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Due to increased esthetic requirements and bio-
compatibility standards, all-ceramic restorations

are currently in high demand. However, the mechan-
ical resistance of conventional glass-ceramic and
feldspathic porcelain has shown only limited clinical

success for fixed partial dentures (FPDs).1 The frac-
ture resistance of the frameworks and veneering
materials, as well as the resulting survival rates,
were significantly lower for all-ceramic FPDs than
for metal-ceramic restorations.2 The first all-ceramic
system recommended for use in anterior FPDs was a
glass-infiltrated aluminum oxide ceramic material
(In-Ceram, Vita Zahnfabrik). However, clinical stud-
ies on In-Ceram alumina FPDs reported high rates
of framework fracture in the posterior region.3,4

Clinical observations for lithium-disilicate ceramics
also revealed a high complication and failure rate for
all-ceramic FPDs in the posterior region.5 Compared
to these findings, the reported failure rate for metal-
ceramic FPDs was significantly lower.6–8 Poly -
crystalline zirconia ceramics show the highest
bending strength and fracture resistance of all 
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currently applied dental ceramic materials. A recent-
ly developed computer-aided design/computer-
assisted manufacturing (CAD/CAM) technology
allows for the processing of this material. Results
from in vitro9 and the first midterm clinical stud-
ies10–12 already suggest a promising applicability of
this material for FPD frameworks in the posterior
region. Therefore, all-ceramic restorations are no
longer limited to the esthetically challenging anterior
region. They can now be used in the replacement of
both premolars and molars. 

Apart from the well-documented stability of the zir-
conia framework, defects and chippings of the
ceramic veneers were reported as clinical complica-
tions for this type of restoration.10–13 Clinical conse-
quences of a defect of the veneering material can
range from a simple polishing to the replacement of
the restoration if the defect impairs either function or
esthetics. Therefore, the durability of the veneering
material is an important factor in the long-term per-
formance of a restoration. Various assumptions on
the source of error for the observed defects have
been made, especially in the molar region. One
assumption, based on the observations of metal-
ceramic restorations, is that a possible source of error
for these complications might be an incorrect match
between the thermal expansion coefficient (TEC) of
the framework and that of the veneering material.10

The aim of this study was to evaluate the long-
term survival of conventionally cemented zirconia-
based posterior three- and four-unit FPDs veneered
with two types of veneering ceramics with different
TECs: 8.5 µm/m*K and 9.5 µm/m*K. The null hypothe-
sis was that there would be no difference in the
durability or complication rate between the two
veneering materials. 

Materials and Methods

Patient Selection

Seventy-five patients (36 women, 39 men) participat-
ed in this study. They were not members of the pre-
or postdoctoral education programs of the
Department of Prosthodontics at the University of
Goettingen, where the study took place. The age of
the subjects ranged from 26 to 76 years (mean: 49.4
± 12.4 years). Inclusion criteria were antagonistic
teeth in the area of the restoration, vital abutments or
abutments with sufficient endodontic treatment, and
a maximum of two missing teeth. Patients with one or
more of the following diagnoses were excluded from
participation: bruxism, severe periodontal disease,
pulpitis, and a horizontal abutment tooth mobility of
≥ 1 mm. Patients were informed of the purpose of

the investigation, the clinical procedures, and the
advantages and risks of the applied material. The
study was approved by the local ethics committee. 

Clinical Approach

Clinical treatment was performed by experienced
clinicians for all but 2 FPDs, which were treated by
students under the supervision of a dental clinician.
All patients received oral hygiene instructions and a
professional tooth cleaning prior to prosthetic treat-
ment. Patients received up to 4 FPDs. A total of 99
restorations (81 three-unit, 18 four-unit) were insert-
ed (39 in the maxilla, 60 in the mandible). The alloca-
tion of pontics is shown in Figs 1a and 1b. For the
majority of abutment teeth, a composite resin was
used for the core buildup. Abutment teeth were pre-
pared using a 0.8- to 1.0-mm heavy chamfer and a
minimum axial taper of 6 degrees (according to the
Cercon Clinical Guide). The occlusal reduction was
approximately 1.5 mm. Impressions were taken with
a polyether material (Impregum, 3M ESPE). Finally,
the restorations were luted with a zinc-phosphate
cement (Harvard, Richter and Hoffmann). The pre-
ferred occlusal concepts were a canine-protected
articulation or a group function on the canines and
premolars.

Laboratory Techniques

All frameworks were produced by a CAD/CAM sys-
tem (Cercon smart ceramics, DeguDent), which was
introduced to the German market in 2001. During the
production process, a wax pattern of the framework
is laser-scanned to acquire the necessary data for a
three-dimensional virtual model. With this informa-
tion, the zirconia restoration is milled from a soft
presintered zirconia blank, which is then sintered to
its final density.

Ninety-seven restorations were fabricated from
noncolored blanks. The remaining 2 restorations
were milled from a dentin-colored presintered mate-
rial (Cercon base colored, DeguDent). The minimum
framework thickness was 0.4 mm and the cross sec-
tions of the connector adhering at the abutment
were at least 9 mm2. The frameworks manufactured
in 2001 (experimental group, 51 units) were
veneered with an experimental layering ceramic. This
material was designed for the veneering of titanium
and zirconia frameworks and therefore had an inter-
mediate TEC of 8.5 µm/m*K. Since 2002, a ready-to-
market veneering material (Cercon Ceram-S,
DeguDent) with a TEC optimized for the veneering of
zirconia frameworks (9.5 µm/m*K) was used for 48
specimens (Ceram-S group).   
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Evaluation Procedures

The examinations started at the point of final cemen-
tation (baseline). To determine the points of potential
complications as precisely as possible, restorations
were reevaluated continuously in 6-month intervals.
The following parameters were assessed: decemen-
tation (mobility), loss of vitality of the abutment teeth
(cold spray test), need for endodontic treatment,
marginal integrity, secondary caries, fracture of the
framework, and chipping of the ceramic veneer.
Additionally, patients were asked about an increased
abutment tooth sensitivity and chewing problems.
Survival was defined according to the in situ criteri-
on. All restorations that remained in function during
the observation period were included. Veneers were
defined as being successful if they remained event
free without any clinical intervention (eg, chipping)
during the evaluation period. In case of retention
loss, the respective cast was investigated regarding
the height of the preparation and the cone angle.
This evaluation allowed for the analysis of a possible
relation between the loss of retention and noticeably
short or cone-shaped preparations.   

Statistical Analysis

All complications leading to a replacement of the
current FPD (technical and biologic complications)
were defined as total failures. The survival time of
the restoration was defined as the period between
the day of final cementation and the last follow-up
appointment or, in case of a failure, the appointment
scheduled to address the failure. The success of the

ceramic veneers was defined as event-free survival
without any chipping of the material. The survival
rates of the restorations (in situ criterion) and the
success rates of the ceramic veneers (no defects)
were calculated according to the Kaplan-Meier
method. Data were excluded if patients were lost to
follow-up or declined further participation in the
study. To compare the success probabilities (time to
event) of the two types of ceramic veneers, the log-
rank test was applied. 

Results

During the observation period, 7 of the 99 inserted
FPDs failed and had to be replaced; all of these spec-
imens were three-unit FPDs (Table 1). Eight patients
were lost to follow-up or declined further participa-
tion in the study (8 patients with 1 restoration each; 
5 in the experimental group, 3 in the Ceram-S group;
7 three-unit FPDs, 1 four-unit FPD). Their data were
excluded from further statistical evaluation. The over-
all survival rate (in situ criterion) according to the
Kaplan-Meier method was 94% after 48 months. Four
restorations failed for technical reasons: 1 core frac-
ture (marginal chipping) occurred and led to replace-
ment of the restoration (Fig 2). The overall framework
survival rate was 98.9%. Three additional failures
(experimental group), a result of loss of retention,
could not be recemented because of progressed 
secondary caries. Another 3 failures were caused by
biologic complications: 1 longitudinal root fracture of
an endodontically treated premolar, 1 abutment loss
due to a severe periodontal lesion, and 1 due to a
progressed marginal caries lesion. 
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Figs 1a and 1b  Allocation of pontics (replaced teeth) shown in a modified FDI two-digit notation for (a) three-unit FPDs and (b) four-
unit FPDs. Note: three restorations were based on three abutment teeth for four-unit FPDs.  
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The survival rate for the in situ criterion of the
experimental group was 93.7%; in the Ceram-S
group, the survival rate reached 95.2% after an
observation period of 48 months (Figs 3a and 3b).
Sixty-one FPDs (61.6%) were observed in situ with-
out any clinical posttreatment (Table 2); 23 restora-
tions required clinical intervention to maintain their
function. Apart from the 3 cases where a loss of
retention led to total failure, 6 restorations showed a
loss of retention, which was managed by recementa-
tion of the FPD. The loss of retention occurred main-

ly in the mandible (relation of maxilla to mandible:
8:1) and was observed between 11 and 43 months
after cementation (mean: 26.3 ± 12.4 months).
Marginal caries lesions were observed in 4 cases
(experimental group: 3, Ceram-S group: 1) (Fig 4).
Only one loss of vitality occurred (Ceram-S group,
Fig 5). Postoperative hypersensitivity to cold and
chewing problems were recorded for 26 of 200 abut-
ment teeth. These symptoms were only temporary
and 80% occurred within the first 13 months after
cementation. 
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Table 1 Reasons for Failures of the FPDs 

Experimental Ceram-S 
Reason for failure Total (n = 99) group (n = 51) group (n = 48)

Technical complications
Core fracture 1 1 0
Retention loss/resultant caries 3 2 1

Biologic complications
Marginal secondary caries 1 1 0
Periodontal lesion 1 0 1
Root fracture 1 1 0

Total* 7 5 2

*All failures were three-unit restorations.

Fig 2 (right) The only recorded framework fracture in terms of a marginal defect. 
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Figs 3a and 3b  Survival probabilities of (a) 93.7% for the experimental group and (b) 95.2% for the Ceram-S group were found after
an observation period of 48 months.

Table 2 Complications and Corresponding Clinical Interventions to Maintain the
Restorations In Situ

Experimental Ceram-S 
Complication group (n = 51) group (n = 48) Management

Chipping of ceramic veneer 9 4 Polishing
Decementation 1 5 Adhesive recementation 
Secondary caries 2 1 Sealing with composite 
Loss of vitality 0 1 Endodontic treatment
Total 12 11
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A chipping of the veneering material was observed
in 9 restorations in the experimental group and 
4 specimens in the Ceram-S group. The majority of
veneering material events were minor chippings. The
probability for success of the ceramic veneers was
91.6% in the experimental group and 88% in the
Ceram-S group after 48 months (Figs 6a and 6b).
The statistical analysis with the log-rank test revealed
no significant differences in the time-dependent 
success rates of the two types of ceramic veneers 
(P = .81). A chipping of the veneering material was
never the reason for removal of the restoration.

Discussion

In the present study, an overall survival rate of 94%
was determined for zirconia-based posterior FPDs
after 4 years of clinical function. This is within the
range of data from previously published studies.
After short-term service with mean follow-up times
of 31 to 37 months, survival rates of 100% were
reported for posterior zirconia-based FPDs.12,14 Two

studies reported a survival rate of 100% for zirconia-
based posterior FPDs after 5 years of clinical
service.11,15 Contrary to these findings, Sailer et al10

found a survival rate of 73.9% after 5 years for three-
to five-unit zirconia FPDs with a mean observation
period of 53 months. The main reason for the
replacement of the restorations in that study was
secondary caries. Only one framework fractured,
leading to a framework survival rate of 97.8%. This is
consistent with the overall framework survival rate in
the present study (98.9%) and in good accordance
with the results of other clinical trials.11–17

The only case of framework fracture determined in
this study was not located at a critical position such
as the connection area between the abutment and
pontic, as expected, but at the vestibular margin of
the maxillary right second premolar, analogous to a
wedge-shaped defect. The framework fracture could
be explained by a locally reduced framework thick-
ness. All data on clinical survival collected up until
recently suggest the reliable performance (survival
probabilities of 98% to 100% after 3 to 5 years) of
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Figs 6a and 6b  Success probabilities of (a) 91.6% for experimental ceramic veneers and (b) 88% for Ceram-S veneers were found
after an observation period of 48 months.

Fig 4 (left) Marginal discoloration in a
preliminary secondary caries.

Fig 5 (right) The mandibular left second
molar abutment tooth after endodontic
treatment. Trepanation caused minor chip-
ping.
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zirconia-based FPD frameworks if the manufactur-
ers’ recommendations were followed.10–17 A connec-
tor cross-section area of at least 9 mm2 should be
implemented and the framework thickness should
exceed 0.4 mm. In summary, three- and four-unit
FPDs offer promising results with a maximum clinical
observation time of 5 years. 

A review of the relevant literature shows that chip-
ping of the ceramic veneer on zirconia-based
restorations is a pressing problem.10–14,17 For evalua-
tion periods between 31 and 60 months, chipping
rates between 8% and approximately 30% have been
reported from clinical trials.10–12,14 These complica-
tions occur mainly in the posterior region.12–14 This
was supported by the findings of the present study.
Chipping rates of 19.6% for restorations in the exper-
imental group and 8.9% in the Ceram-S group were
recorded. However, Kaplan-Meier analysis revealed
that the time-dependent failure rate was not statisti-
cally different among groups. After an observation
period of 48 months, the success probability for the
experimental group was 91.6%. In the Ceram-S
group, the success probability was 88%, with no sta-
tistical difference when compared to the experimen-
tal group (log-rank test, P = .81). Based on these
findings, a variation in the TEC seems to have no sig-
nificant effect on the success rate of the ceramic
veneers in zirconia frameworks. Therefore, the
hypothesis of a TEC influencing the durability and
chipping rate of the zirconia veneering material is
rejected.

Chippings were found just as frequently in the
maxilla as in the mandible. This was in contrast to
former studies where chippings were only observed
in the posterior mandible.12 Similar results regarding

the chipping rate of the veneering material have
been reported by other authors.10,14,16,17 This implies
a slight inferiority of survival of zirconia frameworks
compared to ceramic veneers on metallic frame-
works, which display failure rates of 5% to 8% after 5
years.18 As recently reported, one technical approach
to improve the clinical behavior is a strict anatomi-
cally oriented framework design that reinforces the
ceramic veneer.11 All FPDs with chippings remained
in function after polishing (Figs 7a and 7b). The most
extensive ceramic fracture occurred as a sheering
fracture at the lingual cusps of a mandibular molar
in the Ceram-S group (Fig 7c). However, the patient
decided to keep the restoration. Therefore, the FPD
was maintained by polishing the fracture surface. 

The main complication leading to the replacement
of a restoration was loss of retention, in combination
with secondary caries. This was also found in other
clinical studies observing the performance of posteri-
or zirconia-based FPDs.10–13 In a clinical study evalu-
ating a prototype direct ceramic machining
technique, a 21.7% rate of secondary caries due to
marginal gaps was found. This was possibly caused
by premature conditions of the scanning and milling
technology.10 In the present study, marginal sec-
ondary caries was found in three units of the experi-
mental group and in one specimen of the Ceram-S
group. A possible explanation for the lower rate of
secondary caries in the Ceram-S group is the fabri-
cation of the frameworks with updated milling soft-
ware, launched in early 2003. The updated software
for the guidance of the milling process led to an
improved marginal fit of the frameworks and there-
fore decreased the risk of secondary caries.19

Moreover, conventional luting might cause an
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Fig 7c  Fracture of the ceramic veneer at
the lingual cusp of a mandibular molar.

Fig 7b  Minor chipping of the ceramic
veneer at the palatal side of a molar.

Fig 7a  Fracture of the ceramic veneer at
the distal aspect of a premolar (occlusal
view).
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increased risk of secondary caries. It was recently
demonstrated that the marginal ditching of zirconia-
based FPDs luted with zinc-phosphate cement
increased from baseline to the 3-year examination.11

This was consistent with the findings of another
study showing that microleakage was more extensive
for zinc-phosphate cement.20 In this study, 9 of 99
restorations showed a loss of retention. In other
studies with conventionally luted zirconia FPDs, the
rate for loss of retention was 4% after 5 years of clin-
ical service.12,13 An explanation for the high rate of
retention loss could be the reduced internal fitting
accuracy of the zirconia framework. A recently pub-
lished in vitro study compared the internal fit of
porcelain-fused-to-metal and zirconia-based FPDs. It
revealed a reduced internal fit among the zirconia
FPDs compared to cast-metal frameworks and there-
fore, a thicker cement layer.21 A thicker cement layer
as the major cause of error was in line with the out-
come of the cast analyses. They revealed that both
properly prepared as well as conical abutments were
susceptible to retention loss. The majority of the
restorations showing a loss of retention were in the
mandible. This might be due to the higher flexibility
of the mandible. When decementation occurred and
the abutment teeth remained intact, the FPDs were
reinserted adhesively with an autocuring composite
resin cement (Panavia 21, Kuraray). These FPDs
remained in function and were not defined as total
failures (in contrast to the determinations of other
authors).11,12 In three cases of retention loss, a caries
destruction of at least one abutment tooth impeded
recementation.

In the present study, only 1 of 200 abutment teeth
lost its vitality and required endodontic treatment,
suggesting that this type of prosthodontic reconstruc-
tion causes no increased hazard to pulp integrity. This
is in line with previously published studies showing
no increased risk for endodontic treatment after the
insertion of posterior zirconia FPDs.11–14 Postoperative
hypersensitivity occurred only temporarily. The low

incidence of endodontic treatment could be explained
by the advanced mechanical strength of the zirconia-
based restorations, which allows for more conserva-
tive preparation parameters than in other all-ceramic
restorations. A 0.8- to 1.0-mm shoulder or chamfer
preparation was sufficient for a reliable fracture
resistance of the restoration.9,12 This led to a cutting
depth comparable to the preparation design of
metal-ceramic restorations, thus reducing the risk of
endodontic treatment. 

In this study, 81 three-unit and 18 four-unit FPDs
were inserted. The small number of four-unit restora-
tions allowed no conclusions regarding higher failure
rates in relation to three-unit specimens. However,
the complication rates in relation to the total number
of restorations investigated seemed to be similar
(Table 3).

Conclusions

Considering the mean observation period of 50
months, the following conclusions can be drawn:

• The survival rates of zirconia-based restorations
offer promising results for FPDs in the posterior
region.

• The success rates of the ceramic veneers were
slightly inferior to those on metallic frameworks,
and chipping represented one of the main compli-
cations.

• The time-dependent chipping rate of the ceramic
veneers was not influenced by a variation in the
TEC.

• A loss of retention of the conventionally luted zir-
conia FPDs was a major reason for failure and
complication, especially for restorations placed in
the mandible.

• The loss of vitality and the frequency of endodon-
tic treatment did not seem increased compared to
metal-ceramic FPDs.
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Table 3 Complications and Failures According to the Number of Units 

Three-unit FPDs (n = 74) Four-unit FPDs (n = 17)

Complication No. of complications Relation to units under risk No. of complications Relation to units under risk

Chipping of ceramic veneer 10 13.5% 3 17.6%
Decementation 9 12.2% 0 0%
Marginal secondary caries 3 4.1% 1 5.9%
Fracture of core ceramic 1 1.4% 0 0%
Loss of vitality 1 1.4% 0 0%
Periodontal lesion 1 1.4% 0 0%
Root fracture 1 1.4% 0 0%
Total 26 35.1% 4 23.5%
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Literature Abstract

Extent of peri-implantitis–associated bone loss

The purpose of this retrospective study was to describe the extent that peri-implantitis–associated bone loss is related to implant po-

sition. Patient files and intraoral radiographs from 182 previously identified subjects were analyzed. Among the 1,070 implants ex-

amined, 419 were found to exhibit peri-implantitis–associated (‘‘progressive’’) bone loss. The position of each implant was deter-

mined in relation to a preceding tooth position. Thus, the implants in the maxilla were assigned positions extending from 17 to 27

and the implants in the mandible were given positions from 47 to 37. Furthermore, the implants were grouped into either front (13 to

23 or 43 to 33) or posterior (17 to 14 or 47 to 44 and 24 to 27 or 34 to 37) position categories. Four groups of positions were there-

fore created: upper posterior (UP), upper front (UF), lower posterior (LP), and lower front (LF). The largest frequency of affected im-

plants was found in the lower front (LF) region (52%). The proportions of affected implants in other positions were 39% (UF), 35%

(LP), and 30% (UP). The difference in percentage of affected implants between the LF position and the other regions was statisti-

cally significant. The authors concluded that although destructive disease in the tissues surrounding teeth and implants may occur in

all areas of the jaws, anatomical aspects in the LF region may render a risk for periodontal and peri-implant bone loss.
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