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Introduction

Abstract

The aim of this study was to analyze two filling materials (Resilon
and Thermafil) and to evaluate their contribution to fracture resistance of
endodontically treated teeth. Thirty-two single rooted teeth stored in saline
solution at 4°C were used on this study. The teeth were randomly assigned
into four groups: Group 1 (n=10), obturation with Thermafil Group 2 (n=
8), obturation with RealSeal 1™; Group 3 (n= 7), instrumented but not filled
(positive control); Group 4 (n=7), specimens not instrumented and not obturated
(negative control). The teeth were embedded in self-curing acrylic resin
using a robot and the resistance to fracture was evaluated using a universal
testing machine (Autograph). Statistical analysis was performed to determine
significance differences (a = 0.05).

Results: The present study showed that none of the rooth canal filling
material could increase to fracture resistance of endodontically treated teeth.
According to a Kruskal-Wallis test, there were statistically significant differences
(a= 0.05), regarding the type of fracture (p= 0.031). There were more oblique
fractures in the negative control group and more vertical fractures in the positive
control group.

Regarding the direction of the fracture, there are no statistically significant
differences between the groups (p= 0,125, Kruskall-Wallis).

Within the limitations of an in vitro study, it might be concluded that
neither Thermafil® nor Real Seal-1® enhanced the resistance to root fracture of
endodontically treated teeth.
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also important, since it potentially prevents leakage and according
some authors contributes to the root reinforcement [12-16].

The first step of endodontic treatment is focused on microbial

control, followed by root filling [1]. The purpose of obturation is
to prevent microbial leakage within the root canal, which leads to
a nutrient environment available to microorganisms. Furthermore,
root canal filling confines remaining microorganisms and inhibits
coronal leakage of microorganisms from the oral cavity [2].

Root canal treatment often leads to serious complications, since
endodontically treated teeth become more likely to fracture [3-6].
Therefore, the probability of endontontically treated teeth to fracture
increases with the amount of dentin removal [7-11].

According to Tang et al. [7], dental and filling material fractures
could result from regular functional stresses or increased functional
and parafunctional stress. Ordinary functional stress could lead to
coronary and root fracture of endodontically treated teeth, when
mechanical properties are diminished. Repeated stress overload may
cause dental fracture [7].

Endodontic sealers play a primary role, by filling the void spaces
between the obturation material and root dentin. Sealer adhesion is

According to Grossman, mechanical tests evaluating dentin bond
strength are relevant because in a static situation, any void allowing
fluid leakage between the filling material and root canal dentin
should be eliminated and, in a dynamic condition, adhesion is a key
to create resistance to dislodgement of the filling material during its
manipulation [17]. Therefore, filling materials could enhance the
resistance to fracture of endodontically treated teeth [18].

The in vitro study presented in this paper was to test the
mechanical behavior of two filling materials Thermafil (Dentsply
Maillefer, Ballaigues, Switzerland) and RealSeal 1™ Bonded
Obturator (SybronEndo, Orange, CA), in strengthening the structure
of filled root teeth

Thermafil consists of a thermoplastic obturation technique, in
which the central carrier is pre-coated with thermoplasticised gutta-
percha [19]. The RealSeal 1™ is a polysulfone core that is precision
coated with Resilon material using high-tolerance injection molding.
Resilon a thermoplastic filled polymer composite, was introduced
that could challenge the use of gutta-percha as an obturation material.
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Resilon is composed of a parent polymer, polycaprolactone or Tone
(P787, Union Carbide, Dansbury, CT), which is a biodegradable
aliphatic polyester, with filler particles consisting of bioactive
glass, bismuth oxychloride, and barium sulfate. One of the claimed
advantages of Resilon is the creation of a “monoblock”, referring to
a situation where any void space in the root canal system would be
completely filled creating a single cohesive unit comprising the core
material, the endodontic sealer and the root dentin. Some claimed
benefits include the simultaneous sealing and fracture resistance
improvement [20]. Gutta-percha does not bond to dentin and its
modulus of elasticity is about 79 MPa, which is quite lower than the
modulus of elasticity of dentin (approximately, 17400 MPa) [21,22].
Despite the ability of Resilon to bond to root dentin, both its bond
strength (0,5 MPa) [23] and its modulus of elasticity (around 87 MPa)
are quite low [21]. Therefore, it is still controversial whether Resilon
has the ability to reinforce root dentin [23,24]. To sum up, there are
two key factors regarding the ability of filling materials to enhance the
resistance to fracture of endodontically treated teeth: stable bonding
to the root canal walls and modulus of elasticity similar to dentin [7].

In methacrylate-based resin sealers, as used in Resilon, low
bond strength values can be explained by the high C factor (cavity
configuration factor) in long and narrow root canals. This leads to the
inability of stress relief from polymerization. It is likely that the bond
between sealer and root dentin is not strong enough to resist those
polymerization stresses, thus resulting in void formation [25].

The purpose of this study was to evaluate the resistance to fracture
of teeth obturated with Thermafil and RealSeall™, after a twelve
month period of saline solution storage.

Materials and Methods

Thirty-two single rooted teeth caries free with one root canal and
closed apices were used on this study. The samples were stored in
saline solution at 4°C. For standardization purposes, the teeth were
sectioned with a high-speed bur with cooling system, leaving all the
roots 15mm long.

The working length was determined by leveling a size 15 K-file
(Dentsply/Maillefer, Ballaigues, Switzerland) with the apical foramen
and then subtracting Imm. Twenty-five teeth were instrumented
with Profile” (Dentsply-Maillefer, Ballaigues, Switzerland)). Irrigation
was performed with 1ml sodium hypochlorite (2,5%) between each
file. The apical third was instrumented with hand K-files until a 35
master apical file was achieved. After completion of instrumentation,
the foramen permeability was confirmed by viewing a size 15 K-file
at the foramen. All specimens were finally irrigated with 3ml EDTA
17% (30 seconds), followed by 3ml sodium hypochlorite 2.5% and
3ml saline solution.

The teeth were randomly assigned into four groups: two
experimental groups (n=18) and two control groups (n=14). The
following procedures were performed in each group:

. Group 1 - 10 specimens obturated with Thermafil
(Dentsply/Maillefer, Ballaigues, Switzerland) and AH Plus sealer
(Dentsply, Maillefer, Ballaigues, Switzerland);

. Group 2 - 8 specimens obturated with RealSeal 1™ Bonded
Obturator (SybronEndo, Orange, CA),RealSeal primer and sealer

(SybronEndo, Orange, CA);

. Group 3 - 7 specimens instrumented but not filled (positive
control);

. Group 4 - 7 specimens not instrumented (negative
control).

The obturation quality was confirmed by radiographic means
and the specimens were stored in saline solution for 12 months. The
buccolingual and mesiodistal diameters were measured.

The teeth were embedded in self-curing acrylic resin (Orthocryl,
Dentaurum, Germany) using a robot (Industrial manipulator ABB -
IRB2400 with the S4Cplus controller), which stabilized each specimen
during the setting of the acrylic resin (approximately 20 minutes at
26°C). The purpose of the robot was to minimize the instrumental
variability, since the specimens were always embedded on the same
position and by the same “operator”. This approach minimized the
posterior adjustments on the universal testing machine, and ensured
a vertical position for all the specimens.

PVC rings were used to contain the teeth embedded in the acrylic
resin and were sectioned with 2cm high. A circle (with the same
diameter of the PVC rings) and its center were drawn in a transparent
acrylic plate, which was attached to the arm of the robot.

The specimens were glued by their coronary portion, so that the
long axis of the root was perpendicular to the acrylic plate and parallel
to the walls of the PVC rings. Both the acrylic plate and the super glue
were transparent, in order to align the root canal with the center of
the circle drawn on the plate. This enabled all the specimens to be
placed in the same position with high precision

The robot took each specimen glued to the acrylic plate to the
correct position of alignment with the PVC ring, which was filled with
recently mixed acrylic and placed on a holding platform. From that
position, the robot lowered until the root was embedded 6mm deep
in the acrylic, leaving 9mm without being embedded. This position
was hold during the acrylic polymerization.

A universal testing machine (Autograph, AG-I Shimadzu,
5kN, Chiyoda-ku, Tokyo 101-8448, Japan) was used to evaluate the
resistance to fracture. A diamond bur was used to shape the root
canal access to accept the loading fixture. Each PVC ring containing
aroot specimen was mounted on the machine platform and a vertical
load (parallel to the long axis of the root) was applied at Imm/min
until fracture of the specimen, defined by sound and visible sign of
fracture. At this point, the test was terminated.

All the tested teeth were photographed and observed to classify
the type of fracture that occurred. This classification was based on
two parameters: the orientation and the direction of the fracture;
the ‘orientation of the fracture’ seeks to measure the main direction
of the fracture in the vertical plane defining three possible options:
vertical, oblique and vertical more oblique. On the other hand, the
direction of the fracture classifies the main angle of the fracture in the
occlusal plane by defining the directions mesiodistal, buccolingual
and mesiodistal more buccolingual.

Statistical analysis of the results was conducted to explore
significant differences between Thermafil and RealSeal 1 (ANOVA,
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Kruskal-Wallis, Mann-Whitney and Spearman). The significant level
was fixed to 5% (a = 0.05).

Results

The fracture load (N) was recorded by the universal testing
machine software for each root. Mean, standard deviation, maximum
and minimum were determined (Table 1).

To assess statistical meaning an ANOVA test was performed,
using SPSS (version 19). It was concluded that there were no
statistically significant differences between the 4 groups (ANOVA,
p=0.655).

The fracture load of the roots was apparently related to the
surface area where the vertical load was applied. It was performed a
correlation test and Spearman coefficient to explore this association.
Although, the correlation was statistically significant (p=0.009),
the correlation strength was only moderate (Spearman correlation
coefficient = 0.469).

Photographs of each group were taken to analyze the type
of fracture. The orientation of the fracture of each root (vertical/
oblique and buccolingual/ mesiodistal) was recorded. According to
a Kruskal-Wallis test, there were statistically significant differences
(a= 0.05), regarding the type of fracture (p= 0.031) (Table 2). There
were more oblique fractures in the negative control group and more
vertical fractures in the positive control group.

Applying the Mann-Whitney test (Table 3) was possible to verify
which groups showed statistically significant differences (signed
with*).

Regarding the direction of the fracture, there are no statistically
significant differences between the groups (p= 0,125, Kruskall-Wallis)
(Table 4).

Table 1: Fracture load (N) for each root.

Group Thermafil| Resilon Nevative Positive
control control
Mean 780,99 N 1003,133 N 945,93 N 754,24 N
Standard 44248N | 887,77TN |  207,24N 135,07 N
deviation
Masimum 1880,78 N | 1635,50 N 1520,00 N 1270,00 N
Munimum 339,53 N | 352,00N 242,00 N 254,00 N
Table 2: Descriptive statistics of fracture direction on the groups.
Fracture ofientation vs Group
Fracture ofientation | Thermafil | Resilon | Control (-) Control (+)  Total
Vartical 7 7 1 5 20
Oblique 0 0 3 1 4
Vartical+Oblique 2 0 1 0 3
Total 9 7 5 6 27
Table 3: Statistically significant differences between the groups *(Mann-Witney
test, p=0.05).
1 2 3 4

1 - 0,197 0,135 0,673

2 - 0,006 0,280

3 - 0,041*

4 -

Table 4: Direction of fracture obtained in each group.

Fracture direction vs Group

Fracture direction Thermafil | Resilon | Control (-) | Control (+)| Total
Mesiodistal 3 1 0 3 7
Buccolingual 3 3 1 2 9
Mesiodistal+Buccolingual 3 3 4 1 11
Total 9 7 5 6 27
Discussion

The results obtained in this in vitro study indicate that neither
the root canal instrumentation nor its filling were relevant to the
mechanical strength of endodontically treated teeth. This is in
accordance with previous studies [13,25-37].

However, it is important to emphasize that the relative variation
in each group is quite high (approximately 50%), which contributes
to the lack of statistically significant differences between the four
groups. Since there was extreme caution to reduce any error
introduction related to the experimental protocol, it is legitimate
to assume that the observed variability is mainly biological. Thus, it
would be advantageous to increase the number of specimens, in order
to enhance the statistical relevance.

It was possible to establish an association between the fracture load
and the surface area where the vertical load was applied. Nevertheless,
one should consider that the application of a compressive load on
a thermoplastic material can lead to erroneous results, due to its
tendency to deform during mechanical testing. Uncertain results can
also derive from non instrumented areas in oval shaped root canals
[38].

Extracted teeth experience significant changes in their chemical
and physical properties, depending on time and storage solution,
which affect dentin bond strength. The twelve month storage in saline
solution could have created a qualitative variation in dental structure
due to dehydration, becoming more susceptible to fracture [39,40].

The statement that methacrylate-based resin sealers are better
alternatives to conventional non adhesive root canal filling materials
is yet to be confirmed by scientific studies. Furthermore, there are few
studies using control groups. The scarce evidence-based information
available relatively to these recent materials suggests a pondered
approach is required when choosing dental filling materials [41].

Conclusion

Within the confines of an in vitro study, it might be concluded
that neither Thermafil nor RealSeal-1" enhanced the resistance to root
fracture of endodontically treated teeth. It is important to emphasize
that the bond strength is only one parameter regarding to the
evaluation of obturation quality. Further investigation is necessary
on other material properties and different obturation techniques on
anatomical variations.
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