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ABSTRACT

The aim of this study was to evaluate in vitro
the flexural strength of direct composite resin (Z-250
FiltekTM - 3M/ESPE) and second-generation labora-
tory composite (II CeseaD’" - Kuraray) associated or
not with glass fibers (Fibrex-coronal - Angelus), chang-
ing the curing light source (L.E.Demetron I - Kerr and
Strobolux - EDG). Fifty-six specimens of the composites
F and C were constructed using a stainless-steel split
ring molds and divided into eight groups: GI — Com-
posite Z-250/ No fiber/LED; GII — Composite Z-250/No
fiber/Strobolux (STR),; GIII - Composite Z-250/Fibrex-
coronal (FBC)/LED; GIV - Composite Z-250/FBC/STR;
GV — Composite CeseaDS" II/No fiber/LED,; GVI - Com-
posite CeseaDS" I /No fiber/STR; GVII - Composite Ce-
seaDS" I[I/FBC/ LED; GVIII - Composite CeseaD5" I/
FBC/STR. The specimens were subjected to the flexural
strength in a universal testing machine equipped with a
cell load of 500Kgf at a crosshead speed of 1£0.5 mm/
min. The data were submitted to Tukey s Test (p = 0.01).
The mean of flexural strength was in MPa: GI — 187,91
+32,78; GII — 196,76 £ 31,15; GIIl — 208,27 + 18,79;
GIV — 218,02 £ 15,76; GV — 101,72 + 11,25; GVI —
103,05 £9,56; GVII— 164,76 + 12,54 ¢ GVII[ — 176,75
+ 47,03. The direct composite showed the highest flex-
ural strength values in all groups; the light source did
not affect the flexural strength of the composites, fiber
reinforcement increased the flexural strength of both
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composites; however this increase was statistically sig-
nificant only for the laboratory-processed composite.

DESCRIPTORS

Curing lights, dental. Flexural strength. Composite
resins.

INTRODUCTION

The use of fibers to improve the mechanical prop-
erties of laboratory-processed composites from second
generation has been recommended for several dental
applications, including inlays, onlays, crowns and fixed
partial dentures’.

Several types of fibers have been used as frame-
works, such as carbon fiber, kevlar, aramida, nylon,
polyethylene and glass fibers®. These two latter are the
most commonly employed due to their translucency
and ability to match the natural teeth. The recent de-
velopments in fiber reinforcement technology have
allowed clinicians to manufacture crowns without the
need of a metallic framework’. From an esthetic point
of view this is a huge advantage compared to metal-
ceramic restorations.

Laboratory-processed composites are usually light
activated. The polymerization can be associated or not
to the secondary polymerizing, such as additional light,
heat and/or pressure'*%!2, Besides the conventional
quartz-tungsten-halogen lights, other devices based on
light-emitting diodes were recently introduced for den-
tal applications®*%.

The flexural strength is the mechanical property
that most resembles the stress at which materials are
subjected in clinical scenarios, since tension, compres-
sion and shear stresses generally occur simultaneously.
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It is not common to observe these strain forces isolated.
The flexural strength, stiffness, wear resistance and
esthetic properties of a given veneering composite are
the properties responsible for the effectiveness of the
fiber-reinforced composites (FRCs) in the restorative
dentistry'.

In dentistry, the use of FRCs are relatively recent'?,
therefore studies should be conducted in order to verify
whether or not fiber-reinforcement is required for lab-
oratory-processed and direct composites when used as
frameworks of crowns. The method of polymerization
used for light polymerizing is also relevant'*!®, Second-
ary polymerizing requires specific equipments, increas-
es the number of laboratorial steps and the treatment
costs for patients.

The light-curing units have been widely used to
photo-activation of dental materials*>. The LED system
have a semi-conductors used for light emission with a
peak around 470 nm, which matches the optimum ab-
sorption wavelength to camphoroquinone'®.

The use of xenon stroboscopic has been widely
used to photo-activation of laboratory materials as
composite resin. Others studies have been used others
light units as the laser in dentistry, nevertheless good
results have been reported only for preparing of dental
surface®”.

The present study aimed to evaluate the biaxial
flexural strength of a direct composite resin and a lab-
oratory-processed composite either reinforced or not
with glass fibers when light polymerized with two dif-
ferent light sources.

MATERIALS AND METHODS

The materials/devices tested, brand names, iden-
tification codes, and manufacturers are listed in Table
1. Fifty-six specimens (13 mm diameter and 2.4 mm

thickness) were made using a metallic mold (modified
ISO 6872). The modification of the ISO 6872 was made
to obtain specimens with similar dimensions of premo-
lars crowns.

The metallic mold was placed on a sheet of poly-
ethylene supported by a glass slab for GI. The com-
posite resin (Z-250) was placed into the mold using
a metallic spatula Thompson #6 (Hu-Friedy, Leimen,
Germany).

A second sheet of polyethylene was packed over
the material and another glass slab placed on top. The
glass slab was removed and light-activated with LED
(11 mm tip, S/N 10921561) for 7.5 minutes at 800 mW/
cm?. The power density was measured with a radiom-
eter (Demetron Research Corp., CT, United States).

The specimens were polished using 600-grit sili-
con carbide paper in a low-speed handpiece (Arbor
Brands; Buffalo Dental Mfg, Syosset, New York).

The same procedures were made for GII, however
the specimens were light-activated with a xenon strobo-
scopic device (STR) for 7.5 minutes. Specimens of GIII
were manufactured using composite resin (Z-250) and
multidirectional pre-impregnated glass fibers (FBC).
The metallic mold was placed on a sheet of polyethyl-
ene supported by a glass slab. A thin layer of adhesive
(Adesivo-C, Angelus Solugdes em Odontologia, Lond-
rina, PR, Brazil; batch #2079) was applied in the inte-
rior of the metallic mold.

The pre-impregnated fibers were positioned in the
metallic mold. The composite resin (Z-250) was placed
inside the mold. Then, a second sheet of polyethylene
was packed over the material and another glass slab
placed on top. The specimens were light-activated with
LED for 7.5 minutes and polished using silicon carbide
paper in a low-speed hand piece. Specimens from GIV
were manufactured in the same way as GIII, except the

Table 1
Composites, fiber, light devices and their respective identification codes, manufacturers and bath numbers

Material/devices Code Manufacturer Bath number
Direct composite Z-250 3M do Brasil, Séo Paulo, 2007-11, 2008-02,
Filtek Z-250 SP, Brazil 20007-12, 2002-05
Indirect composite C Kuraray Co. Ltd, 00039B, 00014B,
CeseaD Osaka, Japan 00007B, 00029B
Fiber Fibrex-coronal FBC Angelus Solugées em Odontologia,

Londrina, Brazil
L. E. Demetron 1 LED SDS/Kerr, Danbury,
CT, USA
Strobolux STR EDG Equipamentos e Controles Ltda,

Sao Carlos, SP, Brazil.
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light polymerizing procedure that was performed with
the STR.

Specimens from GV to GVIII were manufac-
tured in the same way as specimens from GI to GV,
respectively. However, the composite employed was
the second-generation laboratory-processed com-
posite C in the GV to GVIII. The eight experimen-
tal groups (n = 7) from this study are displayed in
Table 2.

The dimensions of all specimens were measured
with a digital caliper (Mitutoyo Sul Americana, Suz-
ano, SP, Brazil) and specimens with defects were ex-
cluded from the study. The specimens were kept stored
in distilled water in a dark environment at 25°C for 24
hours before testing.

Each specimen was placed centrally on a metal-
lic device, which was fixed by three spheres 2.8 mm
in diameter. The distance between the centers of each
pair of spheres was 8.6 = 0.1 mm. The specimens
were then loaded (cell load of 500 Kgf) to failure
via a small stainless steel ball (1.4 £ 0.1 mm in di-
ameter) inserted at the end of a pin which was held
in the crosshead of the universal testing machine
Kratos (Model MP Series M040801, Dinamoémetros
Kratos Ltda., Sao Paulo, SP, Brazil) at a speed of 1
+ 0.5 mm/min until permanent deflection or fracture.
As specified by the ISO 6872, a constant crosshead
speed of 1 £ 0.5 mm/min is required for testing. Af-
ter testing, the biaxial flexural strengths'' were cal-
culated from the following formula, recommended
by the ISO 6872:

S =-0.2387 P(X-Y)/d?

where:

S = Strength in MPa

P = Load in Newtons

X = (14v) In(r,/r,)* + [(1-v)/2] (r /r,)*

Y = (1+v) [1+In(r /r,)*] + (1-v) (v /r,)?
where:

v = Poison’s rate = 0.25

r, = Radius of the ring support in mm

r, = Radius of the loading sphere in mm
r,= Radius of the specimen in mm

d = Thickness of the specimen in mm

STATISTICAL ANALYSIS

The normality of the data was tested using the
Shapiro-Wilk test. The results were then submitted
to a three-way analysis of variance and Tukey’s test
for pairwise comparison. The analysis was conducted
with an alpha level of significance of 0.01, which is
more conservative than the traditional alpha level of
0.05¢

REsuLTs

The mean flexural strength values (MPa) are de-
picted in Table 3. The Shapiro-Wilk test showed a
normal distribution of the data (Table 4). The three-
way analysis of variance (Table 5) showed that the
main factors composite and the fiber reinforcement
were statistically significant as well as the interac-
tion of these two factors (composite versus fiber) (p
<0.01).

The main factor light and its respective inter-
actions (light versus composite; light versus fiber)
were not statistically significant. Table 6 demon-
strates that the use of fiber reinforcement with the
composite F allowed the achievement of the highest
mean biaxial flexural strength, although this value
was not statistically different from the composite F
with no fiber reinforcement. However, for the com-
posite C, the use of fibers increased the biaxial flex-

Table 2 Table 3

Groups evaluated in this study Mean biaxial flexural strength values for the experimental
Groups Composite Fiber rein- Light source groups (MPa)

resin forcement Group Flexural strength
Gl Z-250 - LED Gl 187.93
Gll Z-250 - STR Gll 196.75
Glll Z-250 FBC LED Glll 208.28
GIV Z-250 FBC STR GIlvV 218.02
GV C - LED GV 101.72
GVI C - STR GVI 103.05
GV C FBC LED GVII 164.77
GVIII C FBC STR GVIII 176.75
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Table 4
Descriptive statistics and “W” Shapiro-Wilk test for normality
Repetitions Gl Gll Gl GIV GV GVI GVII GVl
1 198.85 260.04 201.25 215.63 97.28 86.58 179.86 268.77
2 197.65 188.55 204.60 210.62 114.00 95.28 155.79 130.71
) 222.66 198.23 174.84 210.62 100.62 112.66 157.12 166.82
4 140.41 184.87 236.36 235.35 80.90 104.97 159.80 144.09
5) 198.32 197.58 209.28 203.59 113.66 110.32 151.11 153.11
6 143.49 190.89 211.62 205.60 100.62 100.62 165.82 206.27
7 214.10 157.12 219.98 244.71 104.97 110.94 183.87 167.49
Mean 187.93 196.75 208.28 218.02 101.72 103.05 164.77 176.75
Standard deviation 32.78 31.15 18.79 15.76 11.25 9.56 12.54 47.03
p (W) 0.065 0.087 0.816 0.094 0.372 0.410 0.256 0.163
Table 5
Three-way analysis of variance
Source of variation G.L. S.Q. Q.M. F p-value
Composite 1 61.298.566 61.298.566 93.712 0.001
Fiber 1 27.834.861 27.834.861 42.553 0.001
Light 1 889.611 889.611 1.360 0.249
Composite versus Fiber 1 7.918.740 7.918.740 12.106 0.001
Composite versus Light 1 24157 24157 0.037 0.848
Fiber versus Light 1 117.045 117.045 0.179 0.674
Composite versus Fiber versus Light 1 83.009 83.009 0.127 0.723
Treatment 7 98.165.990 14.023.713
Error 48 31.397.616 654.117
Total 55 129.563.606

Table 6
Mean biaxial flexural strength (MPa) for the interaction
composite versus fiber
Composites

Fiber reinforce-

ment F C
- 192.340 bA 102.390 aA
FBC 213.146 bA 170.759 aB

ural strength values (p < 0.01; Tukey’s test). The
composite F showed higher flexural strength means
than the composite C even when the latter was rein-
forced with glass fibers.

Discussion

In this study the biaxial flexural strength of two
types of composites and the effect of the addition of
fibers and the type of polymerization over this prop-
erties were investigated. The data obtained under the
conditions of this study demonstrated that the evaluated
fibers increased the biaxial flexural strength of only one
of the composites studied, the composite C, which is a
laboratory-processed composite. We also verified that
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the light source did not affect these mechanical proper-
ties in the materials.

Ramos Junior et al.'? demonstrated that fiber re-
inforcement within a composite increased the fracture
strength and also prevented the fragments to separate
itself. These results are not in agreement with the pres-
ent investigation, since only the flexural strength of the
laboratory-processed composite C was increased with
the fiber reinforcement.

Bottino et al.? evaluated the mechanical properties
of two direct composites (Charisma, Heraeus Kulzer —
Germany and Permalute, Ultradent Products Inc.) and
demonstrated that although the addition of Ribbond fi-
ber (Ribbond Inc.) increased the flexural strength of the
composites, the composite material also plays an im-
portant role on the flexural strength of fixed partial den-
tures. A considerable increase in the flexural strength
mainly for the Charisma composite was observed in
the aforementioned study, which corroborates with the
present findings. In this study the multidirectional FBC
increased the flexural strength of the evaluated compos-
ites; however this increase was much higher for the C
laboratory-processed composite.
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In accordance to our results, since in this study the
direct resin F showed higher flexural resistance values
than the indirect resin C, when associated or not to re-
inforcement fibers, the filler loading, monomer system
and the conversion degree affect the flexural strength
of composites®. This is the rationale for testing the mi-
crohybrid F and the second generation laboratory-pro-
cessed composite C after polymerizing with different
light sources (LED and STR).

In the present results since fiber reinforcement in-
creased significantly the flexural strength of the compos-
ite C, without fiber reinforcement, the laboratory-pro-
cessed composite C showed low flexural strength values.

One could expect that indirect composites ac-
tivated with a high light intensity device would have
higher mechanical properties due to a high conversion
of monomers to polymers and increased cross-linking®.
Apart from higher physical and mechanical properties,
high wear strength would also be expected.

Miyazaki et al.'® investigated the polymerization
features of light-polymerized composites and their re-
lation to some mechanical properties. They have con-
cluded that the flexural strength is strongly affected by
inadequate polymerization. According to the results of
this investigation, no significant differences in the flex-
ural strength means were observed when the compos-
ites were light-polymerized with light-emitting diodes
and a xenon stroboscopic device.

Swartz'® reported that the conversion degree of
laboratory-processed composites is significantly higher
than the direct composites, which is in turn reflected by
its superior mechanical properties. However, this state-
ment was not supported by our results. The laboratory-
processed composite C showed lower flexural strength
than the direct composite F when light-polymerized ei-
ther with the xenon stroboscopic or LED light.

Leinfelder® claimed that the xenon stroboscopic
device increases the polymerization degree of compos-
ites. According to the author, the short excitation pe-
riod followed by the long period with no light exposure
allows partial relaxation of the polymer network and
therefore more double carbon bonds becomes available
for the polymerization reaction. This is not in agree-
ment with our results since similar flexural strength
means were observed when the light polymerizing was
performed with the LED and xenon stroboscopic lights.

It is widely known that an inadequate polymer-
ization has detrimental effects on some properties of
composites such as strength, toughness, color stability,

hardness and wear strength. The excitation of compos-
ites with an appropriate wavelength and enough light
intensity is essential to achieve an adequate conversion
degree of light-polymerized composites. Besides that,
the association between light source and composite can
also play an important role on the properties of veneer-
ing composites'.

According to Matsumura et al.’ and Tanoue et al.'?,
the use of light polymerizing device with high light in-
tensity can increase the hardness, compressive strength,
flexural modulus and also reduce the water sorption/sol-
ubility of composites. The results from the present inves-
tigation suggest that the conversion degree of the com-
posite C was lower than the F, since the former showed
the lowest values of flexural strength in all groups. The
lower performance of C can also be attributed to a lower
amount of photo-initiator system or a higher concentra-
tion of inhibitor, which is usually used to increase the
composite shelf-life, as reported by Tanoue et al.".

Palin et al."' investigated the confidence of bi-
axial and three-point flexural strength tests using the
composite F light polymerized with either a quartz-
tungsten-halogen light (XL2500 -3M/ESPE) or a light
polymerizing device (Visio-Beta — 3M/ESPE). The au-
thors have not observed any significant difference on
the biaxial flexural strength values after polymerizing
with one of the two mentioned methods. This corrob-
orates with the results of the present investigation, in
which specimens light polymerized with LED or STR
were statistically similar one to another.

The results of this investigation suggested that
the direct composite F is appropriated for fabrication
of metal-free premolar crowns when compared to the
laboratory-processed composite C.

Further studies involving flexural strength and
other mechanical properties should be conducted with
other fiber systems, composites and light polymerizing
units, since different results can be obtained varying
one of the aforementioned factors.

CoONCLUSION

The evaluated composites showed different in vi-
tro behavior; the direct composite F showed the highest
flexural strength means in all groups; the light source
did not affect the flexural strength of the composites;
the fiber reinforcement increased the flexural strength
of both composites, however this increase was only sta-
tistically significant for the laboratory-processed com-
posite C.
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Resumo

Andlise in vitro da resisténcia fluxural de uma resina composta direta e uma resina
laboratorial de segunda geracao associadas ou nao a fibras de reforco

O objetivo deste estudo foi avaliar in vitro a resisténcia flexural da resina composta direta (Filtek™ Z-250 —
3M/ESPE) e da resina laboratorial de segunda geragdo (CeseaDS Il — Kuraray) associadas ou ndo a fibras de vi-
dro (Fibrex-coronal — Angelus), variando a fonte de luz fotoativadora (L.E.Demetron 1 — Kerr e Strobolux — EDG).
Foram confeccionados 56 corpos de prova (CP) em uma matriz metdlica bipartida com as dimensées de 13,0 mm
de diametro por 2,4 mm de espessura divididos em 8 grupos (n=7) de estudo: GI — Resina Filtek™ Z-250/sem fi-
bras/ LED; GII — Resina Filtek™ Z-250/ sem fibras/ Strobolux, GIII - Resina Filtek™ Z-250/ Fibrex-coronal/LED;
GIV - Resina Filtek™ Z-250/Fibrex-coronal/ Strobolux;, GV — Resina CeseaD’" II/ Sem fibras/ LED,; GVI - Resina
CeseaD’T I/ sem fibras/strobolux; GVII - Resina CeseaD" Il/ Fibrex-coronal/ LED; GVIII - Resina CeseaD’" 1/
Fibrex-coronal/ Strobolux. Os CP foram submetidos ao teste de resisténcia flexural biaxial no equipamento Kratos
com velocidade de 10,5 mm/min. e célula de carga de 500 Kgf. Os valores de resisténcia flexural foram submetidos
ao teste de Tukey (p = 0,01). A média dos resultados em MPa foram: GI — 187,91 + 32,78, GII — 196,76 = 31,15;
GIII - 208,27 + 18,79; GIV — 218,02 + 15,76, GV — 101,72 + 11,25; GVI— 103,05 £ 9,56, GVII — 164,76 + 12,54
e GVIII — 176,75 £ 47,03. Concluiu-se que os compositos avaliados apresentaram diferentes comportamentos in
vitro; o composito direto Filtek™ Z-250 apresentou maiores valores de resisténcia flexural em todos os grupos es-
tudados; o tipo de fonte de luz ndo interferiu na resisténcia flexural dos compositos avaliados; o refor¢o com fibras
aumentou a resisténcia flexural de ambos os compdsitos avaliados, sendo que apenas para o compdsito indireto

CeseaDS" [T esse aumento foi significante.

DESCRITORES

Luzes de cura dentdria. Resisténica a flexdo. Resinas compostas.
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