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Photoelastic analysis of stress
generated by a silorane-based
restoration system

Abstract: Silorane-based composite, an epoxy material, was marketed as
promising less polymerization contraction than conventional restorative
materials. The aim of this study was to evaluate, by means of photoelas-
ticity, the polymerization stress generated by a silorane-based composite.
Thirty photoelastic rings with orifices measuring § mm (d) x 3 mm (h)
were prepared and divided into 6 groups (n = 5) according to the mate-
rial tested. The inside walls of the rings were sandblasted with aluminum
oxide, after which the restorative materials were inserted into the orifices
and photoactivated according to the manufacturer’s instructions. The
specimens were analyzed and the visual representation of the stress was
measured considering the isochromatic ring of first order. The data were
converted to MPa and subjected to ANOVA and Tukey’s test (o = 0.05).
The adhesive Filtek P-90 (G5) showed high contraction stress (p < 0.05)
when compared to G1, G2, G3, G4, and G6, which did not differ from
each other (p > 0.05). The composite Filtek P-90 showed similar contrac-
tion stress compared to the conventional composite and, additionally, its
adhesive showed higher stress than did the etch-and-rinse 2-step adhe-

sive.

Descriptors: Composite Resins; Adhesives; Dental Stress Analysis;
Polymerization.

Introduction

Composite resins are used worldwide as well-established restor-
ative materials." The polymerization reaction of these materials occurs
through a repetitive molecular process in which monomers are converted
to a covalently bonded network, thus forming polymer chains. Contrac-
tion of these materials occurs when the distances between monomers
associated with Van der Waals forces are reduced due to formation of
covalent bonds during the polymerization process. In addition, there is
less distance between molecules when materials are in the solid state as
compared to the liquid state. Then, contraction occurs during composite
polymerization as a chemical function of synthetic resins.?

Contraction due to polymerization is not problematic when it occurs
on an unbonded surface; however, stress is generated at a cavity interface
as a result of the forces generated by the contraction of the composite
bonded to the dental structure.?* The bond between cementum or dentin
and resinous restorative systems still presents challenges due to polym-
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erization contraction, despite the efforts to improve
the bond of adhesive systems.’ A new material based
on silorane that promises low rates of polymeriza-
tion contraction has been developed and launched
on the market.

Some studies®® have suggested that factors such
as cavity configuration, setting mechanisms, filler
type, polymerization degree,” and insertion technique
influence the development of contraction stress. One
possible way of reducing this stress is to reduce the
polymerization rate.'®" Feltzer et al.” showed that
chemically-activated composites adapt better and
exhibit less microleakage than do photoactivated
composites. These results have been explained by the
differences in the contraction stress induced by the
polymerization contraction.!? Versluis et al.’® studied
the vectors of contraction between chemically- and
photoactivated composites using finite element anal-
ysis and found few differences between them.

Researchers have also measured the stress devel-
oped in a cavity using a tensiometer.>*”'* Feltzer et
al.” suggested that the magnitude of the stress de-
pends on the cavity’s three-dimensional configura-
tion, and that the concept of cavity configuration
(C-factor) is important in understanding the devel-
opment of the composite stress contraction. The C-
factor concept has been extended to cavity prepa-
ration, indicating that different preparation designs
are proportional to the stress they generate.”> How-
ever, contraction stress is not equally distributed
about the cavity because of non-uniform contraction
of the composites.'> When using a two-dimensional
cavity, the highest internal stresses were found near
the internal angles of the opposite walls.!?

Photoelastic analysis was used to analyze con-
traction stress in this study. The internal stresses of
the photoelastic material are transformed by visible
light, which indicates the location and the magni-
tude of the stress. In the literature, the stress gen-
erated on inlays, onlays, crowns, posts, abutments,
and implants has been analyzed through photoelas-
tic analysis.'"” Polymethyl methacrylate (PMMA),
with a photoelastic constant of f =230 N/mm', has
been used for photoelastic investigation of photoac-
tivated materials. Photoelastic materials with a low
photoelastic constant (f, = 10.5 N/mm) and elastic

modulus (3.400 MPa)' allow the determination of
isochromatic rings, from which the stress may be
determined.’

The null hypothesis to be tested is that there are
no differences in contraction stress between the dif-
ferent materials.

Methodology
Circular rings of photoelastic resin (GIII flexible,
Polipox, Sdao Paulo, Brazil) were fabricated with the
following dimensions: 5 mm (d) x 3 mm (h). After
polymerization of the photoelastic resin, the inter-
nal walls were sandblasted with 50 wm alumina
particles in order to obtain higher micromechanical
retention. The rings (Figure 1) were divided into 6
groups (n = 5 for each group):
¢ G1 - conventional composite Filtek Z-350 (3M
Espe, Saint Paul, USA),
® G2 - silorano-based composite Filtek P-90 (3M
Espe, Saint Paul, USA),
® G3 - conventional composite Z-350 flow (3M
Espe, Saint Paul, USA),
® G4 — primer Filtek P-90 (3M Espe, Saint Paul,
USA),
® G35 - adhesive Filtek P-90 (3M Espe, Saint Paul,
USA), G6 - adhesive Single Bond 2 (3M Espe,

Figure 1 - Representative specimen. A — Tested material
(composite, adhesive or primer). B — Photoelastic resin. Iso-
chromatic ring diameter is represented by white lines.
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Saint Paul, USA).

Photoelastic images were recorded in a photo-
elastic station composed of a filter (Linos Photonics
GmbH, Gottingen, Germany) positioned in an ex-
act angulation to visualize the polychromatic fields.
The images were converted to isochromatic images
through a specific red filter. A light source under the
filter promoted illumination of the specimens.

Stress investigations through photoelasticity are
based on the following principal equation:

6,= 8, D/ D2 f/2d

where:

D? = isochromatic ring diameter in mm
(Figure 1),

D? = composite specimen diameter in mm,
f, = photoelastic constant and

d = photoelastic resin thickness in mm.!®

Contraction stress (MPa) was calculated based
on the location and diameter of the isochromatic
fringe of the first order, obtained from the photo-
elastic resin through measurements made using
UTHSCSA Imagetool software (Department of
Dental Diagnostic Science, The University of Tex-
as Health Science Center, San Antonio, USA). The
means of the perpendicular diagonals were consid-
ered for the calculations. The data were subjected
to the Kolmogorov-Smirnov test for normality, and
then to Analysis of Variance and Tukey’s test at 5%
significance levels.

Results

The adhesive Filtek P-90 (G5 - 3.12 + 0.63)
showed higher contraction stress (p < 0.05) than
the composite Z-350 (G1 - 1.75 + 0.01), the com-
posite Filtek P-90 (G2 - 1.76 £ 0.02), the compos-
ite Z-350 flow (G3 - 1.77 £ 0.02), the primer Filtek
P-90 (G4 - 2.00 = 0.05) and adhesive Single bond
2 (G6 — 1.91 £ 0.06), which did not differ between
each other (p > 0.05).

Discussion
Each of the components of the restoration sys-
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tems (Filtek P-90, Filtek Z-350, and Filtek Z-350
flow) was tested individually in order to determine
which was primarily responsible for the contraction
stress generated. It is well known that the adhesive
layer is much thinner than the composite layers of a
restoration, thus its influence on the final contrac-
tion stress is expected to be lower.

The evaluation of contraction stress of polymeric
materials in dentistry is usually performed using
a tensiometer. The contraction stress measured by
this equipment can be used to express the maximum
stress of the specimen under specific conditions;
however, the stress near the external margins of the
cavity is different from that on the pulpal wall. The
distribution of internal stress on the composite res-
toration must be considered when contraction stress
is analyzed."”

Some authors have analyzed contraction stress
by means of finite element analysis and the theory
of elasticity;** however, the results were specific to
the approximated data and conception of the anal-
ysed material, considering the high variation of the
results obtained.'” The stress generated in a com-
plex restoration configuration can be determined
through the theory of elasticity; however, the results
of such calculations are extremely difficult to inter-
pret.

The photoelastic method is simpler than many
others used, and is appropriate for the purpose of
evaluating contraction stress. The specimens in the
photoelastic test used were round and uniform (Fig-
ure 1), permitting the variable of irregular stress dis-
tribution to be eliminated, and making it possible
to obtain data regarding diameter and fringes that
were used for the final stress calculations.

Although some studies described a lower con-
traction stress’! and lower cusp deflection?? for re-
storative systems based on silorane, the Filtek P-90
did not show reduced contraction stress when com-
pared to the nanoparticle-filled restorative systems
Filtek Z-350 and Filtek Z-350 flow. Using a tensi-
ometer, Marchese et al.?® also observed that the
contraction stress of a silorane-based composite is
not lower than those of conventional methacrylate-
based restorative materials.

The intensity of the developed stress is associated
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with three principal factors:
e cavity geometry (C-factor),
® material characteristics, and
® restorative technique.?*

According to Suh et al.,?’ the contraction stress
from polymerization is the result of the contraction
associated with the modulus of elasticity of the com-
posite resins: the higher the modulus, the higher the
generated stress. As the stress contraction is calcu-
lated by multiplying the product of the volumetric
contraction by the modulus of elasticity,?’ a possible
explanation for the equivalence among the stress
values of the tested composites could be the high
stiffness and high modulus of elasticity of the Filtek
P-90,%! which could generate a higher contraction
stress in addition to its reduced free contraction.
According to Masouras et al.,?® the composition of
the filler is directly related to the modulus of elas-
ticity of a composite. While both Filtek Z-350 and
Filtek Z-350 flow are filled with regular spherical
nanoparticles of silica, the P-90 filler is composed of
irregular quartz particles,?” which may contribute to
its higher modulus of elasticity.

One interesting point that was noted was the
Filtek P-90 adhesive’s higher contraction stress as
compared to that of the etch-and-rinse 2-step ad-
hesive. Although the viscosities of the materials
were not measured, the P-90 visually appeared to
be much more viscous, which has the potential to
lead to a thicker adhesive layer and greater influ-
ence on the final contraction stress of the restora-
tion. According to the manufacturer’s information,
neither adhesive nor primer possesses silorane in its
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