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ABSTRACT

Objectives: This study aimed to compare the microshear bond strength (USBS) of self-adhesive
flowable composite and conventional bonded flowable composite to sound and caries affected dentin.
Materials and Methods: In this in vitro study, a total of freshly extracted 40 human molar teeth were
used. The occlusal surface was sectioned to expose dentin for uSBS test. The teeth were randomly
divided into 2 groups according to the type of flowable composite used into two groups (n=20): group
A: self- adhesive flowable composite (Vertise flow), group B: Filtek Z350-XT flowable composite
and one-step self-etch adhesive Adper Easy One. A plastic cylindrical mold was used to construct
resin composite cylinders (0.8mm diameter x 1mm length) on the sound and caries affected exposed
dentin and filled with flowable composite restorative materials according to manufacturer’s
instructions. The samples were then immersed in distilled water at 37°C for 24 hours, and underwent
USBS test at a crosshead speed of 0.5 mm/min. Data were analyzed using Student's t-test to compare
between the two materials as well as to compare between sound and caries affected dentin.

Results: The mean values of uSBS of Filtek Z-350XT to sound and caries affected were 26.6 and
26.7 MPa respectively. The mean uSBS of Vertise Flow to sound and affected were 13.2 and 17.9
MPa respectively. With sound dentin FiltekZ-350XT showed statistically significant higher uSBS
than Vertise flow. With caries affected dentin, there was no statistically significant difference between
the two materials. There was no statistically significant difference between uSBS of sound and caries
affected dentin within each material. The significance level was set at P < 0.05.

Conclusions: Within the limitations of this study, the conventional flowable composite yielded the
highest uSBS to sound dentin. There was no statistical significant difference in uSBS of self-adhesive
and conventional flowable to caries affected dentin.
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INTRODUCTION adhesion technology, eliminating the
Tooth-colored restorative materials  different bonding steps. Integrating an
are increasingly used for dental restorations acidic- adhesive —free composite may lead
due to excellent esthetics and the  to the interaction between the material and
considerable  progress in  adhesion tooth structures, both chemically and micro-
technology. Vertise flow is the first self-  mechanically .
adhering resin  composite for direct Conventional flowable resin
restorations introduced in the market. Its  composites do not have adhesive properties,
formulation incorporates the Optibond the use of a dental bonding system is
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necessary . Self-etch adhesive systems
have been gaining in popularity, mainly due
to their simplified handling ®®. While these
systems have been shown to have a number
of clinical advantages, additional research is
still needed to determine the bonding
efficiency of self-etch adhesives in different
dentin substrates 7.

Caries-affected dentin is uninfected,
partially demineralized and physiologically
remineralizable, therefore should be
preserved during clinical procedures @9
The changes seen in caries-affected dentin
may affect the adhesive properties.

The clinical success of flowable
composite depends on the ability of the
material to adhere to the dental surface ®%;
however, little information is available
regarding the bond strengths of self-
adhering flowable composites to affected
dentin.

Therefore, the aim of this study was
to compare the uSBS, of a self-adhering
composite to a conventional flowable
composite used with a self-etch adhesive
system with different dentin substrates. The
following null hypotheses was tested; the
simplified flowable composite (Vertise
flow) with no additional adhesive system
would bond less efficiently to both sound
and affected dentin when compared to
conventional flowable (Filtek Z350-XT)
preceded by self-etch adhesive system.

MATERIALS AND METHODS

This in vitro study was done on 40
freshly extracted human molar teeth with
moderate occlusal caries. The teeth were
cleaned, stored in distilled water and used
within 2 weeks following extraction.

Enamel and infected dentin of
occlusal surfaces of all molars were then
ground using a rotary grinding machine
under water coolant to produce a flat
occlusal surface.

To obtain standard smear layer, 600
grit silicon carbide sand paper was used.
The teeth were mounted to the cemento-
enamel junction in self cure acrylic resin so

that the occlusal dentin surface of teeth was
situated horizontally.

The ground flat occlusal surfaces
were examined for the presence of caries-
affected dentin with 2 methods: 1- Visual
and tactile examination: visual examination
was done to check dentin color. The texture
of dentin was examined tactilely using a
sharp explorer. Light to dark brown dentin,
firm in texture was considered as caries
affected dentin ®2.

2- Caries detector dye: ground flat
occlusal surfaces were stained using caries
detector dye (Kurary Medical Inc., Sakazu,
Kurashiki, Okayama, Japan).

According to the manufacturer’s
recommendations, the caries detector
solution was applied on the dentin surface
for 10 seconds and then washed. The soft
and dark-red stained dentin was considered
as caries infected dentin and was removed
while the harder pink- stained dentin was
considered caries affected and was left.
Each flat surface should reveal normal and
caries affected dentin without pulp
exposure.

The selected stained teeth were
divided into 2 groups (n=20) according to
the flowable composite used. Table 1 shows
the materials used in the study. Both types
of flowable composite were bonded to both
sound and caries- affected dentin in each
tooth to eliminate substrate variability
between different teeth 2.

After the adhesive application
according to manufacturer’s instructions
(table 1), clear cylindrical plastic tubes, 0.8
mm internal diameter 1.0 mm height, were
placed on the flat surface of both sound and
affected dentin and subjected to light curing.
After curing, each tube was filled with
flowable resin composite:
Group A: Self- adhesive
composite (Vertise Flow).
Group B: Filtek Z350-XT and 1-step self-
etch adhesive (Adper Easy One).

Light curing was performed using a
LED light curing unit (Blue phase; lvoclar
Vivadent, Schaan, Lichtenstein) with a light
intensity of 600 Mw/cm2 for 20 seconds.

flowable
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The light intensity was checked using a
radiometer (Demetron L.E.D Radiometer,
CA, USA). After polymerization, plastic
molds were removed with a scalpel and the
samples checked for voids or cracks. The
mounted teeth were immersed in distilled
water at 37 °C for 24 hours.

Microshear bond strength  was
determined using a universal testing
machine (Lloyd LRX-Foreham, UK) at a
cross-head speed of 0.5 mm/min. The data

were recorded in MPA using computer
software (Nexagen-MT, Lloyd instrument).
Data were presented as mean and standard
deviation (SD) values. Student's t-test was
used to compare between the two materials
as well as to compare between sound and
caries affected dentin.

The significance level was set at P <
0.05. Statistical analysis was performed
with IBM® SPSS® Statistics Version 20 for
Windows.

Table 1: Materials used in this study

Product name Manufacturer Composition Instructions for use
Vertise Flow Kerr, Orange, CA, GPDM adhesive monomer, UDMA, Bis-GMA, Pre- Brush a thin layer (<0.5 mm) of
USA polymerized filler containing Vertise Flow
barium glass filler, nano-sized colloidal silica, nano- for 15-20 s, Light cure for 20 s.
sized Build additional
ytterbium fluoride layers (2 mm or less) then light
cure for 20 s
Adper Easy one 3M, ESPE, St Paul, 2- hydroxyethyl methacryate, Bis-GMA, Apply adhesive to tooth surface

MN, USA Methacrylated

(Vitrebond™
Ethanol,

Stabilizers

phosphoric esters, 1,6 hexanediol dimethacrylate,
Methacrylate functionalized Polyalkenoic acid

Copolymer), Finely dispersed bonded silica filler,

Water, Initiators based on camphorquinone,

for 20 s. Dry
the adhesive for 5 s. Light cure
for10s

Filtek Z350 XT
flowable

3M, ESPE, St Paul,

MN, USA trifluoride

BisGMA, TEGDMA and Procrylat resins, ytterbium

filler, zirconia/silica cluster filler, silica filler

Place the composite into the
cavity (2 mm)
Light cure for 20 s

GPDM: glycerol phosphate dimethacrylate; Bis-GMA: bisphenol A glycol dimethacrylate; HEMA: hydroxyethylmethacrylate; TEGDMA:

triethylene glycol dimethacrylate; UDMA: urethane dimethacrylate

RESULTS

Two materials are used in this study.
Mean values of uSBS for Filtek Z350-XT
to sound dentin and affected dentin were
26.6 + 1.4 and 26.7 = 3.5 MPa respectively,
while that for Vertise Flow were 13.2 + 2.7
and 17.9 + 0.8 respectively. Both were not
statistically significant at P <0.05. (Table 2)

On the other hand, comparing both
materials of the study, mean values of uSBS

for Filtek Z350-XT and Vertise Flow to
sound dentin were 26.6 £ 1.4 and 13.2 + 2.7
MPa respectively. Filtek Z350-XT was
statistically significantly higher than Vertise
Flow at P < 0.05.While mean values of
uSBS for Filtek Z350-XT and Vertise Flow
to affected were 26.7 + 3.5 and 17.9 + 0.8
MPa respectively, both results were not
statistically significantly different at at P <
0.05. (Table 3).

Table (2): Mean, standard deviation (SD) values and results of comparison between microshear bond strength of the two materials

Material Dentin Filtek Vertise P-value
Mean SD Mean SD
Sound 26.6 1.4 13.2 2.7 0.032*
Caries affected 26.7 3.5 17.9 0.8 0.074

*: Significant at P <0.05

Table (3): Mean, standard deviation (SD) values and results of comparison between microshear bond strength of sound and caries

affected dentin

Dentin Sound

Material Mean SD
Filtek 26.6 1.4
Vertise 13.2 2.7

Caries affected P-value
Mean SD
26.7 35 0.985
17.9 0.8 0.071

*: Significant at P <0.05
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DISCUSSION

Caries affected dentin is partially
demineralized, with no bacteria and with
reversible collagen changes “% ¥ So, it
should be maintained during cavity
preparation ®¥. Provided a wide area of
cavity floor after caries removal is caries
affected dentin % ¥ study on bonding to
caries affected dentin is necessary. Caries
affected dentin contains bigger apatite
crystallites with lower collagen cross-
linkages “* ) and wider spaces in the
inter-tubular dentin.

The deposition of minerals in the
dentin tubules of caries affected dentin
interfere with full penetration of resin
monomers and formation of resin tags *©.
Therefore, the hybrid layer of caries
afsl;ected dentin is thick and poorer in quality

In this study two commercially
available flowable composites were tested.
Given the numerous clinical applications for
which flowable materials are being used, it
is important to have adequate comparative
information to allow dentists to select the
material with the most appropriate
properties for any particular use 7.
Recently, there has been increased interest
in  self-adhering  flowable  composite
technology.

In the current study uSBS values of
Filtek flowable Z350-XT preceded by the
use of Adper easy one were higher than the
vertise flow for both sound and affected
dentin, thus the null hypothesis was
accepted. This could be attributed to the use
of one step self-adhesive (Adper easy one)
before its placement. Smear layer removal
or modification is essential for the formation
of a high quality hybrid layer and it provides
optimal adhesion to dentin *®. For the self-
etch adhesives, smear layer modification is
dependent on the pH of the primer used ®*
20 Adper Easy One has a pH of 3.5 is
regarded as a mild self-etch adhesive.
Although Vertise™ Flow had a more acidic
pH; the lowest bond strength values were
obtained with this material. According to
the results of our study, there is no direct

correlation between acidic pH of the
material and the bond strength, this result is
in accordance with Almaz et al, 2016 @Y.

The low puSBS of vertise flow to
sound dentin could be due to the high filler
content which may increase the viscosity
and reduce the wetting of dentin surface,
decreasing the monomer penetration and
lowering the bond strength 229,

Also the lower puSBS of Vertise
Flow may be attributed to the incorporation
of a bonding agent into the resin material,
causing incomplete infiltration of adhesive
into demineralized dentin, ineffective
sealing of dentin tubules, and degradation of
exposed collagen and the resin material .

Filtek Z350-XT should be preceded
by adhesive application, “Mild” self-etching
appears most promising, especially with
regard to bond stability ®®. In the light of
bonding durability, mild self-etch adhesives
have unique property that all hydroxyapatite
are not removed from the interaction zone,
and much calcium is available for additional
chemical interaction with specific adhesive
monomers. So, the bonds are stable, even in
the aqueous environment and the
mechanism is supposed to prolong the
clinical lifetime of the restorations ¢” Also,
the preservation of hydroxyapatite around
the collagen in mild self-etch adhesives may
protect the collagen against hydrolysis and
thus prevents the early degradation of the
bonds.

Furthermore, Adper Easy one
contains ethanol as a cosolvent. Ethanol is a
polar solvent that will form hydrogen bonds
with its solutes. Ethanol removes water
from these spaces, thus increasing the
interfibrillar spaces and allowing more resin
infiltration 2.

On the other hand, the pSBS of
Filtek Z 350-XT to affected dentin although
higher than to Vertise flow but was not
statistically different and there was no
statistical significant difference between
bonding to sound and affected dentin for
both tested materials which could be due to
the presence of an adhesive monomer called
glycerol phosphate dimethacrylate “GPDM”
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in  self-adhering  flowable  composite
“Vertise flow”. GPDM 1is a functional
monomer that is responsible for etching the
tooth structure and also for chemically
bonding to the calcium ions within the tooth
structure. On the other hand, it has two
methacrylate  functional  groups  for
copolymerization with other methacrylate
monomers to provide increased cross
linking density and enhanced mechanical
strength for the polymerized adhesive. The
resin also contains hydroxyethyl
methacrylate, which is used to provide
wetting and resin penetration in dentin.
Eliminating the need for a separate adhesive
application holds great potential for saving
chair time and minimizing handling errors
(29, 30, 31)

In addition, this could be attributed
to the application of self-adhering flowable
composite by brushing a thin layer (<0.5
mm) of Vertise Flow for 15-20 s to form the
hybrid layer which increased the puSBS of
self-adhering flowable composite to dentin
surface. This was in accordance with Chan
et al ®? who stated that bond strength of
self-etch adhesive on dentin surface
significantly increased after brushing self-
adhesive flowable on thick smear layer.

CONCLUSIONS
Under the limitations of this study it
can be concluded that:

— The bond strength of conventional
flowable to sound dentin was higher
than self-adhesive flowable.

— The bond strength of self- adhesive

flowable to caries affected dentin was
not statistically different from bonding
of conventional flowable.
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