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The influence of different placement
techniques on the microtensile bond
strength of low-shrink silorane composite
bonded to Class | cavities
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The aim of this in vitro study was to evaluate the microtensile
bond strength (UTBS) of a low-shrink silorane-based composite
(Filtek Silorane) and a methacrylate-based composite (Filtek
Z250) to the bottom dentin of a Class | cavity using different
placement techniques. Twelve third molars were used. Standard,
box-type Class | cavities (6.0 x 4.0 x 2.5 mm) were prepared

at the occlusal crown center, with the pulpal floor ending
approximately at the midcoronal dentin. The teeth were then
randomly divided into four groups, according to each placement
technique: ZI—Filtek 2250 placed incrementally; ZB—Filtek
2250 placed in bulk; SI—Filtek Silorane placed incrementally;
and SB—Filtek Silorane placed in bulk. Each restored third molar

was subjected to microtensile bond testing after 24 hours of
storage in distilled water at 37°C. After storage, each molar was

longitudinally sectioned in both axes to obtain rectangular sticks
with an approximate 0.49 mm? cross-sectional area. Data were
analyzed by one-way ANOVA followed by a Tukey post hoc test
(P =< 0.05). After debonding, the failure modes were analyzed
using a stereomicroscope.

The ZI group (72.6 MPa) showed the highest uTBS, followed by
the ZB group (60.2 MPa), while the SI (34.4 MPa) and SB (42.6
MPa) groups demonstrated statistically significant lower bond
strengths. The type of placement technique did not influence the
WTBS of silorane-based composites to the bottom dentin of Class |
cavities. The methacrylate-based composite showed superior
performance, regardless of the placement technique.
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he use of methacrylate-based
Tcomposite resin restorative
materials has been widely

accepted in dental practice."?
However, improvements aiming to
reduce the inherent polymerization
shrinkage of the current materials
are still necessary.>* Problems associ-
ated with polymerization shrinkage
are common: imperfect marginal
sealing (which can result in second-
ary caries), marginal staining, and
postoperatory sensitivity.’ Poly-
merization shrinkage also can lead
to cuspal displacement and even to
cracks in healthy tooth structure.®

To minimize stress from polymer-
ization shrinkage, efforts have been
directed toward improving place-
ment techniques, curing methods,
and composite formulation.? For

methacrylate-based composites, the
incremental layering technique, based
on polymerizing composite layers

less than 2.0 mm thick, has been
considered the best way to minimize
the effects of the polymerization
shrinkage.”® As for the composite
formulation, many attempts have
been made over the past few years to
change the composite nature.”!

A novel oxirane-based composite,
called silorane, has been synthesized
from the reaction of oxiranes and
siloxane molecules. It is based on
using ring-opening polymerization
of the silorane molecules instead
of free radical polymerization
of methacrylate monomers. The
ring-opening polymerization of
a silorane molecule is a cationic
polymerization reaction in which

no oxygen inhibition layer exists on
the composite surface. It has been
postulated that this new composite
provides increased hydrophobic-
ity, improved biocompatibility
compared to methacrylate-based
composites, and decreased poly-
merization shrinkage (less than 1%,
whereas most of methacrylate-based
composites present 2—5% volumet-
ric shrinkage).'*'¢ The incremental
placement technique minimizes

the stress from polymerization
shrinkage of methacrylate-based
composites.*”* On the other hand,
manufacturers claim that there

is no need for the incremental
placement technique when the low-
shrink Filtek Silorane composite
(3M ESPE) is used; therefore, bulk

placement is recommended.?
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Table 1. Materials used in this study.

Materials

Scotchbond
Multi-Purpose

Material composition

Resin: HEMA, bis-GMA

Silorane System
Adhesive Bond

Filtek Z250

Filtek Silorane

Bis-GMA, UDMA, bis-EMA

Etchant: 35% HsPO4; Primer: copolymer of polyalkenoic acid, HEMA, water;

TEGDMA, phosphoric acid methacryloxyhexylesters, 1,6-hexanediol
dimethacrylate bis-GMA, UDMA, bis-EMA

1,3,5,7-Tetrakis(ethyl cyclohexane epoxy)-1,3,5,7-tetramethy!

cyclotetrasiloxanemethyl-bis[2-(7-oxabicyclo[4.1.0]hept-3-yl) ethyl]phenyl

Bis-GMA = bisphenol A-glycidyl dimethacrylate; TEGDMA = triethylene glycol dimethacrylate;
UDMA = urethane dimethacrylate; bis-EMA = bisphenol A polyethylene glycol diether dimethacrylate;

HEMA = 2-hydroxyethilmethacrylate.

Table 2. Adhesives used in this study and their respective

application techniques.

Adhesive

Scotchbond
Multi-Purpose

Application technique

(20 seconds).

Silorane System

Adhesive Bond  photocure (10 seconds).

The aim of this current study was
to evaluate the influence of differ-
ent placement techniques on the
microtensile bond strength (WTBS)
of low-shrink Filtek Silorane com-
posite bonded to the bottom dentin
of Class I cavities.

Materials and methods

The materials used in the present
study are listed in Table 1. Twelve
human third molars were stored
in distilled water at 4°C, with the
storage medium renewed weekly,
and used within three months

of extraction.

Standard, box-type, Class I cavities
(6.0 x 4.0 x 2.5 mm) were prepared
at the occlusal crown center with
the pulpal floor ending approxi-
mately at the midcoronal dentin,

35% H3PO, acid etch (30 seconds for enamel and 15 seconds for dentin),
rinse (30 seconds), air dry, primer (30 seconds), air dry, adhesive, photocure

Primer (15 seconds), air dry, photocure (10 seconds), adhesive, air dry,

using a high-speed handpiece with
cylindrical high, medium, and fine
grit diamond burs (KG Sorensen),
respectively. The diamond bur was
positioned perpendicularly to the
long axis of the tooth to create a

2.5 mm deep cavity. Such cavity
depth standardization was achieved
by leveling the upper portion of

the diamond bur (4.0 mm long)
with the tooth marginal ridges. The
prepared teeth were then randomly
assigned to one of four experimental
groups (three molars per group):
SB—Filtek Silorane placed in bulk;
SI—Filtek Silorane placed incre-
mentally; ZI—Filtek Z250 placed
incrementally; and ZB—Filtek Z250
placed in bulk. All Filtek Silorane
layers were less than 2.5 mm thick,
and all materials were used according

to the manufacturer’s instructions
and subjected to bonding treatments
outlined in Table 2.

Placement technique

After the bonding treatment, the
placement technique applied for

each experimental group was per-
formed as described below.

SB—Filtek Silorane shade A3
composite was placed in bulk with
<2.5 mm thick increments and
photocured for 40 seconds using a
halogen photocuring device (Elipar
2500 curing light, 3M ESPE) at
400mW/cm?.

SI—Filtek Silorane shade A3
composite was placed in five incre-
ments (<2.0 mm thick) without
linking the opposing cavity internal
walls. Each increment was pho-
tocured for 40 seconds using a
halogen photocuring device (Elipar
2500 curing light) at 400mW/cm?.

Z1—Filtek Z250 shade A3 com-
posite was placed in five increments
(<2.0 mm thick) without linking
the opposing cavity internal walls.
Each increment was photocured
for 40 seconds using a halogen
photocuring device (Elipar 2500
curing light) at 400mW/cm?.

ZB—Filtek 7250 shade A3
composite was placed in bulk with
<2.5 mm thick increment and
photocured for 40 seconds using a
halogen photocuring device (Elipar
2500 curing light) at 400mW/cm?.

Microtensile bond

strength testing

Each restored molar was subjected
to microtensile bond testing after
storage in distilled water at 37°C for
24 hours. After storage, each molar
was longitudinally sectioned along
both axes to obtain rectangular
sticks with a cross-sectional area of
approximately 0.49 mm?. The sticks
then were fixed to a Geraldelli jig
using cyanocrilate glue applied to
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both extremities of each stick."” The
sticks were stressed in a universal
testing machine (Instron 4444,
Instron Corp.) at a crosshead speed
of 0.5 mm/min until failure. The
pTBS was expressed by the follow-
ing equation: MPa = N/mm?.

The failure mode of each stick was
analyzed under 40x magnification
microscopy (Olympus America)
after debonding. The failure mode
was determined using an adaptation
of the Hashimoto classification
system.'® The failures were classified
as adhesive (type A), resin cohesive
(type B), dentin cohesive (type C),
or mixed (adhesive failure with some
dentin or resin cohesive involvement)
(type D). The statistical analyses were
conducted using ANOVA (P < 0.05)
and a post-hoc Tukey test.

Results

Microtensile bond strength

The overall bond strength values
(MPa) and standard deviations (SDs)
for the experimental groups are
presented in Table 3. The ZI group
demonstrated the highest n'TBS
mean value, followed by the ZB
group, while the SI and SB groups
indicated statistically lower n'TBS
mean values. The SI group exhibited
the lowest pTBS mean value among
all groups. One-way ANOVA and

a post-hoc Tukey test revealed no
significant correlation between place-
ment technique and pTBS; however,
significant differences were exhibited
regarding the type of restorative
material used (P < 0.05).

Failure mode analysis

Chart 1 shows the proportional
prevalence (percentage) of the failure
patterns for all experimental groups.
For the SB group, adhesive and
mixed failures occurred in similar
proportions. However, cohesive
failure within composite was the pre-
dominant pattern for the SI group.

Table 3. uTBS for each group to Class | cavity bottom dentin.

Group Placement technique
SB Bulk

S| Incremental

/B Bulk

Zl Incremental

MPa (SD)

42.9(17.6)°

34.4(17.6)

60.2 (24.3)°
(

)
72.6 (27.0)°

Note: Different superscript letters indicate significantly different results.

Chart 1. Prevalence (percentage) of failure
patterns for all experimental groups.

100 -

DTS (MPa + SD)
3
|

40
30
20
10
o B 78
I A dhesive I Cohesive within composite
I Vixed Cohesive within dentin

Adhesive failure was the common
and predominant pattern for both
the ZB and ZI groups, with a greater
prevalence in the former.

Discussion

The polymerization of a composite
material is accompanied by a volume
reduction that produces contraction
stress where the composite contacts
the tooth. These stresses, in turn,

can affect the tooth-composite
interface.” Presumably, a silorane
composite stands as an alternative to

overcome the polymerization shrink-
age stress inherent in methacrylate-
based composites, and they are indi-
cated for posterior restorations due
to their less than 1% polymerization
shrinkage. Therefore, the manu-
facturer’s instructions recommend
that silorane composites be placed
in bulk, because there is no need
for a special placement technique
to minimize the polymerization
shrinkage stress.

Preliminary studies of Class I,
box-type cavities have shown that
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there is a correlation between
polymerization shrinkage and bond
strength.”? This in vitro study was
designed to test the influence of
placement technique on a silorane-
based composite in a clinical “worst
case scenario”—Class I cavities—
to provide a high C-factor.””?° Con-
sequently, the clinically relevant
effect of polymerization stress could
be assessed.

Bond strength values decrease as
the cavity’s C-factor increases.'*
This finding is commonly attributed
to the polymerization shrinkage of
composite resins; these resins trans-
fer stress to the tooth/restoration
interface during setting. However,
since silorane is a low-shrink com-
posite, it is unlikely that shrinkage
stress is the cause of low bond
strength values.

However, even though the low-
shrinkage properties of silorane
are desirable, they do not solve all
of the adhesion problems.?® In the
current study, the pfTBS values of a
silorane-based composite bonded to
Class I, cavity-bottom dentin were
significantly lower than the values
achieved with a methacrylate-based
composite, regardless of the place-
ment technique applied, showing
that the inherent low-shrinkage
property of silorane is not the
ultimate factor that reduces bond
strength and that the silorane system
adhesive was not as effective as the
traditional, methacrylate-based,
three-step, etch-and-rinse adhesive.

To provide an appropriate bond
between silorane composite and
tooth hard tissues, a dedicated
adhesive was developed by the
manufacturer. The silorane system
adhesive is composed of a self-etch
primer and an adhesive bonding
agent. The silorane primer contains
hydrophilic and etching monomers
that bond to hydrated dentin, while
the silorane bonding agent contains

hydrophobic bifunctional mono-
mers that match the hydrophobic
silorane resin. Both must be cured
separately and should be considered
as one-step systems and compared
with one-step systems.”!

According to Duarte ez 4/, the
application of silorane primer on
dentin produces intense intertubular
decalcification, resulting in an
exposed collagen network, while
dentinal tubules remain blocked
out by smear plugs.*** After the
application and polymerization of
the silorane bond coating resin, a 1.9
pm hybrid layer with few resin tags
is observed.*"? In fact, it has been
demonstrated that the hybrid layer
thickness created with the silorane
adhesive is thinner than that of etch-
and-rinse adhesives and equivalent to
that of one-step, self-etch adhesives.!
The results of the present study dem-
onstrate that a silorane-based com-
posite could not achieve WTBS values
as high as those for a three-step, etch-
and-rinse adhesive associated with a
methacrylate-based composite. This
finding is logical, considering that
one-step, self-etch adhesives generally
perform very poorly with respect to
immediate bond strength and short-
term bonding effectiveness.?**

Santini and Miletic conducted a
study using 2D, confocal, micro-
Raman spectroscopy.” According
to their results, both the silorane
primer and bond showed distinctive
spectra, indicating separately cured
layers of primer and bond. Although
the bond was placed on the cured
primer surface prior to being cured
itself, Raman spectra indicated an
intervening zone of approximately
1 um of mixed spectral intensities
associated with both the primer and
bond; this can be attributed to an
oxygen inhibition layer remaining
at the cured primer surface. This
intervening zone could have acted as
a weak link in the silorane bonding

system, thus causing lower pTBS
values. With these results in mind,
further research on more accurate
fractography methods is necessary to
assess whether failure occurs within
the silorane adhesive system.
Although there was no statistical
difference in the present study, the
incremental technique associated
with the traditional, three-step,
etch-and-rinse adhesive and
methacrylate-based composite
achieved the highest pTBS value,
demonstrating the effectiveness of
this procedure on minimizing the
effects of polymerization shrinkage.
As for the silorane-based compos-
ite, the SB group achieved higher
bond strength values than the
SI group. This indicates that the
silorane-based composite should be
placed in bulk, as recommended by
the manufacturer, because bonding
between successive layers depends
on the reactivity of the material,
since silorane composite systems
are hydrophobic and no oxygen
inhibition layer is present. Indeed,
in the present study, the SI group
failure mode analysis showed a
high predominance of cohesive
failures within the composite and
the lowest UTBS values among all
tested groups.
Another important finding in
the present study is that chemical
reactivity between successive layers
decays over time, as does the bond
strength between them.? As a result,
the placement technique of the
SI group did not take more than
20 seconds from placement until
curing of the subsequent increment.
Although the bond strength of
the silorane bonding agent was
significantly lower than that of the
methacrylate agent, this does not
necessarily mean that the silorane
system will not succeed clinically,
because it might not require a
very strong adhesive interface,
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since the silorane-based interface

is not exposed to the same degree
of polymerization shrinkage stress
as a methacrylate-based interface.
Furthermore, evaluations regarding
aspects such as marginal sealing,
cuspal displacement, and iz vivo
longevity also are important in
determining whether a composite is
clinically effective.

Conclusion

The type of placement technique
did not influence the pTBS of

a silorane-based composite to

Class I, cavity-bottom dentin.

The methacrylate-based composite
demonstrated superior performance,
regardless of placement technique.
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