wet cotton pellet leaving the surface visibly moist.
4. The adhesive was then applied as for the self-etch mode.
Self-etching mode:
1. Two separate coats of adhesive were applied by scrubbing
the dentin surface with a microbrush for 10 s per coat (no
light polymerization was performed between coats).
2. Excess solvent was evaporated by thoroughly air-
Universal Ultra-mild Bis-GMA, 9 ! gappearance 9 y
(Bisco, Unlver_sal HEMA, 4. The adhesive was then light cured for 10 s.
Schaumburg, adhesive. Ethanol, . )
lllinois, USA) (pH=3.2) Water, Etch-and-rinse mode: o )
' ’ Initiator's 1. The etchant (Meta Etchant 37% Phosphoric Acid Semi

Gel) was applied on the dentin surface for 15 seconds.
2. The etchant was thoroughly rinsed under running water
for 15 seconds.

3. Excess water was removed by blotting the surface with a
wet cotton pellet leaving the surface visibly moist.

4. The adhesive was then applied as for the self-etch mode.

MDP: Methacryloyloxydecyl dihydrogen phosphate, HEMA: Hydroxyethylmethacrylate, Bis-GMA: Bisphenol A
glycidyl methacrylate.
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Methods
Microshear bond strength testing

Specimens grouping

A total of 144 specimens were used in this study; 120 specimens for microshear
bond strength testing and fracture mode assessment, and 24 specimens for
scanning electron microscope evaluation. The specimens were prepared from
54 recently extracted caries free third molars (30 teeth for microshear bond
strength testing with 4 specimens prepared on each tooth and 24 for scanning
electron microscopic evaluation). Molars were washed, cleaned from debris, sto-
red in distilled water for 1 month. Then, they were randomly divided into twelve
groups according to the aging method (24 hours of water storage, one year of
water storage or thermocycling), the adhesive used (All Bond Universal or Single
Bond Universal) and etching mode (etch-and-rinse or self-etch) where n=10 for
micro-shear and n=2 for SEM evaluation.

Specimens preparation

Each tooth was sectioned mesiodistally into two halves under copious air-water
coolant spray by diamond disc (Honeycomb Design 6924, KOMET, USA). The roots of
the teeth were then removed'”.

Each sectioned half was embedded in chemically cured acrylic resin placed in a poly-
vinyl ring with enamel surface facing the acrylic and the cut surface facing upward
exposing a free dentin surface for bonding. In each sectioned half, the portion of den-
tin substrate T mm below the dentino-enamel junction was used.

The exposed dentin surfaces were manually polished in a circular motion with a wet
600-grit SiC paper for 60 s in order to standardize the smear layer®. The specimens
were then cleaned ultrasonically to ensure removal of any debris from the surface’®
and were randomly divided into twelve groups for microshear bond strength test
(n=10) according to the adhesive used (All Bond Universal or Scotchbond Univer-
sal), etching mode (etch-and-rinse or self-etch) and aging method (24 hours of water
storage, one year of water storage or thermocycling). Each adhesive was strictly
applied according to manufacturers’ instructions as shown in table 1.

Two rubber microtubes (Tygon, Norton Performance Plastic Co., Akron, OH, USA) of
0.8 mm diameter and T mm height were then placed at different positions Tmm below
the dentinoenamel junction on the treated dentin surfaces. The adhesive was then light
cured with the LED light curing device (Elipar S10 free light, 3M ESPE, USA) with an
output intensity 1200 mW/cm? with the light curing device resting directly on the tubes.

The A2 shade Flowable Nano-Hybrid composite (Tetric N flow) was carefully inserted into
the tubes, covered by a celluloid strip and light-irradiated with the LED light curing device.
Then the tubes were carefully removed leaving the resin-bonded composite cylinders’.
Aging method and testing procedures

For the control group, specimens were stored in distilled water at 37 °C for 24 hours™®.
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For the water storage group, specimens were stored in distilled water at 37 °C for 1 year®.

For the thermocycling group, specimens were stored in distilled water at 37 °C for
24 hours and were then subjected to 10,000 thermal cycles (TCs) between 5 and
55 °C with a dwell time of 30 s and a transfer time of 5 s in a thermocycler (SD Mecha-
tronic, Feldkirchen-Westerham Germany)?.

Microshear bond strength was tested by a Universal Testing Machine (Lloyd LR
5k, Lloyd Instruments Ltd., Hampshire, UK). A thin steel wire (0.18mm diameter)
was looped around the resin composite cylinder touching the tooth surface and
attached to upper compartment parallel to the load cell movement direction and to
the bonded surface?' 22,

Force was applied at a cross head speed of 1.0 mm/min until failure®. Bond strength
values were calculated by dividing the maximum debonding forces by the surface
area automatically using (Nexygen software).

Fracture mode analysis

After debonding of each sample, the fractured interface was assessed using a ste-
reomicroscope (Olympus Stereozoom SZ 40 Microscope, Tokyo, Japan) at magni-
fication of 40X to determine the mode of failure which was classified as ‘cohesive’
(entirely within dentine substrate or resin composite), ‘adhesive’ (at the den-
tine-resin interface) or ‘mixed’ (at dentine-resin interface including failure into one
of the substrates)™.

Scanning electron microscopic evaluation of the tooth-restoration interface

Scanning electron microscope analysis was carried out for assessment of the tooth
restoration interface of the different experimental groups. Standard Class V cavities
were prepared in 24 recently extracted caries free third molars and randomly divided
into the twelve groups where the number of specimens (n=2) for each experimental
condition as described for microshear bond strength test. The adhesive system and
resin composite were then applied to the exposed dentin of class V. The teeth were
stored in distilled water for 24 hours then sectioned bucco-lingually using a diamond
disc under water coolant. The sections were flattened and smoothed using silicon
carbide papers with sequential grit of 400, 600, and 1000 under water. The speci-
mens were acid etched using a 37% phosphoric acid gel for 5 seconds and rinsed for
another 30 seconds. The specimens were then immersed in a 3% NaOCI for five min-
utes. Then the specimens were placed in 70%, 80%, 90%, and 99% alcohol to eliminate
all the water present?.

The specimens were gold sputtered (Emitech K550X sputter coater, East Sussex,
England) and the adhesive/dentin interface was evaluated using scanning electron
microscope (Quanta 250 FEG Field Emission Gun), with an accelerating voltage
30 K.V. at magnification of 3000X.

Statistical analysis

Numerical data were explored for normality using Kolmogorov-Smirnov and Sha-
piro-Wilk tests. Data showed parametric distribution so; it was represented by
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mean and standard deviation (SD) values. Levene's test was performed and the
result was not significant so there was homogeneity of variances. Three-way
ANOVA was then used to study the effect of different tested variables (adhesive,
etching mode and aging method) and their interaction. Comparison of main and
simple effects was done utilizing Bonferroni correction. The significance level was
set at a<0.05 within all tests. Statistical analysis was performed with IBM (IBM
Corporation, NY, USA.) SPSS (SPSS, Inc., an IBM Company). Statistics Version 25
for Windows.

Results

Micro-Shear bond strength results

Mean and standard deviation (SD) values of micro-shear bond strength (MPa) for
different aging methods (p<0.001), adhesives (p=0.001) and etching modes (p=0.596)
are presented in table 2.

In the control group, Scotchbond Universal adhesive showed significantly higher
bond strength than All Bond Universal in both etching modes. After one year of water
storage, All Bond Universal adhesive retained its bond strength for both modes.
However, the bond strength of Scotchbond Universal was significantly reduced when
compared with immediate bond strength. After thermocycling, statistical analysis
revealed no significant difference between the immediate and thermocycled groups
for both All Bond Universal adhesive and Scotchbond Universal as shown in table 2.
Regarding the effect of the etching mode, both adhesives showed no significant dif-
ference in bond strength either in the self-etch or the etch-and-rinse mode under all
aging methods (p=0.596).

Table 2. Mean + standard deviation (SD) values of micro-shear bond strength (MPa) for the effect of
different aging methods, adhesives and etching modes.

Aging method (mean+SD)

Etching

mode Adhesive Control One year water Thermo p-value
storage Cycling

Scotchbond Universal 20.5543.19% 12.78+1.96°% 17.753.43% <0.001*

gteclg All Bond Universal 15.94+2.64%° 14.67+2.05% 14.05+2.03% 0.268ns
p-value <0.001* 0.112ns 0.003*

Etch- Scotchbond Universal 19.11+2.394 11.18+3.65% 18.83+1.85% <0.001*

and- All Bond Universal 15.4043.38%° 14.9042.80% 14.7741.70% 0.864ns
rinse p-value 0.004* 0.004* 0.002*

Different upper and lowercase superscript letters indicate a statistically significant difference within the same
row or column respectively*; significant (p < 0.05) ns; non-significant (p>0.05)

Failure mode analysis

In Immediate groups, the predominant failure mode was adhesive failure followed by
mixed failure with remnants of adhesive and composite on the dentin surface, a sim-
ilar tendency was found for thermocycled specimens. In water storage groups, the
predominant mode of failure was adhesive failure as shown in table 3.
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Table 3. Bond failure mode for different groups.
Aging Methods

Mode of Control One-year water storage Thermocycling
failure

SBSE SBER ABSE ABER SBSE SBER ABSE ABER SBSE SBER ABSE ABER
fa‘?l':ﬁ:"’e 70% 80% 70% 60% 100% 100% 80% 90% 90% 100% 80%  80%
Cohesive 0 0 0 0 0 0 0 0 0 0 0
failure
Mixed 30% 20% 30% 40% O 0 20% 10% 10% O  20% 20%
failure

SBSE: Scotchbond Universal self etch, SBER: Scotchbond Universal etch and rinse.
ABSE: All Bond Universal self etch, ABER: All Bond Universal etch and rinse.

Scanning Electron Microscope evaluation results

In the control and thermocycling groups, both adhesives showed good integrity at the adhe-
sive- dentin interface with intact hybrid layer formation and numerous long intact resin tags
formation in the etch-and-rinse mode with mean length of resin tags of 21.13 pm, 23.1 pm,
21.7 um,24.5 um in SBER control, ABER control, SBER thermocycling and ABER thermocy-
cling groups respectively. However, in the self-etch mode a less distinct hybrid layer is seen
with very few resin tags in case of Scotchbond Universal adhesive and absence of resin tags
in case of All Bond Universal adhesive as shown in figures 1 and 2.

23.1+2.1

Figure 1. SEM image 3000X showing tooth /restoration interface in the control group, (A) Scotchbond
Universal etch-and-rinse mode; (B) All Bond Universal etch-and-rinse mode; (C) Scotchbond Universal self-
etch mode; (D) All Bond Universal self-etch mode (D) dentin; (C) composite; Red arrows marking the hybrid
layer; White arrows marking the resin tags, rectangle: mean length(um) of resin tags + standard deviation
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21.7+2.14 23.5+28

Figure 2. SEM image 3000X showing tooth restoration interface after thermocycling, (A) Scotchbond
Universal etch-and-rinse mode; (B) All Bond Universal etch-and-rinse mode; (C) Scotchbond Universal
self-etch mode; (D) All Bond Universal self-etch mode; (D) dentin; (C) composite; Red arrows marking
the hybrid layer; White arrows marking the resin tags, rectangle: mean length(um) of resin tags *
standard deviation.

After one year of water storage, in Scotchbond Universal adhesive there was a clear
deterioration in the hybrid layer with gap formation in both modes. On the other
hand, in case of All Bond Universal adhesive a continuous hybrid layer is retained in
both modes, with long resin tags in the etch-and-rinse mode as shown in figure 3.
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22.3+3.1 19.9+1.64

Figure 3. SEM image 3000X showing tooth/restoration interface after one year water storage, (A)
Scotchbond Universal etch-and-rinse mode; (B) All Bond Universal etch-and-rinse mode; (C) Scotchbond
Universal self-etch mode; (D) All Bond Universal self-etch mode (D) dentin; (C) composite; Red arrows
marking the hybrid layer; White arrows marking the resin tags; yellow arrows marking gaps, rectangle:
mean length(um) of resin tags * standard deviation.

Discussion

Adhesivetechnology has beenwell developed overthe past few decades?®. Universaladhe-
sives are claimed to offer the versatility of being used in either etch-and-rinse or self-etch
modes to bond direct and indirect restorations®. In the present study, the two adhesives
(Scotchbond Universal and All Bond Universal adhesives) have been evaluated to deter-
mine their dentin bonding ability under different etching modes and after aging.

Although both adhesives are marketed as universal adhesives, they differ from each
other in the composition?. In the control group, the bond strength of Scotchbond
Universal didn't change significantly regardless the etching mode. This was in agree-
ment with the studies carried out by Marchesi et al.”*and Munoz et al 2. Similarly, the
bond strength of All Bond Universal adhesive didn't change significantly regardless
the etching mode. This was in agreement with a study carried out by Wanger et al.’®.
Yet other studies®?” showed that there was a drop in the bond strength of All bond
universal in the self-etch mode when compared to the etch-and-rinse mode. The appli-
cation of All Bond Universal without active brushing, was considered the main reason
for the decrease in the bond strength in the self-etch mode. It has been demonstrated
that active application of adhesives improves their bonding performance in the self-
etch mode?®. In the present study, All Bond Universal was applied by scrubbing the
preparation surface according to the manufacturer's instructions, which could explain
the similar bond strength results in both modes™.
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However, the bond strength of Scotchbond Universal was higher than All bond
universal. This may be attributed to the presence of fillers in the composition of
Scotchbond Universal. Many authors?®%? have reported higher bond strength for adhe-
sive systems with incorporated filler particles than for unfilled products. This may
be because the addition of fillers increases the cohesive strength of the adhesive
itself and plays a role in increasing the fracture resistance of the dentin-adhesive
interface®. Additionally, these nano-sized fillers may infiltrate into the demineralized
tubules and intertubular dentin stabilizing the hybrid layer®34,

In the present study, the results of long-term water storage showed that responses
to one year of water storage differ between the two adhesives. All Bond Universal
adhesive retained its bond strength after one year of water storage. On the contrary,
the bond strength of the Scotchbond Universal dropped for both bonding techniques.
This was in agreement with study conducted by Sai et al.° So, the second null hypoth-
esis is rejected.

The bond stability of All bond universal adhesives after water storage, may be
explained by the presence hydrophobic MDP functional monomers in their composi-
tion. These monomers are capable of bonding chemically to dentin, since MDP con-
tains a polymerizable methacrylate group and a phosphate group capable of forming
a stable salt with the calcium in hydroxyapatite®. In addition, the MDP monomers self
assemble in hydrophobic nanolayers, which increases the strength of the adhesive
interfaced. It has been found that these water insolouble 10-MDP calcium salts have
no effect on the immediate bond strength but contribute to the bond stability through
protecting the hybrid layer from hydrolytic degradation®. Although Scotchbond Uni-
versal adhesive also contains MDP monomers, the bond strength dropped in both
modes after water storage. This might be attributed to the presence of poly-alke-
noic acid copolymer (VitrebondTM) in its composition. Poly-alkenoic acid copolymer
bonds chemically and spontaneously to hydroxyapatite in dentin, Yoshida et al.%
postulated that poly-alkenoic acid copolymer may compete with the MDP present in
Scotchbond Universal reducing 10-MDP-calcium salts within the resin dentine inter-
face®. Moreover, it was postulated that the presence of polyalkenoic acid copolymer
could have prevented the monomer approximation during polymerization resulting in
a lower degree of conversion.

In one study?, where the degree of conversion of universal adhesives was mea-
sured, a decreased degree of conversion was found for Scotchbond Universal when
compared to other adhesives including All- Bond Universal. The decreased degree
of conversion and presence of unreacted monomers within the hybrid layer would
increase the permeability of the adhesive layer, and thus decreasing the hydrolytic
stability of the dental adhesive consequently reducing the interfacial strength of the
adhesive interface®.

Another study® measuring the extent of oxygen inhibition on free radical polymer-
ization of several universal adhesives, found that Scotchbond Universal adhesives
exhibited higher inhibition. Moreover, the oxygen inhibition was not limited to the layer
exposed to atmospheric oxygen but air bubbles were also incorporated in the adhe-
sive film. These structural defects associated with oxygen inhibition were assumed to
affect the long term stability and durability of the adhesive®.

10
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Additionally, in contrast to All Bond Universal, Scotchbond Universal contains silane
in its composition. It was postulated that silane could increase the hydrophilicity of
Scotchbond Universal, thereby increasing the susceptibility of the adhesive layer
to hydrolytic degradation. All the abovementioned reasons may account for the
decrease in the bond strength of Scotchbond Universal adhesive upon water storage.

The second in-vitro degradation method used in the present study was the effect of
thermocycling on the bond strength of universal adhesives. During thermocycling,
specimens were subjected to thermal stresses in addition to the exposure to water.
So thermocycling is expected to affect the bond strength in two ways; first through
the stresses generated at the tooth-restoration interface due to the mismatch in the
coefficient of thermal expansion and contraction between the restorative material
and the tooth tissues™. Second, the hot water may accelerate hydrolysis of non-pro-
tected collagen and extract poorly polymerized resin oligomers*.

It has been postulated that 10,0000 cycles correspond to 1 year of clinical service,
based on the hypothesis that around 20 — 30 cycles might occur intracrally per day*2.
Another variable in the thermocycling protocol is the dwell time. It is the period of time
that the specimen is immersed in a bath of a particular temperature. It represents the
latency period that the oral capacity needs to reach its normal temperature again,
after consuming hot or cold food and drink. A short dwell time of 10-15 s was sug-
gested by several authors relying on the limited tolerance of patients to direct contact
between vital tooth and extremely hot or cold substances®.

In literature, there is controversy on the effect of thermocycling on the bond strength.
Some studies reported that thermocycling had no effect on bond strength to den-
tin, while others showed that it decreased the bond strength significantly’®444¢ In the
present study, thermocycling had no effect on the bond strength of both adhesives.
This may be justified by suggesting that higher temperatures during thermocycling
induce secondary curing of unreacted monomers®. This secondary curing may result
in higher resistance to the generated stresses and may overcome the hydrolytic effect
of thermocycling since the susceptibility of resin to hydrolysis may result from a low
degree of conversion®’.

The higher bond strength of Single Bond Universal than All Bond Universal after ther-
mocycling can be due the presence of fillers in its composition. It has been postulated
that the addition of fillers not only reinforces the hybrid layer but also make the coef-
ficient of thermal expansion of the adhesive resin closer to those of the dentin and
resin based composites*®. From the results of this study, the application mode didn't
affect the bond strength results in both adhesives in different groups. So the first null
hypothesis is accepted.

The bond strength results were further justified by SEM findings. Upon evaluation of
the generated interface by SEM, the adhesive interface morphology of the control
groups revealed close morphological appearance to that of the thermocycling groups.
In the self-etch mode of Scotchbond Universal, the hybrid layer was very thin with
very few resin tags. In case of All Bond Universal, there was absence of hybrid layer
and resin tags which may be explained by its ultramild acidity*. In case of etch-and-
rinse mode, acid etching resulted in removal of smear layer and smear plugs, deeper

11
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penetration of both universal adhesives into dentin with formation of long resin tags
and thicker hybrid layers when compared to the self-etch mode. Although there was a
better interface morphology after acid etching, no relationship was observed between
the quality of the hybrid layer (i.e., percentage of adhesive penetration)and bond
strength®. In this study, there was no difference in the immediate bond strength of
etch-and-rinse as well as self-etched dentin in both adhesives.

In case of water storage, the SEM analysis showed deterioration in the hybrid layer with
gap formation after one year of water storage in either modes in case of Scotchbond Uni-
versal adhesive. However, in case of All bond universal adhesive, the SEM micrographs
showed that a continuous hybrid layer was retained in both modes, with long resin tags
in the etch-and-rinse mode. This supports the bond strength results in the water storage.

Regarding the failure mode, it did not seem to follow any pattern in relation to treat-
ment type. The predominant failure mode was adhesive failure regardless the degra-
dation condition or etching mode.

From this study, it can be concluded that universal adhesives represent a new class
of adhesives that can be used in self-etch or etch-and-rinse mode without altering the
bond strength to dentin. However, the durability of these adhesives depends greatly
on the composition of these adhesives. More studies with different degradation meth-
odologies are required to ensure the long term durability of universal adhesives.
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