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on the microtensile bond strength of a universal adhesive system
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Abstract

Background. The adhesion of composite resins to the dentin substrate is influenced by the treatment
of the smear layer. While etch-and-rinse systems require dentin to be conditioned with phosphoric acid,
self-etching systems preserve the smear layer by incorporating it into the adhesive layer.

Objectives. The objective of this study was to evaluate the influence of etching with the rubbing tech-
nique on the microtensile bond strength (uTBS) of a universal adhesive to dentin.

Material and methods. Eighteen extracted teeth were selected. Two etch-and-rinse techniques (with
and without rubbing) and a self-etching technique were used to bond the dentin surfaces with a univer-
sal adhesive system. After 24 h, the bonded samples were prepared for the uTBS testing. The specimens
were loaded with a tensile force at a crosshead speed of 0.5 mm/min until failure. The scanning electron
microscope (SEM) analyses were used to reveal the failure modes. The data were statistically analyzed with
the one-way analysis of variance (ANOVA) and ° tests.

Results. The etch-and-rinse system with rubbing produced significantly lower bond strength
(42.11 £9.26 MPa,) than the etch-and-rinse system without rubbing (47.30 £8.12 MPa) and
significantly higher bond strength than the self-etching system (38.07 £9.49 MPa).

Conclusions. Under the conditions of this study, dentin etched with phosphoric acid for 3 s in the etch-
and-rinse mode with the rubbing technique for a universal adhesive system decreases the pTBS of the
composite to dentin.
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Introduction

Dentin is capped by a crown made of highly mineral-
ized and protective enamel.! The composition and struc-
ture of the enamel and dentin matrices are different, so
the adhesion mechanisms for these tissues are also dis-
similar.? Bonding to dentin has been considered more
difficult treatment because of the complex histology and
composition of dentin.® A universal system has been de-
scribed as ideally a single-bottle one, which can be used
in the total-etching, self-etching and selective-etching
modes.* Bonding to dentin with total-etch adhesives is
accomplished in 2 steps. The 1% step is to etch the surface
by applying a strong acid, and the 2" step is the penetra-
tion and then polymerization of the resin in situ inside the
etched surface.® On the other hand, self-etch adhesives do
not require a separate etching step, as they contain acidic
monomers.® Etching dentin with phosphoric acid for 15 s
removes almost all mineral content, exposes collagen fi-
bers and allows them to be infiltrated with the adhesive
material.” In the self-etching mode, a universal adhesive
partially dissolves the smear layer without demineraliz-
ing the tooth surface too profoundly, thereby removing
hydroxyapatite at the interface. Preserving hydroxyapa-
tite at the interface provides calcium for chemical bond-
ing to the functional monomer.® Selective dentin etching
is a relatively new approach used to improve resin—den-
tin bonding by preserving hydroxyapatite crystals inside
the intrafibrillar collagen spaces.®® Universal adhesives
used in the self-etching mode produce superior, long-
term dentin bonding compared to the etch-and-rinse
method!®!}; reducing the etching time may be useful for
achieving complete penetration and for sealing the dentin
surface.!? Selective etching for 3 s using 37% phosphoric
acid improves the effectiveness of dentin bonding.'® Phos-
phoric acid is the most suitable acid conditioner in dental
restoration.!*

Hanabusa et al., who compared the self-etching mode
with ‘dry-bonding’ and ‘wet-bonding’ etch-and-rinse
techniques, noted that the self-etching approach was pre-
ferred on the dentin surface.!® Zecin-Deren et al. recom-
mended using triple adhesive layers with simplified ad-
hesive systems in order to improve their performance.!®

The present study highlights another application proto-
col, and discusses the rubbing action of phosphoric acid
in the etch-and-rinse technique on the dentin surface be-
fore the rinsing and bonding procedures.

Table 1. Chemical composition of and instructions for the material used
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The bond strength measurement is one of the most
effective methods for characterizing commercial dentin
bonding products.!”!8

The purpose of this in vitro study was to evaluate and
compare the microtensile bond strength (uTBS) of 2 dif-
ferent etch-and-rinse protocols and a self-etching proto-
col for universal adhesive systems. The null hypothesis
was that there are no differences in the uTBS of a dentin
bond after the bonding procedure between the 3 different
etching techniques.

Material and methods

Specimen preparation

This study was revised and approved by the Ethics
Committee of the Faculty of Dental Medicine at the Uni-
versity of Strasbourg and Strasbourg University Hospital,
France (protocol No. 201905).

In total, 18 recently extracted caries-free human man-
dibular molars were selected. The teeth were washed with
physiological serum and stored in 70% ethanol for 2 weeks
at 4°C. We divided the extracted teeth into 3 groups. The
dentin bonding sites were prepared by sectioning the
teeth and removing the root structure.

One section was made perpendicular to the longitudi-
nal axis of the tooth crown to obtain a single coronal den-
tin wafer, 4 mm in thickness, then polished with P320-grit
silicon carbide paper (Escil, Chassieu, France) for 60 s
under water cooling conditions to get the same surface as
in the case of using a dental diamond burr drill.'?

The 1% group (G1) consisted of 6 teeth which were
bonded in the self-etching mode using a universal ad-
hesive (Prime & Bond® active — P&Ba; Dentsply DeTrey
GmbH, Konstanz, Germany) (Table 1). The 2™ group
(G2) consisted of 6 teeth which were bonded using the
same universal adhesive in the etch-and-rinse mode
— etching with 37% phosphoric acid (Itena Clinical,
Villepinte, France) for 3 s, followed by rinsing with wa-
ter for 30 s.'® The 3™ group (G3) consisted of 6 teeth
which were bonded in the etch-and-rinse mode with
the rubbing technique — etching with 37% phosphoric
acid for 3 s with the rubbing method using a micro-
brush, and then rinsing with water for 30 s. The ad-
hesive was applied according to the manufacturer’s

Material and manufacturer Composition “ Instructions for use

- bisacrylamide 1 (25-50%)
Prime & Bond Active (P&Ba);
Dentsply DeTrey GmbH,
Konstanz, Germany

- bisacrylamide 2 (2.5-10%)

— water (20%)

- 10-methacryloxydecyl dihydrogen phosphate (10-MDP) (10-25%)

- 4-(dimethylamino)benzonitrile (0.1-1%)
- dipentaerythritol pentaacrylate phosphate (PENTA), propan-2-ol (10-25%)

apply adhesive,
slight agitation (20 5),
mild air-blowing (5 s),
light-curing (20 s)

2.5




Dent Med Probl. 2019;56(4):343-348

protocol (brushing for 20 s, air-drying for 5 s and light-
curing for 20 s). The adhesive was light-cured for 20 s
with the aid of an Optilux® 501 apparatus (Kerr Dental
France, Ivry-sur-Seine, France) at a light intensity of
600 mW/cm?.

Microtensile bond strength

The samples from each group were prepared for
the pTBS tests. Resin composite build-ups were per-
formed using a resin composite (Ceram® X; Dentsply
Sirona) in 3 increments of 2 mm each. Each increment
was light-cured for 40 s, according to the manufactur-
er’s instructions, until a height of 6 mm was reached.
The teeth were stored in distilled water in an incubator
for 24 h at 37°C. This experimental study was carried
out in accordance with the International Standards
Organization’s ISO TR 11405. The samples were longi-
tudinally sectioned using a diamond wire saw (WELL
Diamond Wire Saws SA, Le Locle, Switzerland) in both
X- and Y-axes with a cross-sectional area of approx.
1 mm?. The sticks (9-12 from each sample) were kept
moist until testing. For the uTBS tests, the specimens
were attached to a testing machine (Instron® 3345;
Instron, Norwood, USA) with a cyanoacrylate adhe-
sive. The specimens were loaded with a tensile force
at a crosshead speed of 0.5 mm/min until failure. The
microtensile bond strength [MPa] was calculated by
dividing the load at failure [N] by the bonded surface
area [mm?].

Scanning electron microscope
preparations and observations

After the uTBS testing process, the dentin sides of all
samples were dehydrated in a graded ethanol series. The
samples were sputter-coated with gold-palladium alloys
(20/80) using a Hummer® JR sputtering device (Technics,
San Francisco, USA). Later on, a Quanta® 250 FEG scanning
electron microscope (SEM) (FEI Company, Eindhoven,
the Netherlands) functioning with an accelerating volt-
age of 10 kV was used for the observation of all coated
specimens (61 samples from G1, 60 samples from G2 and
60 samples from G3).

The dentin surfaces were examined under SEM at x100
magnification in order to determine the mode of failure.
The failure modes were categorized into the following
3 types®:

— type 1:adhesive failure;

— type 2: cohesive failure in the composite or dentin;
and

— type 3: mixed failure, in the case when one area exhi-
bited cohesive failure while other areas exhibited an ad-
hesive fracture.
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Statistical analysis

Any samples that exhibited cohesive or mixed failures
were excluded from the statistical analysis.?®?! The data
analysis was performed with SigmaPlot, v. 11.2 (Systat
Software Inc., San Jose, USA). The one-way analysis
of variance (ANOVA) test was applied in the comparisons
of the pTBS data of the 3 groups. The x? test was per-
formed to compare the effects of the 3 different etching
protocols used on the mode of failure. In all tests, a statis-
tical significance level of a = 0.05 was adopted.

Results

Microtensile bond strength test

A total of 181 specimens (sticks) were available for the
uTBS testing. The mean values of pTBS with standard
deviations (SDs) are shown in Table 2. The ANOVA test
revealed a statistically significant difference between the
means corresponding to the different etching techniques.
In a pairwise comparison for the pair (G1, G2), the test
resulted in p < 0.001, and for the pairs (G2, G3) and (G1, G3),
p = 0.034 and p = 0.05, respectively. Therefore, the null
hypothesis was rejected (p < a).

Table 2. Descriptive statistics of the microtensile bond strength (UTBS)
of a dentin bond in adhesive failure samples

Experimental N 4 4 1
P Tou (total) (cohesive and | (adhesive mean 5D
group mixed failures) failures) [MPa]
‘ G1 61 19 42 38.07 £9.49 ‘
‘ G2 60 26 34 47.30+£8.12 ‘
‘ G3 60 23 37 4211 £9.26 ‘

SD - standard deviation.

Scanning electron microscope failure
analysis

The dentin side of each stick was observed in order to
identify the failure type. Higher uTBS values were mostly
associated with a higher tendency toward cohesive failure
in the composite (Fig. 1A) or mixed failure (Fig. 1B,C), in
particular for G2 and G3. Most of the self-etching sam-
ples (G1) revealed adhesive interfacial failure (Fig. 1D).
The interaction between the groups and the failure
modes indicated a non-statistically significant correlation
(p > 0.001). The etch-and-rinse mode interfaces (G2, G3)
often presented with intra-tubule tags as well (Fig. 2), par-
ticularly when the adhesive was applied in the etch-and-
rinse mode without the rubbing technique (G2).
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Fig. 1. A — scanning electron microscope (SEM) failure analysis of cohesive
failure in the composite (x100 magnification); B — SEM photomicrograph
of mixed interfacial failure between the adhesive and composite layers
(X100 magnification); C — higher magnification of mixed failure showing
the interface between the adhesive and composite layers

(X800 magnification); D - representative SEM photomicrograph

of adhesive failure (x100 magnification)

HY mag B | sp ode | 2/20/2019
-4 Pa | 10.00 kV | 1200 x | 3.0 | High vacuum | 3:12:01 PM

Fig. 2. Scanning electron microscope (SEM) image of the dentin-adhesive
interface in bonded dentin using a universal adhesive in the etch-and-rinse
mode without the rubbing technique (G2), showing the uniform and
complete filling of dentinal tubules (x1,200 magnification)

Discussion

This study presents an investigation of the effects
of etching with the rubbing technique on the resin—den-
tin interface. The tooth preparation processes bring im-
portant changes in the dentin thickness and density, lead-
ing to different resin bonding results.?? In an attempt to
improve the quality of the resin—dentin interface, some
studies suggest specific clinical procedures, such as apply-
ing multiple adhesive coats, prolonging the exposure time
during light-curing, using warm air to evaporate the sol-
vent, and rubbing the adhesive onto the tooth surfaces.?®
Concerning the etch-and-rinse protocol (G2), it would
appear that it is necessary to etch the dentin surface for
3 s before the bonding of a universal adhesive. Similar re-
sults were obtained by Stape et al., who noted that the use

N. Kharouf, et al. Etching dentin with the rubbing technique

of phosphoric acid for 3 s improves immediate and long-
term resin—dentin bonding without overexposing demin-
eralized collagen.!®

In our study, the rubbing technique was proposed dur-
ing etching in order to improve bonding quality. Under
the experimental conditions defined in this in vitro study,
the rubbing action (G3) does not enhance uTBS to dentin;
on the contrary, this protocol statistically decreases pTBS.

The SEM images from the present study show that
etching by means of phosphoric acid with or without the
rubbing technique for 3 s before bonding removes the
smear plugs, better opens up tubules which occur in the
presence of resin tags (Fig. 2) and provides the microme-
chanical interlocking of the adhesive resin. It is generally
accepted that the primary critical factor in determining
an adequate bond is the micromechanical interlocking
of the adhesive resin in the demineralized tooth surface.?*
Bahillo et al., in their use of an acidic monomer (glycerol
phosphate dimethacrylate — GPDM), noted that selective
dentin etching with phosphotic acid did not significantly
improve marginal adaptation, indicating a self-etching ef-
fect most probably due to the presence of GPDM in the
composition of the OptiBond™ FL primer.?> There is still
a point of discussion concerning the etching time. Etching
dentin for 3 s in the case of a complex cavity is very diffi-
cult to translate into clinical application, because it is too
easy to exceed this time, especially with rubbing.

The statistical analyses in our study revealed that etch-
ing associated with the rubbing technique decreased
uTBS (Table 2). Phosphoric acid demineralized dentin
and exposed the collagen matrix, containing hydroxy-
apatite.? Our hypothesis was that the rubbing action
at the time of etching the dentin surface could crush
and destroy collagen fibers and hydroxyapatite crystals.
Hashimoto et al. noted that excessive acid-conditioning
caused deeper demineralization of both intertubular and
peritubular dentin, which in turn meant that the 2 kinds
of dentin were not capable of being entirely infiltrated by
resin monomers, leading to decreased bond strength.?’
Van Meerbeek et al. highlight the importance of keeping
hydroxyapatite around collagen in order to better protect
collagen against hydrolysis, and thus early degradation
of the bond.?® Therefore, functional monomers contain-
ing acidic groups cannot interact with hydroxyapatite.
A functional monomer such as 10-methacryloxydecyl di-
hydrogen phosphate (10-MDP) can form stable calcium-
phosphate complexes and self-assemble into the form
of a regular layered structure at the apatite surface.?-3!
Preserving calcium at the bonded interface, in theory,
could favor this peculiar chemical bonding process. Wang
and Spencer noted that agitating acid gel facilitated etch-
ing and penetration into dentin, but it is not recommend-
ed, especially for longer etching times.

The pTBS test is considered the most reliable technique
for assessing the real strength of the interfacial bond be-
tween an adhesive material and a tooth.3! One of the many
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advantages of this test is that it can reveal the adhesive
failure type and result in fewer cohesive and mixed fail-
ures.® Cohesive and mixed failures where observed more
often when the pTBS values increased, which might be
explained by the good mechanical properties of a bond,
associated with the particular bonding technique used.
In contrast, cohesive failures in the composite may have
been caused by errors made during the build-up of the
composite layers. The results in Table 2 present the inci-
dence of each failure mode induced by particular etching
techniques. The present study noted a higher tendency
toward cohesive or mixed failure associated with higher
uTBS values, but these results are not significantly differ-
ent (the y? test; p > 0.001). In G1, bonding was weaker than
in the specimens prepared with the etch-and-rinse mode,
the most common failure type was adhesive fracture and
minimal resin penetration occurred. Takamizawa et al.
noted that using the etch-and-rinse mode for universal
adhesives did not decrease dentin bond quality.3*

The present in vitro study has some limitations. It did
not address the effect of the rubbing action on dentin
sensitivity, which should be followed with clinical stu-
dies. The relatively short period of water storage (24 h)
was another limitation. Furthermore, dentin bonding by
means of the etch-and-rinse method has been claimed to
be technique-sensitive.

Conclusions

Etching with 37% phosphoric acid for 3 s without the
rubbing technique is recommended before applying
a universal adhesive on the dentin surface in order to im-
prove bond strength.
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