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Abstract: The purpose of this study was to
investigate the development of shear bond strength of
resin composites using self-etching primer systems.
Four different types of self-etching primer systems
with different combinations of their recommended
resin composites were used. Bovine incisors were
mounted in self-curing resin and the facial surfaces were
wet ground on #600-SiC paper to expose the dentin. The
shear bond strengths of ten samples per test group
were measured at a crosshead speed of 1.0 mm/min after
storage for 5, 10, and 60 min, and 24 h in distilled
water at 37°C. One-way ANOVA followed by Dunnett’s
test (α = 0.05) was used to examine the significance of
differences between the mean bond strength at 24 h and
each of the other storage periods. The dentin bond
strengths of all the materials tested increased with
prolonged storage time. Such differences in the changes
in bond strength might have clinical implications if a
restoration is subjected to high stress immediately
after it has been placed. It is important to consider the
development of dentin bond strength to allow the
materials sufficient maturation time prior to functional
loading or application of other forms of external stress.
(J Oral Sci 51, 431-436, 2009)
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Introduction
The demand for esthetic dental materials has prompted

the development of many bonding systems to provide
sufficiently strong bonding to tooth structures. The clinical
success of such adhesive systems depends on technique-
sensitive factors such as blowing air on the primed tooth
surface (1-3), the thickness of the applied bonding agent
(4-6), and the light intensity of the curing unit (7,8). To
reduce variations in the degree of bonding induced by
such technique-sensitive factors, the steps required for
bonding procedures have been reduced (9). Self-etching
primer systems have been developed to simplify and
shorten bonding procedures (10). A self-etching primer
forms a continuous layer between the composite resin
and the tooth surface that has been simultaneously
demineralized with acidic monomers, followed by
penetration of the bonding agent into the tooth substrate
(11-13).

In a clinical situation, debonding might occur soon after
the restoration has been placed if it is subjected to stress.
Such stress may be due to the restorative procedure,
contraction shrinkage of the resin composite, or normal
oral function such as mastication. Sufficient bond strength
is one of the factors contributing to the clinical success of
dental restorations, and has been measured by 24-h data
monitoring (14-16). Previous reports have highlighted the
importance of early acquisition of adhesive bond strength,
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and shown that materials exposed to the oral environment
must be strong enough to withstand both long-term and
short-term forces (17). Although complete polymerization
is not an indispensable requirement for clinical use, it
must reach a minimum value that will enable the adhesives
used to resist bonding failure when countering and finishing
(18,19). From a clinical standpoint, it is important to test
the bonding characteristics of different types of adhesives
within the early period after bonding.

The purpose of this study was to evaluate the devel-
opment of shear bond strength at 5-60 min compared with
that at 24 h after curing, and to investigate differences in
behavior among the adhesive systems studied.

Materials and Methods
Four commercial bonding systems employing self-

etching primers, Clearfil Mega Bond (Kuraray Medical Inc.,
Tokyo, Japan), FL-Bond (Shofu Inc., Kyoto, Japan), Mac
Bond II (Tokuyama Dental Corp., Tokyo, Japan), and
Unifil Bond (GC Corp., Tokyo, Japan) were used, as
shown in Table 1. The adhesive systems were used in
combination with the manufacturers’ suggested resin
composites. An Optilux 501 curing unit (sds Kerr, Orange,
CA, USA), with a light intensity above 600 mW/cm2 as
measured with a dental radiometer (Model 100, Demetron/
Kerr), was used.

Mandibular incisors extracted from 2-3-year-old cattle
were used as a substitute for human teeth (20-22). After

removing the roots using a slow-speed saw with a diamond-
impregnated disk (Isomet, Buehler Ltd., Lake Bluff, IL,
USA), the pulps were removed, and the pulp chamber of
each tooth was filled with cotton to avoid penetration of
the embedding media. The labial surfaces of the bovine
incisors were ground on wet 240-grit SiC paper to a flat
dentin surface. Each tooth was then mounted in self-curing
acrylic resin (Tray Resin II, Shofu Inc., Kyoto, Japan) to
expose the flattened area, and placed in tap water to reduce
the increase in temperature resulting from the exothermic
polymerization reaction of the acrylic resin. The final
finish was accomplished by grinding on wet 600-grit SiC
paper. After ultrasonic cleaning with distilled water for 1
min to remove the excess debris, these surfaces were
washed and dried with oil-free compressed air.

A piece of double-coated adhesive tape, bearing a 4-mm-
diameter hole, was firmly attached to define the area for
bonding. The adhesives were applied on the dentin surface
for the time recommended by the manufacturers. A mold,
2.0 mm high and 4.0 mm in diameter, was used to form
and hold the materials to the tooth surface. The mold was
compactly filled with each resin composite, which was then
light-activated for 30 s.

After exposure of the resin composite to light, the
finished specimens were transferred to distilled water at
37°C and stored for 5, 10, or 60 min, or 24 h. After removal
of the molds, ten samples per group were tested in shear
mode with a universal testing machine (Type 5500R,

Table 1 Materials tested in this study
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Instron Corp., Canton, MA, USA) at a crosshead speed
of 1.0 mm/min. Shear bond strength values (MPa) were
calculated from the peak load at failure divided by the
specimen surface area. All the tests were conducted at a
temperature of 23 ± 1°C and relative humidity 50 ± 5%.

The mean and standard deviation for each group were
tested for homogeneity of variance using Bartlett’s test,
and then subjected to one-way ANOVA followed by
Dunnett’s test for significant differences between the mean
bond strength at 24 h and each of the other storage periods.
All statistical tests were performed at P < 0.05 using the
Sigma Stat software package (Ver. 3.1, SPSS Inc., Chicago,
IL, USA).

After testing, the specimens were examined using an
optical microscope (SZH-131, Olympus Ltd., Tokyo,
Japan) at a magnification of ×10 to determine the location
of the bond failure. The test area on the tooth was divided
into eight segments, and the percentage that was free of
adhesive or restorative material was estimated. The types
of failure were determined based on the predominant
percentage of substrate-free material as: adhesive failure,
cohesive failure in resin, or cohesive failure in dentin.

The fractured dentin surfaces were observed by scanning
electron microscopy (SEM). All the SEM specimens were
dehydrated in ascending concentrations of tert-butanol
(50% for 20 min, 75% for 20 min, 95% for 20 min, and
100% for 2 h), and then transferred to a critical-point
dryer. The surfaces were coated in a vacuum evaporator
(Quick Coater, Type SC-701, Sanyu Denshi Inc., Tokyo,
Japan) with a thin film of gold. The specimens were then
observed using field emission SEM (ERA-8800FE, Elionix
Ltd., Tokyo, Japan).

Results
The data for mean shear bond strength at various time

intervals are shown in Table 2. At 24 h, all the materials
tested exhibited the highest bond strength and the values
obtained were 22.6 ± 3.9 MPa for Mega Bond, 21.6 ± 2.3
MPa for FL-Bond, 21.3 ± 3.6 MPa for Mac Bond áU, and
22.8 ± 4.1 MPa for UniFil Bond. The dentin bond strength
of all materials tested increased with time, and this
increasing tendency differed among the adhesive systems.
The time when no significant difference in bond strength
was observed compared with the value obtained at 24 h
was 10 min for Mega Bond and Mac Bond áU, and 60 min
for FL-Bond and UniFil Bond. The fracture pattern
distributions after the bond strength test indicated that
bond failure during the early storage period occurred more
frequently at the dentin-adhesive interface. With prolonged
storage, the incidence of cohesive failure of dentin and/or
resin increased (Fig. 1; A-C).

Discussion
Although the ideal material for this type of study is

human teeth, bovine teeth were used here as a substitute.
One reason for this was that large numbers of teeth are
required for bond strength tests, and it is difficult to obtain
intact, extracted human teeth for laboratory studies. In
addition, a standardized surface is needed to eliminate
variations that might affect bond strength results, but
human dentin surfaces show changes caused by exposure
to saturated calcium phosphate in the saliva in the oral
environment. Bovine teeth are easily obtainable and are
reported to be a reliable substitute for human teeth in
bonding studies (20-22). Care must therefore be taken
when drawing conclusions about clinical relevance based
on the results of this in vitro study, which was carried out
under standard laboratory conditions (23,24).

While laboratory testing of filling materials is not a
substitute for clinical evaluation, testing of the bond

Table 2 Shear bond strengths (MPa) measured at various storage times
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strength of adhesives to dentin can provide useful data on
the effectiveness of bonding achieved by restorative
systems. Many of the parameters that influence the strength
of bonding to dentin have been cited, and classified into
a broad range of groups, including substrate variables,
etching variables, priming variables, storage variables,
and testing variables (25). Shear bond testing is thought
to be the most widely used type of bond strength testing
for resin composites to dentin (26). However, this mode
of bond strength test has been criticized because bond
strength measurements are highly dependent on the
geometry of the test arrangement, the nature of the load
application, the presence or absence of an adhesive flash,
and the materials involved. It has been reported that non-

uniform stresses act upon the bonded interface, thus
bringing into question the concept of “average stress” for
measurements of bond strength (27). The greatest emphasis
on bond strength measurement has been placed on tensile
bond strength (at right angles to the tooth/adhesive
interface). Since all forces acting on an adhesive bond in
vivo can be resolved into components acting at right angles
to, and parallel with the interface (shear), measurement of
shear strength is desirable for adequate evaluation of a bond
(28).

A previous study that compared the chemical bonding
efficacy of the functional monomers, MDP, 4-MET, and
phenyl-P, reported that MDP had a high potential for
chemical bonding to hydroxyapatite over a clinically
feasible application period (29). Furthermore, the calcium
salt of MDP was highly insoluble, and consequently was
unable to withstand ultrasonic cleaning. According to the
adhesion-decalcification concept (30), the less soluble the
calcium salt of an acidic molecule, the more intense and
stable the molecular adhesion to a hydroxyapatite-based
substrate. The superior bonding performance of MDP
might have been reflected in the actual adhesive potential
to dentin. Accordingly, an increase in bond strength was
observed for the Clearfil Mega Bond system within a
short period of time after light-curing.

The results of this study indicated that the bond strengths
of self-etching primer systems increased with time, and
that this could be explained by progressive polymerization
of the material. The changes in mechanical properties
with time might reflect the extent of the continuing

Fig. 1C

Fig. 1 Representative SEM observations of the fractured surface of Clearfil Mega Bond after shear bond strength testing.
Bonding failure between the dentin and the adhesive is apparent (A) for a specimen in the 5-min group. Cohesive failures
at the adhesive resin (B) and dentin (C) sides were observed with longer specimen storage durations.

Fig. 1B

Fig. 1A
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polymerization reaction. The shear bond strength may be
at least partly related to the modulus of the adhesive. An
increase in the modulus of elasticity will result in a more
even distribution of stress over the bonded area, and less
concentration at the point of load application. In extreme
cases where the modulus value is low, the fracture will be
due to “peeling” rather than shearing. The mechanical
bond strength of adhesives increases roughly in the order
of ascending shear bond strength.

As it is imperative for any restoration to support initial
masticatory loading and to tolerate thermal fatigue, it is
important to assess bond strength immediately after the
restoration procedure. In clinical situations, the most
valuable bond strength measurements are those taken at
less than 10 min after placement, and bond strength testing
should ideally be performed as soon as possible after this.
Conversely, the increases in bond strength were observed
under conditions that did not reflect the clinical situation,
as any bonded interface is subjected to stresses after
placement. Thus the main limitation of this study was
that the development of bond strength of self-etching
primer systems was assessed under laboratory conditions.
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