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Tensile bond strength of self-etching
versus total-etching adhesive systems
under different dentinal substrate
conditions

Resisténcia de uniGo & tracéo de sistemas
adesivos autocondicionantes versus de
condicionamento total, em diferentes condicées
de substrato dentindrio

Abstract: The use of acid etchants to produce surface demineralization and collagen net-
work exposure, allowing adhesive monomers interdiffusion and consequently the forma-
tion of a hybrid layer, has been considered the most efficient mechanism of dentin bond-
ing. The aim of this study was to compare the tensile bond strength to dentin of three
adhesive systems, two self-etching ones (Clearfil SE Bond - CSEB and One Up Bond F -
OUBF) and one total-etching one (Single Bond - SB), under three dentinal substrate condi-
tions (wet, dry and re-wet). Ninety human, freshly extracted third molars were sectioned
at the occlusal surface to remove enamel and to form a flat dentin wall. The specimens
were restored with composite resin (Filtek Z250) and submitted to tensile bond strength
testing (TBS) in an MTS 810. The data were submitted to two-way ANOVA and Tukey’s
test (p = 0.05). Wet dentin presented the highest TBS values for SB and CSEB. Dry dentin
and re-wet produced significantly lower TBS values when using SB. OUBF was not af-
fected by the different conditions of the dentin substrate, producing similar TBS values
regardless of the surface pretreatments.

Descriptors: Dentin permeability; Dentin-bonding agents; Tensile strength.

Resumo: O uso de condicionadores dcidos para desmineralizar a superficie dental e ex-
por a rede de fibras coldgenas para interdifusio dos monémeros adesivos e conseqiiente
formagdo da camada hibrida tem sido considerado o mais eficiente mecanismo de adesio
dos agentes de unido. O objetivo deste estudo foi comparar a resisténcia de unido a den-
tina de trés sistemas adesivos, dois autocondicionantes (Clearfil SE Bond - CSEB e One
Up Bond F - OUBF) e um de condicionamento total (Single Bond - SB), sob trés diferentes
condigdes de substrato dentinario (imido, seco e reidratado). Noventa terceiros molares
humanos recém-extraidos foram cortados na superficie oclusal, para se remover o esmal-
te e formar uma parede plana de dentina. Os espécimes foram restaurados com resina
composta (Filtek Z250) e submetidos ao teste de resisténcia de unido a tragdo (TBS) em
uma MTS 810. As médias foram submetidas a ANOVA a dois critérios e ao teste de Tukey
(p =0,05). A dentina umida apresentou os maiores valores de TBS para os sistemas adesi-
vos SB e CSEB. A dentina seca e a reidratada apresentaram TBS significativamente menor
quando foi empregado SB. OUBF nio apresentou resultados influenciados pela condi¢io
do substrato dentindrio, tendo produzido TBS similares para os diferentes tratamentos de
superficie.

Descritores: Permeabilidade da dentina; Adesivos dentindrios; Resisténcia a tracao.
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Introduction

Dental adhesive systems are agents used to pro-
mote adhesion between composite resin and dental
structure, and they should present similar perfor-
mance on enamel and dentin. However, the success
of bonding to these dental hard tissues, without a
previous acid-etching step, represents a major chal-
lenge for adhesive dentistry.?

Dentin etching, prior to the application of primer
and adhesive, is necessary as part of restorative ad-
hesive procedures for removing the smear layer and
exposing the collagen fibrils of the dentinal matrix
in order to promote infiltration of resinous mono-
mers. As a consequence, it is possible to obtain good
marginal adaptation of the restorative material, thus
reducing microleakage, pulpal irritation and recur-
rent caries.!»!416.17

Resin bonding is not as easy for dentin as it is for
enamel, since dentin has more organic contents, the
presence of fluid inside tubules, smear layer and inher-
ent wetness on the surface.*”'*!” During the bonding
process, there is diffusion of hydrophilic monomers
into the demineralized dentin collagen network. How-
ever, the discrepancy in the thickness of demineraliza-
tion and hydrophilic monomer infiltration is still an
unsolved problem.">" Thus, a new concept, which
presents acid and primer in the same component,' has
been considered with the application of self-etching
agents, eliminating the previous conditioning, rinsing
and drying steps that may be critical for the adhesion
protocol. Theoretically, there is no discrepancy between
the depth of demineralization and the depth of resin in-
filtration, since both processes occur simultaneously,"
but in a recent study it was demonstrated that beneath
the hybrid layer a partially demineralized and uninfil-
trated dentin zone can be observed.? The total-etch and
self-etch adhesive systems are contemporary and they
are dividing the preference of clinicians, mainly when
technical simplification versus effectiveness of adhesion
to different dentinal substrates is considered.>!%!3

The aim of this study was to compare the tensile
bond strength of three adhesive systems to dentin,
two self-etching (Clearfil SE Bond - CSEB and One
Up Bond F - OUBF), and one total-etching (Single
Bond - SB), under three different dentinal substrate
conditions, dry, wet and re-wetted.
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Material and Methods

Ninety human, recently extracted third molars
were stored at 5°C in a 0.5% chloramine aque-
ous solution for a maximum period of time of 45
days, until their use in this study (Research Eth-
ics Committee, School of Dentistry of Araraquara,
N. 194/2001). The enamel was removed by cutting
off the crown transversally at the middle, exactly
at the top of the pulp chamber, using a low speed
diamond saw (Isomet 1000, Buehler Lake Bluff, IL,
USA). The deep dentin was chosen to favour the
diffusion of dentin adhesive into the demineralized
dentin, thus providing the best conditions for the
resin monomers to infiltrate into the dentin since the
number of tubules in coronal dentine increases sig-
nificantly from the middle to the deep layer, nearest
to the pulp.?* A standard smear layer was produced
by wet-sanding the dentin surface with 600-grit sili-
con carbide sandpaper for 40 seconds.

The ninety specimens were embedded in epoxy
resin and randomly divided into nine groups of ten
teeth each. The regions of interest for adhesion were
demarked in each sample using a glue paper mask
with a 4.0 mm diameter hole in the center isolating
the peripheral region and, afterwards, each adhesive
system was applied. Three adhesive systems, two
self-etching (Clearfil SE Bond, Kuraray Co. Osaka,
Japan and One Up Bond F, Tokuyama, Tokyo, Ja-
pan) and one total-etching (Single Bond, 3M ESPE,
St. Paul, MN, USA), were used in this study and they
were applied after obtaining three different dentinal
substrate conditions, wet, dry and re-wet, following
the techniques shown in Table 1. The authors opted
to increase the etching time to 20 seconds for the
dry and re-wet dentin, with the objective of creating
a more severe condition.

The specimens were restored using Filtek Z250
composite resin (3M ESPE, St. Paul, MN, USA) in
four diagonal increments inside a conical-cylinder
metallic matrix adequately adapted on the top of
the bonded area. The conical-cylinder metallic ma-
trix was installed exactly over the hole mask, result-
ing in a circular bonding area with a diameter of
4.0 mm. Each new increment was photocured using
a KM200R unit (DMC Equip. Odontol., Sio Car-
los, SP, Brazil) during 40 seconds.
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Table 1 - Dentin treatments - substrate conditions and bonding technique.

Wet dentin (Substrate 1)
n=10 n=10

Acid-etched/dry dentin (Substrate 2) | Acid-etched/re-wet dentin (Substrate 3)

n=10

Clearfil SE Bond | * Primer: apply for 20 s and
(CSEB — M1) air-dry.

* Adhesive: apply, gently air-thin. 20s.
e Light-cure for 10 s.

* 35% phosphoric acid for 20 s.
* Compressed air application for

* Primer: apply for 20 s and air-dry.
* Adhesive: apply, gently air-thin.
e Light-cure for 10 s.

* 35% phosphoric acid for 20 s.

* 10.0 m distance-compressed air
application for 20 s.

2% chlorhexidine digluconate aqueous
solution for 60 s.

Primer: apply for 20 s and air-dry.
Adhesive: apply, gently air-thin.

Light cure for 10s.

One Up Bond F

* Bonding A and B mixed for 20's. | * 35% phosphoric acid for 20 s.

35% phosphoric acid for 20 s.

(OUBF — M2) e Light-cure for 10 s. * Compressed air application for * 10.0 mm distance-compressed air
20s. application for 20 s.
* Bonding A and B mixed for 20 s. * 2% chlorhexidine digluconate aqueous
e Light-cure for 10 s. solution for 60 s.
* Bonding A and B mixed for 20 s.
e Light-cure for 10 s.
Single Bond * 35% phosphoric acid for 20 s. * 35% phosphoric acid for 20 s. * 35% phosphoric acid for 20 s.
(SB — M3) * Rinse off with air-water spray * Compressed air application for * 10.0 mm-distance compressed air

e Light-cure for 10 s.

* Apply 2 layers, gently air-thin 20s. application for 20 s.
for5s. * Apply 2 layers, gently air-thin for * 2% chlorhexidine digluconate aqueous
e Light-cure for 10 s. 5s. solution for 60 s.

* Apply 2 layers, 5 s gently air-thin.
e Light-cure for 10 s.

After being stored for 24 hours in distilled water
at room temperature, the specimens were thermocy-
cled for 550 cycles at temperatures from 5° to 60°C
with a dwell time of 15 seconds in each bath and a
transfer time of § seconds.

The tensile bond strength was measured in
an MTS-810 machine (Material Test Systems,
Edemprairie, MN, USA) at 2 mm/min. The data
were submitted to statistical analysis using two-way
ANOVA: adhesive system and dentinal substrate.
When significant differences were found, Tukey’s
test was applied at a 5% level of significance.

Results

The obtained tensile bond strength values are
shown in Graph 1 and Table 2. Tensile bond strength
ranged from 6.6 MPa for the total-etching adhesive
system SB, bonded to dry dentin, to 23.1 MPa for the
self-etching adhesive CSEB, bonded to wet dentin.
When the self-etching adhesive systems were com-
pared under wet dentin, CSEB presented better re-
sults than OUBF (23.1 and 15.7 MPa, respectively).

Comparing the total-etching adhesive system SB
to the two self-etching adhesive systems, the low-

25 [ wet ]
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DEU_ 204 76 —— | M re-wet [
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o
5
2
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0 ' '
CSEB OUBF SB

Graph 1 - Tensile Bond Strength (means in MPa). Adhesive
systems versus dentinal substrate conditions.

est results were found for SB (6.6 MPa - dry to
8.9 MPa — re-wet), which were significantly differ-
ent from the results found for the self-etching ad-
hesives CSEB and OUBF on the same dentinal sub-
strate, which ranged from 15.5 MPa to 17.6 MPa.

Discussion

Adhesion of resins to dentin has been the main
subject of numerous studies since adhesive systems
were introduced in restorative dentistry.">*%1¢ The
bond strength must be an opposite resistance to

Braz Oral Res 2007;21(1):81-6 83
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Table 2 - Multiple comparisons by Tukey’s test of the TBS
means.

Group mean | (1) (2) | (3) (4) (8) (6) (7) | (8)
(MPa)

1. CSEB/wet 23.1
dentin (S1)

2. CSEB/Dry 164 *
dentin (52)

3. CSEB/Re-wet 16.3 | * | ns
dentin (S3)

4. OUBF/wet 157 * ns | ns
dentin (S1)

5. OUBF/Dry 176 | * 'ns ns | ns

dentin (52)

6. OUBF/ 155 * 'ns | ns ns | ns
Re-wet dentin
(S3)

7. SB/wet 194 'ns 'ns ns | ns| ns ns
dentin (ST)

8. SB/Dry 6.6 * x| X xR R
dentin (S2)

9. SB/Re-wet 89| * * S R R R B Y
dentin (S3)

* = significant level of 5%, ns = not significant.

the polymerization contraction stresses, offer re-
tention and provide marginal integrity for the res-
toration.!'31%22

Dentin bonding still faces questions related to
the appropriate humidity level for better hibridiza-
tion, protection of the pulp and to seal adequately
the cavity margins.®!0:17:20,:26

The depth of demineralization promoted by the
phosphoric acid determines the thickness of the hy-
brid layer, as the application of the phosphoric acid
before the primer or primer/adhesive acts by re-
moving the smear layer, demineralizing the dentin
structure and consequently exposing colagen fibrils
to allow the formation of the hybrid layer.%!?! The
maintenance of the collagen fibrils network in wet
acid-etched dentin makes the infiltration of hydro-
philic monomers easier,'2%%* while the drying of the
etched dentin with air makes monomer infiltration
more difficult due to a severe reduction of interfibri-
lar spaces.'?

The morphology of the adhesive interface has
been studied to identify hybridization patterns
provided by several adhesive systems, under many
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different dentinal substrate conditions.”!%16:2” The
collagen fibril mesh collapse, caused by dentin de-
hydration,'>'” limits the possibility of the microme-
chanical retention of the adhesive system in primed
dentin. However, if the meshwork is re-expanded,
there is an improvement of the microtensile bond
strength.!! This work incorporated a third condition
of dentinal substrate, re-wet, where dehydrated den-
tin received an application of 2% chlorhexidine di-
gluconate solution for 60 seconds. Although studies
by Filler et al.® (1994) demonstrated that a chlorhex-
idine digluconate solution did not interfere in the
tensile bond strength, the statements of Gwinnett!!
(1994) agree with the findings of this study, since
the results obtained for re-wet dentin were better
than those obtained for dry dentin.

Tay et al.*® (1996) performed studies where
dentin, after being dried with compressed air for
3 seconds, went through a remoistening process
with distilled water. The authors noticed that the
samples presented difficulties in the infiltration of
the adhesive. In the present study, etched dentin was
air-dried with compressed air for 20 seconds, which
caused severe dehydration of the etched matrix and
decreased the means of the bond strengths. Gwin-
nett'! (1994) stated that dehydrated dentin could
provide a bond strength close to that obtained in
wet dentin, if it was remoistened and the collagen
fibrils re-expanded.

While the total-etching adhesive systems need
a separate and previous etching step, self-etch ad-
hesive systems, such as Clearfil SE Bond, etch and
prime in the same step; One Up Bond F etches,
primes and bonds simultaneously, so it is called an
all-in-one adhesive system. These products produce
smear layer dissolution?2"?3 and dentin self-control-
ling demineralization by pH modifications during
their application. Since the primer or primer/adhe-
sive itself is the substance performing demineraliza-
tion, it is understood that the entire demineralized
dentin thickness will be filled with adhesive mono-
mers, which cannot be surely confirmed when acid
application, cleaning and surface drying are per-
formed in separate steps previously to the applica-
tion of hydrophilic monomers, as it happens with
the total-etch adhesive systems,?!$:1%21,23



The tensile bond strengths provided by CSEB and
OUBF to wet dentin presented statistically signifi-
cant differences (23.1 MPa and 15.7 MPa, respec-
tively). When CSEB was used on acid-etched dried
dentin, the tensile bond strength was 16.4 MPa,
while OUBF presented a mean of 17.6 MPa. When
these products were applied to re-wetted dentin
with 2% chlorhexidine in water, the tensile bond
strength values of CSEB and OUBF were 16.3 MPa
and 15.5 MPa, respectively.

When the results observed in all groups were
compared, the better performance of CSEB on wet
dentin could be emphasized. Its efficacy on wet den-
tin proved to be the best in this criterion, among all
the materials tested, thus agreeing with the results
obtained by Spohr et al.?’ (2001). The adhesive sys-
tem Clearfil SE Bond is characterized as a self-etch
primer with pH about 1.9. After its application, the
acid is totally neutralized by phosphate ions during
demineralization. On the other hand, OUBF, which
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