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ABSTRACT

The aim was to measure the microshear bond strength of composite resin bonded to dentin
by one solvent free self-etch, Bond-1 SF and two solvent containing adhesives, Futurabond DC
and Adper Easy One and study the resin-dentin morphological interface by scanning electron

microscope.

Materials and methods: 30 caries free third molars were used to prepare specimens of
dentin surfaces. The adhesives were applied on dentin surfaces according to the manufacturer’s
instructions then Grandio-SO Composite resin was condensed through a polyethylene tube with a
0.7mm internal diameter and 0.9mm height attached firmly to dentin surfaces and light cured. The
bonded specimens were stored in distilled water at 37°C for 24 h before being tested. All specimens
were thermocycled in water baths held at 5°c and 55°c with a dwell time of 1 min each for 5000
cycles. The microshear bond strength was measured by using universal testing machine at cross
head speed of 0.5 mm/min. To evaluate the resin dentin interface, 15 dentin slices were prepared,
with five slices for each adhesive, a resin composite with each adhesive were placed 2mm thick
to form composite core. The segments were sectioned longitudinally and prepared to be examined

under scanning electron microscope.

Result: Adper Easy One solvent containing adhesive recorded the highest mean value of bond
strength followed by Bond-1 solvent free, while Futurabond DC solvent containing recorded the

lowest mean value.

KEYWARDS: Self-Etch Adhesives, Solvent free and solvent containing adhesives, Microshear
bond strength, Dentin.
INTRODUCTION establishing the bonding between restorative

Adhesive systems are widely used in dental material and dental tissues'. According to the

practice by definition they are responsible for number of steps of use, they can be classified into
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one, two or three steps, depending on the way of
procedure and number of bottles.

Van Meerbeek et al.(2001)° classified
contemporary adhesive systems into etch and
rinse adhesive and self-etch adhesive. Etch and
Rinse adhesive involves at least two steps and,
in its most conventional form, three steps with
successive application of the “conditioner” or
“acid etchant” that is rinsed off. This conditioning
step is followed by priming step in which the
“primer” or “adhesion promoting agent” is applied,
and eventually application of the actual “bonding
agent” or “adhesive resin”.

The simplified two-step version combines the
second and third steps but still follows a separate
“etch & rinse” phase®. After
adhesion promoting monomers are applied in one

conditioning step,

step to penetrate the exposed collagen network*

The priming step in three-step etch-and-rinse
adhesive should ensure sufficient wetting of the
exposed collagen fibrils and remove remaining
water, thereby preparing dentin for adhesive
resin infiltration. A primer solution is a mixture of
specific monomers with hydrophilic properties to
be compatible with humid environments dissolved
in organic solvents such as ethanol or acetone or in
HEMA (2-Hydroxyethyl methacrylate) is

an important monomer that is very frequently

water.

added to these primer solutions. Due to its low
molecular weight and hydrophilic nature, HEMA
promotes resin infiltration into and re-expansion
of the collagen network, thereby improving bond

strength of the adhesive*

The adhesive
solvent-free,

resin “bonding agent” is a
filled or unfilled (containing filler
particles) solution containing mainly hydrophobic
monomer. The main function of this adhesive resin
is to fill up the interfibrillar spaces leftbetween the
collagen fibrils. Upon curing and polymerization of
these monomers, a hybrid layer and resin tags are

created that provide adhesive bonding components
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and combined into one solution that should fulfill
both function*. However, filled adhesives have
higher bond strength than unfilled’. Recently, all-
in-one adhesive or one step self-etch adhesives
which combine etchant, primer and bonding resin
into one solution®. Different solvents presented
in primer components or in simplified bonding
agents are responsible for either carrying excess
out resin monomers into

water or infiltrating

interfibrillar dentin’. As solvent is necessary to
provide a proper infiltration of the resin monomers
into demineralized collagen matrix, the bonding

process still depend on its capacity®

Benefits offered by solvents rely on their
properties of improving substrate wetting, aiding
to impede the collagen fibrils collapse or to stiffen
them’. However, solvents must be eliminated
after having completed their function because it
has been demonstrated that residual solvent can
lead to deterioration of the adhesive interface’
by interfering with resin polymerization'® and
decreasing mechanical properties®. Recently, a new
solvent-free, self-etching, single-bottled system
has been introduced. This adhesive uses a proprietary
formula that eliminates the need for commonly used
solvents such as acetone, alcohol, and water, and
not only reduces the number of application steps,
but removes the ambiguity of air-volatilizing
residual solvents prior to light-curing. Because
residual solvents can reduce bond strengths and
disrupt the hermetic seal needed to eliminate water
transportation from the underlying dentin''. The aim
of the present study was to evaluate the microshear
bond strength of one solvent free adhesive system
(Bond-1SF) and two solvent containing adhesive
systems (Futurabond DC. and Adper Easy One)
to dentin and study the resin-dentin interface by
scanning electron microscope to detect hybrid layer
and resin tags formation.

The null hypothesis tested was solvent free and
solvent containing adhesives have no direct effect
on the bond strength.
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TABLE (1) Composition and manufacturer”s instructions of self etching; solvent containing and solvent

free adhesive systems used in the present study.

Tested materials Composition

Manufacturer’s instruction for use

Bond-I SF solvent free, one step self
etch adhesive.

and/or inorganic pigments, and opacities

Futurabond DC Solvent containing,
one step self etch adhesive.
phroquinone

Adper Easy One Solvent containing,

one step self etch adhesive.

Grandio-SO Composit resin,
nano-particles,

- iron oxide and titanium dioxide pigments
- resin: BIS-GMA, BISEMA, TEGDMA

- carnphroquinone photo-catalyst
- hydroxytoluene (BHT) stabilizer.

Mixture of UDMA, TEGDMA, HEMA &
4-MEfA resins, silane-treated bariumborosilicate glasses,
silica with initiator, stabilizers and UV absorber, organic

Liquid A: water, ethanol, silicon dioxide Liquid B: acid
modified methacrylate (methacrylate ester), HEMA, Cam-

HEMA, BIS-GMA, methacrylate phosphoric ester, 1,6
hexanediol dimethacrylate, methacrylate functionalized,
polyalkenoic acid, bonded silica nonofiller, ethanol, water

- Dip applicator and spread evenly.
- rub for 20 s,
- light cured for 10 s

- Dispense one drop of liquid A and other of B into the well
and mix for 5 s

- apply adhesive with rubbing motion for 15 s - gentle air dry
for 5 s - light cure for 20 s

- Rubbing the bond gently for 20 s.

- gentle air drying for 5 s

- light cured for 10 s.

One mm plastic cylindrical molds were filled with resin com-
posite and attached to the conditioned dentin surfaces and
cured for 40 s

- Filler: glass ceramic filler, functionalized silicon dioxide

MATERIALS

Materials that have been used in this study
illustrated in table (1) including the following:

a) One solvent free adhesive system: Bond-1 SF
self-etch adhesive

b) Two solvent containing self-etch adhesives:
1- Futurabond DC
2- Adper Easy One

¢) Composite resin restoration, shade 3.

METHODS
3-1 Specimen preparation

Thirty freshly extracted caries free, unrestored
human third molars from patients aged 20-30 years
old were collected and stored in distilled water
containing 0.2%thymol antiseptic solution for 48 h
at 37°C immediately after extraction, were selected
for the study'?. A written consent was taken from
these patients after the study was approved by the
Ethics Committee of Tanta University to ensure
their agreement to use their teeth in the current study.
The teeth were cleaned of debris using a rubber cup,
pumice and a low speed hand piece.

The teeth were mounted vertically in cold
curing acrylic resin 2 mm below cemento-enamel
junction,using plastic circular molds. Superficial
coronal dentin was exposed by horizontal trimming
the occlusal surface of each tooth crown under
running water. After trimming, the resulting surfaces
were be flattened and finished using 600 grit silicon
carbide papers to create a standardized smear
layer'®. The prepared specimens were assigned to
three groups of ten (10) each according to the tested
adhesive system used.

Group 1: using Bond-1 SF solvent free one step
self etch adhesive

Group 2: using Futurabond DC, solvent

containing one step self etch adhesive

Group 3: using Adper Easy, solvent containing
one step self etch adhesive

Each adhesive system was applied according
to the manufacturer’s instructions over exposed
dentin surface in each group as shown in Table 1.
Polyethylene tubes with 0.7 mm internal diameter
and 0.9 mm of height were firmly attached to
the conditioned dentin surfaces and filled with
resin composite and then cured for 40 s using a
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conventional halogen light-curing at a light intensity
of 500 mW/cm?2 at zero distance. The specimens
were subjected to 5000 thermocycling* (5°c to
55°c) with 20 seconds dwell time and 5-10 seconds
transfer time!*. All specimens were subjected to
micro shear bond strength (mSBS) using universal
testing machine** with a load cell of 5 kN at cross
head speed of 0.5 mm/min,until failure occurred
and data were recorded using computer software.
A 0.2 mm diameter stainless steel orthodontic wire
will be looped flush between the load cell projection
and the resin cylinder making contact with the
lower half-circle of the cylinder and touching the
tooth surface. Care was taken to keep the composite
cylinder in line with the center of the load cell
and to keep the wire loop parallel to the load cell
movement direction and to the bonded surface in
order to maintain a shear stress orientation at the
bonding interface. The maximum load at the time
of failure was recorded and the bond strength
expressed in Mega Pascal (MPa) was calculated
from the cross-sectional area of the resin composite
cylinder according to the following equation: T =P/
qir? where T is the bond strength (MPa), P is the
load at failure (N), P is 3.14 and r is the radius of a
composite micro-cylinder (mm).

Values of micro-shear bond strength data were
be calculated and statistically analyzed using one
way ANOVA test.

Fifteen dentin slices were prepared, with five
slices for each adhesive. After adhesive application
according to manufacturer’s instruction, a resin
composite was placed 2 mm thick to form a
composite core. The specimens were sectioned
longitudinally into two half. The fracture surface
of each half was polished with an increased grit of
silicon paper, under running water.
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1. In one half of the dentin slice, the interface
between composite and dentin was etched with
37% phosphoric acid for 30 seconds, rinsed
with water spray, depolarized with 2% sodium
hypochlorite for 60 seconds, and then rinsed
with water to detect resin tags penetration within

dentinal tubules and hybrid layer thickness'.

2. The other half of dentin specimen was kept in
30% HCL solution for 2 days to completely
remove the dental tissues to detect resin tags
and hybrid layer thickness without dentin.
All specimens were examined under scanning

*

electron microscope.”

RESULTS

The descriptive statistics for the micro-shear bond
strength of different adhesive systems, Bond-1 SF
solvent free one step self etch adhesive, Futurabond
DC and Adper Easy, solvent containing one step
self etch adhesives, It was found that, the highest
mean value was recorded for group Adper Easy
One solvent containing adhesive system, recording
18.429 MPa + 2.087 followed by group (Bond-1 SF)
solvent free adhesive system, recording 15.832 MPa
+1.668, while the lowest mean bond strength value
11.923 MPa +1.680 was found at group Futurabond

DC solvent containing adhesive system.

ANOVA test was used to compare the tested
groups at a level of significance p=0.001(p<0.05)

and reported a statistical significant difference.

* Petrotest Bath used for temperature 550c, Julabo Bath used for temperature Soc
** NEXYGEM, model LRX-plus; Lloyd instruments Itd, Fareham, Uk
*#k% JSm-5300 Scanning Microscope, JEOI, Peabody, MA, USA
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TABLE (2) Mean values of the mean microshear bond strength values of the three tested groups

Microshear bond strength ANOVA
Groups
Range Mean + SD F P-value
Futura-B 10.140 | - 15.446 11923 | = 1.680
Adper-EO 14993 | - 22.058 18429 | +| 2.087 32297 <0.001*
Bond-1 SF 14018 |- 19.207 15831 | = 1.668

TABLE (3) Comparison of total microshear bond strength mean values as function of adhesive type

Microshear bond strength according types of adhesive T-Test
Types of adhesives
Range Mean * SD T P-value
Solvent containing 10.140 | - 22.058 15.176 + 3.813
-0.516 0.610
Solvent free 14018 - 19.207 15.831 + 1.668

Fig (1) SEM image of resin-dentin interface from group II

Adper Easy One, showing continuous well developed
hybrid layer with numerous long and slightly thick

resin tags

Fig (3) SEM image of resin-dentin interface from group I

Futurabond DC , showing discontinuity of hybrid layer

with few short resin tags

Fig (2) SEM image of resin-dentin interface from group II
Adper Easy One, after keeping the dentin slices in 30%
HCL Solution for 2 days, showing anumerous long and
slightly thick resin tags

Fig (4) SEM image of resin —dentin interface from group I

Futurabond DC , after keeping the dentin slices in 30%
HCL solution for 2 days, showing few short resin tags
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Fig (5) SEM image of resin-dentin interface from group III

Bond-1 SF, showing continues and discontinues of
hybrid layer with few hesitated long resin tags

DISCUSSION

Dentin bonding systems for resin composite
restorations have been widely used over the past
few decades. The latest advancement in adhesion
technology is the one step self-etch adhesive system,
which combine etching, priming, and bonding into
single procedure. Generally, one-step self-etch
consist of ionic resin monomers with phosphate
or carboxylic functional groups, hydrophilic
monomers (e.g HEMA), hydrophobic monomers
(e.g BIS-GMA, UDMA), solvents (water and
organic solvents like ethanol or acetone), fillers,
and initiators.The addition of solvents to resins is
indispensable to the composition of adhesives that
need to bond to dentin. The wet nature of dentin only
allows good wetting when a hydrophilic bonding
is applied.'* By adding hydrophilic monomers on
one hand, and a solvent on the other, the wetting
behavior of the adhesive is improved."” In the
present study microshear bond strength testing was
used an ultra-small bonding areas which in believed
to have fewer defects occurring at the resin-dentin
interface. Moreover, several authors observed
higher microshear bond strengths than conventional
shear bond strengths because of the smaller surface

area.'s!?
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Fig (6) SEM image of resin-dentin interface from group III
Bond-1 SF after keeping in 30% HCL solution for 2
days, showing continuous of hybrid layer with few thin

and long resin tags

Scanning electron microscope was used in this
study to examine the morphological characteristics
of hybrid layer and resin tags of the bonded
dentin/composite interface.”® Van Meerbeek et
al., 2003 ?! reported that the efficiency of bonding
to dentin depends mostly on micromechanical
retention promoted by resin infiltration in partially
demineralized dentin with consequent hybrid layer
and resin tags formation. In the current study, Adper
Easy One (solvent containing pH=2.3 considering
belong to mild adhesives) recorded the highest
microshear values (18.429 MPa), which can be
confirmed by SEM images fig (1,2 ) which showing
mostly continuous hybrid layer with numerous long
resin tags. This result was explained and agreed
with De Munck et al, 2005 > who found that the
bonding effectiveness of mild self-etch adhesives
may result from a combined micromechanical
and chemical interaction with tooth substrate, the
chemical component may able to compensate for
the reduced bonding effectiveness from decreased
micromechanical interlocking. The combination of
mild self-etch adhesives and micromechanical and
chemical bonding may increase the longevity of
the restorations and be more stable over time than
the bonding interface of a total-etch adhesives, as
the chemical interaction may result in bonds that
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better resist hydrolytic degradation. On the other
hand, Senawongse et al.** and Sattabanasuk et al.*
disagreed with our result who reported that mild
self-etch systems are able to partially remove the
smear layer and penetrate the dentinal surface,
creating a less pronounced resin tag formation
and hybrid layers. Also the current result revealed
that Futurabond DC (solvent containing one step
self-etch adhesive pH=1.4 considering belong to
intermediate strong adhesives) recorded the lowest
microshear bond strength value (11.923 MPa),
which can be confirmed by SEM images fig (3,4)
showing mostly discontinuous hybrid layer with
few short resin tags. The finding in our study are
in agreement with Inoue and others in 2001 #,
result who stated that, the bonding mechanism of
intermediary strong adhesives resembles that of
total-etch adhesives, they produced lower bond
strengths to dentin. This may be advocated to the
fact that these adhesive are not separately rinsed off,
so the unreacted acid groups of the unpolymerized
monomers, remaining after light curing at the
oxygen inhibited layer, attack the polymerization
initiation system of composite material. As well as,
lack of sufficiently thick and uniform resin layer
that stabilizes the hybrid layer may also contribute
to the lower bond strength value.

Moreover, in the current study Bond-1 SF
(solvent free, one step self-etch adhesive system
have pH=3-4 considering belong to ultra-mild),
recorded lower statistically significant bond strength
than Adper Easy One solvent containing (15.831
MPa, 18.429 MPa respectively), which can be
confirmed by SEM images fig. (5,6 ) which showing
mostly continuous hybrid layer but with few long
resin tags. These result agreed with Chopra et al.,
2009 26, who reported that Bond-1 SF solvent-free
self-etch adhesive does not have conventional co-
solvents in its chemical composition, which results
in a thicker adhesive layer and this assumed to
increase the hydrophilic content in Bond-1 SF in
comparison to solvent containing adhesive and as
a result of their high hydrophilicity, these adhesives
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behave as semi permeable membrane allowing
more fluids to pass through in comparison to solvent
containing adhesive, which seems to lead to lower
bond strength.

CONCLUSIONS

(1) Adper Easy One solvent containing one step
self-etch performed the best microshear bond
strength to dentin than the Bond-1 SF solvent
free self-etch and Futurabond DC solvent
containing self-etch adhesive and the differences
were statistically significant.

(2) Totally, adhesive either solvent

containing or solvent free has no statistically

system

significant direct effect on the bond strength.
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