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ABSTRACT

Aim: The aim of the present study was to evaluate the effect of
the use of composite fibers (glass fiber and polyethylene fiber)
at the gingival third of mesio-occlusodistal (MOD) cavities on
the fracture resistance of endodontically treated premolars.

Materials and methods: A total of 45 extracted premolars
underwent endodontic treatment. MOD cavities, 2.5 ± 0.2 mm
thick at the buccal and lingual heights of contour, were prepared,
with the gingival cavosurface margin 1.5 mm coronal to the
cementoenamel junction. Then the teeth were randomly divided
into three groups. In group 1, the cavities were restored with
Z250 composite resin without the use of any fibers. In groups 2
and 3, the teeth were restored in the same manner as that in
group 1 after placement of glass fiber and polyethylene fiber at
the gingival third of the cavities, respectively. Subsequent to
thermocycling, fracture resistance of the specimens was
measured in Newton (N).

Statistical analysis: Data were analyzed with one-way ANOVA
and a post hoc Tukey test at a significance level of p < 0.05.

Results: There were significant differences in the means of
fracture resistance values between the three groups (p = 0.001).
Statistically significant differences were observed in the fracture
resistance between group 2 and groups 1 and 3 (p < 0.05).
However, the differences between groups 1 and 3 were not
significant (p = 0.25).

Conclusion: The type of fiber influenced the fracture resistance
of endodontically treated human premolars.

Clinical significance: Using glass and/or polyethylene fibers
in the gingival third of composite restorations leads to different
results in fracture resistance of endodontically treated maxillary
premolars.
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INTRODUCTION

Restoration of endodontically treated teeth plays an
important role in the success of root canal treatment.1

Endodontically treated teeth are more susceptible to fracture
due to greater cavity depth and loss of more dentin.2

Therefore, intracoronal reinforcement of such teeth,
especially in posterior regions, is of utmost importance in
providing fracture resistance.1 Maxillary premolars have a
unique position among the posterior teeth: On the one hand
they play an important role in the esthetics of a beautiful
smile; on the other hand, they are subjected to a combination
of compressive and shearing forces as a result of their
functional role in mastication. Therefore, there is a need
for high-strength tooth-colored restorations in these teeth
when they are damaged by dental diseases. According to
previous studies, crowns, cast onlays, amalgam onlays or
composite resins can be used to restore endodontically
treated teeth.2 Given the recent advances in adhesive
technology and introduction of new generations of
composite resins, conservative direct restorations with
highly-acceptable esthetics have become possible.2

Hernandez et al showed that fracture resistance of
endodontically treated premolars increases with the use of
dentin bonding systems with composite resins.3

Nevertheless, polymerization shrinkage and the concomitant
stresses upon the restoration-tooth interface have an
influence upon the final outcome of extensive composite
resin restorations.1 A proposed procedure to resolve the
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above-mentioned problem is the use of an intermediary resin
with low viscosity and modulus of elasticity between the
bonding agent and the composite resin, which serves as an
elastic buffer.4,5 One of the materials which can be used to
this end is flowable composite. Although the use of flowable
composite resin alone does not increase fracture resistance
of endodontically treated teeth with MOD cavities,
incorporation of polyethylene fibers into flowable composite
resin can increase fracture resistance of these teeth.2 In
addition, this combination of materials functions as a stress
absorber due to its low modulus of elasticity.1 According
to a previous study, fiber-reinforced composite resins have
sufficient flexural modulus and strength to function
successfully in the oral cavity.6

At present, various kinds of fibers are available to
reinforce composites, with different physical and mechanical
properties.7 Physical and mechanical properties and the
reinforcing effect of fibers are under the influence of various
factors, of which the fiber type can be mentioned.8 Several
studies have demonstrated differing behaviors of fibers in
increasing fracture resistance of endodontically treated
teeth.1,2,9 Considering structural and physical differences
of fibers and also the fact that no studies have ever compared
the efficacy of various composite fibers with composite resin
restorations in increasing fracture resistance of endodontically
treated premolars, the aim of the present study was to
evaluate the effect of two different types of composite fibers
(glass fiber and polyethylene fiber) on the fracture resistance
of endodontically treated maxillary premolars.

MATERIALS AND METHODS

In this in vitro study, 45 sound human single-rooted maxillary
premolars, extracted for orthodontic reasons, were used. The
teeth had almost similar sizes and dimensions. The teeth
were devoid of cracks and fractures when evaluated under
transillumination. The teeth were stored in 0.5% chloramine
T trihydrate solution (Merck, Munich, Germany) at 4°C until
used for the purpose of the study. Tooth surfaces were
cleaned with hand instruments; then access cavities were
prepared using a coarse tapered flat-end bur (MANI,
Nakaakutsu, Japan) in a high-speed handpiece. A # 10 K-
type file (Dentsply Maillefer, Simfra, Switzerland) was
inserted into the canal so that the tip of the file was visible
at the apical foramen. A millimeter was subtracted from
this length to determine the working length (WL). K-files
were used up to # 30 to prepare the canals by the step-back
technique. Flaring of the canals was carried out by # 3, # 2,
and # 1 Gates Glidden drills (MANI, Nakaakutsu, Japan).
After each instrumentation step, 5.25% NaOCl was used to
irrigate the canals. Subsequent to drying out the canals with

paper points (Diadent Group, Chongju, Korea), they were
obturated with gutta-percha (Diadent Group, Chongju,
Korea) and AH 26 sealer (Dentsply, Konstanz, Germany)
using a lateral condensation technique. Subsequent to
obturation all the teeth were further examined regarding
craze lines, cracks and fractures using transillumination
technique. Furthermore, radiographic control of obturation
was performed in order to exclude any teeth with non-
homogeneous root canal filling and voids. Thereafter, MOD
cavities, to a standard design, were prepared so that the wall
thickness from the buccal and lingual heights of contour
was 2.5 ± 0.2 mm and the gingival floor was 1.5 mm coronal
to cementoenamel junction (CEJ). The teeth were embedded
in self-cured acrylic resin up to CEJ and were randomly
divided into three groups of 15 teeth each.

The teeth in group 1 (the group without fiber) were
etched for 15 seconds with 35% phosphoric acid
(Scotchbond Etchant, 3M-ESPE, St Paul, MN, USA) using
the total etch technique (simultaneous etching of the enamel
and dentin). Then tooth surfaces were rinsed for10 seconds
and dried with an air spray for 1 to 2 seconds at a distance
of 2 mm from the tooth surface so that the wet and shiny
appearance of dentin was preserved; the air spray was not
contaminated with water or oil. Single Bond adhesive (3M-
ESPE, St Paul, MN, USA) was applied in two coats
according to the manufacturer’s instructions and light-cured
for 10 seconds using an Astralis 7 light-curing unit (Ivoclar
Vivadent, Liechtenstein, Austria) set at the low-power
program at a light intensity of 400 mW/cm2. Subsequent to
placement of a metallic matrix band (Tofflemire Matrix,
Arzier, Switzerland) around the teeth, the cavities were
restored with Filtek Z250 (3M-ESPE, St Paul, MN, USA)
composite resin using an incremental technique. In this, each
1.5 mm incremental layer was light-cured before placing
the next layer. The tip of the instrument was placed from
the occlusal aspect, touching the cusps. The restorations
were cured using pulse program mode in which the light
intensity was 150 mW/cm2 at first, increasing to 400 mW/cm2

in 15 seconds and fluctuating between 400 mW/cm2 and
750 mW/cm2 every two seconds until the total time added
up to 40 seconds. After completing the restoration procedure
and removing the matrix band, curing was repeated from
mesial and distal aspects for 40 seconds each.

In groups 2 and 3 (glass fiber and polyethylene fiber
groups, respectively) the same procedures were repeated
except for the fact that after etching and applying the
bonding agent, the cavity floor was covered with a 1 mm
layer of Filtek Flow composite resin (3M-ESPE, St Paul,
MN, USA). ‘Prior to the light-curing procedure, pre-
impregnated glass fiber (Interlig, Angelus, Londrina PR,
Brazil) and fiber-braided preimpregnated polyethylene fiber
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(NSI, Hornsby, Australia) with thicknesses of 2 mm and
0.3 mm, respectively, were placed from the gingival third
of the buccal aspect to the gingival third of the gingival
aspect of the lingual wall on the cavity floor and inside the
flowable composite (Fig. 1). Then the pulse program of
Astralis 7 light-curing unit was used to cure the materials
for 40 seconds. The remainder of the cavity was restored
similar to the procedure in group 1. All the specimens were
subsequently subjected to a thermocycling procedure, which
consisted of 500 cycles at 5°C ± 2°C/55°C ± 2°C with a
dwell time of 30 seconds and a transfer time of 5 seconds.
Then the specimens were incubated at 37°C and 100%
relative humidity for 24 hours. All the endodontic and
restorative procedures were carried out by one operator.

The results of one-way ANOVA showed that there were
significant differences in the mean force to fracture between
the three experimental groups (p = 0.001). According to
the results of Tukey test there were statistically significant
differences in fracture resistance between group 2 and
groups 1 and 3 (p = 0.03 and p < 0.001 respectively).
However, the differences between groups 1 and 3 were not
significant (p = 0.25). Moreover, based on the Chi-square
test there was not any significant association between the
study groups and the fracture patterns (χ2 = 0.25, df = 2,
p = 0.87). Evaluation of fracture patterns revealed that most
of the fractures in the three groups were unfavorable and
apical to CEJ (Table 2).

Fig. 1: Position of the fibers

The specimens were embedded in cold-cured acrylic
resin up to 1.5 mm apical to CEJ and subjected to a
compressive force at a crosshead speed of 0.5 mm/min in a
test machine (Hounsfield Test Equipment, model H5K-S,
England). The force was applied with a steel ball with a tip
diameter of 5 mm.9 In all the specimens, the force was
applied to the occlusal surface of the restoration at 90
degrees with the force-applying apparatus parallel to the
long axis of the tooth, touching the buccal and lingual cusps.
The force applied was measured in Newton at fracture.
Fracture patterns were evaluated by determining favorable
and unfavorable fracture modes. Favorable fractures were
located coronal to CEJ and unfavorable ones were apical to
CEJ.

Fracture resistance data was analyzed by one-way
ANOVA and a post hoc Tukey test at a significance level
of p < 0.05 after means and standard deviations were
calculated, using SPSS 16 software package. Chi-square
test was used for comparison of fracture mode frequencies
in the study groups.

RESULTS

Table 1 contains the mean applied force to fracture in
Newton and its standard deviation (SD) for the groups tested.

Table 1: The means and standard deviations (SD) of fracture
resistance in Newton in the study groups

Groups n Mean ± SD (N) Minimum Maximum

Group 1
(without fiber) 15 622.07 ± 67.18 498.00 720.00
Group 2
(glass fiber) 15 507.77 ± 100.63 355.00 650.00
Group 3
(polyethylene fiber) 15 694.60 ± 157.56 466.00 997.00

Table 2: Frequencies of fracture patterns in the study groups

Groups Favorable Unfavorable
fracture fracture

Group 1 (without fiber) 3 (20%) 12 (80%)
Group 2 (glass fiber) 4 (26.7%) 11 (73.3%)
Group 3 (polyethylene fiber) 3 (20%) 12 (80%)

DISCUSSION

In restoration of endodontically treated teeth, the key factor
for treatment success is selection of the best material and
technique based on the functional needs and the amount of
remaining tooth structure. Several materials and techniques
have been proposed to increase the rate of success in
restoring teeth with extensive loss of tooth structures.10,11

Introduction of fiber-reinforced composite technology has
increased the use of composite materials in large cavities.2

Considering the contradictory results about the use of
composite fibers at cavity floors of endodontically treated
teeth in two previous studies,1,9 the present study made an
attempt to evaluate the effect of composite fibers (glass and
polyethylene fibers) at the gingival third of MOD composite
resin restorations on fracture resistance of endodontically
treated premolars.

Based on the results of this study, the highest and lowest
fracture resistance means were observed in group 3
(polyethylene fiber) and group 2 (glass fiber), respectively,
with statistically significant differences in fracture resistance
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between glass fiber group and the two other groups
(polyethylene fiber and no fiber groups). Several studies
have shown that the use of polyethylene fibers, with high
modulus of elasticity and favorable flexural strength, along
with flowable composites under composite restorations
increases fracture resistance due to its modifying effect on
interstitial stress at tooth-restoration interface.2,12,13 It has
been reported that polyethylene fibers increase the impact
strength, modulus of elasticity and flexural strength of
composite resins.14 It should be pointed out that glass fibers
contain interlaced glass and can increase the impact strength
of composites.14 Kolbeck et al even reported that the
reinforcing effect of glass fibers is greater than that of
polyethylene fibers; of course, they had used untreated
polyethylene fibers in their study and attributed the results
of the study to the absence of proper adhesion between
polyethylene fibers and the resin matrix.15 From a chemical
point of view, glass is an amorphous material which consists
of bonded tetrahydrate silica in a random lattice; therefore,
glass fibers have varying physicochemical properties,7

differentiating them from organic fibers such as
polyethylene fibers. Since the polyethylene fiber used in
the present study was of the preimpregnated type, it is
probable that the above-mentioned differences might have
influenced the properties of the surface composite adhering
to glass fiber and polyethylene fiber, resulting in differences
in the fracture resistance between the two groups. If the
adhesion between the composite and fibers is not favorable
(the same as what is expected in the glass fiber group), it is
expected that fiber will act as an inclusion body, resulting
in weakening of the resin structure rather than in
strengthening it.16 The other finding of the present study
was that there were no differences in fracture resistance
between polyethylene fiber and no fiber groups. However,
in some studies the use of composite fibers along with
composite restorations has significantly increased fracture
resistance through an increase in the flexural strength of
the whole structure.2,12,14,17-19 It appears apart from physical
factors (fiber type and polymer matrix), fiber surface
treatment, adhesion of fiber to polymer matrix,20 fiber
orientation, and fiber placement technique influence the
mechanical properties of fiber-reinforced composite resins.8

According to the results of study carried out by Oskoee et
al,9 fracture resistance decreases with an increase in the
distance between the fiber and the point of force application,
which is explained by the increase in the length of working
arm, based on the law of levers.1,9 Garoushi et al in their
study referred to the effect of distance between the fiber
and point of force application on fracture resistance.17

In this study, apart from the effect of physical and
chemical differences on the performance of two types of
fibers,7 it seems the distance from the point of force

application and the working arm length can also influence
the final results of fracture resistance tests.

In the present study, similar to a previous study,9 the
majority of fractures were unfavorable. However, Fennis
et al showed that in cusp-covering and cusp-replacing
procedures composite restorations reinforcing composite
resin with glass fiber has a beneficial effect on failure
mode.21

Finally, it should be pointed out that in the present
in vitro study, a static force was used to evaluate fracture
resistance. Although the results might be useful in predicting
clinical function, it is suggested that the effect of other
factors, such as fiber type and the properties of the composite
covering the surface of fibers in difference positions and
distances relative to the point of force application, be
evaluated in conditions similar to the oral cavity conditions
in future studies. This recommendation is justified
considering the importance of fatigue stress in intraoral
situations and the role of the properties of the composite
covering the fiber surface in the physical properties of fiber-
reinforced composites and the resistance of the final
restoration.22,23 Moreover, the evaluation of stress
distribution at tooth cusp and also cuspal deflection through
different methods, such as finite element analysis, are
suggested in future researches. Finite element analysis helps
to evaluate the effect of single and combined factors on
tooth-restoration complex. Furthermore, it will help better
to understand the nature of stress and strain distributions.

CONCLUSION

Considering the limitations of this in vitro study, it can be
concluded that using glass and/or polyethylene fibers in the
gingival third of composite restorations leads to different
results in fracture resistance of endodontically treated
maxillary premolars.

CLINICAL SIGNIFICANCES

Using glass and/or polyethylene fibers in the gingival third
of composite restorations leads to different results in fracture
resistance of endodontically treated maxillary premolars.
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