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Abstract
Introduction Zirconia posts can be used as an esthetic alter-
native to metal posts. Despite their advantages, there is a lack
of information about the long-term performance of zirconia
posts.
Objectives This retrospective clinical study examined the sur-
vival probability, clinical performance, and reasons for failure
of teeth restored with zirconia posts after an observation period
of up to 10 years.
Materials and methods After a mean observation period of
10 years, clinical and radiographic examinations were carried
out for a total of 64 posts in 45 patients. The posts received
mainly either ceramic or direct composite buildups. All posts
were adhesively cemented, after air abrasion with alumina
particles or silica coating and silanization. The majority of
the reconstructed teeth were used as abutments for metal
ceramic or ceramic fixed dental prostheses. Kaplan–Meier
analysis was employed to compute the survival probability
of teeth restored with zirconia posts. Cox regression analysis
was used to assess the risk of failure and to identify possible
covariates.
Results During the follow-up period, a drop-out rate of 49.4%
was recorded. The survival probability for teeth with zirconia
posts was 81.3 % after 10 years.
Conclusion Within the limits of this study, zirconia posts can
be used for abutments that will be restored with ceramic

restorations. However, due to the high patient drop-out rate,
careful interpretation of the current results is suggested.
Clinical relevance The present paper is the first 10-year clin-
ical study on teeth restored with zirconia posts and could serve
as a reference for future research. In addition, it provides long-
term data about restorations already implemented by dental
practitioners.
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Introduction

Post and core systems have been implemented to provide
retention and support for the restoration of structurally
compromised teeth. Several materials have been implemented
for the fabrication of posts. Metals, such as gold or titanium,
have been extensively used in the past decades. However, the
main drawback of such post and core buildups was the poten-
tial discoloration of the surrounding soft tissue, thus
compromising esthetics. Therefore, there was a need for more
esthetic replications of the natural dentition, which led to the
use of ceramic materials for the fabrication of posts as well as
of core buildups [1].

In the late 1980s, prefabricated glass–ceramic post and core
buildups were described in the literature [1]. However, the use
of this material for the fabrication of post and core restora-
tions, especially in small diameters, was questionable. Two
years later, post and core buildups made of glass-infiltrated
aluminum oxide ceramic were fabricated [2]. The main dis-
advantage of such constructions was their low fracture
strength, which could lead to fracture of the post and core
restoration. Clinical studies about such one-piece post and
core restorations are not available. In 1995, Pissis proposed
a “monobloc” technique for the fabrication of the post and
core and the crown made out of glass–ceramic material [3].
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Studies demonstrated that the fracture strength of this ceramic
material was very low (100–220 MPa), and it was, therefore,
not considered ideal for the fabrication of post and core
restorations [4]. To overcome these limitations, in 1995, zir-
conia ceramic was introduced as a material for the fabrication
of prefabricated endodontic posts [5].

The introduction of zirconium dioxide in restorative
dentistry led to a new era in the fabrication of posts, com-
bining esthetics with superior mechanical strength and
fracture toughness, when compared to other dental ce-
ramics [2]. A zirconia ceramic post can be combined with a
ceramic core made of alumina or alumina–magnesia ceramics,
fabricated by either a copy-milling or slip-casting technique
[2]. Another technique is the heat-pressed technique, in which
a glass–ceramic core (Empress Cosmo; Ivoclar, Liechtenstein,
Fürstentum Liechtenstein) is heat pressed over a prefabricated
zirconium dioxide post (CosmoPost; Ivoclar, Liechtenstein,
Fürstentum Liechtenstein), forming a unique ceramic recon-
struction [2]. In addition, when a substantial amount of
remaining tooth structure is available, a self-curing composite
buildup can be also used in combination with a zirconia
ceramic post [6].

Several in vitro studies have documented the mechanical
properties of zirconia posts, combined either with a ceramic or
a composite resin core [7–14]. However, despite the plethora
of laboratory studies, clinical data concerning the long-term
survival probability and success of zirconia posts are not
available. Therefore, the aim of the present retrospective study
was to evaluate the long-term outcome of teeth restored with
zirconia ceramic posts after an observation period of 10 years.

Materials and methods

Materials

In February 2008, patient archives of the Department of Pros-
thodontics, University of Freiburg, and the Department of
Prosthodontics, University of Kiel, were screened by two
independent examiners (M.B. and W.A) for patients with teeth
that had received zirconia ceramic posts. The search was
mainly based on patients of both universities that had partici-
pated in a previous study about zirconia posts [15]. Post
placement had been performed predominantly by faculty
members of both universities. A few patients were treated by
students in both departments under the strict supervision of
faculty members. Between November 1994 and January 2003,
89 patients with 138 endodontically treated teeth had received
141 zirconia posts. Thirty-one patients received more than one
post. Table 1 illustrates the distribution of post and core
buildups for different tooth and jaw locations. Post diameters
(International Standards Organization (ISO) number) in rela-
tion to the type of tooth treated are also displayed in Table 1.

The majority of the posts were CeraPost (Brasseler, Lemgo,
Germany) zirconia posts (n=134), while the remaining posts
were CosmoPost (Ivoclar Vivadent, Liechtenstein, Fürstentum
Liechtenstein) zirconia posts (n=7). Both types are made of
zirconia ceramic and are characterized by high biocompatibil-
ity, increased flexural strength, and superior fracture tough-
ness. CeraPost zirconia posts are available in four different
sizes (ISO 50, 70, 90, and 110), whereas CosmoPost posts are
available in two different sizes (1.4 and 1.7 mm in diameter).
Core buildups were fabricated either by ceramic [In-Ceram
(Vita, Bad Säckingen, Germany) and IPS Empress Cosmo
(Ivoclar Vivadent, Liechtenstein, Fürstentum Liechtenstein)] or
by composite (Clearfil Core; Kuraray, Osaka, Japan) material
(Fig. 1).

After clinical and radiographic examinations as well as
verification that the involved teeth were symptom free, root
canal treatment was performed through stepwise filling with
K-Files and Hedstrom files to the respective ISO size. Then,
the existing root canal filling was reduced so that 3–4 mm of
root canal filling material was left at the apical portion. Largo
drills were used to enlarge the root canals to the corresponding
diameter followed by final conditioning of the root canals
using the ER-Set (Brasseler, Lemgo, Germany).

All the composite core buildups were constructed after
cementation of the posts. The dentin surface was previously
etched for 10–15 s with 37 % orthophosphoric acid and
cleaned with water for 60 s. A dentin bonding agent (Clearfil
Newbond; Kuraray, Osaka, Japan) was then mixed and applied
to the dentin surface according to the manufacturer's recom-
mendations. After application of the chemically polymerized
composite (Clearfil Core or Clearfil FII), the core was prepared
to the adequate form using diamond drills.

The ceramic cores were either adhesively luted (In-Ceram;
Vita, Bad Säckingen, Germany) or heat pressed (IPS Empress
Cosmo; Ivoclar Vivadent, Fürstentum Liechtenstein) to the
posts. To enhance the bond strength of zirconia posts to root
dentin, the surface of the zirconia posts was treated using
either airborne particle abrasion (50 μm aluminum oxide at
2.5 bars) or tribochemical silicatization and silanization
(Rocatec; Espe Seefeld, Germany) [15–17]. All posts were
bonded into root canals using resin composite cements
(Panavia EX and Panavia 21; Kuraray, Osaka, Japan). The

Table 1 Overview of the location and type of teeth with zirconia posts,
along with the post diameter (ISO) used in the current study

Incisors Canines Premolars Molars Total

Maxilla 72 13 10 3 98 teeth

Mandible 14 15 7 4 40 teeth

ISO 50 13 3 2 1 19 posts

ISO 90 55 18 12 7 92 posts

ISO 110 14 6 3 – 23 posts
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majority of the reconstructed teeth were used as abutments for
metal–ceramic or all-ceramic fixed dental prostheses (FDPs).

Methods

All patients were invited to participate in the follow-up exam-
ination. Clinical and radiographic examinations of the post and
core buildups were performed. At evaluation time, the study
populationwas divided into five groups. Patients whowere not
able to participate in the follow-up examination or had moved
were categorized as “moved.” Deceased patients were catego-
rized as “dead,” and those who were not reached were catego-
rized as “missing.” Patients who came for a clinical examina-
tion and their post and core build-ups which met all the success
criteria were categorized as “intact.” Failed post and core
restorations were categorized as “failure.”

The success criteria were established as follows:

& Lack of tooth sensitivity to horizontal and vertical percus-
sion tests.

& Probing depths of ≤3 mm at six aspects.
& Lack of mobility of the crown and/or the post.
& Lack of periapical radiolucency.

Failures were divided into the following categories: tooth loss/
extraction, periapical radiolucency, sensitivity to percussion test
with existence of periapical radiolucency, post/core/root/restora-
tion fracture, and post dislodgment with or without rebonding.

Follow-up examinations consisted of intraoral photo-
graphs, polyvinylsiloxane impressions of the tooth, and/or
the fixed dental prosthesis with a post and core restoration
and direct clinical measurements. Periapical radiographs were
performed in cases of sensitivity to percussion test, inflamma-
tion, excessive pocket depth measurement, and/or mobility of
the post/prosthetic restoration. Occlusal analysis, including

recording of occlusal contacts in intercuspal position as well
as in lateral excursions, was also performed.

Statistical analysis

The statistical analysis was performed at the Institute of Med-
ical Biometry and Medical Informatics, Albert-Ludwigs Uni-
versity, Freiburg, Germany. For the statistical analysis of the
retrospective data, a tooth treated with a post and core was
identified as “success” if the post and core as well as its
prosthetic restoration were still in place and without any signs
of clinical and radiographic complications. A failure was de-
fined as a post and core that was no longer in place or showed
signs of periapical radiolucency, percussion test hypersensitiv-
ity, and/or fracture or dissolution of the post and core and/or the
restoration. Survival probability was assessed using the
Kaplan–Meier analysis. It should be mentioned that the
Kaplan–Meier curves represent the “unit” failure and not the
post failure. Additionally, we intended to identify whether
there is a statistically significant difference between the core
materials, the maxilla and the mandible, as well as among
different tooth types (incisors, canines, premolars, andmolars),
different restoration materials, and different post diameters
(ISO 50, 90, and 110). Cox regression analysis was performed
to assess the risk of failure and to identify possible covariates,
with a cutoff value of p=0.05. In an effort to minimize hetero-
geneity originating from the retrospective study design, molars
were excluded from the statistical analysis.

Results

The observation time for the post and core restorations ranged
from 10 to 14.5 years (mean observation period, 12.3 years).

Fig. 1 Clinical images
demonstrating the different
zirconia posts and core techniques
used in this study. a Zirconia post
with a ceramic core, b cemented
zirconia posts with ceramic cores,
c zirconia post with composite
core, d finished tooth preparation
after bonding of the zirconia post
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The average survival probability for teeth with zirconia posts
was 81.3 % after an observation period of 10 years (Fig. 2a).
The Kaplan–Meier curve shows the teeth at risk for the
corresponding time points. We also plotted 95 % confidence
bands. For the purposes of the statistical analysis, all zirconi-
um dioxide posts were pooled together. Due to the lack of
sufficient data, one post and core restoration was excluded
from the statistical analysis. Forty-five patients (50.6 % of the
total number of patients) with 64 posts (46.4 % of the total
number of posts) participated in the follow-up study. Account-
ing for drop-out rate of 49.4 % (44 patients) are the following:
38.2 % of the patients could not be traced, 5.6 % of the
patients died during the follow-up period, and 5.6 % of the
patients moved to another city or country.

Among 64 post and core buildups examined, 51 restora-
tions were in clinical use without signs of failure. Failures
were recorded in 13 posts at the time of the follow-up exam-
ination (Table 2). The most common type of failure was
extraction. Unfortunately, the reasons for extraction were not
documented. Furthermore, failure-related factors were sensi-
tivity to percussion, periapical radiolucency, a loss of retention
of the post without rebonding, and fracture of porcelain. A
representative image of periapical radiolucency is presented
(Fig. 3). Due to the small number of failures, a statistical
evaluation of the data was not possible.

Initially, we intended to check for possible influence of co-
variables, such as post diameter, type of jaw, type of tooth, and
type of prosthetic restoration. However, the number of avail-
able teeth restored with zirconia posts in some cells did not
justify analyses regarding these aspects. Thus, the analyses of

these secondary variables could not be conclusive. Due to the
small number of cases in the other subgroups, statistical anal-
ysis was possible only between composite and non-composite
cores. The hazard ratio comparing composite with no compos-
ite was 1.288 (95 % CI, 0.322–5.156). No statistically signif-
icant differences were ascertained between the two groups
(p=0.7210) (Fig. 2b).

Table 2 Details of the failed restorations

Failures Tooth Lifetime
(years)

Type of
restoration

Failure characteristic

1 12 8 MCC-FDP Extraction

2 22 8 MCC-FDP Extraction

3 33 10 CC Extraction

4 22 3 MCC Percussion and periapical
radiolucency

5 21 5 MCC Veneer fracture

6 43 9 MCC Periapical radiolucency

7 48 11 CMC Periapical radiolucency

8 24 6 MCCV Periapical radiolucency

9 11 0.083 MCC Extraction

10 12 2.5 CC-FDP Loss of retention of the
post without rebonding

11 11 10 MCC Extraction

12 16 9 CC Extraction

13 15 10 CC Extraction

FDP fixed dental prosthesis, CC ceramic crown, MCC metal ceramic
crown, CMC casted metal crown, MCCV metal ceramic crown with
vestibular veneer
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Discussion

The selection of zirconium dioxide for the fabrication of posts
has been based on its material properties, like high flexural
strength, hardness, biocompatibility, and low solubility [18,
19]. However, although fracture strength values and mechan-
ical properties of zirconia posts have been extensively exam-
ined [7–11], long-term data about the clinical behavior and the
survival probability of teeth with zirconia posts are not avail-
able. Considering the lack of clinical studies on zirconia posts,
along with the increasing demand for more esthetic and bio-
compatible restorations, a long-term evaluation of the clinical
performance of such posts was essential. Therefore, this study
aimed to evaluate the long-term outcome of teeth restored
with zirconia ceramic posts over an observation period of up
to 10 years and to identify possible covariates that may influ-
ence the failure risk.

The overall survival probability for teeth with zirconia
posts are within the range reported in the literature for different
types of post and core buildups after a main observation
period of 10 years (71–98 %) [20–27]. For teeth with zirconia
posts, only one midterm clinical study is available [6]. The
authors evaluated the treatment outcome of zirconia posts
(CosmoPost; Ivoclar Vivadent, Liechtenstein, Fürstentum
Liechtenstein) with either direct composite or indirect ceramic
cores after 4 years of clinical service. In this study, the success
rate of zirconia posts with direct composite cores (100 % after
a mean period of 4.8 years) exceeded that of zirconia posts
with indirect ceramic cores (95 % after a mean period of
3.9 years). These results conflict with the results of the present
study. These results conflict with the results of the present
study. However straight forward comparison is hindered by
the high drop out rates exhibited in in both studies. Another
study showed that no tooth or post fractures occurred during a
mean observation period of 16.6±9.1 months and that no post
was lost due to debonding [15]. The authors suggested that
zirconia posts could be a promising new treatment option but
also highlighted the need for further long-term clinical studies
[15], which was also the instigating factor for this study. Other
clinical studies on zirconia ceramic posts are either case

reports [28, 29] or pilot studies [30]. Regarding other tooth-
colored post and core buildups, unfavorable results have been
reported for carbon fiber-reinforced posts (Composipost) [31],
while a failure rate of 7–11 % for three types of fiber posts
(n=985) is documented after an observation period of 7, 8, 9,
10, and 11 years [32].

In the current study, few failures were reported, and
the most common failure was tooth extraction. Unfortu-
nately, it was not possible to relate any of the extractions
to dental, periodontal, or endodontic problems as well as
malfunctioning of the post and core and/or prosthetic
restoration, occurred prior to tooth removal. Neither the
data of the clinic nor the patients themselves could
provide adequate insight into the reasons for extraction.
Periodontal, endodontic, and prosthetic problems as well
as extractions and debonding cases were pooled together
to provide the dental clinician with the “worst-case sce-
nario” regarding the survival probability at tooth level
related to the post and core restoration.

However, in case of a failure, it should be noted that the
main disadvantage of zirconia posts is associated with the
rigidity of this material, which tends to transfer stresses to
the compromised tooth structure, thus enhancing the risk of
root fracture [33]. The difficulty in the removal of zirconia
posts may also be attributed to the rigidity of the material,
leaving no other choice but the extraction of the involved
tooth.

The risk of failure found in the present study is within the
range reported for other tooth-colored post materials, such as
glass or carbon fiber posts [31, 32, 34]. Unfortunately, the
number of failures (13 posts) was too small to allow for a
thorough statistical analysis with respect to failure character-
istics. However, the types of failures could be reported and
categorized. As an example, it can be mentioned that almost
30 % of the failures were clearly an account of periapical
radiolucency, as shown in Table 2.

Another discussion point associated with the retrospective
design of the present study is the high drop-out rate (49.4 %)
associated with the fact that the patients were not in a contin-
uous recall program. Patient retrieval was difficult; therefore,
some patients' data and radiographs were retrieved either from
the patient records (n=10) and/or patients' dentist (n=5). For
the purposes of the statistical analysis, all zirconia posts were
pooled into one group. Considered as the major drawback of
the current study, the reported drop-out rate was mainly an
account of losing track of patients because of moving. Nev-
ertheless, such drop-out rates are a common experience in
long-term clinical studies, especially when the patients are
not regularly recalled by the same research group, as in the
present study.

As for the core material, zirconia-based ceramic posts are
commonly used in combination with heat-pressed glass–ce-
ramic or composite resin cores [2–6]. In the present study, the

Fig. 3 Representative image showing a periapical radiolucency at the
first left maxillary premolar
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survival probability of teeth restored with zirconia posts and
non-composite buildups did not differ from that of teeth
restored with zirconia posts and direct composite buildups
(p>0.05). These results differ from the results of a 4-year
retrospective study, in which 145 endodontically treated teeth
restored with zirconia posts in conjunction with either com-
posite or ceramic cores were examined [6]. In this study,
success rates were 91–100 and 53–95 % for the direct
and the indirect groups, respectively. As mentioned in the
“Results” section, an analysis of the secondary variables was
not possible, since the statistical analysis was possible for one
variable only, namely, the core material. As far as the material
of the prosthetic restoration is concerned, it can be pointed that
no spurious relationship could be identified between incisors
and premolars. Both were restored with either metal ceramic
or ceramic restorations. However, a statistical analysis was not
possible.

In review of the current literature and in view of the results
of the current study, it is obvious that there is a lack in clinical
knowledge about the long-term outcome of teeth restored with
zirconia posts. Hence, it should be highlighted that the present
paper is the first 10-year clinical study on teeth restored with
zirconia posts.

Conclusions

Within the limits of the present retrospective clinical study, it
can be concluded that although the 10-year survival probabil-
ity of teeth restored with zirconia posts seems to be similar to
that reported in the literature for teeth restored with other post
materials, the high patient drop-out rate suggests careful in-
terpretation of the current results and yields the need for long-
term randomized clinical trials.
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