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Abstract The purpose of this in vitro study was to evaluate
the effect of endodontic treatment with or without fiber-post
restorations on the fracture strength of abutment teeth under
fixed partial dentures (FPDs). Seventy extracted premolar
and canine teeth were used. Groups of fiber-post-retained
and root-filled teeth were endodontically treated. The teeth
were embedded in an acrylic resin perpendicular to the
horizontal plane to create fixed partial dentures. The
following groups were created using different abutments:
(1) sound (S) canine/S premolar, (2) S canine/endodonti-
cally treated (ET) premolar, (3) ET canine/S premolar, (4)
ET canine/ET premolar, (5) S canine/fiber-post-restored
(FPR) premolar, (6) FPR canine/S premolar, and (7) FPR
canine/FPR premolar. Each tooth was prepared for a
complete-coverage full-metal crown. Impressions were

taken; metal frameworks were fabricated and cemented.
The samples were exposed to 5,000 cycles of thermome-
chanical fatigue and loaded compressively until fracture
(2 mm/min). The data were statistically analyzed using
(Kruskal–Wallis test, α=0.05). No significant difference
was found among the mean fracture strengths of the groups
(p=0.696). There were distinct differences in failure
patterns. All of the fracture types were horizontal, and
neither vertical nor non-restorable root fractures were
recorded. Premolars seemed to be a critical abutment
compared to canines when they were sound under FPDs.
The percentage of cervical fractures was high in endodon-
tically treated teeth when compared to post-retained groups.
In case of post-debonding, the abutment fracture did not
occur. When root-filled teeth are used as abutments for
FPDs, fiber-post restorations or the creation of abutments
from similar structures (ET/ET or FPR/FPR) results in
improved conservation of root structure under loading
when compared to the abutments from different structures
(S/ET, ET/S, FPR/S, S/FPR).
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Introduction

The restoration of severely damaged coronal hard tissue
and endodontically treated teeth (ETT) is always a
challenge in reconstructive dentistry [1]. For many decades,
full-coverage restorations were the only possible treatment
options to overcome the assumed brittleness and the
structural weakness of ETT. Improved restorative adhesive
bonding techniques and materials have led some research-
ers to suggest that ETT can be restored in a more
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conservative manner than was previously considered
appropriate. Recently, several restorative options have been
used, such as adhesive-bonded composite restorations and
fiber-reinforced composite (FRC) posts [2–5] in combina-
tion with resin cores [6], all of which have proven clinically
successful [7, 8].

ETT (with or without a post) are sometimes used as
abutments for fixed and removable prostheses. This situation
is complex because fixed partial dentures (FPDs) can be short
span, long span, or cantilevered and can be made with rigid or
nonrigid connectors [9]. Sorensen and Martinoff reported a
lower success rate for ETT serving as FPD abutments for 1
to 25 years when compared to single crowns [10]. The lives
of ETT are shortened when functioning as an abutment for
FPDs [11]. According to a review [9], ETT should be used
with caution because higher failure rates can be expected
when compared to those with vital abutments.

A post is sometimes required for the restoration of ETT
as a result of extensive loss of natural tooth structure. Posts
have often been described as a necessity to retain coronal
build-up materials, as opposed to simply reinforcing ETT.
Abutment teeth are subject to large horizontal and torquing
forces during function, such as in FPDs and removable partial
dentures, in which the abutment teeth are at higher risk for
fracture [12]. Consequently, it can be speculated that posts
that are bonded adhesively to the tooth structure enable
active transmission of the applied load [13]. When used as
crown abutments, ETT without posts perform comparably or
better than those restored with post and core [14, 15].

To our current knowledge, there is still no general
agreement regarding the behavior of ETT when used as
abutments for FPDs. Therefore, the purpose of this study is
to compare the fracture strengths failure patterns of
different abutments (ETT and post core-retained ETT) for
FPDs. The hypothesis tested was ETT (with or without
post) would have an effect on fracture resistance and type
of fracture when used as abutments for FPDs.

Materials and methods

Seventy extracted and caries-free human maxillary canines
and second premolars with similar dimensions (7.56±
0.51 mm mesiodistally, 8.43±0.56 mm bucco-lingually for
canines; 6.79±0.63 mm mesiodistally, 8.21±0.73 mm
bucco-lingually for maxillary second premolars) and similar
root lengths (17.40±1.83 mm for canines, 15.19±1.59 mm
for maxillary second premolars) were selected. The meas-
urements were made beginning 1 mm from the cemento-
enamel junction (CEJ) and from the apex to the CEJ after
cleaning the root surfaces with a periodontal scaler. The
teeth were divided into seven groups according to the
abutment teeth to create the following groups (n=10):

group 1, sound (S) canine/S premolar; group 2, S canine/
endodontically treated (ET) premolar; group 3, ET canine/
S premolar; group 4, ET canine/ET premolar; group 5, S
canine/fiber-post-retained (FPR) premolar; group 6, FPR
canine/S premolar; and group 7, FPR canine/FPR premolar.

A statistical analysis was performed to confirm the
standardization of the mesio-distal, bucco-lingual, and
cervico-apical dimensions of the teeth in each group. No
statistically significant difference was found in the mesio-
distal dimension of canines (p=0.549), bucco-lingual
dimension of canines (p=0.51), cervico-apical dimension
of canines (p=0.359), mesio-distal dimension of maxillary
premolars (p=0.92), bucco-lingual dimension of maxillary
premolars (p=0.987), or cervico-apical dimension of
maxillary premolars (p=0.669). The roots were covered
with polyvinyl siloxane (Anti-Rutsch-Lack; Wenko-
Wenselaar, Hilden, Germany) to simulate the periodontal
membrane [16]. The teeth were then embedded in specimen
holders perpendicular to the horizontal plane using an
autopolymerizing acrylic resin (Technovit 4,000; Heraeus
Kulzer, Wehrheim, Germany). To simulate the biologic
width, the resin was extended to 2 mm below the CEJ.

The teeth in groups 2 to 7 were endodontically treated.
Standard access cavities were made, and the canals were
prepared to within 1 mm of the radiographic apex using a
conventional step-back technique with an International
Standardization Organization (ISO) file #35 (Dentsply
Maillefer) at the apex. The canals were irrigated with
2 ml of 2.5% sodium hypochlorite solution throughout the
preparation and dried with paper points (Sure-endo,
Gyeonngi-do, South Korea). Each canal was obturated
using a lateral condensation technique with an ISO 35
primary gutta-percha master cone (DiaDent, South Korea),
gutta-percha points (DiaDent, South Korea), and root canal
sealer (AH Plus, Dentsply). The access cavities in groups 2
to 4 were then filled with composite resin (Clearfil AP-X,
Kuraray, Japan) in combination with a self-etch adhesive
(Clearfil SE Bond, Kuraray, Japan) and cured using a light-
curing unit with an intensity of minimum 700 mW/cm2

(Bluephase, Ivoclar Vivadent, MV).
In groups 5 to 7, the crowns of the teeth were reduced

under water cooling to create a 2-mm-high by 1-mm-thick
ferrule. Post preparations were made with a #5 reamer
(Largo; Dentsply Maillefer), keeping a minimum of 4 mm
of root canal filling at the apex. The post spaces were
cleaned with alcohol, and parallel-sided fiber posts with
retentive grooves (Reforpost, Angelus, Londriana, Parana,
BR) with a diameter of 1.5 mm were luted using a dual-
curable resin cement (Clearfil SA cement, Kuraray, Tokyo,
Japan) according to the directions of the manufacturer.
Since this cement is a self-adhesive luting material, no
additional root surface treatment was done. The length of
the posts inside the roots was 13 mm for canines, 11 mm
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for premolars, and 3 mm for core structures. Four-
millimeter-high core buildups were created using Clearfil
DC Core Automix (Kuraray, Japan).

Each tooth was prepared for a complete-coverage full-
metal FPD using a silicone index. An occlusal reduction of 1.8
to 2.0 mm was prepared, followed by a circular 1.2-mm-wide
accentuated chamfer preparation using a diamond bur (Mani,
Tochigi, Japan). The final preparation resulted in a taper of 4°
to 6° and an approximate abutment height of 4.5 mm. All
sharp line angles were rounded, and all margins were finished
0.5 mm apical to the CEJ using fine diamond burs ((Mani,
Tochigi, Japan). Impressions of the prepared abutments were
made using a putty-wash technique. A vinyl polysiloxane
impression material (Monopren; Kettenbach, Eschenburg,
Germany) was syringed around the abutments, and putty
material (Twinduo; Picodent, Wipperfurth, Germany) was
used in the custom-made impression tray. Dies were fabricated
using dental stone (Fujirock II; GC Europe, Leuven,
Belgium). The metal frameworks were fabricated. Each core
had a thickness of 0.5 mm, except at the occlusal surface,
where the core material was 0.7 mm thick. After verification
of the framework dimensions with a caliper (SUmetal caliper;
SchulerDental, Ulm, Germany), a FPD was performed. The
intaglio surfaces of the FPDs were airborne-particle abraded
with 50 mm Al2O3 particles at an air pressure of 2.5 bar and
cleaned ultrasonically in 96% isopropyl alcohol. All FPDs
were cemented using zinc phosphate cement (Harvard
Dental, Berlin, Germany). During the cementation, the
crowns were secured in place with finger pressure for
5 min. All specimens were stored in 100% humid
conditions for 24 h and then exposed to 5,000 cycles of
thermal fatigue before testing (5°C to 55°C, with a 10-s
dwelling time).

Each FPD was positioned in a universal testing machine
(Instron, Canton, MA, USA) so that the steel sphere with a
4-mm-diameter ball contacted the two cuspal inclines of the
pontic simultaneously and loaded until fracture (2 mm/min).
The load necessary to fracture each FPD was recorded as
newtons (N). The test of homogeneity of variance significance
was p=0.05. Therefore, the data were statistically analyzed
using the Kruskal–Wallis test (α=0.05). The fracture patterns
of FPDs and abutment teeth were classified after the fracture
test as follows:

Type 1 Horizontal cervical root fracture of canine/no
fracture for premolar

Type 2 No fracture of canine/horizontal cervical root
fracture of premolar (Fig. 1)

Type 3 Horizontal cervical root fracture of canine and
premolar (Fig. 2)

Type 4 Vertical root fracture of one or two abutments
Type 5 Horizontal and vertical root fractures of one or two

abutments

Results

The fracture strength values (median, maximum, minimum)
and fracture modes are given in Tables 1 and 2. Figure 3
represents box plots for fracture strength values. No
statistically significant difference was found among the test
groups using the Kruskal–Wallis test (p=0.696). Due to the
large variation of our data, the power was only 0.29.
Table 2 shows the failure patterns of the tested samples. All
of the fracture types were horizontal, and no vertical root
fractures were recorded. In group 1, teeth showed 50% type
2 fractures, while 50% were type 3 fractures; 90% of the

Fig. 1 Example of failure mode showing horizontal cervical fracture
of the premolar tooth (type 2)

Fig. 2 Example of type 3 failure pattern showing horizontal cervical
root fracture of both the canine and the premolar teeth
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teeth in group 2 showed type 3 fractures. In group 3, 100%
of the abutments showed type 3 failure patterns. In group 4,
70% showed type 3 fractures, while group 5 showed mostly
(60%) type 3 failures. In group 6, 80% showed type 3
failures. Finally, in group 7, 40% showed type 3 failures.
Figures 1 and 2 show that sound and ETT abutment fracture
lines are horizontal and placed below the ferrule structure.
All of the post-restored groups showed debonded failure of
the FRC post after the test. Figure 4 shows that in case of
post-debonding, the abutment fracture does not occur.

Discussion

In the present study, the use of ETT and/or FPR-ETT as
abutments for FPDs was evaluated. To avoid unexpected
failure of ceramic and to facilitate easy observation of the
damaging effects on the abutments, the FPDs were
fabricated with Ni–Cr alloy; Ni–Cr has a high modulus of
elasticity that transfers stress to the restoring systems,
resulting in a more damaging effect [17]. The incorporation
of a ferrule is reported to be an important factor when using
a post core [18, 19], and it enhances fracture resistance [20,
21]. A 2-mm-high [22] and 1-mm-thick ferrule is created in
the post groups.

The resulting data partly support the hypothesis. No
significant difference was found among the mean fracture
strength values of the test groups (p>0.05); however, the
fracture patterns after failure were different in all of the
groups. The failure modes showed 100% failure of the
sound premolars in the first group. The higher failure rates

of premolars were previously explained by their smaller
sizes and, therefore, lower fracture strengths [23]. Accord-
ing to the results of this study, premolars seem to be a
critical abutment when compared to the canines if they kept
sound under FPDs (group 1).

The loss of structural tooth integrity associated with
endodontic access preparation is reported as a possible
factor for the higher occurrence of fractures in ETT [24].
Irrigation solutions have adverse effects on the physical
properties of root canal dentin, which might increase the
risk for root fractures [25–27]. Various obturation materials
and obturation techniques are reported to have different
effects on fracture strengths of teeth [12]. All of these
studies indicate that root canal treatment has an effect on
the fracture strength of teeth. Wu et al. compared
mandibular premolars and canines and reported that the
force required to fracture the instrumented premolars was
30% lower than that required to fracture their non-
instrumented counterparts, whereas the force required for
the instrumented canines was 2% lower than for their non-
instrumented counterparts [28]. In the present study,
although there was no significant difference among the
mean fracture strength values, the fracture pattern analysis
showed that endodontic treatment has an effect on fracture
lines. If one of the abutments was root-filled (groups 2 and
3), the number of cervical fractures increased (Table 1).
Group 2 had an interesting finding in which 90% of the
abutments had cervical failure. Considering the sudden
drop in the recorded applied load, we speculate that, in
these samples, root-filled premolars might have broken first
and were then followed by the sound canines. High torque
due to the FPD might have caused failure of the sound
canines [12]. It is possible to observe which abutment was
broken first using a high-speed video recorder [29];
however, in this study, the fracture strength values and the
fracture pattern of the test samples could be evaluated at the
end of every test ending in failure. Therefore, these details
were not evaluated. Further studies can be performed to
evaluate behaviors of abutments individually using a high-
speed video recorder.

The 100% failure rate in both abutments recorded in the
third group shows that root canal treatment reduced the
strength of the canines. When the two abutments were root-
filled (group 4), the number of cervical fractures was

Table 1 Fracture strength values (median, maximum, minimum n) of
the tested groups (n=10)

Median Maximum Minimum

Group 1 41,815 6,308 2,894

Group 2 42,915 4,885 1,039

Group 3 36,100 6,749 990

Group 4 51,105 5,700 2,472

Group 5 43,885 6,670 3,708

Group 6 47,380 5,366 2,825

Group 7 43,945 4,856 2,982

Table 2 Results of the failure
modes in number (percent) Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7

Type 1 – 10 – 10 40 10 30

Type 2 50 – – 20 – 10 30

Type 3 50 90 100 70 60 80 40

Type 4 – – – – – – –

Type 5 – – – – – – –
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decreased, showing that homogeneity among the abutments
results in stress that can be forwarded toward the abutments
homogenously. Stress concentrates where non-
homogeneous material distributions are present, just like
interfaces. Interfaces of materials with different moduli of
elasticity represent the weak link of restorative systems, as
the toughness/stiffness mismatch influences the stress
distribution [30–32].

Fiber-reinforced composite (FRC) posts helped to
improve stress distribution because of their elastic moduli
being similar to that of dentin [33–36]. Recent studies
suggest that FRC posts also contribute to the reinforcement

and strengthening of endodontically treated teeth under full-
coverage crown restorations [4, 37]. In the present study, all
of the post-restored groups showed debonding failure of the
FRC post after the test (Fig. 3), confirming the results of
previous studies indicating that the weakest point in
adhesively cemented post core restorations is the interface
between the post and the resin-based cement [34, 38, 39].
When the fracture modes in the post groups were evaluated,
neither vertical nor non-restorable fracture patterns were
observed. When both abutments were treated with a fiber
post, the distribution of the cervical fractures was homog-
enous among the abutments (30% canines, 30% premolars,
and 40% both), and the percentage of the cervical fractures
of the two abutments was decreased to the same as in the
ETT group. When one of the abutment teeth was restored
with a fiber post, the percentage of failure of the two
abutments increased at the same time. Post restoration of
either canine or premolar also changed the failure modes.
When the canine was restored with a post, the fracture rate
was 50%, which is lower than that of the sound canine. Post
restoration of the premolar also decreased the percentage of
cervical fractures within premolars (from 60% to 50%). The
results of this study showed that post restoration of the
abutment teeth changes the fracture pattern and seems to
have a positive effect on premolars. Normally, the use of an
adhesive post can contribute to the reinforcement of the
tooth by changing the distribution of the stresses along the
roots under loading [40] and can be protective for the
remaining tooth structure [41]. The results of the in vitro
study discussed in this paper confirm these previous
studies.

Posts can reduce maximal dentin stress by as much as
20% when the teeth are loaded vertically [42]. However,

Fig. 3 Box plots (median and
interquartile distances)

Fig. 4 Typical root fractures in group 5 showing type 3 failure. Note
the post core complex debonded
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teeth in a natural, oral environment will be exposed to more
than just vertical forces; therefore, the functional and para-
functional forces must be applied to estimate the prognosis
of the tooth [43]. Schmitter et al. [44] demonstrated that
different loading vectors of the glass fiber-reinforced posts
can influence the fracture strength. Fracture resistance of
non-vital teeth depends on the angle of the applied load,
with axial forces being less detrimental than oblique forces
[45, 46]. Clinically, anterior teeth are placed at an angle to
the occlusal plane; consequently, the forces are not directed
along their long axes [47]. In the present study, to provide a
detailed examination of the destructive effect of FPDs on
abutment teeth, the pontics of the FPDs were loaded to
simulate a three-bending effect, although this kind of
loading does not completely simulate the clinical
conditions.

In in vitro studies, it is difficult to achieve standardiza-
tion with regard to functional age of teeth, morphologic
variations of the pulp, and abnormalities in dentin compo-
sition before extraction [48, 49]. Although the variations
were tried to be controlled in this study (the teeth were
carefully selected, the dimensions were measured, the teeth
were distributed into the subgroups according to their
measured dimensions, etc.) because of the uncontrolled
variations listed above, the fracture strength values might
have been affected. This is one of the limitations of this in
vitro study.

Conclusions

Within the limitations of this in vitro study, it was
concluded that when ET teeth are used as abutments for
FPDs subject to loading, fiber-post restoration of the
abutment tooth or the creation of abutments from similar
structures (ET/ET or FPR/FPR) results in improved
conservation of root structure.
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the position presented in the paper.
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