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Abstract

Objectives: this study was carried out to evaluate two different bonding systems on Shear bond strength to dentine and Fracture
mode analysis of the fractured specimens. Material and Methods: A total of 40 molars were used. They were divided into two
groups (20 each) according to the application modes. The two groups were further subdivided into two subgroups (10 each). The
first subgroup was stored, and the second subgroup was subjected to thermocycling. After the bonding procedure, a nanofilled
composite was applied incrementally. Results: As regards non-thermocycled and thermocycled specimens; there was no
statistically significant difference between the values of the two application modes with effect size = 0.780 and 0.780,
respectively. With etch and rinse and self-etch application modes; there was no statistically significant difference between the
values of both subgroups with effect size 0.475 and 0.951, respectively. Conclusion: The shear bond strength values of both
bonding protocols showed no statistically significant difference regarding both thermocycled and non-thermocyled specimens.
Adhesive fracture was predominant in both groups.
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1. Introduction

In an attempt to overcome the shortcomings of the etch-and-rinse adhesives, self-etching adhesives were
introduced to restorative dentistry which showed unique advantage of being able to diffuse deeper to the fully
decalcified depth®, enhancing the sealing ability preventing the gap formed due to the inconsistent decalcification
and penetration of the etch-and-rinse adhesives®.

Self-etching adhesives also show some shortcomings. Most important of which is the inability to decalcify
uncut enamel as same as acid etching using phosphoric acid pretreatment due to their high pH levels®.
Universal adhesives have been then introduced achieving the advantages of simplifying the application process,
saving time, and eliminating errors that may arise from multiple steps involved in other dental adhesives®.

Thermal cycling tends to produce stresses at the resin/tooth interface thus can have an impact on the bond
strength of different adhesive systems®.

The effectiveness of an adhesive system to bond to dental substrates is mostly tested with bond strength
tests. There are several bond strength tests that are advocated in testing bond effectiveness and durability such as
shear bond strength test, microtensile, microshear push-out and fracture toughness tests®.

Macro Shear Bond Strength (SBS) remains the most widely used method to test bond effectiveness of new
adhesive formulations and has gained its popularity in dentistry since no further specimen processing is needed after
the bonding procedure, allowing a reliable method to test bond performance’.

Hence, the studying of the effects of one universal adhesive on shear bond strength used in different
application methods; etch-and-rinse and self-etching modes might be of value.
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2. Material and Methods

2.1. Selection of the Specimens:

A total of forty molars were collected from the outpatient dental clinic. The molars were cleaned from blood and the
soft tissue was removed using a hand scaler and hard deposits were removed using an ultrasonic scaler®. The molars
were then stored in distilled water at room temperature which was replenished every 24 hours®. Molars were
selected according to the following criteria:- Inclusion criteria: sound molars, permanent molars and age group: 25-
40 years old. Exclusion criteria: carious teeth, deciduous teeth, fractured or cracked teeth, teeth with congenital
dental anomalies, teeth with acquired defects and restored molars.

2.2 Grouping of the specimens:

A total of forty human extracted molar were used in this study. They were divided into two groups (20 each)
according to the application mode of two different bonding systems, namely etch and rinse and self-etch,
respectively (Table 1). The two groups were further subdivided into two subgroups (10 each) (Table 2). The first
subgroup was stored in distilled water at room temperature in incubators, while the second subgroup was subjected
to thermocycling (5°C to 55°C - 500 cycles)10.

Table (1): Factorial Design
Factor Description

Etch and rinse mode

Application mode

Self-etch mode

No thermocycling
Thermocycling

Thermocycling

Table (2): Interactions between variables

40 specimens

2.3 Procedure:

The coronal portion was sectioned by diamond disc using a straight hand piece under copious amount of
distilled water to a level 3 mm above the CEJ horizontally in a buccolingual direction exposing only dentin. The
exposed dentin surfaces were wet ground under copious amount of water using #600 grit SiC for 30 seconds to
create standardized smear layersll. Each tooth was placed in self-cured acrylic block from the root side, till the
cemento-enamel junction (CEJ).

In etch-and-rinse technique, the dentin surface was acid etched using phosphoric acid 37% etchant gel for
15 seconds, rinsed with air/water spray for 20 seconds and blot dried using cotton pellet to keep dentin visibly moist.
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The adhesive was then applied and cured for 10 seconds according to manufacturer instructions. In self-
etching technique, the adhesive layer was applied using a microbrush directly over dentin surfaces and cured for 10
seconds according to its manufacturer instructions.

Teflon mold was constructed 2 x 4 mm in dimensions and adjusted over the treated dentin surface. A 2 mm
resin composite increment was packed inside the mold and cured for 20 seconds according to manufacturer
instructions. The second increment was added, covered with Mylar strip, gently pressed over a glass slab, and light
cured for 20 seconds according to manufacturer instructions. The mold was separated and excess resin composite
was scrapped and the specimens were subjected to storage in distilled water at room temperature for testing
machine.

Stereomicroscope was then used to evaluate and analyze the fracture mode: the fracture mode analysis was
adhesive failure at the adhesive/dentin interface, cohesive failure within resin composite or dentin and mixed failure
in dentin and resin composite.

3. Results

As regards non-thermocycled and thermocycled specimens; there was no statistically significant difference
between the values of the two application modes with effect size = 0.780 and 0.780 respectively and P-value = 0.251
and 0.251 as shown in figure 1.

With etch and rinse and self-etch application modes; there was no statistically significant difference
between the values of both subgroups with effect size 0.475 and 0.951 respectively and P-value = 0.465 and 0.175
as shown in figure 2.

Regarding the etch and rinse bonding system, the following fracture modes were observed: 16 out of the 20
specimens showed adhesive fracture; 8 of which were non-thermocycled and 8 were thermocycled specimens, 4 out
of the 20 specimens showed adhesive/cohesive fracture; two of which were non-thermocyled and two were
thermocycled specimens. None of the specimens showed cohesive fracture. Whereas in self-etch bonding system (20
specimens), the following fracture modes were observed: 15 out of the twenty specimens showed adhesive fracture;
6 of which were non-thermocycled and 9 were thermocyled specimens. 4 out of the 20 specimens showed
adhesive/cohesive fracture; all were among the non-thermocycled specimens. 1 out of the 20 specimens showed
cohesive fracture in dentin; it was a thermocycled specimen.
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4, Discussion

This study showed that the bond strength of the universal adhesive to permanent tooth dentin was not
affected by the different bonding systems used, namely etch and rinse and self-etch bonding systems, which is in
agreement with some researchers12,13, who found no differences in bond strength values between either application
of Single Bond Universal (SBU) and permanent sound dentin.

However, it was shown in a study that different results were obtained as they used caries-affected dentin
(CAD) and found that the bond strength was reduced when the bonding substrate was caries affected dentin lesions,
in both adhesive systems (Etch-and-rinse and Self-etch modes) used™. But they agreed that there is absence of
statistically significant difference of bonding performance between different application modes of the universal
adhesive used (Scotchbond Universal-SBU) confirmed by its ability to promote micromechanical retention by
diffusion of resin monomers and chemical adhesion, regardless the application mode used.

Another study evaluating the microshear bond strength of different universal adhesives with different
application modes on sound human dentin confirmed the results of this study. They stated that Single Bond
Universal (SBU) did not show any significant difference in uSBS value between both etching modes which is
confirmed in this study’. This is explained by its ability to bond micromechanically creating dentin—resin
interaction zone with stable resin tags as well as their strong chemical interaction of its functional monomer, 10-
MDP, with residual hydroxyapatite of the tooth structure forming a stable nanolayer that is considered a strong
phase at the adhesive interface, irrespective of the application system used. Also, it was stated that self-etch adhesive
systems might be preferable for application on dentin due to shallower demineralization eliminating the need for
etching and rinsing steps which are crucial steps in etch and rinse bonding systems™.

There is still debate about the best application mode of universal adhesives on dentin whether it is better
applied with prior acid etching procedure or used as self-etch adhesives. Regarding the mechanical standpoint some
studies showed that additional phosphoric acid etching was beneficial for the dentin bond strength when using
universal adhesives™.

In a randomized controlled clinical trial'’, it was found that the dentin sealing ability of universal adhesives
was deteriorated when using etch-and-rinse mode possibly due to the prior etching procedure that tends to remove
calcium from dentin, which may impede any potential chemical bonding (nano-layering) between calcium and
phosphate groups in the adhesive, while when using self-etch mode, the lowest nanoleakage was observed. Thus,
they concluded that etching dentin is not recommended to be the first choice for universal adhesives.

Some studies found statistically similar bond strength values of universal adhesives used with both bonding
protocols, however they found that upon performing artificial-aging of Universal Adhesives, Self-etch strategy
showed more long-term stability of dentin bond, possibly due to the established chemical bond formed by 10-
MDP*,

Dissimilar results were obtained in some studies using superficial dentin that was found to be higher and
significantly different when evaluating bond strength of universal adhesives®.

The effect of thermocycling on the bond strength of both etch-and-rinse and self-etch adhesive modes to
coronal dentin was evaluated showing no statistically significant difference in bond strength values whereas self-
etch adhesive had higher shear bond strength values than etch-and-rinse to root dentin when thermocycling was
performed®.

Fracture mode analysis was performed in this study which is an important factor to be considered when
bond strength is tested. Three modes of failure were evaluated: adhesive failure at the adhesive/dentin interface,
cohesive failure in the resin composite and/or dentin, and mixed failure. In adhesive failures, the adhesive layer is
usually involved at the interface, whereas in mixed failures, a portion of dentin and/or composite is involved. In
cohesive failures, only dentin or resin composite is involved at the fracture site?’.
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In this study, the main mode of failure observed in the etch-and-rinse group with or without thermocycling
was adhesive fracture, followed by mixed fracture with no cohesive fracture found. This was in agreement with
another study. Similarly, in the self-etch group in this study, the mostly found type of failure was adhesive,
followed by mixed with one cohesive failure in dentin observed in a thermocycled sample. However, the latter study
found that in the self-etch group, the main fracture mode was adhesive, followed by cohesive, and the least mode
observed was the mixed failure which is in disagreement to the current study.

Some authors® also analyzed the fracture modes of universal adhesives after microshear bond strength test
and confirmed the fracture modes resulted in this study; they found that the main failure mode found was adhesive,
followed by mixed, and there were almost no cohesive failures found in their study. They stated that the adhesive
failures indicate a rupture of the bond at the dentin/composite interface, while mixed fractures indicate cohesive
disruption in the composite and adhesive in the dentin. Therefore, the higher prevalence of adhesive fractures
pointed out that the bond strength of the specimens was analyzed and not the internal resistance of the material.

5. Conclusion

The shear bond strength values of universal adhesive using self-etch bonding protocol showed no
statistically significant difference than the wvalues using the standard etch and rinse protocol. Regarding
thermocycling, thermocycled and non-thermocyled specimens had no statistically significant difference in shear
bond strength values within each group; etch and rinse and self-etch groups. Fracture mode analysis showed that
adhesive failure was predominant in both groups, followed by mixed failure. Only one of the cut specimens in the
self-etch group showed cohesive failure in dentin.
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