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Abstract

Objectives The aim of this in vitro study was an analysis of the impact of simulated reduced alveolar bone support and post-
restored, endodontically treated distal abutment tooth on load capability of all-ceramic zirconia-based cantilever-fixed dental
prosthesis (CFDP).

Material and methods The roots of human lower sound premolars (n = 80) were divided into five experimental groups to be
restored with all-ceramic zirconia-supported three-unit CFDP regarding bone loss (BL) relative to the cement-enamel junction
(CEJ): 2 mm below CEJ = 0% BL (control group), group 25% distal BL, group 50% distal BL, group 50% mesial and distal BL,
and group 50% distal BL and adhesive post-supported restoration. Specimens were exposed to simulated clinical function by
thermo-mechanical loading (6.000 cycles 5°-55°; 1.2 x 10° cycles 050 N) and subsequent linear loading until failure.

Results Tooth mobility increased significantly for groups with simulated bone loss (p <0.001). Four specimens failed during
thermal cycling and mechanical loading (TCML). The maximum load capability ranged from 350 to 569 N, and did not differ
significantly between experimental groups (p = 0.095). Groups with simulated bone loss revealed more tooth fractures at distal
abutment teeth, whereas technical failures were more frequent in the control group (p = 0.024).

Conclusions Differences of alveolar bone support and respectively increased tooth mobility between mesial and distal abutments
did not influence load capability. A distal adhesively post-and-core-supported, root-treated abutment tooth did not increase risk of
three-unit CFDP failure.

Clinical relevance CFDPs are a treatment option used with caution when reduced alveolar bone support, increased tooth mobility,
and distal post-supported, root-treated abutment teeth are involved.
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Introduction

M. Naumann and M. von Stein-Lausnitz shared first authorship.

Cantilever-fixed dental prostheses (CFDPs) have been
defined as retainers holding one or more unsupported
free-end extensions [1]. CFDPs are described as a treat-
ment option for medically compromised patients, when
jeopardizing anatomical structures are present, in order
to reduce treatment costs or when implant placement is
not possible. In terms of patient satisfaction, they are
regarded as more favorable tooth replacement alternative
compared to removable partial dentures [2].

Clinically, a meta-analysis on CFDPs estimated a survival
rate of about 82%, and a 10-year success rate, i.c., free of all
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complications over the entire observation period, of 63%.
About 3% of vital and non-vital abutment teeth fractured over
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the 10-year observation period, despite the fact that unfavor-
able extra non-axial loading occurred.

Several clinical needs were described: abutments teeth cho-
sen for CFDPs should have sound periodontal bone support,
satisfactory root morphology, and a favorable arch-to-arch
relationship [3]. The use of Antes’s law was proposed, i.e.,
root surface of abutment teeth should exceed root surface of
the substituted tooth [3]. However, a classical clinical study by
Nyman et al. demonstrated that Ante’s law is not a prerequisite
for long-term clinical success [4, 5].

For CFDP-abutment teeth without alveolar bone loss and
CFDP with a distal abutment with a moderate bone loss, oc-
clusal forces were distributed only to the three teeth closest to
the loaded cantilever [6]. High stress concentrations were
found around the connector and the tooth closest to the canti-
lever unit. When bone support is decreased, the deflection and
stress concentrations were increased [7]. Hence, alveolar bone
loss may go along with increased failure risks in particular
when severely damaged abutment teeth were used. Data on
the impact of periodontal disease on the survival of CFDPs on
endodontically treated teeth (ETT) as abutments is limited.
Increased periodontal pocket depths were described as a sig-
nificant factor in the survival of restored ETT [8]. Slightly
more attachment loss in ETT than in contra lateral untreated
controls was shown [9]. In contrast, existence of appropriate
root canal fillings in periodontitis patients has no effect on the
extent of proximal attachment [10].

According to in vitro data, all-ceramic CFDPs cannot be
recommended for clinical replacement of a missing molar,
when a zirconia framework [11] or lithium disilicate [12] is
used. In vivo 4-year clinical results showed no differences in
complication rates when zirconia FDPs with end-standing
abutments and zirconia CFDPs were compared [13]. In addi-
tion, a 3-year clinical study demonstrated an acceptable per-
formance for veneered zirconia CFDPs when compared to
metal-ceramic FDPs [14]. However, neither in vitro nor clin-
ical evidence for the survival of CFDPs in situations with
reduced alveolar bone support and/or endodontically treated
abutment teeth is currently not available.

Thus, this in vitro pilot study aimed to investigate the im-
pact of simulated reduced alveolar bone support and post-re-
stored, endodontically treated distal abutment tooth on failure
modes and load capability of three-unit veneered zirconia
CFDPs. The CFDP substituted the first molar in the dimension
of'a premolar. They were exposed to preclinical functional and
subsequent linear loading.

The null hypothesis were as follows:

1. Simulated alveolar bone loss has no impact on functional
and linear loading capability of CFPD and

2. Simulated root canal treatment plus post-and-core resto-
ration of the distal abutment tooth has no impact on func-
tional and linear loading capability of CFPD.
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Material and methods

The study protocol conformed to the principles outlined in the
German Ethics Committee’s statement for the use of human body
material in medical research (Central German Ethics Committee
2003). Human lower sound premolars were selected from a tooth
bank and stored in 0.5% chloramine solution after extraction.
The specimens were equally distributed to five groups (16 spec-
imen teeth per group) according to their cross-sectional dimen-
sion at the level of cement-enamel junction (CEJ) (Fig. 1).

Assessment of tooth mobility

Tooth mobility was simulated for static and dynamic load tests
using a validated in vitro system [15]. It was measured three
times for each specimen by means of a Periotest device per-
pendicular to tooth axis (PERIOTEST Classic,
Medizintechnik Gulden, Modautal, Germany). One out of at
least two equal Periotest values was taken for further analysis.
To simulate tooth mobility, the roots were coated with a
thin layer of autopolymerizing acrylic resin (Paladur; Heraeus
Kulzer). After polymerization, the adhesive was applied on
the resin-coated roots. A-polysiloxane soft cushion material
(Mollosil; DETAX, Ettlingen, Germany) was placed into the
simulated socket, and specimens were relocated with the aid
of the positioning unit into the mold. Prior to tooth prepara-
tion, silicon impressions (Provil novo, Heraeus Kulzer) were
taken and the specimens were digitized using a model scanner
(inEOS; Sirona, Bensheim, Germany) from each specimen.

Specimen pre-treatment and embedding procedure

The specimens that received post-and-core restorations were
endodontically treated by gradual reaming to ISO size 40
(ProTaper, Dentsply DeTrey, Konstanz, Germany) and inter-
mittent rinsing with 2.5% sodium hypochlorite. The root ca-
nals were obturated with gutta-percha (Roeko, Langenau,
Germany) and sealer (AH 26, Dentsply DeTrey). The access
cavity was adhesively filled with a flowable composite
(CeramX flow, Dentsply DeTrey).

For each specimen, two premolars were embedded perpen-
dicular to tooth axis ensuring a tight proximal contact and paral-
lel directions of roots. To provide the center of the cantilevered
pontic, 3.5 mm distal from the second abutment tooth, the em-
bedding procedure was realized with a guided appliance.

In a first step, roots were coated with a thin layer of wax
(0.3-mm casting wax veined green, Dentaurum, Pforzheim,
Germany). To simulate biological width, a circumferential
wax wire was adapted below the CEJ in control group (wax
wire round, @ 2 mm; Dentaurum). Bone loss was simulated by
adapting the wax wire several times: 4 mm apical from the
CEJ simulating 25% bone loss and 6 mm were blocked out for
50% bone loss.
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Fig. 1 Flowchart of specimen distribution and test design

In a second step, teeth were retained in a guided manner
according to the tooth axis using an individualized unit and
mounted in an acrylic resin block (Technovit 4004, Heracus
Kulzer, Hanau, Germany) (Fig. 2). After polymerization, roots
were removed and cleaned.

Adhesive post-and-core restoration

After the embedding procedure, clinical crowns of the end-
odontically treated specimens were cut 2 mm above the CEJ to
leave sufficient dentin height to ensure a 2-mm ferrule. Gutta-
percha was removed (Gates-Glidden-burs) and the post space
cavity was prepared with a tapered drill corresponding to the

glass fiber-reinforced composite post FRC Postec Plus Size 1
(@ post tip=0.8 mm, conicity of 5°18’, Ivoclar-Vivadent,
Schaan, Lichtenstein). The root canals were enlarged to
achieve an intraradicular post length of 8 mm leaving at least
4-mm root canal filling apically. Prior to adhesive fiber post
luting with a self-adhesive resin-cement (RelyX Unicem; 3 M
ESPE, Seefeld, Germany), irrigation of the post cavity was
performed using 5 ml of 1% NaOCI solution with passive
ultrasonic irrigation for 1 min, followed by water rinsing of
5 ml for 1 min, and finally ethanol pre-treatment with 5 ml of a
99% solution for 1 min. Adhesive procedure was performed
under room temperature. The luting composite was filled in
the root canal with elongation tips by slowly pulling out the tip

Fig. 2 Specimen preparation, in particular efforts regarding imitation of
periodontal ligament: (I) natural human premolars, (II) covered with wax
for periodontal ligament simulation and wax wire simulating bone loss,
(1) setting for specimen embedding perpendicular to tooth axis, step
shown here: wax cover for periodontal ligament simulation, (IV)

embedded specimens to cover root surface with artificial periodontal
ligament (silicon, Mollosil), (VI) finally covered root surface after
removal; periodontal ligament simulated, (VI) embedded in a bone
simulation material (Technovit 4000), and finally prepared specimens

@ Springer



2802

Clin Oral Invest (2018) 22:2799-2807

during cement application. Post was slowly inserted, and kept
in place. Light curing was performed for 2 s (Optilux light
curing unit, Demetron Research Corp., Danbury, USA), and
excess material was removed. Final light curing was per-
formed for 1 min. Core buildups were prepared with the aid
of transparent strip crowns (Frasaco, Tettnang, Germany)
using MultiCore Flow with the corresponding adhesive
Multilink primers A and B (Ivoclar-Vivadent). The adhesive
(primers A and B) was mixed for 30 s und applied for 30 s on
dentin. After air drying for 30 s, the strip crown was filled with
MultiCore, adapted on the tooth, and finally light cured for
40 s. Specimens were stored for 24 h in 37 °C in water.

Three-unit zirconia cantilever FDP

All teeth were prepared using Guide-pin-Diamonds (tapered
chamfer, round, size 021, grit size coarse 151 um and fine
46 pwm, Komet Dental, Gebr. Brasseler, Lemgo, Germany)
fixed in a surveyor with a chamfer design (circumferential
depth of 1 mm, occlusal reduction of 1.5 mm) to meet all-ce-
ramic requirements. The finishing line was prepared following
the CEJ. Specimens were scanned within EOS and all CFDP
frameworks and were CAD-CAM generated (inLab 3D V3.10,
Sirona) from zirconia (IPS e.max ZirCAD, Ivoclar-Vivadent).
With the aid of the software tool Bio-Referenz, frameworks
were fabricated according to cusp supporting, anatomical-
shaped design to realize a target veneering thickness of max
1 mm. Connector diameter was defined with 9 mm?. After the
milling (MCXL, Sirona) and sintering process, the frameworks
were layered with a liner inherent to the system (IPS e.max
Ceram ZirLiner), and fired at a temperature of 960 °C. The
frameworks were fixed at prepared teeth (Xantopren L blue,
Heraeus Kulzer). With the aid of the silicon molds taken from
the unprepared teeth, the veneering wax-up was realized. The
cantilever unit was standardized in the mesio-distal (7 mm) and
in lingual/buccal (5 mm) dimension. The waxed surface was
finished, and the specimens were invested in a muffle according
to the manufactures’ instruction (IPS PressVEST Speed,
Ivoclar-Vivadent). The frameworks were over-pressed by a
fluor-apatite ceramic (IPS e.max ZirPress LT A2, Ivoclar-
Vivadent). Finally, the CFDPs were glazed (IPS e.max Cerm
Glaze paste, Ivoclar-Vivadent). After sandblasting of the core
buildups and selective enamel etching, the primers Multilink A
and B (Ivoclar-Vivadent) were applied for 30 s, and evaporated
with oil-free air stream. The CFDPs were adhesively luted
using Multilink automix (Ivoclar-Vivadent) seated and leaved
undisturbed for chemical curing for 5 min.

Thermal cycling and mechanical loading
and subsequent static loading

Thermal cycling and mechanical loading (TCML) was per-
formed by computer-controlled chewing simulation with
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online failure control combined with simultaneous thermal
cycling (manufacturer: type simulator II, EGO, Regensburg,
Gernamy; 2 % 3000 thermal cycles, 5/55 °C, 2 min each cycle
in distilled water; 1.2 x 10° mastication cycles with 50 N at
1.6 Hz) An oval-shaped steatite piston vertically loaded (1-
mm lifting) the center of the cantilever unit only.

After TCML, surviving specimens were loaded at cantilever
unit only until failure. (Zwick 1446, Zwick, Ulm, Germany;
v=1 mm/min, oval-shaped steel piston at cantilever unit only,
0.3-mm-thin tin foil to reduce excessive stress forces by peak
loading, failure detection 10% loss of maximum force).

Statistical analysis

Group differences regarding the tooth mobility comparing the
Periotest values were analyzed using one-way ANOVA. The
crown-root ratio was calculated by effective crown length di-
vided to effective root length. Effective crown length was
defined from the level of simulated bone (embedment level)
to the occlusal plane. The distance from the bone level to the
apex was defined as effective root length. To level the impact
of simulated alveolar bone loss on maximum load capability,
Kruskal-Wallis and Mann-Whitney tests for group differences
were calculated. Differences in the frequency of failure modes
between experimental groups were evaluated by chi-square
test. For each abutment tooth, the failure patterns were cate-
gorized into two major patterns: (1) technical failure as loss of
retention of the FDP and (2) biological failure as fractures of
the abutment tooth. The level of significance was o = 0.05.

Results

The descriptive data of the tooth characteristics showed sim-
ilar means of root length and cross-sectional area at the CEJ
level between the experimental groups (Table 1).

Tooth mobility

The measured tooth mobility was significantly (p =0.001)
different between the groups (Table 1). Abutment teeth with
50% bone loss revealed significantly (p < 0.001) higher tooth
mobility compared to abutment teeth without simulated bone
loss. Tooth mobility was significantly (p =0.001) increased
with higher simulated bone loss. Values for distal abutments
with 50% bone loss were not significantly (p >0.05) higher
compared to those for distal abutment teeth with 25% simu-
lated bone loss.

Crown-to-root ratio

The crown-root ratios differed significantly between the
groups and abutment teeth, respectively, if bone loss was
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Table 1

Means of Periotest values, tooth characteristics, and crown to root ratios; correlation of tooth mobility; and Periotest values according to

manufacturers’ instructions (Medizintechnik Gulden, Modautal, Germany), whereat 0 =— 08 to +09; I =+10-19; I =+20-29; Il =+ 30-50

Bone loss 0% 25% distal 50% distal 50% mesial 50% distal
abutment abutment + distal abutment +
(control group) abutment fibre post
Periotest mesial 4 27 502" 6 (2" 26 (3)B 5(2)»
values
A B B B B
mean (SD) distal 7 (4) 17 (5) 21 (4) 23 (5) 18 (6)
Length CEJ-apex 15.2 (1.7) 15.0 (1.9) 15.6 (1.7) 15.2 (1.7) 15.2 (1.8)
[mm] (SD)
Cross-sectional area 35.5(3.3) 35.3(3.3) 35.4 (3.3) 35.4 (3.3) 35.3 (3.3)
at CEJ [mm?] (SD)
Crown-root ratio (SD)
mesial 0.51 (0.07)A 0.56 (0.1)A 0.51 (0.09)A 1.22 (0.22)8 0.54 (0.07)A
distal 0.56 (0.11)” 0.85 (0.2)° 1.2 (0.2)B 1.24 (0.24)B 1.2 (0.28)8

Different superscript letters in a row indicate significant differences for A/B= p<0.001 and A/C p=0.025

simulated (p <0.001, for 25% bone loss compared to control
p=0.025). During TCML, four specimens failed and were not
available for further load to fracture analysis. One root fracture
of a distal abutment tooth occurred in group no. 1 (control
group) and group 25% bone loss, respectively. Two specimens
failed due to technical failures (one major chipping in group
50% and 25% distal bone loss). The maximum load capability
did not differ significantly between the experimental groups
(Kruskal-Wallis; p = 0.084) (Table 2 and Fig. 3).

Fracture modes

Fracture modes depended significantly on presence of simu-
lated alveolar bone loss (chi-square; p =0.006). The groups
with simulated alveolar bone loss revealed more biological
failures (e.g., abutment fracture). Mainly, technical failures
(e.g., chipping of the veneering material) occurred in the con-
trol group (Table 2). Chipping of the veneering material of
CFDPs alone without biological or loss of retention occurred
each once in the control group and group 25% bone loss distal.

The most common failure mode for the distal abutment teeth
was tooth fracture if bone loss was present, while loss of
retention of the FDP (technical failures) occurred more often
in the control group (chi-square; p =0.024). For the mesial
abutment teeth, the number of technical failures increased
for specimens with comparable abutment teeth mobility.

Discussion

The present in vitro study aimed to investigate the impact of
(1) simulated alveolar bone loss and (2) presence of a post-
endodontically restored distal abutment tooth on survival and
maximum load capability of veneered zirconia framework
CFDP to substitute the first molar after simulated clinical
functional loading. We found no impact neither for alveolar
bone loss nor presence of an endodontically and adhesively
post-restored abutment tooth on restoration survival and max-
imum load capability. CFDPs with normal bone support tend
to show more technical failures, and those with altered bone

@ Springer



2804

Clin Oral Invest (2018) 22:2799-2807

Table2 Median values of maximum load capability and number of respective failure modes
Bone loss
0% (control) 25% distal 50% distal 50% mesial + distal ~ 50% distal + fiber post

Early TCML failure 1 2 1 0 0
Number of specimen after TCML [r] 7 6 7 8 8
Maximum load capability [N] median (min/max) 411 (172/566) 386 (272/679) 482 (364/828) 350 (249/602) 569 (349/931)
Failure modes [#]
Mesial abutment Decementation 5 0 2 4 1

Tooth fracture 1 2 3 0 3
Distal abutment Decementation 4 1 0 3 1

Tooth fracture 0 4 6 5 2
Overall Only chipping 1 1 0 0 0

support experienced more biological failures as abutment frac-
tures. Both null hypotheses were accepted.

Dynamic loading or the so-called artificial aging, which
combines thermal cycling and mechanical loading (TCML)
[16] provides a sufficient prognosis of probable clinical failure
[17]. TCML includes fatigue phenomena and is of utmost
importance to increase the predictive power of in vitro data
with regard to clinical survival of restorations [18, 19]. Fatigue
failures are defined as fractures of a material caused by cyclic
or repeated sub-critical loads [20, 21]. The chewing simula-
tion applied in this study aims to simulate the fatigue phenom-
enon, attempting to avoid false conclusions based on applica-
tion of linear compressive loads only [22]. Findings based on

simulated clinical function pre-tests may also help to exclude
catastrophic clinical failure [18]. Physiologic tooth mobility
was checked by Periotest control [15]. To test the experimen-
tal setting and to validate the specific test parameters, five
metal-ceramic CFDPs were manufactured before and exposed
to TCML and subsequent linear loading.

In the present study, forces were applied under adverse test
conditions due to isolated loading on the distal aspect of can-
tilever extensions, which is clinically unlikely. In particular,
when reduced bone support is present, bite forces are reduced
compared to normal dentition [24]. Maximum load capability
values after linear loading of 350 to 550 N are in agreement
with other studies with normal bone support on vital teeth with
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zirconia framework [12] or lithium disilicate [13]. However,
maximum bite force may in part significantly exceed bite
force beyond 500 N. Thus, there is an increased likelihood
of mechanical failure as fracture due to occlusal overload.
Three-year clinical comparison of veneered zirconia CFDP
and metal-ceramic FDP in a small group with 10 and 11 pa-
tients per group, respectively, was judged as acceptable [15].
Four-year clinical results comparing end abutments and can-
tilever designs of zirconia CFDPs with the Cercon system
found no difference in complication rates [14]. In contrast,
higher failure rates for CFDP compared to those for conven-
tional end-abutment-supported FDPs were observed [23, 24].

A reason for the critical view on CFDP is the cantilever unit
which creates a class I lever system, which dramatically alters
the direction and magnitude of forces on the abutments [25].
Forces are transmitted through the cantilever pontics causing
tilting and rotational movements of the abutments. The mag-
nitude of rotational movements is increased as the crown-root
ratio of abutments increases by simulated bone loss, and the
length of the cantilever pontic increases [7]. In a three-
dimensional finite element analysis on premolars, bone height
was the predominant mechanical factor influencing the stress
of the dentin on a post-restored root filled tooth, followed by
the post diameter, post length, and ferrule height. Contribution
of the bone height was more than 97%. Hence, for patients
with severe bone destruction, a post might not be a good
choice [26].

Wylie and Caputo [6] investigated using a photo-elastic
model, CFDP-abutment teeth with healthy periodontal bone
support and CFDP with a distal abutment with a moderate
degree of mobility and bone loss. Occlusal forces were applied
only to the teeth closest to the loaded cantilever [6]. Thus,
higher loading stress on root dentine of abutment teeth with
increased abutment tooth mobility will occur. This assumption
is in agreement with the failure modes observed in our study,
where significantly more distal abutment tooth fractured in
groups with higher tooth mobility compared to that in the con-
trol group. Similarly, high stress concentrations were observed
in a two-dimensional finite element analysis around the con-
nector and the tooth closest to the cantilever unit. Reduced bone
support increases the deflection and stress concentrations.
Thus, only one cantilever unit supported by two abutment teeth
is recommended [7]. In the present study, we chose two pre-
molars as abutments for three-unit CFDP to substitute a first
molar in the dimension of a premolar. No impact of alveolar
bone loss regarding functional loading and maximum load ca-
pability was measured compared to normal bone support.
However, abutments with any loss of simulated alveolar bone
loss tend to show biological failure as fracture of the abutment
supporting Wylie and Caputo’s findings [6].

It is generally accepted that ETTs as distal abutments for
CFDP should be avoided [27]. A multilevel analysis revealed
that in abutments in the combination of distal abutment with >

50% marginal bone loss and additional endodontic treatment,
the probability of abutment tooth survival after up to 23 years
was only 20% [28]. In 67% of the failed cantilever FDPs, the
terminal abutments were ETTs [26]. Fractures and loss of re-
tention occur more frequently when the distal abutments are
endodontically treated [29, 30]. We set up this experimental
group to test whether this is still true when adhesive core
buildup protocol and zirconia framework-supported CFDP
were chosen. To our own surprise, there was no difference
between vital and endodontically treated abutment teeth with
50% bone loss. Even compared to vital normal bone-supported
abutments, no differences in load capability could be revealed.
However, abutments with bone loss tend to fracture more fre-
quently compared to no-bone-loss group. This might be ex-
plained by applied oblique force producing a bending moment
with the tooth structure above the periodontal bone as the
moment arm. Substantial bone loss would enlarge this moment
arm, hereby increasing the dentin peak stress at the fulcrum.
This is consistent with in vitro load capability studies where
ETT with simulated bone loss of 25% and 50% bone height
had a markedly decreased load capability in a “dose”-depen-
dent way [31-33]. In vivo CFDPs on abutment teeth with 25%
or less bone loss after about 6 years of observation showed
36% failures. Abutment teeth were up to five times more fre-
quently endodontically treated than teeth not serving as abut-
ment [34]. Reinhardt et al. [35] reported with lower bone
levels, stresses were increased considerably and concentrated
in the small amount of dentin between the post and root pe-
riphery. They concluded that such an elevation in stress levels
comes along with a significant increase in root fracture poten-
tial as described later clinically by Vire et al. [36]. Also,
Nyman and Lindhe report that root fractures in post-restored
periodontally compromised teeth are a significant problem.
The risk of fracture is increased to periodontally comparable
vital teeth [4]. Axelsson et al. reported root fractures as the
main reason for failures (64%) in teeth exposed to endodontic
treatment [37]. Reasons for extraction of ETT over a 1-year
period were ca. 60% due to unrestorable tooth fracture and
32% due to periodontal problems, but only 6% due to end-
odontic failures [38]. However, treatment of ETT with severe
coronal hard tissue loss has dramatically changed over the last
15 years. Current developments tend to adhesively restore
ETT with fiber posts and direct composite core buildups to
ensure the stabilization of the remaining tooth structure by
creating mechanically homogenous units with favorable stress
distribution within the root dentin, i.e., a so-called secondary
monoblock [38]. The present results reveal no significant ad-
verse influence of adhesively restored post-endodontic resto-
rations on survival of CFDPs with altered alveolar bone sup-
port. We assume that the stress distribution in root dentin is
comparable to vital abutment teeth when such tooth will be
restored as secondary monoblock. These assumptions have to
be clinically validated.
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