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Abstract
Purpose: The aim of this study was to evaluate the fracture strength of experimental
hollow and solid design zirconia dowels.
Materials and Methods: Three types of dowels (fiber-reinforced composite [FRC],
hollow design, and solid design zirconia dowels) were tested in the study (n = 10).
A three-point bending method was conducted, and a load was applied until fracture.
The values were recorded as Newtons (N) and then converted to megapascals (MPa)
according to the diameter of the dowels. Statistical analyses were performed using
one-way ANOVA and Tukey HSD tests. The significance was set at p < 0.05.
Results: The mean fracture strength of the hollow design zirconia dowels was signifi-
cantly higher (960.72 MPa) than solid zirconia dowels (741.78 MPa) and FRC dowels
(687.64 MPa) (p < 0.05).
Conclusions: The hollow design zirconia dowel seems to have sufficient fracture
strength for anterior restorations. This design may be beneficial to access the apical
region when retreatment is necessary, without any dowel-removing procedure.

Endodontically treated teeth often require crown restorations
due to caries, an access cavity, or excessive removal of dentine
during endodontic treatment, which may increase the fracture
risk of the teeth.1 In cases with insufficient dentin to support
a crown restoration, a dowel is used to provide retention and
support.2,3 The traditional cast gold dowel and core has been
regarded as the “gold standard” because of its superior success
rate.4 Alternatives to gold dowels are titanium, fiber, stainless
steel, and zirconia dowels.5-8 When tooth-colored restorations
are preferred, dowels such as fiber-reinforced composite (FRC)
and zirconia improve the esthetic appearance.9,10 On the other
hand, metal dowels may negatively affect the esthetic result.5

In addition, corrosion reactions of the metals can cause metallic
taste, oral burning, oral pain, sensitization, and other allergic
reactions.11,12

Zirconia is a widely used restorative material because of its
good chemical stability and high mechanical strength similar to
that of stainless steel alloy. The high initial strength and fracture
toughness of zirconia results from a physical property known as
transformation toughening.13,14 Zirconia also has the esthetic
advantage of having a color similar to that of natural teeth.15,16

Zirconia dowels were first introduced by Meyenberg et al,5 who
reported that the flexural strengths (900 MPa to 1200 MPa) of
these dowels were comparable to cast gold or Ti.5

It is sometimes necessary to perform endodontic retreatment
as a result of persistent peri-apical infection, inadequate root
canal treatments, and dowel failures.17 Endodontic surgery is
one of the indications in an endodontically failed tooth with
a dowel-core restoration.18 However, a surgical procedure is
very difficult to perform on the palatal root of upper molars and
on mandibular molars.19 In such cases, removal of the crown
and the dowel core becomes the first choice for endodontic
retreatment.17 Nevertheless, it is nearly impossible to remove a
zirconia dowel from the root canal.10

The hollow dowel-and-core system that would allow or-
thograde retreatment of the root canal was first described by
Mosen et al.19 Since then, the benefits of various hollow dowel
designs and the retentive properties of these dowel systems
have been investigated.20-22 The hollow tube configuration
can provide access to the root apex and be easily removed
when necessary. If a hollow dowel is used, it is easier to re-
trieve the dowel from the infected root canal system or retreat
the root canal with standard endodontic files to remove the
infection.20,23

Zirconia dowel removal is a complex and difficult procedure
that may be traumatic to the patient. Drilling of high-strength
zirconia ceramic dowels was found to cause a temperature rise
of the root surface.17 Zirconia hollow dowel designs may be
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Figure 1 Experimental hollow and solid design zirconia dowels.

beneficial. However, their lack of thickness may decrease the
fracture strength of the dowels, and this subject has not been
studied yet. Therefore, the purpose of this study was to evaluate
the fracture strength of experimental hollow and solid zirconia
dowels, and compare them with FRC dowels. The hypothesis
was that there would be a difference in the fracture strength of
the dowel groups.

Materials and methods
In the first group, 10 specimens (tapered cylindrical patterns)
with a 2.2 mm coronal diameter and a 1.8 mm apical diameter
were fabricated from zirconia blocks (Lava, 3M ESPE, Seefeld,
Germany) according to the manufacturer’s instructions. In the
second group, 10 specimens with the same dimensions of
solid design were fabricated from zirconia blocks; however,
in each zirconia dowel, a hollow space with a 1.2 mm diameter
was prepared in the second group (Fig 1). In the third group,
10 FRC dowels with a 2.2 mm coronal diameter and 1.2 mm
apical region diameter (DT Light Post, Bisco, Schaumburg,
IL) were selected and assigned as the control group. As it
was impossible to produce a hollow design according to the
thinner FRC dowel dimensions, an appropriate FRC dowel
(2.2 mm in the coronal and 1.2 mm in the apical part) was chosen
whose dimension matched the coronal dimensions of custom-
made zirconia dowels (2.2 mm) to standardize the study. The
minimum dimensions that could be produced with the existing
production technique of zirconia dowels were 1.8 mm in the
apical part.

Three-point bending test

A three-point bending test was conducted according to ISO
10477 using a universal testing machine (Model 3345, Instron
Corp., Norwood, MA). A certain point on which the load was
applied was marked on the dowels with a permanent pen, and
the diameter of this point was measured with a micromea-
suring device (Mitutoyo Digimatic Caliper, Mitutoyo Corp.,

Table 1 Mean fracture strength values (standard deviation) of the
groups and the statistical analyses

Mean (SD) (MPa) F; p Post hoc

Fiber dowel 687.64 (122.67) F:5.387; P1-2 :0.012∗

Hollow zirconia dowel 960.72 (193.59) P:0.011∗ P1-3 :0.813
Solid zirconia dowel 741.78 (252.79) P2-3 :0.049∗

∗p < 0.05.

Kawasaki, Japan) before testing. The minimum reading value
of the caliper was set at ±0.001 mm. A load was applied to the
dowels with a loading angle of 90◦ and a 1 mm/min crosshead
speed until fracture. The two supports and the central load-
ing anvil had 2 mm cross-sectional diameters, and the distance
between the two supports was 10 mm. The load required for
failure of each dowel was recorded in Newtons (N). All tests
were carried out at room temperature. Because the dowels in
the three groups had different diameters, a calculation was done
to establish the load to be applied on the different dowels, ac-
cording to their diameters, using the following formula:24

δ = 8 × F × l/π×d3

where δ is stress (MPa); F, fracture load (N); l, the distance
between the two supports (mm); d, diameter of the dowel (mm).

Statistical analyses

The statistical analyses were performed using NCSS
2007&PASS 2008 Statistical Software (Kaysville, UT). All
values were analyzed with one-way ANOVA. To reveal the sta-
tistical differences between the groups, the Tukey HSD test was
subsequently applied. The significance was set at p < 0.05.

Results
The mean fracture strength values of the tested dowel systems
are presented in Table 1. One-way ANOVA showed a statis-
tically significant difference between the groups (p < 0.05).
The mean fracture strength of the hollow design zirconia dowel
group was significantly higher than the solid design zirconia
dowel and FRC dowel groups. There was no statistically sig-
nificant difference between the fiber dowel and solid-designed
zirconia dowel groups (p > 0.05).

Discussion
The alternative hypothesis that there was a difference in the
fracture strength of the tested dowel groups was accepted. It
was found that the fracture strength (960.72 ± 193.59 MPa)
of hollow design zirconia dowels was significantly higher than
solid design zirconia dowels (741.78 ± 252.79 MPa) and fiber
dowels (687.64 ± 122.67 MPa). The fracture strengths of zir-
conia and FRC dowels were compared in previous studies,25-28

which stated that FRC dowels had lower fracture strengths than
zirconia dowels. These results are in agreement with the current
study.

The higher fracture strength obtained in the hollow design
zirconia dowels compared to solid design may be related to the
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Özkurt et al Fracture Strength of Hollow Zirconia Dowels

elastic properties originating from the space in the middle of
the dowels. Zirconia dowels might have a higher resistance to
fracture due to the higher elasticity of the hollow design.

Fracture strength is determined by the highest load a ma-
terial is able to withstand. It is also related to the specimen
configuration.29 Kinney et al stated in their review article that
the elastic modulus of dentin ranged between 10 GPa and 30
GPa.30 It has also been reported that the biomechanical prop-
erties of FRC dowels are close to dentin.24,31 As FRC dowels
are flexible, they may allow micromotion and may break the
luting agent, resulting in coronal leakage or loss of the restora-
tions; however, they permit the retreatment of the canals when
necessary.32 Zirconia dowels are different from FRC dowels
because of the flexural properties. Zirconia dowels have a high
elastic modulus (200 MPa), and they are rigid.33 More-rigid
dowels provide support for cores and crowns. The physical
and mechanical properties of zirconia dowels may increase the
strength of teeth,25 but if overloaded, they may cause catas-
trophic failures such as root fractures.34 It is also very difficult
to retrieve a fractured zirconia dowel.34

The retreatment of teeth with endodontic dowels is still a
challenge for clinicians. In endodontic failures, orthograde re-
treatment in which removal of the dowel is required is gen-
erally more successful than periapical surgery.35 Dowel re-
moval requires special approaches to avoid root perforations
or cracks. Many instruments and techniques can remove dow-
els: the Masserann Kit, the Eggler post remover, the Gonon
post remover, the Ruddle post remover,36 and ultrasonic vi-
bration.37 However, zirconia dowels are usually cemented with
resin cements, which provide the highest retention compared
to other cements. It is very difficult to remove zirconia dowels
from root canals35 because of the luting resin cement and the
high strength of the material.5 It is also very difficult to drill
the zirconia dowel with burs and access the root canal system.
Therefore, a hollow design of zirconia dowels may be benefi-
cial to access the apical region and to perform retreatment of
the roots via the space in the middle of the dowels without need
for a removal procedure. According to the values obtained in
the present study, none of the tested dowel systems may be at
risk for failure under normal occlusal forces reported for ante-
rior teeth, because it was stated that the maximum bite force
of a natural dentition, especially for the anterior region, ranges
between 100 N and 200 N.38-40

The hollow design is a guide to achieve access to the apex
of the root. When it is decided to produce this type of dowel
during the production process this chamber can be filled with
tooth-colored gutta-percha, or thermoplastic synthetic polymer-
based root canal core material (Resilon), which can be removed
easily from the hollow chamber with nickel-titanium rotary
instruments.41

The hollow and solid-designed zirconia dowels used in this
study are experimental dowel systems. Although prefabricated
zirconia dowels are available the solid-designed zirconia dow-
els used in this study were produced to eliminate variabilities
such as material, diameter, or production technique. The FRC
dowel group was the third and served as the control group. In-
stead of a 135◦ angle between the force and the dowel, which
replicates the position of upper central incisors, an angle of 90◦
was chosen to simulate the worst traumatic scenario for max-

illary upper central incisors that can be encountered during an
accident.42

The limitations of this study were that the dowels were not
evaluated in natural or artificial teeth, and thermocycling or
long-term storage was not performed. In addition, fracture
modes of the dowels were not analyzed. Further studies are
needed to investigate the performance of the hollow zirco-
nia dowel/core/tooth/crown restoration complex with long-term
storage. Fracture surface analyses should also be evaluated.

Conclusions
Within the limitations of this study, the following conclusions
can be drawn:

1. All zirconia dowel systems evaluated in this study had
higher fracture strength than FRC dowels.

2. The fracture strengths of the hollow design zirconia dowels
were significantly higher than solid design zirconia dowels.
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