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ABSTRACT

Objective
To assess the bond strength to dentin of the Single Bond (3M ESPE) and XP Bond (Dentsply) total-etch and Adper SE Plus (3M ESPE) self-etch
adhesive systems.

Methods

Fifteen healthy human third molars were randomly allocated across three different groups of five teeth each according to the adhesive system.
The occlusal portion of each tooth was removed under refrigeration using a flexible diamond disc (EXTEC, Enfield, CT, USA) down to an area
of dentin that did not reveal enamel, as confirmed under a 40X stereo microscope (Ramsor, Sdo Paulo, Brazil). A standardized smear layer was
created with #600 grit silicon-carbide paper. The adhesive systems were applied as per manufacturer recommendations, with the exception
of the Adper SE Plus system, which was triple-polymerized. Composite resin blocks (5 mm) were placed on the dentin surface. The specimens
were stored in distilled water for 24 hours at 37°C. Using a flexible diamond disc (EXTEC, Enfield, CT, USA), toothpick-like specimens with an
adhesive area of less than 1T mm?2 were obtained. A microtensile bond test was then carried out using a universal testing machine (KRATOS)
with a crosshead speed of 0.5 mm/min. Analysis of variance (ANOVA) and Tukey's test were used for comparisons.

Results
The bond strength values obtained with each adhesive system were as follows: XP Bond, 96.24 MPa, Adper Single Bond, 72.39 MPa, Adper
SE Plus, 49.91 MPa.

Conclusion
In terms of bond strength to dentin, conventional adhesives outperform self-etching systems.

Indexing terms: Adhesive. Dentin. Tensile strength.

RESUMO

Objetivo
Avaliar o grau de resisténcia de unido a dentina dos sistemas adesivos de condicionamento &cido total Adper Single Bond (3M ESPE) e XP Bond
(Dentsply) e autocondicionante Adper SE Plus (3M ESPE).

Métodos

Quinze terceiros molares humanos higidos foram utilizados, divididos aleatoriamente em trés grupos de cinco dentes cada, conforme o adesivo
que seria utilizado. A porcao oclusal foi removida com o auxilio de um disco flexivel diamantado sob refrigeracéo, até expor uma éarea de
dentina que ndo apresentasse ilhas de esmalte, comprovado em lupa esterioscdpica em aumento de 40X. A smear layer foi padronizada em
lixa d’agua n°600. Na sequéncia os sistemas adesivos foram aplicados conforme as recomendacoes do fabricante, exceto o Adper SE Plus que
teve seu tempo de polimerizacao triplicado. Sobre os dentes preparados foram construidos blocos de resina composta com 5mm de altura.
As amostras foram armazenadas por 24 horas a 37°C em agua destilada. Utilizando o disco flexivel diamantado, foram obtidos corpos de
prova com formato de palitos com area adesiva menor que Tmm?2. Em seguida o teste de microtracdo foi realizado numa Maquina de Ensaios
Universal numa velocidade de 0,5 mm/min. Foram utilizados o teste ANOVA e comparacOes pareadas de Tukey.

Resultados
Os valores da resisténcia de unido para cada sistema adesivo em Mpa foram: 96,24 (XP Bond); 72,39 (Adper Single Bond) e 49,91 (Adper SE Plus).

Conclusédo
Dessa forma, em relacédo a resisténcia de unido a dentina, os adesivos convencionais apresentaram desempenho superior ao autocondicionante.

Termos de indexacdo: Dentina. Adesivos. Resisténcia a tracdo.
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INTRODUCTION

Bonding to enamel is a technically straightforward
and safe procedure' due to the composition and structure
of enamel, which is essentially inorganic and composed
of prisms. On the other hand, the composition of dentin
(which contains more water and organic substances) and
its tubular structure (containing the cytoplasmic extensions
of odontoblasts, varying in quantity and diameter, both of
which increase with increasing proximity to the pulp) make
bonding to dentin a challenge?=.

Acid etching of dentin may cause excessive
exposure of the collagen fiber meshwork and thus limit
the capacity for monomer infiltration to its fullest extent*®.
Collagen not embedded in monomers is susceptible to
degradation, which can culminate in bond failure and
reduce clinical longevity’®. De Munck et al.® state that,
while acid conditioning of enamel is effective, stable, and
durable, the same cannot be said for dentin.

Within this context, self-etch adhesive systems
were developed. The key characteristic of these systems is
that they skip the acid etching stage prior to application',
greatly decreasing the level of technical sensitivity
required'!, particularly because they obviate the need for
optimal dentin moisture, which is required for total-etch
systems'>">. Unlike conventional adhesive systems, self-etch
systems have added monomers added to their composition
that ensure etching of the dental structure, so that, as
soon as an area of the tooth is etched (or decalcified), it is
immediately occupied by the resin monomer”'6,

Due to the limited conditioning ability of self-etch
adhesive systems, the hybrid layer they form is thinner'>7-18
as compared to that of conventional adhesive systems.
However, the quality of this layer has been noted as the
most important factor'®, despite the persistence of the
smear layer in the hybrid layer?®-21,

In view of the foregoing, this study sought
to conduct an in vitro comparison, by means of the
microtensile bond test, of the bond strength to dentin
of two conventional, two-step adhesive systems (Adper
Single Bond 2 and XP Bond) and of the self-etch Adper SE
Plus system.

METHODS

The present study was approved by the University
of Pernambuco Research Ethics Committee with registry
number 143/09. Fifteen healthy third molars, extracted
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for surgical indications, were obtained from the Surgical
Clinics of the University of Pernambuco School of Dentistry.

After selection, the teeth were cleaned with a
McCall 13-14 curette (Golgran-Millenium, S&o Paulo, Brazil)
and a Robinson bristle brush (Microdont, Sao Paulo, Brazil)
with pumice paste and water to remove any remaining
soft tissue and detritus. The teeth were disinfected in 2%
chlorhexidine (Maquira, Maringd, Brazil) for 30 minutes.
The teeth thus prepared were stored in 0.9% saline solution
at a temperature of approximately 5 °C until the start of
the experimental portion of the study, for no more than 6
months. Saline was replaced with fresh solution once weekly.

For the subsequent laboratory stages, the roots of
the teeth were embedded in 2.5-cm PVC tube segments
containing self-polymerizing acrylic resin  (VIPI FLEX,
Pirassununga, Brazil).

To expose the dentin surface, the occlusion portion
of each tooth was removed with a flexible diamond disc
(EXTEC, Enfield, CT, USA) under refrigeration, perpendicular
to the long axis, to a depth designed to mimic medium-
sized cavities. After removal, the surfaces were assessed for
the presence of remaining dentin islands under a 40X stereo
microscope (Ramsor, Sdo Paulo, Brazil). If any were visible, the
occlusal surface was cut down further in 1-mm increments
until exposure of a central zone composed exclusively of
dentin, surrounded by a halo of enamel. The dentin surfaces
were then abraded with #600 grit silicon carbide paper for 1
minute to create a standardized smear layer.

The 15 teeth were randomly allocated across three
groups according to the adhesive system to be tested. The
composition of each system is described in Chart 1. Teeth in
group 1 (control) were treated with the Adper Single Bond
2 system (3M ESPE/St Paul, MN, USA), preceded by acid
etching of dentin with 37% phosphoric acid (Condac 37,
FGM, Joinville, Brazil) for 15 seconds, followed by rinsing
with air/water spray from a triple syringe for 15 seconds
and blotting with absorbent paper points, to obtain a moist,
shiny dentin surface. The adhesive was then applied as per
manufacturer instructions (Chart 2). Teeth in group 2 were
treated with the self-etch Adper SE Plus system (3M ESPE, St
Paul, MN, USA), which was applied directly to the teeth as per
manufacturer instructions (Chart 2), with the exception of a
longer polymerization time (30 seconds). This was based on
a pilot study in which the manufacturer-recommended time
of 10 seconds did not yield satisfactory specimens. Finally,
teeth in group 3 were prepared as for group 1 and treated
with the XP Bond system (Dentsply, Konstanz, Germany), in
accordance with manufacturer instructions (Chart 2).



Bond strength to dentin

Chart 1. Composition of materials used in the study.

Material

Composition Batch number

Adper Single Bond 2
Control

Adper SE Plus

XP Bond

Filtek Z 350

Condac 37

(3M ESPE, St Paul, MN, USA)

(3M ESPE, St Paul, MN, USA)

(Dentsply, Konstanz, Germany)

(3M ESPE, St Paul, MN, USA)

(FGM, Joinville, Brazil)

Ethyl alcohol, Bis-GMA, silane-treated silica, 2-hydroxyethyl methacrylate
(HEMA), glycerol 1,3-dimethacrylate, diurethane dimethacrylate, copolymer of 9WH
acrylic and itaconic acids

~ Primer A; Water, Z—hﬁdroxreth | methacrylate, Rose bengal sodium. Primer A: 8BH
Primer B: urethane dimethacrylate (UDMA), triethylene glycol dimethacrylate :
(TEGDMA), trimethylolpropane trimethacrylate (TMPTMA), HEMA, methacrylated Primer B: 9BR
phosphates (MHP), zirconia nanofiller, camphorquinone :
Carboxylic acid modified dimethacrﬁla_te, phosphoric acid modified acrylate
resin, UDMA, TEGDMA, HEMA, stabilizer, ethyl 4-dimethylaminobenzoate, 0906001157
camphorquinone, functionalized amorphous silica, t-butanol
Filler, Bis-EMA, diurethane dimethacrylate, bisphenol A diglycidyl ether 89UBI|\_/I
dimethacrylate, TEGDMA, pigment N108291
37% phosphoric acid, thickening agent, coloring agent, deionized water 161109

Chart 2. Instructions for use as provided by the manufacturers.

System

Instructions for use

Adper Single Bond 2

Adper SE Plus

XP Bond

Apply two consecutive coats of adhesive to the tooth surface with gentle agitation for 15 seconds; gently
air thin; light cure for 10 seconds

Apply Liquid A to the entire bonding area so that a continuous red-colored layer is obtained on the surface;
apply Liguid B and scrub into the entire surface for 20 seconds; air dry thoroughly to evaporate water; apply
a second coat of Liquid B and lightly air thin; light cure for 10 seconds*

Apply to the entire surface; leave undisturbed for 20 seconds; dry thoroughly; light cure for 20 seconds

*As this duration did not yield satisfactory specimens during the pilot study, it was increased to 30 seconds.

After application of the adhesive systems,
composite resin blocks were built up on the occlusal
surface of each tooth, only on the region corresponding
to dentin. Filtek Z 350 resin (3M ESPE, St Paul, MN, USA),
shade A2, was built up in increments of approximately
1 mm. The height of each block was standardized at 5
mm, as measured with digital calipers (Mitutoyo, S&o
Paulo, Brazil). Each resin increment was polymerized for 40
seconds, using an LED light-curing unit with a wavelength
of 440-480 nm and peak power of 1200 mW/cm? (Radii-
cal, SDI, Australia). The teeth thus prepared were stored for
24 hours in distilled water in a warming cabinet (Fanem,
Sao Paulo, Brazil) at 37°C.

After 24 hours of storage at 37°C, the PVC tube
segments containing the teeth were again placed onto a
cavity preparation machine (Elquip, Sado Paulo, Brazil), with
which sequential, perpendicular cuts were performed, under
constant cooling, along the mesiodistal and buccolingual
axes, with a maximum thickness of 1 mm. Finally, square rod-
shaped specimens were obtained by cutting the prepared
teeth at the level of the dentin-enamel junction.

The resulting specimens were selected and
mechanical testing performed, using a Bencor Multi-T
device with a triangular cross-section jig to facilitate
specimen placement. This device was attached to a
universal testing machine (Kratos, Sao Paulo, Brazil). The

machine was set up so that the load cell (2000 kgf) would
be applied on the dentin/resin interface at a crosshead
speed of 0.5 mm/min. Area of thickness and width values
for each specimen were entered into the machine to yield
strength measurements in megapascals (MPa).

Once a fracture had occurred, the specimen was
examined under a 40X stereo microscope to ascertain the
location of the fracture and whether it was adhesive or
cohesive, in dentin or in resin. Specimens with cohesive
fractures in dentin or in resin were excluded from analysis
because they do not reflect the efficacy of bonding, but
rather probable structural defects in dentin or resin'®.

For statistical analysis purposes, each specimen was
considered individually when calculating the mean bond
strength of each adhesive system. Analysis of variance (ANOVA)
and Tukey's pairwise comparisons test were performed, both
with a significance level of 5%. Levene’s F test was used to
verify the assumption of equality of variances.

RESULTS

Table 1 shows bond strength results for each
adhesive system. The highest mean bond strength was
obtained with the XP Bond system, and the lowest, with
the SE Plus system; these differences were significant (p <
0.001) on Tukey’s pairwise multiple comparisons test.
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Table 1. Bond strength statistics for each adhesive system.

System
Statistic Single Bond SE Plus XP Bond P-value
Mean 72.39® 49.91® 96.24 © p"<0.001*
Median 71.54 47.71 89.34
Standard deviation 27.33 25.20 31.88
Coefficient of variation 37.75 50.49 33.12

(*): Significant difference at the 5% level. (1): F test (ANOVA).

Different superscript letters denote a significant
difference across the corresponding adhesive systems on
pairwise comparisons.

DISCUSSION

Due to the impossibility of obtaining adequate
specimens during the pilot study, the cure time of the Adper
SE Plus self-etch system (3M ESPE) was tripled. This change
was supported by a previous study by Hashimoto?'-22, which
noted that increased polymerization time is associated with
increased bond strength in self-etch systems.

It has been established that the quality of the hybrid
layer, not its thickness, is associated with bond strength’2.
According to Oliveira et al.", the high elastic modulus of the
hybrid layer of self-etch systems is one of the factors associated
with their excellent bond strength outcomes. Nevertheless, in
view of the results of the present study - in which the self-
etch system had the weakest bond strength to dentin - it is
relevant to stress the work of Cal-Neto et al.™®, who stated
that the thickness of the hybrid layer and the length of the
resin tags are not important in the bonding process, but the
side branches and anastomoses that may form between resin
tags in an adhesive system that relies on acid etching is a
major contributing factor to mechanical strength.

Regarding the total acid-etch systems studied
in this investigation, the XP Bond system achieved bond
strengths to dentin significantly superior to those of the
Adper Single Bond 2 system. This may be explained by
the solvent used in the XP Bond system (tert-butanol, or
t-butanol) and by the hypothesis that this adhesive system
is capable of forming not only a micromechanical bond,
but also a chemical bond to the tooth structure2*.

The solvents present in adhesive system generally
play two basic roles: to convey monomers into the
collagen fiber meshwork of demineralized dentin and to
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assist in evaporation of the water that kept collagen fibers
expanded?*2?°. The solvent used in total acid-etch systems is
animportantfactorthataffectshandlingand performance?®.
The Single Bond system uses a very interesting mix of two
solvents (water and alcohol). According to Toledano et
al.?¢, this gives it excellent wetting ability on etched dentin
and helps keep collagen fibers expanded to ensure optimal
infiltration by the adhesive system.

The XP Bond system employs a novel solvent,
t-butanol. According to the manufacturer, this solvent
improves performance because it prolongs the working
time, significantly reduces sensitivity to operator technique,
and provides high bond strengths to enamel and to dentin?.
Structurally, tert-butanol consists of a C4 carbon and an
alcohol functional group surrounded by three methyl
groups, which makes it dissolve completely both in water,
which is important for its infiltration into demineralized
dentin, and in composite resins. The properties of t-butanol
make it possible to increase the resin content of the
adhesive system, which leads to increased thickness of the
adhesive layer and high technical robustness as compared
to other total acid-etch adhesives?®. The latter characteristic
is associated with the ability of this system to diffuse into
demineralized dentin with a partially collapsed collagen
meshwork, which makes it less sensitive to operator
variability as compared to other acid-etch systems?’.

Self-etch systems employ water as their main
solvent. In addition to the basic roles of solvents in adhesive
systems, in these products, water has the additional
function of ionizing acid monomers, thus allowing them
to condition the structure of the tooth'*?8. Some self-etch
systems combine water and another solvent to achieve
better results. The Adper SE Plus system does not; its sole
solvent is water. Due to its low vapor pressure, water may
remain within the adhesive joint, weakening its physical
and mechanical properties®.
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Software that simulates the composition and
structure of dental substrates, dentin and collagen, can
be used to assess whether adhesive systems are able to
form a chemical bond with the structure of the tooth. This
method has demonstrated that some adhesives - such as
self-etch systems in general - can indeed form such a bond
with the tooth. Once this bonding capability is scientifically
confirmed, itwillrepresentan advancein adhesive processes,
due to its add-on effect to micromechanical bonding'?2°.
Raman microspectroscopy has demonstrated that the XP
Bond system (Dentsply) contains phosphate esters capable
of interacting chemically with the mineral components
(apatite) of enamel and dentin. One hypothesis for the
mechanism of this interaction is the formation of calcium
phosphate complexes as a result of the chemical reaction
between mineral components in dentin and phosphate
esters in the adhesive?.

Despite the inferior results obtained with the self-
etch system in the present study, before condemning all such
adhesives as poorly performing, it is worth considering that
different systems have distinct formulations, with different
concentrations and types of acid monomers®. Therefore,
the results obtained with the Adper SE Plus system cannot be
fully extrapolated to other self-etch adhesives. Furthermore,
it should be taken into account that there is no guideline
for optimal bond strengths to dentin, only comparisons
between different adhesives. When it comes to self-etch
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CONCLUSION

Under the conditions of this study, the XP Bond
adhesive system exhibited the best bond strength to dentin,
followed by the Adper Single Bond 2 system. Therefore,
we conclude that total acid etch systems were superior to
the Adper SE Plus self-etch adhesive.
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