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filled with type III gypsum in small portions, surface separation agent was re-applied and
using a vibrator. After the flasks were properly the same process was performed with smaller
prepared, they were pressed for 1 hour. After the additional metal dies to standardize the space
flasks re-opening, the stainless steel standards for the reinforcement.

were removed and a thin layer of the gypsum

Figure 1 - A) insertion of the patterns on the gypsum with a 10mm space between them; B) wall construction in condensation
silicone (Vipisil; VIPI, Pirassununga, S&o Paulo, Brazil); C) flasks prior to removal of the metallic pattern; D) flasks after removal of the
metallic pattern; E) additional metal spacer pattern to standardize the reinforcement space; F) final matrix obtained for the samples.
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After that, ten samples were prepared
for each group (n = 10): CO, control TAAR
(Lucitone 550, Dentsply Sirona, Sao Paulo,
SP, Brazil); CR, in which an indirect composite
resin (SR Chromasit, Ivoclar Vivadent, Schaan,
Liechtenstein) was prepared with 60 mm in
a Centrix syringe and polymerized together
with the acrylic resin during the thermo-
polymerization cycle (Figure 2); SS, in which
ceramic glass mixed with aramid fibers
(Superfiber, Superdont, Rio de Janeiro, RJ,
Brazil) cut 60 mm in length were incorporated
into the samples; and SC, in which the same
fibers were incorporated to the samples with
addition of CR (Table 1).

Table 1 - Groups, reinforcements types and materials used to
make the samples

GRUPS REINFORCEMENTS TYPES MATERIALS
co None TAAR
CR Indirect composite resin TAAR +CR
SS Aramid and glass fibers TAAR +fibers
SC Indirect resm%iﬁgarr;nd and glass TAAR + CR + fibers

Figure 2 - Insertion of fibers coated with composite resin in the
lower area of the matrix which was filled with TAAR.

TAAR was manipulated as recommended
by the manufacturer. The flasks were slowly
and gradually pressed in a hydraulic press until
establishing 1000 Kgf, and then maintained

for 30 minutes. After the pressing time, the
flasks were transferred to an individual press
and brought to the polymerization process.
The polymerization process was undertaken
using a short cycle, as recommended by the
manufacturer; the flasks were positioned in
cool water and brought to 100°C, maintaining
for 45 minutes at that temperature. Once the
process finished, a two-hour period was waited
for cooling the flasks at room temperature.

The final dimensions of the samples were
65 mm x 10 mm x 2.5 mm [23], using two
stainless steel devices that served as guides to
match the length, width and thickness of the
specimens. Specimens were wet grounded
to the final dimensions using sandpaper in
respective granulation of 180, 320 and 600.
After finishing, specimens were stored in a
recipient with distilled water inside a kiln at
37°C for 48 = 2 hours.

Three-point bending test

A three-point flexural strength test was
performed using a universal testing machine
(EMIC, Sao José dos Pinhais, Parand, Brazil)
with a load of 50 kgf at a cross-head speed of 5
mm/min at the center of the samples supported
by a suitable device. The reinforced face was
placed to the tensile side (Figure 3).

The fracture load was recorded in
Newtons (N) and the flexural strenght (FS) was
calculated in MPa with the following equation
FS = 3FD / 2LH2, where F is the maximum
load supported by the specimen before its fail,
which was determined in Newton (N); D is
the span distance (50mm); L is the width of
the specimens (10mm); H is the thickness of
the specimens (2.5mm).The dimensions were
checked with the aid of a digital pachymeter
(Mitutoyo, Suzano, Sao Paulo, Brazil).

Data were tabulated and submitted to the
normality test, which indicated the possibility
of performing a one-way ANOVA and Tukey
tests with a significance level of 95%.
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Figure 3 - Sample position during execution of the three-point
bending test.

RESULTS

Through the ANOVA statistical test, it was
possible to verify that there was a significant
statistical difference between the groups (p =
0.01). Tukey test indicated that the application of
the indirect composite resin reduced the flexural
strength of the samples, while the use of glass
and aramid fibers was beneficial to the resistance.
Therefore, the group that presented the greatest
flexural strength was SS, followed by CO, CH and
CS, respectively (Table 2).

Table 2 - Three-point flexural strength data of the control and
experimental groups

GRUPS MEAN  STANDARD DEVIATION (MPa)
co 6027+2418B
CR 3839+1275A
ss 7997+1275C
cs 3240+9.05A
DISCUSSION

In this research, glass and aramid fibers
and/or indirect composite resin were added
as an attempt to reinforce TAAR. To evaluate
these treatments, a three-point bending test was
performed. This test is the most used to evaluate
acrylic resin resistance [1-3,7,10-12,14,21,22],
because the three-point test simulates a bending

failure caused by deformation of the base of the
complete prosthesis [3,12,14], being preferable
to torsion, compression or shear tests [7].
Trying to simulate the conditions of a complete
prosthesis, the thickness of the experimental bars
was 2.5 mm, which is the dimension also used in
others researches [7,11-12] and it is close to the
one clinically used in a prosthesis base.

Insertion sites of the reinforcement material
in the TAAR can be in the upper face of the prosthesis
base [1], in the medium [1,10] or in the lower
region [1,9]. Agha, Flinton and Vaidyanathan [1]
evaluated the strength influence of the glass fiber
reinforcement on TAAR bars and reported that the
placement of the fibers closer to the lower region
was more favorable to this material resistance,
fact that guided the preparation of the specimens
in our research. The beneficial effects of fiber
reinforcement on the tensile side [9], face subjected
to increased stress, can be attributed to the ability
of the fiber to absorb more energy by stretching of
the fibers, before the occurrence of the fracture.
As a result, the stress required for the initiation of
crack growth and its subsequent propagation is
postponed until a greater stress is required or the
fracture to be properly initiated [1].

Analyzing the obtained results, the null
hypothesis was rejected, since all the experimental
groups obtained different results when compared
to the control group. In groups which indirect
resin was inserted, a decrease in resistance was
found. Although da Silva et al. [22] reported the
opposite, this decrease in resistance values can
be justified by the fact that the elastic modulus
of the composite resin is higher than the acrylic
resin [24,25], not allowing the bars with this
composite to undergo so much plastic deformation
compared with pure acrylics or fibers reinforced
bars and fractured with a lower load.

Another factor to be considered is that the
composite resin used in this research did not
promote an efficient penetration into the surface
of the acrylic resin, resulting in a structure with
faults, in which the fractures could be originated
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easily. Some studies used a more flowing material
such as a fluid composite resin, for example,
after an application of the methyl methacrylate
monomer, showing better results between an
acrylic resin and a composite resin [26,27].

However, the insertion of glass and
aramid fibers without the inclusion of composite
resin was beneficial. This result is supported
by previous papers [1-3,5,9,12,21]. Several
researches obtained a significantly higher TAAR
resistance when they were reinforced with some
type of fiber, compared with specimens without
any reinforcement [1,3,5,9,12,21], reinforced
with nylon fibers [2] or even metallic ones
[7]. Therefore, glass and aramid fibers can be
considered suitable for dental prosthesis [2,9],
and even have longitudinal studies as proof [9].

By an aesthetic perspective, glass fibers are
mostly used in anterior region [12], however,
the combination of different fibers is proven
beneficial, which is due in part to the total volume
of fibers [3]. Another factor that, according to YU
et al. [3], also affects the mechanical properties
of the reinforced TAAR is the diameter of the
fibers. When they increase, a higher resistance of
the sample is generated [3].

This research was an in vitro study and
its results cannot be fully compared to clinical
situations due to biological variables. However,
important criteria, such as sample thickness and
type of test performed, were incorporated into
the design during the preparation of the samples
and execution of the mechanical test so that the
conclusions of the study could be considered
valid from a clinical perspective.

CONCLUSION

The use of glass and aramid fibers at
the base of a thermally activated acrylic resin
increased the three-point flexural strength,
however when indirect composite resin was
incorporated into the specimens a significant
drop of this mechanical property was observed.
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