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Abstract

Objectives This practice-based study evaluated the clinical
performance and risk factors for biological and technical com-
plications with conventionally luted zirconia crowns.
Materials and methods Sixty-eight patients (39 female) with a
total of 323 restorations placed on 219 vital teeth, 69 endodon-
tically treated teeth (ETT), and 41 implants (incisors, 96; pre-
molars, 89; molars, 138; observational period, 79.7+
14.2 months) underwent a clinical follow-up examination
and were included in the study. Time-dependent survival (in
situ), success (event free), and veneering ceramic fracture
(VCF) rates were calculated and analyzed relative to the fol-
lowing risk factors: smoking status, location of the crown, and
type of abutment.

Results Fifty-three complete failures were recorded. A signif-
icant influence of the abutment type on survival could be
detected (p=0.033): ETT demonstrated a significantly (p=
0.029) lower 7-year survival rate (73.8 %, 95 % confidence
interval [95 % CI] 0.600-0.876) than crowns placed on im-
plants (90.0 %, 95 % CI 0.814-0.990). The success rate of the
crowns was significantly influenced by the location of the
restoration (p=0.0058). A total of 75.6 % (95 % CI 0.648—
0.864) of the anterior crowns remained event free, compared
to 50.4 % (95 % CI 0.388-0.621) of the molar crowns.
Furthermore, the location of the crowns affected the VCF rate
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(p=0.018, event-free anterior teeth 95.2 % (95 % CI1 0.880-1),
event-free molars 80.9 % (95 % CI 0.706-0.913)).
Conclusions Survival and success rates were significantly in-
fluenced by the type of abutment and the location of the
restoration.

Clinical relevance More complete failures should be expected
for crowns placed on ETT, while crowns on molars demon-
strated more biological and technical complications than an-
terior zirconia crowns.

Keywords Crown - Risk factors - Survival - Success -
Zirconia

Introduction

Over the past decade, zirconia (yttrium-containing tetragonal
zirconia polycrystalline=Y-TZP) has been introduced to the
dental field, along with new computer-aided design/computer-
aided manufacturing (CAD/CAM) processing technologies
for the fabrication of fixed dental prostheses (FDPs) and
crowns [1]. The majority of early stage clinical studies were
focused on the evaluation of tooth-supported Y-TZP-based
FPDs [2]. Although these studies reported framework survival
rates exceeding 90 % for observational periods of up to
10 years, a high incidence of veneering ceramic fractures
(VCFs), ranging from 0 to 54 %, within the first 3 years of
clinical service was documented, thus presenting a serious
complication for this type of restoration [1-3]. More recently
published clinical trials [4—10] have also evaluated the clinical
performance of tooth- and implant-supported single Y-TZP
crowns. In a systematic review of 16 studies, including 830
tooth-supported and 301 implant-supported Y-TZP-based
crowns, cumulative survival rates of 95.9 % for tooth-
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supported crowns and 97.1 % for implant-supported crowns
were determined [11] which is comparable with the survival
rates published for metal-ceramic crowns [12]. In another sys-
tematic review [13], the survival rates of Y-TZP crowns
ranged from 92.7 to 100 % for observational periods of 24
to 39 months. Nevertheless, VCFs were reported as frequent
technical complications in both systematic reviews [11, 13],
with incidences of at least 13.2 % for observational periods of
2-3 years [4, 6, 14-16]. Various reasons related to both, the
material and its processing, have been suggested to cause
fractures of the veneering material: mismatching of the coef-
ficient of thermal expansion between the veneering porcelain
and the zirconia substructure, aging, the veneering method,
missing anatomical design of the framework, residual stress
due to the low thermal conductivity of zirconia, and user-
related effects (e.g., occlusal adjustments) [1, 17-21]. Apart
from factors related to the material and its processing, the rate
of technical complications can be influenced by patient- and
restoration-related risk factors. Patient-specific factors, such
as occlusal relationship, parafunctional habits, and the use of
anight guard, have been identified as relevant risk factors that
can significantly affect the veneering ceramic fracture rate of
Y-TZP restorations [22, 23]. Restoration-specific risk factors,
such as the type of abutment (i.e., a vital tooth, an endodonti-
cally treated tooth, or an implant-based restoration) and its
location (anterior, premolar, or molar), have been demonstrat-
ed to influence the survival (restoration remaining in function)
and success (intervention-free survival) of metal-ceramic and
all-ceramic crowns [12, 24-28]. To the authors’ best knowl-
edge, there is no information in the literature regarding the
associations of these types of risk factors with the survival,
success, and technical complication rates of Y-TZP crowns for
extended observational periods of more than 5 years.

The present practice-based, retrospective study aimed to
evaluate patient- (smoking status) and restoration-specific
(abutment type, location) risk factors for the survival and tech-
nical, as well as biological, complication rates with Y-TZP
single crowns placed in a private practice.

Materials and methods
Patient selection

Eighty-seven patients who were treated in a private practice
from February 2003 to December 2006 and who received
conventionally luted zirconia crowns fabricated with a single
type of CAM system (Cercon Smart Ceramics, DeguDent,
Germany) and attended a maintenance program (prophylaxis
or supportive periodontal therapy) on a regular basis were
identified. A total of 395 restorations were placed using either
zinc phosphate or glass ionomer cements of different brands.
These patients were approached during their annual
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maintenance appointments and were asked to participate in
this retrospective study after having received information
about the aims and the course of the study and the methods
of data collection. Patients who met the following criteria were
included:

— Participation in at least annual (+2 months) clinical
examinations;

— Antagonistic natural teeth or fixed prosthetic restorations;

—  Complete medical information, including smoking status;
and

—  Complete documentation of crown-related complications
or failures.

Patients with one or more of the following diagnoses were
excluded from participation:

— Clinical symptoms of bruxism (severe occlusal
parafunction with wear facets and facial pain, both self-
reported); or

— Aggressive periodontitis or untreated chronic
periodontitis.

The Ethics Committee of the University of Gottingen ap-
proved this study (application no. 4/8/12), and all of the sub-
jects provided informed consent. The recommendations for
strengthening the reporting of observational studies in epide-
miology (STROBE) were followed.

Clinical approach

All of the clinical treatments were performed by an experi-
enced clinician (S.R.) in a private practice in Germany. All of
the patients received oral hygiene instructions and profession-
al tooth cleaning or systematic periodontal treatment prior to
prosthetic treatment. All vital abutments received an adhesive-
ly placed composite buildup. Non-vital teeth were restored
with a direct composite buildup to ensure the long-term reten-
tion of the restorations and, in cases of insufficient natural
tooth structure, with a prefabricated titanium or fiberglass root
post. The abutment teeth were prepared with a 0.8- to 1.0-mm
heavy chamfer and an axial taper of 4° to 6°. The occlusal
reduction was approximately 1.5 mm. Single-tooth implants
were restored using prefabricated titanium abutments. All im-
pressions were obtained with polyvinylsiloxane or polyether
materials. Clinical fit of the veneered crowns was checked
prior to cementation using a dental probe (86-157-001,
Ustomed, Tuttlingen, Germany). Six crowns had to be remade
due to insufficient fitting quality. The acceptable restorations
were finally luted with zinc phosphate or glass ionomer ce-
ments of different brands. The preferred occlusal concepts
were a canine-protected articulation or a group functioning
on the canines and premolars.
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Laboratory techniques

All of the zirconia frameworks were produced by a CAM
system (Cercon Smart Ceramics, DeguDent GmbH,
Germany), which was introduced to the German market in
2001. During the production process, a manually fabricated
wax pattern of the framework was laser scanned to acquire the
necessary data for a three-dimensional virtual model. Prior to
milling the frameworks from presintered zirconia (Cercon
Base, DeguDent Hanau, Germany), the acquired data were
increased by ~30 % to compensate for shrinkage during
sintering. Finally, the frameworks were sintered to full density
at a temperature of 1350 °C for 6 h.

The minimum framework thickness was 0.4 mm. The
sintered frameworks were adapted until the best possible fit
was achieved. Adaptation was performed by an experienced
technician under x4 magnification according to the literature
[29]. All of the Y-TZP restorations were veneered with a man-
ual layering technique, using a ceramic material (Cercon
Ceram S or Cercon Ceram-Kiss, DeguDent GmbH,
Germany) with a TEC (thermal expansion coefficient)
adapted for the veneering of zirconia frameworks (9.5 pm/
m*K).

Data collection

Using patient records, the patients were evaluated according
to the following parameters: age (at crown placement), sex,
smoking status, crown location (according to the FDI
scheme), abutment type (vital tooth, endodontically treated
tooth, implant), date of crown placement, and observation
period.

All of the included patients attended at least an annual
clinical examination that was completed during prophylaxis
or SPT. The clinical examinations were performed by a skilled
dentist (not the clinician who placed the restorations), who
was trained to use the criteria for survival and success. The
following parameters were assessed for all of the restorations
and were documented in the patients’ records: restoration in
situ, decementation (mobility), fracture of the framework, and
chipping of the ceramic veneer. Tooth-based restorations were
evaluated for loss of vitality, secondary caries, need for peri-
odontal treatment, and endodontic failures. Implant-based res-
torations were assessed for technical complications of the im-
plant components (implant or abutment fracture, screw loos-
ening) and for peri-implantitis.

Statistical analysis

Information regarding the survival and success of the recon-
structions was used for the statistical evaluation. Survival was
defined as the reconstruction remaining in situ at the follow-
up examination visit, without presenting an absolute failure

(i.e., the in situ criterion) [3, 12]. Absolute failure was defined
as a clinically unacceptable fracture of the restoration or a
biological event (caries, tooth fracture, periodontal reason)
that required replacement of the entire restoration or extraction
of'the tooth [3]. The survival time of a restoration was defined
as the period between the day of cementation and either the
final follow-up appointment or, in the case of a failure, the
appointment scheduled to address the failure, as documented
in the patient’s file. Success was defined as a reconstruction
that remained unchanged and that did not require any inter-
vention to maintain function during the entire observational
period [3, 12]. Necessary interventions to maintain function
were divided into technical complications (minor chipping of
the ceramic, recementation of a debonded but intact restora-
tion) and biological complications (caries, endodontic treat-
ments, periodontal interventions). The survival (in situ criteri-
on) and success (intervention-free) rates of the restorations
and the ceramic veneers (no defects) were calculated using
Kaplan-Meier plots. The location of the restoration (anterior/
premolar/molar), the type of abutment (vital tooth, endodon-
tically treated tooth, implant), and smoking status were includ-
ed as factors when analyzing the time-dependent survival and
success rates by Cox regression analysis. Different observa-
tions within a single patient (several crowns per patient) were
dependent. This dependence was allowed for by adjusted var-
iance estimation in the Cox regression model. Thus, for the
data analysis, a marginal model was applied [30]. Multiple
Cox regression analysis was performed to analyze the influ-
ence of the different factors on the success and survival rates.
In cases of significance, post hoc tests were performed to
compare the different factor levels with a pairwise procedure.
A level of significance of <5 % was accepted to determine a
statistically significant influence; due to the closed testing
procedure, an adjustment for multiple comparisons was not
necessary in the post hoc tests. Statistical analyses were per-
formed using the R programming environment (version
2.14.1, www.r-project.org).

Results
Patients

Nineteen patients with 72 restorations did not fulfill the inclu-
sion criteria, met the exclusion criteria, or declined to partici-
pate in the study. Their data were excluded from further sta-
tistical evaluation (Table 1). Sixty-eight patients (39 female/29
male) with a total of 323 restorations (anterior crowns, 96;
premolar crowns, 89; molar crowns, 138), placed on 221 vital
and 63 endodontically treated teeth and 41 implants, attended
clinical follow-ups between January 2011 and April 2012, and
were included in the study. The age of the subjects ranged
from 25 to 74 years old (mean age 51.0+9.2 years old). The
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Tablel Number of included and excluded subjects and the distribution

of the exclusion categories

Total number of patients 87
Number of included subjects 68
Number of excluded subjects 19

Reasons for exclusion
Bruxism 2
Noncompliance with annual examination 9
Antagonistic removable dentures 5
Other missing data (e.g., interventions or reasons for failure) 3

patients received up to 10 restorations. The mean observation-
al period was 79.7+12.2 months. The minimum observational
period was 48.9 months (maximum 116.3 months). During
this period, 52 of the 323 crowns failed and had to be replaced.
The most frequent reason for crown failure was extensive
fracturing of the veneering ceramics (n=28) (Fig. 1), followed
by endodontic reasons (n=15) (Table 2). No fracture of a
zirconia framework was detected over the entire observational
period.

Crown survival rates

The overall 7-year survival rate was 82.4 % (95 % confidence
interval [95 % CI] 0.760, 0.888). A statistically significant
influence of type of abutment (vital tooth, endodontic tooth,
implant) on the survival rate was detected (multivariate anal-
ysis, p=0.033). Crowns placed on endodontically treated teeth
demonstrated a significantly lower 7-year survival rate
(73.8 % [95 % CI 0.600-0.876]) than crowns placed on im-
plants (7-year survival rate 90.0 % [95 % CI 0.814-0.9907)
(pairwise comparison, p=0.029) (Table 3). Crowns placed on
vital teeth demonstrated a survival rate of 83.5 % (95 % CI
0.759-0.911) after an observational period of 7 years (Fig. 2).
Neither the location of the restoration (anterior, premolar, mo-
lar) (p=0.270) nor smoking status (p=0.260) significantly af-
fected the survival rate.

Fig. 1 Extensive fracture of the veneering ceramic of a single molar
crown leading to a replacement of the restoration
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Table 2  Reasons for the total failure of zirconia crowns

Reason for failure Total number (n=323)

Technical complications 28
Extensive ceramic veneer fracture 28
Biological complications 25
Endodontic failure 15
Periodontal lesion 2
Root or tooth fracture 6
Change of prosthetic treatment

Peri-implantitis 1
Total 53

Crown success rates

Sixty-four restorations required clinical interventions to main-
tain their function over the entire observational period
(Table 4). The most frequent technical complication (n=31)
was loss of retention of a conventionally luted zirconia crown.
All of the restorations could be recemented using an adhesive
protocol, with a self-etching primer and bonding agent and an
auto-curing composite (Panavia 21, Kuraray Europa GmbH,
Hattersheim, Germany). Veneering ceramic fractures requir-
ing a clinical intervention to maintain function were observed
in 12 restorations. Nine events were considered minor chip-
pings, with an affected surface area of <2 mm?. These defects
were polished intraorally. Three chippings that exposed the
zirconia core required repair with a composite material.
Endodontic treatment was necessary for 19 abutment teeth.
The access cavity was sealed with a composite restoration,
and all of the crowns could remain in function. The overall
7-year success rate (event-free restoration) was 62.5 % (95 %
C10.545-0.7042). Multivariate analysis revealed a significant
effect of the independent variable location of the restoration
on the success rate (p=0.0058). The success rate of anterior
crowns (75.6 % [95 % CI 0.648-0.864]) was significantly
higher than the success rate of molar crowns (50.4 % [95 %
CI 0.388-0.621]) (pairwise comparison, p=0.013) (Table 5).
Of the crowns placed on premolars, 68.3 % (95 % CI 0.564—

Table 3  Results of the post hoc analysis for the co-variable “type of
abutment” regarding the time-dependent survival rate, using pairwise
comparisons

Coef  Exp  Se(coef) Robustse Z P
(coef)
Endodontic vs —0.511 0.60  0.313 0.377 -1.355 0.18
vital tooth
Endodontic vs —0.420 0.657 0.260 0.192 -2.186  0.029
implant
Vital tooth vs  —0.263 0.768 0.481 0.488 —0.540 0.59
implant
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Table5 Results of the post-hoc analysis for the co-variable “location of
the crown” regarding the time-dependent success rates, using pairwise
comparisons

Coef  Exp(coef) Se(coef) Robustse Z D

survival probability
50 %
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— vital teeth
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Fig. 2 Survival probability (restoration remaining in situ) of zirconia
crowns according to the abutment type (black line = endodontically
treated teeth, red line = vital teeth, green line = implants), shown as
Kaplan-Meier plots

0.803) remained event free over the 7-year observational pe-
riod and did not demonstrate significant differences from the
success rates of anterior or molar crowns.

Ceramic fracture rates

During the entire observational period, 40 veneering ceramic
fractures were observed, resulting in a 7-year incidence of
12.4 %. Twenty eight of these fractures required replacement
of the restoration, while the function of 12 restorations could
be maintained by intraoral polishing or repair with a compos-
ite restoration.

Table4 Complications and the corresponding clinical interventions to
maintain the restorations in situ

Complication Total Management
number (n=323)
Technical complications
Decementation 31 Adhesive
recementation
Chipping of ceramic 9 Polishing

veneer grade 1
Chipping of ceramic 3
veneer grade 2
Biological complications

Repair with composite

Loss of vitality 19 Endodontic treatment
Secondary caries 2 Sealing with composite
Total 64

Anteriorvs 0402 1.49 0.278 0.375 1.072 0.28
premolar

Anterior vs
molar

Premolar vs

molar

0370 1.448 0.122 0.149 2488 0.013

0341 1.41 0.223 0.238 1.431 0.15

A separate time to event analysis regarding ceramic frac-
tures revealed that 95.2 % (95 % CI 0.88-1) of the ceramic
veneers of anterior crowns were intact, whereas a lower suc-
cess rate of 80.9 % (95 % CI1 0.706-0.913) was calculated for
the ceramic veneers of molar crowns (Fig. 3) A statistically
significant difference between these two groups could be de-
tected (pairwise comparison, p=0.034) (Table 6).

Discussion

The 7-year results of this retrospective study revealed survival
rates ranging from 73.85 % for crowns placed on endodonti-
cally treated teeth to 90 % for implant-based crowns. These
results were not in agreement with the findings of two system-
atic reviews, which estimated 3-year cumulative survival rates
of 100 % for anterior and 95.5 % for posterior crowns [13], as
well as calculated 5-year survival rates of 95.9 % for tooth-
based zirconia crowns and 97.1 % for implant-based restora-
tions [11]. This finding might be explained as follows. The
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Fig. 3 The probability of success of the veneering ceramic (no defect)
shown as separate Kaplan-Meier plots for anterior (black line), premolar
(red line), and molar (green line) crowns
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Table 6 Results of the post-hoc analysis for the co-variable “location of
the crown” regarding the time-dependent veneering ceramic fracture
rates, using pairwise comparisons

Coef  Exp(coef) Se(coef) Robustse Z p
Anteriorvs  1.14 3.14 0.585 0.649 1.763 0.078
premolar
Anterior vs  0.7675 2.15 0.270 0.362 2.122 0.034
molar
Premolarvs 0.423  1.53 0.366 0.477 0.887 0.38
molar

reported estimated 5-year survival rates were calculated from
clinical trials with mean observational periods ranging from 2
to 5 years. The calculation was based on a constant annual
failure rate. If the failure rate increased, this calculation result-
ed in overestimation of the survival rate. The increase in the
annual failure rate with prolonged observational periods has
already been demonstrated for zirconia FPDs [31], thus em-
phasizing the need for clinical studies with prolonged obser-
vational periods to draw reliable conclusions regarding clini-
cal performance [11, 13]. In the present study, none of the Y-
TZP frameworks fractured during the entire observational pe-
riod. This result is in good accordance with the findings of a
systematic review that included 16 clinical studies with 1131
Y-TZP crowns, in which only three events of core fractures
were reported [11]. As in other clinical studies, extended ve-
neering ceramic fractures represented the most frequent rea-
son for failure, confirming the importance of these findings for
clinical long-term success [11, 13] in the early stages of Y-
TZP processing. In addition, knowledge regarding the preven-
tion of ceramic material fractures, by using either a pressable
veneering ceramic [21] or a more pronounced core design and
applying prolonged cooling periods to decrease internal
stresses, has increased and is now clinically applied.
However, this information was not available during the study
period, which might explain the higher survival rates reported
in clinical trials that have been published more recently [6, 7,
9, 20]. The type of abutment (vital tooth/endodontically treat-
ed tooth/implant) showed a significant effect on the survival
rate. Endodontic failures represented the most frequent bio-
logical complications in the present study, resulting in a re-
duced survival rate of 73.85 % after a mean observational
period of 7 years. This finding agrees with the findings of
other clinical trials reporting on all-ceramic and metal-
ceramic crowns [12, 27], which have also reported reduced
survival rates for crowns on endodontically treated teeth.
Nevertheless, it must be stated that the low survival rate of
Y-TZP crowns in the present study was mainly attributable to
technical complications (veneering ceramic fractures). This
rate represents a clear difference from the data published for
porcelain-fused-to-metal (PFM) crowns. For PFM crowns, a
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cumulative survival rate 0f95.6 % (CI1 92.4-97.5) after 5 years
was estimated by systematically reviewing six studies includ-
ing a total of 1765 restorations; therefore, the clinical perfor-
mance of Y-TZP crowns fabricated in the early stages of Y-
TZP processing did reach the level of PFM crowns [12].

The success rate of the crowns (intervention-free survival)
was significantly influenced by the location of the restoration,
with molar crowns having more biological and technical com-
plications (success rate 50.4 %) than crowns placed on ante-
rior teeth (success rate 75.6 % [95 % CI 0.648—0.864]). This
result is in accordance with the findings of systematic reviews
[12, 24, 28] reporting high complication rates for all-ceramic
crowns placed in posterior areas. Therefore, it should be stated
that zirconia crowns fabricated in the early stages of Y-TZP
processing did not overcome the limitations of other dental
ceramics regarding their usage in posterior areas. The most
frequent reason for a clinical intervention (31 of 64 cases)
was the need for recementation of a crown, resulting in a 7-
year incidence of 9.6 %. Based on the findings of a systematic
review, loss of retention is a rare technical complication with
PFM crowns; an annual rate of 0.13 % resulted in a cumula-
tive complication rate of 0.7 % after 5 years [12]. The high
complication rate observed in the present study might be ex-
plained by the following specific aspects. The present study
used an early stage CAM-processing technique that was intro-
duced in 2001. An in vitro study compared the internal fit of
porcelain-fused-to-metal and zirconia-based FPDs, made with
the same system as that used in the present study. The results
revealed reduced internal fit and therefore a thicker cement
layer among the zirconia FPDs, compared to the cast metal
frameworks [32]. This is supported by another in vitro study
comparing the fitting quality of the early stage CAM system
(Cercon) used in this study with other CAD/CAM systems.
Compared to other CAD/CAM systems, restorations pro-
duced with the CAM system demonstrated a reduced internal
and marginal fitting quality compared to other marginal and
internal fits of zirconia restorations [29]. The high rate of
retention loss could be explained by the reduced internal
fitting accuracy of the zirconia framework. In addition, im-
proved CAD/CAM techniques have improved the quality of
zirconia restorations with regard to internal and marginal
fitting accuracy [1].

A second possible explanation can be observed in the lut-
ing agents used in the present study. A loss of retention has
been reported in clinical studies of the performance of zirconia
FPDs, particularly when zinc phosphate cements have been
used as luting agents [14, 31]. Zinc phosphate and glass
ionomer cements as luting agents have demonstrated reduced
retentive strength under in vitro conditions, while resin-
modified glass ionomer cements and composite cements have
demonstrated improved retentive characteristics [33]. In a pro-
spective clinical trial using an improved CAD/CAM technol-
ogy and a resin-modified glass ionomer cement, none of the
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evaluated Y-TZP molar crowns showed loss of retention [20].
These findings might result in the conclusion that with im-
proved manufacturing technology and the use of luting agents
with improved retentive capacity, the high complication rate
of the present study would be substantially reduced.

Nineteen of the 219 reevaluated restorations placed on vital
teeth required endodontic treatment during the entire observa-
tional period, resulting in a 7-year incidence of 8.6 %. This
finding agrees with those of Ortrop et al. (2012) [14], who
reported an incidence of 6 % for endodontic treatments after
3 years for zirconia-based single crowns, with all of the end-
odontic problems occurring in posterior teeth. Both results
conflict with the findings of other studies. In a systematic
review, the incidence of loss of vitality after placement of an
all-ceramic crown was calculated to be 2.1 % within a 5-year
period [12]. This observation is also supported by the findings
of a retrospective, long-term evaluation of 1335 adhesively
luted all-ceramic restorations. In that study, the incidence of
endodontic treatment was 2.5 % after a mean observational
period of 8.5 years [27]. A possible explanation for the in-
creased rate of biological complications can be observed in
the preparation guidelines provided during the early phase of
the clinical usage of Y-TZP. To ensure complete data acquisi-
tion for the entire preparation, a more conical design with a
preparation angle of 4° to 6° was recommended, which is
greater than the standard preparation angle of 2° to 3° recom-
mended for metal-ceramic crowns. This more conical design
led to increased substance loss and a more aggressive prepa-
ration design, thus possibly increasing the risk of biological
complications. In addition, because of improved scanning
technology, manufacturers have modified the preparation
guidelines, allowing for preparations with less conical de-
signs. This aspect might be important in decreasing the risk
of biological complications. As in other clinical studies eval-
uating Y-TZP crowns, secondary caries was a rare complica-
tion in the present study [11, 13].

The annual chipping rate for metal-ceramic crowns, based
on the findings of a systematic review [12], was 1.17 % in-
cluding anterior and posterior crowns, which translated to a 5-
year rate of ceramic chipping of 5.7 %. In the present study,
crowns placed on anterior teeth or implants showed an annual
ceramic fracture rate of 0.69 %, while molar crowns demon-
strated a significantly higher (»p=0.034) annual ceramic failure
rate of 2.73 %. This finding demonstrated that in the early
stages of Y-TZP processing and clinical application, fractures
of the veneering ceramic were highly relevant for crowns
placed on molars, while for anterior restorations, a ceramic
fracture complication rate comparable to that of PFM restora-
tions was observed [12].

The present study was limited by all of the restorations
having been placed by a single operator. This fact limits the
potential generalization of the results because operator-related
effects on clinical performance could not be evaluated.

Furthermore, no control group with conventionally cemented
PFM crowns was included.

When interpreting the results of the present study, the in-
herent limitations of a retrospective study should be consid-
ered; a prospective, randomized clinical trial would have more
power. A typical problem encountered in retrospective studies
is the availability of analyzable, consistent data; however, this
limitation did not apply to the present retrospective study,
because the clinical findings have been recorded in the same
dental practice since the beginning of 2001, according to a
standardized procedure. It can therefore be assumed that the
recorded data were representative and comparable.

Moreover, it is worth mentioning that, in the present study,
probable bruxists (severe occlusal parafunction with wear
facets and facial pain, both self-reported) were excluded.
However, it must be stated that identification of bruxists is
challenging because a definitive diagnosis requires
polysomnography [23]. Thus, it remains unclear how many
bruxists were included in the present study. Patients with un-
detected bruxism might have influenced the results of the
present study, resulting in lower survival and success rates
than those demonstrated in other clinical studies [22, 27].

Despite these limitations, this study can contribute to the
further evaluation of all-ceramic restorations because of its
prolonged mean observational period of more than 5 years
and because the data were collected under the typical condi-
tions of a private practice. Moreover, the associations between
the potential risk factors type of abutment and location of the
restoration and the survival and success of Y-TZP crowns
have not yet been concisely presented. This information can
be helpful for a detailed evaluation of the long-term prognoses
of all-ceramic restorations and for the planning of the neces-
sary future long-term, prospective clinical trials.

Conclusion

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

» The 7-year survival rate of Y-TZP crowns, produced with
an early stage CAM system, demonstrated inferior surviv-
al and success rates, compared to the survival and success
rates published for PFM crowns. The clinical performance
was compromised by increased technical (VCFs and loss
of retention) and biological (loss of vitality) complication
rates.

* The type of abutment demonstrated a significant influence
on the survival rates of Y-TZP crowns, with crowns placed
on endodontically treated teeth being at significantly
greater risk for complete failure than implant-based
restorations.
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