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Abstract Dental adhesion is a complex phenomenon that has challenged the conventional biomechanical
principles applied to Dental Medicine. Many of the advances in aesthetic restorative dentistry are due
to dental adhesion: bond of direct resin-based restorations, bond of all ceramic restorations, bond of
orthodontic brackets, bond of indirect resin-based restorations and improving tooth shape and colour.
An adhesive is a material that not only joins two substrates together, but also transfers loads from one
surface to another. Therefore, the performance of dental adhesion is measured through adhesion
strength. This paper aims at investigating the influence of application method and the optional
preliminary acid etching on the shear bond strengths of a composite resin to dentin, using self-etch
adhesives in single or double layer. Buccal surfaces of 40 extracted human teeth were prepared and
dental adhesives were applied on the dentin surfaces. Microshear bond strength increased when
double-layer application was used, but this improvement was adhesive dependent. The use of
optional preliminary acid etching did not improve significantly the bond strength to dentin.
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Introduction

Composite resin materials are polymer-based direct
filling materials which have undergone remarkable deve-
lopment in the last few decades. The clinical longevity
of these materials has been increasing mainly due to
improvements of adhesion to tooth structures. An adhesive
system has to be selected to ensure that the composite resin
is well bonded to the tooth structures. Different adhesive
systems and application protocols are available and there
are many possibilities for error during the procedure steps
(C.S. PFEIFER [1]).

Therefore, bonding of resin-based composite mate-
rials is subject to continuous development. The bonding
of composite restorative resins to tooth structures must be
assured by using modern adhesive systems and appropriate
techniques (A. BORS & al [2]).

Adhesion to composite resin is achieved by copoly-
merisation, while adherence to the tooth surface is obtained
by micromechanical retention. The chemical composition
of adhesives should enable these mechanisms. Each
adhesive system contains the acidic monomer ingredient,
which has its role in demineralisation, regardless of its
type or the method of application. The other chemical
components also have a role in determining the bond
strength, mild or strong adhesives (N.H. FELEMBAN
and M.I. EBRAHIM [3], E.L. PASHLEY & al [4]).

One of the factors influencing strengths of adhesion
is moisture control. The wetness of the dentin surface
may affect the bond strengths, depending on the adhesive
system used (A.N. CHOI & al [5]).

Another important factor is the adhesive’s surface
tension. Adhesive forces are maximized when the adhesive
and the given surface are in close contact of the largest
surface possible (J.F. MCCABE and A.W.G. WALLS
[6]).

However, the quality of adhesion also depends on the
tooth structure. In enamel, an appropriate demineralization
provides the microretentions between the enamel prisms
that can assure strong adhesion. In dentin the durable
adhesion is more difficult to achieve because it relies on
organic components (A.D. LOGUERCIO & al [7]).

Less mineralized, collagen fibres contained by inter-
tubular dentin can be observed between the dentinal
tubules, surrounded by highly mineralised peritubular
dentin. The number and the diameter of the tubules are

increasing towards the pulp chamber. In addition, during
cavity preparation a smear layer is formed, which covers
the dentin surface, and penetrates the tubules, forming a
smear plug. Adhesive systems were initially used without
removing the smear layer, but this led to insufficient bond
strength (C.A. MITCHELL [8], M. IONAS & al [9]).

The etch and rinse systems are based on the removal
of the smear layer, whilst the new generation of self-etch
systems are modifying only the smear layer (E.L.
PASHLEY & al [4]).

Nowadays it is accepted the fact that although
dentinal tubules are involved in the formation of micro-
mechanical attachment, the chemical characteristics of
the surface also play an important role (J.F. MCCABE
and A.W.G. WALLS [6]).

The question often arises whether to etch previously
and to use the adhesive in single or double layer. The aim
of this study was to test a microhybrid composite by
investigating the shear bond strengths of two self-etch
adhesive systems on dentin surface in various applications.

Materials and Methods

In this experimental in vitro study 40 sound human
teeth, extracted for orthodontic reasons, were used. The
teeth were stored in artificial saliva containing thymol until
measurements were performed. The teeth were divided in
two equal groups, according to the two self-etch adhesive
system, then divided into three further subgroups, accor-
ding to the different application methods.

In order to obtain the flat dentin surfaces, enamel
was removed with a diamond bur, under standardized
conditions. After the enamel was removed, the smear layer
was created on the wet dentin, by using a 180-grit carbide
paper for 15 seconds. Then the surfaces were washed and
slightly dried.

The adhesive systems used in the study were
the Gluma Bond Universal (Heraeus Kulzer) and the
Futurabond DC (VOCO). One reason for the choice of
test materials was that, according to the manufacturers’
guide, these two adhesive systems may be applied either
with etch and rinse or self-etch techniques. The manu-
facturers’ instructions are the same for both materials and
include optional total or selective etching. Based on that,
different protocols were followed in the three subgroups.
The methods used for application of adhesives in the
created groups are shown in Table 1.

Table 1. Steps of adhesive application on dentin surfaces

Subgroup 1

Subgroup 2

Subgroup 3

gently air dry

applying adhesive for 20 sec
air dry for 5 sec

light-cure for 10 sec

gently air dry

air dry for 5 sec

VVYYV

air dry for 5 sec

VVVVVYY

applying 1% layer of adhesive for 20 sec
applying 2" layer of adhesive for 20 sec

light-cure for 10 sec

» etching for 15 sec (X-acid, Schulzer)
» rinse
» gently air dry
» applying adhesive for 20 sec
» air dry for 5 sec
> light-cure for 10 sec
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Prior to the light-cure step a plastic cylinder was
placed on the surface of each sample. After light-curing
the adhesive, the plastic cylinder was filled with micro-
hybrid composite resin Super-Cor, Spofa Dental (Table 2).
A metal hook was placed into the composite, then the

material was light-cured according to the manufacturer’s
instructions. Using a scalpel, the plastic cylinder was
removed. The resulting composite cylinder had a diameter
of 2.8 mm, and a height of 4.8 mm. The obtained samples
were suitable for the shear bond test (Figure 1).

Table 2. The polymer-based composite material used in the study

Name Super-Cor
Manufacturer Spofa Dental, Czech Republic

Type Universal microhybrid light-curing dental restorative material
Composition Based on methacrylates and a variety of silica-based glass fillers;

Main resin component: Bisphenol A glycidyldimethacrylate

Filler volume 59%;
Particle size: 0.6 um;

Figure 1. A prepared sample for testing shear bond
strengths of composite to dentin.

The samples were attached by the metal hook to the
tester machine (AXIS), in a manner that the axis of the
shear force stab perpendicular on the surface. The shear
force was gradually increased until the composite cylinder
was dislodged from the dentin surface. The tester machine
recorded the maximum force. Using the recorded data,
the microshear bond strength was calculated using the
following formula:

o CHy
HiC. o ~ CHy N0 CH,
HC 0 Bis-GMA o’ CHy
Health risc component Hexamethylene diacrylate 2-3%
R -Fn
m
So

R, is the microshear bond, F,, is the maximum force
during the test and s, is the cross-sectional area of the
composite. Data were collected in Excel tables and
statistical analysis was performed by independent t-tests
(GraphPad InStat) at p<0.05 significance level.

Results and Discussions

The microshear bond strengths average values
obtained for the two adhesive systems and different
application methods are shown in Table 2.

In the case of Gluma Bond Universal adhesive
the double layer technique showed a significantly higher
shear bond strengths, than using it in single layer (p=0.04).
There was no statistically significant difference between
the single layer and double layer application of Futura-
bond U adhesive (p>0.05). When preliminary acid
etching was applied there were no significant differences
in the shear bond strength values, in none of the used
adhesives (p>0.05). The smallest mean values were
observed in the single layer application technique, for
both of the studied adhesive systems (Table 3).

2190



Effect of different self-etch adhesive application methods on the shear bond strengths of composite resin to dentin

Table 3. Mean bond strengths values and standard deviations for tested adhesives
and different application methods

Gluma Bond Universal

Futurabond U

Single layer application

7.16+1.83 MPa

6.41+2.89 MPa

Double layer application

13.66+2.72 MPa

7.71+2.67 MPa

Preliminary acid etching

11.28+2.17 MPa

9.48+3.07 MPa

Studies published in the scientific literature focus
on shear forces and on shear bond strength. In our study
we preferred to investigate the shear bond strength, because
the force is distributed more evenly than in case of shear
forces. The higher the concentrated forces are at a given
point, the higher is the incidence of an earlier fracture,
producing therefore lower values. Microshear tests
are used to measure the bond strength of composites’
dentin-polymer interfaces (N.H. FELEMBAN and M.I.
EBRAHIM [3], W.G. MCDONOUGH & al [10]).

Fractures during the sample preparations are more
common, and they can lead to creating a load, that pro-
vides lower strength data. In different studies the sample
preparation, storage conditions and measuring methods
might be various, resulting great differences in reported
data, making the comparison of results difficult (R.L.
SAKAGUCHI and J.M. POWERS [11]).

Studies on self-etch adhesive systems’ shear bond
strength have shown that using the double application
technique provides significantly higher values than those
applied in a single layer (N.H. FELEMBAN and M.l
EBRAHIM [3], D. ELKASSAS & al [12], M. TASCHNER
& al [13]). In the present study Gluma Bond Universal also
showed significantly higher values when applied in two
layers (p=0.04). Futurabond U also showed increased
shear bond strength, but this difference was not statis-
tically significant (p>0.05).

The results of a study (K. MARTHA & al [14])
where a 37% phosphoric acid was used for etching the
enamel, presented pronounced etching pattern, in compa-
rison with etching with a self-etching primer which
determined a moderate demineralization of the enamel
surface.

In another study the authors (O. BOTOACA & al
[15]) observed high tensile strength of adhesive systems.

Researchers concluded that in vitro studies are
necessary to evaluate the adhesion of self-etch adhesives
to dental hard tissues (A. PORUMB & al [16]).

Another study examined the effect of the different
surface preparation methods. Changes in microshear bond
strength were analysed in preliminary etched surfaces
and self-etching adhesive system. There were reported
no significant differences between the two groups

(A. WAGNER & al [17]) in agreement with the results
of the present study.

The efficiency of adhesion to dentin surfaces can be
achieved by other methods, for which our study can be
further extended. Some studies investigate the effect of
sandblasting on the shear bond strengths to the dentin
surface. The mechanical treatment increases the roughness
of the surface and increases the adhesion surface as well.
Aluminium oxide powder (with 50 um particles) may be
suitable for this technique. In one of these studies
significant increase of shear bond strength was observed
on surfaces treated with aluminium oxide particles
(M. D’AMARIO & al [18]).

Another study reports similar results when the
surface was treated with bicarbonate sodium (B.G. DA
SILVA SUTIL and A.H. SUSIN [19]). Electron micro-
scopic findings showed that the smear layer is removed
by both methods (acid etching and sandblasting), but
there is a significant difference regarding the surface’s
microstructure. While using acid etching the result was
a smoother surface than using sandblasting, however the
original dentin tubules’ diameter and the amount of the
inter-tubular dentin was preserved in case of sandblasting
(C.F. RAFAEL & al [20]).

Nowadays there is an increasing interest for
implants and laser use in dentistry (A. POLL & al [21],
A. POLL & al [22], V. NIMIGEAN & al [23],
V. NIMIGEAN & al [24]). Laser can be used to create
a surface with micromechanical retentions, but it is not
a substitute for the acid etching step. In vitro studies
showed that the degree of adhesion was found to be
lower, than in case of acid etched dentin surface
(H. ALAGHEHMAND & al. [25]). We intend to extend
our research to these alternative methods for increasing
the shear bond strengths of composite resin restorative
materials to dentin surface. However, in vitro experiments
may provide useful data, in vivo studies could present the
clinical conditions (M.J. TUCULINA & al [26]).

Resin-based composite materials are the most widely
used tooth-coloured restorative materials in dentistry and
are commonly referred to as composites. The resin forms
the matrix of the composite and the coupling agent is
binding the filler particles (R. VAN NOORT [27]). Main
areas of development in composites were with respect to
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their composition and polymerisation technique. Recent
publications revealed favourable properties of composites
obtained by smaller filler particle size (A. PORUMB & al
[16]) and novel matrix composition (T.M. ELSHAZLY
& al [28]).

Microhybrid composites are the most widely used
aesthetic restorative materials in our region. The wear
resistance of these composites was investigated under
different experimental conditions (A. BORS & al [29],
A. BORS & al [30], C. DUDAS & al [31]). The micro-
hybrid composite resin used in the present study was
selected because it was also tested in our previous in
vitro experiment which revealed its high wear resistance
(C. DUDAS & al [31]).

The results have to be interpreted within the limi-
tation of the experimental design applied in current in
vitro study, however the findings could have a clinical
interest.

Conclusions

In experimental conditions the shear bond strength
of tested microhybrid composite resin to dentin increases
when double-layer application of self-etch adhesive is used,
however this improvement is adhesive dependent. The use
of optional preliminary acid etching does not improve
significantly the bond strength of composite resin to
dentin.
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