
Evaluation of Zirconium-Oxide-Based Ceramic Single-Unit
Posterior Fixed Dental Prostheses (FDPs) Generated with Two
CAD/CAM Systems Compared to Porcelain-Fused-to-Metal
Single-Unit Posterior FDPs: A 5-Year Clinical Prospective
Study
Paolo Vigolo, DMD, MScD1 & Sabrina Mutinelli, DMD2

1Department of Clinical Odontostomatology, University of Padova, Institute of Clinical Dentistry, Padova, Italy
2Private Practice, Trento, Italy

Keywords

Metal–ceramic FDPs; zirconia–ceramic FDPs;
success rate.

Correspondence

Paolo Vigolo, Via Vecchia Ferriera, 13 Vicenza
36100, Italy. E-mail: paolovigolo@virgilio.it

Accepted August 13, 2011

doi: 10.1111/j.1532-849X.2011.00825.x

Abstract
Purpose: The purpose of this prospective clinical study was to determine the success
rate of single-unit posterior fixed dental prostheses (FDPs) with zirconia copings
generated with two CAD/CAM systems, compared to porcelain-fused-to-metal (PFM)
single-unit posterior FDPs after 5 years of function.
Materials and Methods: From 2005 to 2006, 60 patients who needed a single-unit
FDP on a first molar in the mandibular jaw (left or right) in a private office setting were
included in this study. The 60 first mandibular molars were randomly divided into three
groups (n = 20): in the control group (group C), 20 PFM FDPs were included. In the
other two groups CAD/CAM technology was used for the fabrication of the zirconium-
oxide copings: 20 single-unit posterior FDPs with zirconia copings were generated
with the Procera system (group P, Nobel Biocare); 20 single-unit posterior FDPs with
zirconia copings were generated with the Lava system (group L, 3M ESPE). For the
ANOVA follow-up data, the clinical life table method was applied. The statistical
analysis was performed using two nonparametric tests, the log-rank test for k-groups
and the Fisher exact test.
Results: No statistically significant difference in the clinical outcome of
zirconia–ceramic FDPs of both groups (P and L) evaluated together and metal–ceramic
posterior single FDPs was found at 5 years of function; however, clinical data showed
that technical problems, such as extended fracture of the veneering ceramic, tended
to occur more frequently in the zirconia–ceramic FDP groups. The difference in the
frequency of failure was statistically significant only in the comparison of groups C
and P.
Conclusions: Even if no statistically significant difference in the clinical out-
come of zirconia–ceramic FDPs of both groups (P and L) considered together and
metal–ceramic posterior single FDPs was found at 5 years of function, clinical data
showed that the two zirconia–ceramic FDP groups tended to have more frequent clin-
ical problems: for this reason all the clinical and technical variables related to the
use of zirconia–ceramic FDPs generated with CAD/CAM systems should be carefully
considered prior to all treatment procedures.

Thanks to their growing awareness of esthetics and biocom-
patibility, patients increasingly request metal-free solutions.1

Due to the successful use of all-ceramic crowns both in the
anterior and posterior segments,2-6 and with the introduction of
advanced dental technology and high-strength ceramic materi-
als, all-ceramic systems may become a viable treatment option.

Such restorative all-ceramic systems must fulfill biomechanical
requirements and provide longevity similar to metal–ceramic
restorations7-10 while providing enhanced esthetics.11 Zirconia,
which is a polycrystalline material without a glassy matrix and
is partly stabilized by yttrium oxide (approximately 3 mol%),
is a valid metal-free option. The use of zirconia has been
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facilitated by the advent of computer-aided design/computer-
aided manufacturing (CAD/CAM) systems.12-18

Conventional metal frameworks veneered with tooth-colored
ceramics are regarded as the gold standard for posterior FDPs
because of their low failure rate (8–10% after 10 years).19-20

Recent studies have tested whether FDPs with zirconia frame-
works exhibited similar survival rates and technical and biolog-
ical outcomes to those with metal frameworks. Some authors
showed that zirconia ceramic FDPs exhibited a similar survival
rate to metal ceramic FDPs after a few years of function,21-22

even if chipping of the ceramic veneer occurred in 13% of
restorations. 22

The purpose of this prospective clinical study was to deter-
mine the success rate of single-unit posterior FDPs with zirco-
nia copings generated with two CAD/CAM systems, compared
to porcelain-fused-to-metal (PFM) single-unit posterior FDPs
after 5 years of function. The null hypothesis of this study
was that posterior FDPs with zirconia copings exhibit similar
survival rates to those with metal copings.

Materials and methods
From 2005 to 2006, 60 patients who needed a single-unit FDP
on a first molar in the mandibular jaw (left or right) in a pri-
vate office setting were included in this study. The study was
approved by the Clinical Medical Ethical Committee of the
University of Padova, Institute of Clinical Dentistry, Padova,
Italy. The patients’ ages ranged from 19 to 55 years (mean:
32), with good oral hygiene and without periodontal disease.
All teeth were vital and properly positioned in the dental arch;
they had a sufficient amount of dentin for the retention of the
FDP and were opposed to natural dentition. All clinical pro-
cedures were provided by the same prosthodontist. All abut-
ment teeth were prepared in a standard manner as described in
previous studies:15 occlusal reduction of 1.5 mm; axial reduc-
tion of 1–1.5 mm with 10◦ taper; 1.0 mm wide, 360◦ rounded
shoulder located 0.5 mm subgingivally on the facial aspect
for esthetic reasons and supragingivally on the lingual aspect
on a sound tooth structure; all internal line angles carefully
rounded. An interim prosthesis was fabricated with polymethyl
methacrylate (Jet; Lang Dental Mfg. Co., Wheeling, IL) and
cemented using eugenol-free provisional cement (Temp Bond
NE; Kerr Italia, Scafati, Salerno, Italy). For the impression
phase, 2 mm thick custom impression trays were fabricated
with Palatray LC resin (Heraeus Kulzer, Wehrheim, Germany),
mixed in accordance with the manufacturer’s instructions. The
impression material (Impregum Penta; 3M ESPE, Seefeld,
Germany) was machine mixed (Pentamix; 3M ESPE), and part
of it was meticulously syringed all around the tooth to ensure
complete coverage of the tooth itself. Five minutes were al-
lowed for setting of the impression material. The impression
was then removed from the patient’s mouth and poured with
an American Dental Association (ADA) type IV artificial stone
(New Fujirock; GC Corporation, Tokyo, Japan) following the
manufacturer’s instructions. The definitive and opposing casts
were mounted in a semiadjustable articulator (Whip Mix Corp,
Louisville, KY).

The patient consent was obtained prior to FDP delivery. Ac-
cording to a list of randomization,23 the first 60 mandibular

molars (right and left) were randomly divided into three groups
(n = 20). All technical procedures were accomplished by the
same experienced dental technician.

Group C: in the control group, 20 regular PFM definitive
crowns with porcelain occlusal surfaces were fabricated. A
noble alloy (Valcambi, Balerna, Switzerland) was used for
the metal copings, and porcelain (Noritake EX-3; Noritake,
Nagoya, Japan) was applied in layers to them.

In the other two groups CAD/CAM technology was used
for the fabrication of the zirconium-oxide copings. Group P:
20 single-unit posterior FDPs with zirconia copings were
generated with the Procera system (group P, Nobel Biocare,
Göteborg, Sweden). The layering ceramic was NobelRondo
Zirconia (Nobel Biocare). Group L: 20 single-unit posterior
FDPs with zirconia copings were generated with the Lava sys-
tem (group L, 3M ESPE). The layering ceramic was Lava Ce-
ram (3M ESPE).

All copings from groups C and L were 0.5 mm thick. All
copings from group P were 0.6 mm thick. This allowed main-
tenance of a comparable amount of porcelain overlaying for
all single-unit posterior FDPs. All occlusal adjustments were
accomplished before final cementation at the porcelain try-in
appointment. All FDPs from the three groups were cemented
with glass-ionomer cement (Ketac-Cem, 3M ESPE) following
the manufacturer’s instructions.

Immediately following cementation of all FDPs, radiographs
were obtained, and clinical photographs were taken. Occlusal
and functional relationships between FDPs and opposing arches
were recorded. At 6 months, 1, 2, 3, 4, and 5 years after deliv-
ery, all restorations were examined by a dentist who was not
involved in the restorative treatment for technical or biologi-
cal failures or complications. Radiographs of all crowned teeth
and clinical photographs of the reconstructions were taken.
For the evaluation of the technical performance of the FDPs,
United States Public Health Service (USPHS) criteria were used
(Table 1), as in a previous study.22 An outcome was rated Alfa
(A) when no problem occurred, Bravo (B) when small but clin-
ically acceptable defects were found, Charlie (C) when the de-
fects reached a level no longer clinically acceptable, and Delta
(D) when the FDP had to be replaced due to the defect. All
patients were informed about the clinical status of their FDPs.

For the ANOVA follow-up data, the clinical life table method
was applied. Statistical analysis was performed using two non-
parametric tests, the log-rank test for k-groups and Fisher’s
exact test. The null hypothesis stated that there was no real
difference in the frequency of prosthetic crown failures in the
three groups. The significance level was set at 5% (p < 0.05).

In the first part of the analysis, the frequency of failures was
defined as the sum of the number of crowns needing replace-
ment (classified as C and D); however, in the second part, the
frequency of failures was defined as the addition of the num-
ber of crowns needing replacement together with the number
of crowns damaged by small but clinically acceptable defect
(classified as B, C, and D). The significance of the frequency
of failures in the period of observation (5 years) was analyzed
using the log-rank test. Fisher’s exact test was applied to the
difference in the groups at each interval. In the final part, the
same tests were used for the comparison between the control
group (the metal ceramic group C) and the groups of the zir-

266 Journal of Prosthodontics 21 (2012) 265–269 c© 2012 by the American College of Prosthodontists



Vigolo and Mutinelli Metal and Zirconium-Oxide Single FDPs

Table 1 USPHS criteria

Alfa (A) Bravo (B) Charlie (C) Delta (D)

Coping fracture No fracture of coping Fracture of coping
Veneering fracture No fracture Chipping, but polishing

possible
Chipping down to the coping New reconstruction is

needed
Occlusal wear No occlusal wear on

reconstruction or on
opposite teeth

Occlusal wear on
reconstruction or on
opposite teeth <2 mm

Occlusal wear on
reconstruction or on
opposite teeth >2 mm

New reconstruction is
needed

Marginal adaptation No probe catch Slight probe catch, but no
gap

Gap with some dentin or
cement exposure

New reconstruction is
needed

Anatomical form Ideal anatomical shape,
good proximal contact

Slightly over- or
under-contoured, weak
proximal contact

Highly over- or
under-contoured, open
proximal contact

New reconstruction is
needed

conia ceramic generated with the Procera system (P) and the
Lava system (L) taken together.

Results
Two patients, one from group C and one from group P, were
lost to follow-up because they had moved to a different area of
the country. The remaining 58 patients were all included in the
5-year follow-up. None of the FDP metal or zirconia copings
fractured. Two crowns of group P and one of group L had to
be replaced due to unrestorable delamination of the ceramic
veneer. None of the group C crowns had to be replaced.

Comparison of the frequency of failures
classified as C and D between the groups

The life table (Table 2) showed that the cumulative probability
of survival to the end of the interval (5 years) was 95% in group
C, 79% in group P, and 85% in group L. The probability of
survival during a 2-year interval was less in group P (89%) than
groups C (100%) and L (95%); however, none of the differences
were statistically significant, and the null hypothesis was not
rejected.

Comparison of the frequency of failures
classified as B + C + D between the groups

The cumulative probability of survival to the end of the interval
(5 years) was 84% in group C, 58% in group P, and 70% in
group L (Table 3). The probability of survival during a 2-year
interval was less in groups P (83%) and L (84%) than in group
C (100%). At 4 years, groups C and P reached the lowest value
of the probability of survival during the interval, 89% and 79%,
respectively.

The risk of failure was significantly higher for group P than
for group C. The log-rank test applied to the three groups gave
a χ2 equal to 4.613 (d.f. = 2). After that, the log-rank test for
the two life tables of groups C and P produced a χ2 of 2.98 (d.f.
= 1). Both values were significant, and the level of significance
was p < 0.05. Over the entire period of follow-up, group P
had a failure rate (relative risk) 3.04 times higher than group
C. In this comparison, the result led to a rejection of the null
hypothesis. There was no difference between groups C and L,

and L and P. Fisher’s exact test revealed no significant values
during the intervals in all groups.

Comparison of the frequency of failures
(classified as B + C + D) between group C and
groups P and L together

The cumulative probability of failure to the end of the 5-year
interval was 16% for group C and 36% for groups L and P taken
together (Table 4). The results of the statistical analysis were
not significant.

Discussion
Within the limitations of this in vivo study, due to the small
number of specimens tested, it was concluded that all three
systems demonstrated a comparable clinical behavior. No sta-
tistically significant difference in the clinical outcome of zir-
conia ceramic FDPs from groups P and L considered together
and metal ceramic posterior single FDPs was found at 5 years
of function. Only when the comparison of the frequency of
failures classified as B + C + D between the three groups was
undertaken, was it perceived that the risk of failure was sig-
nificantly higher for group P than for group C. Over the entire
period of follow-up, group P had a failure rate (relative risk)
3.04 times higher than group C.

On the other hand, clinical data showed that technical prob-
lems, such as extended fracture of the veneering ceramic, tended
to occur more frequently in the zirconia ceramic FDP groups.
During the present observation period, clinically unacceptable
major fractures of the veneering ceramic were found solely in
zirconia ceramic FDPs. Two group P FDPs and one group L
FDP had to be replaced, due to unrestorable delamination of
the ceramic veneer: on these three, considerable delamination
occurred on the facial aspects of the zirconia ceramic FDPs.
No particular location was detected for the small porcelain
chippings classified as B. None of group C’s FDPs had to be
replaced. The life table (Table 2) showed that the cumulative
probability of survival to the end of the 5-year interval was 95%
in group C, 79% in group P, and 85% in group L. The reason
for the problems with zirconia veneering ceramic still remains
to be clarified, as noted in previous studies.21,24-30 A further
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Table 2 Life table of the groups of the metal ceramic (C), zirconia ceramic generated with Procera system (P), and zirconia ceramic generated with
the Lava system (L). The failures are the number of crowns needing replacement (C + D)

Numbers entering interval Failures during interval
Probability of failure during

interval
Cumulative probability of
failure by end of interval

Interval Group C Group P Group L Group C Group P Group L Group C Group P Group L Group C Group P Group L

6 months 20 20 20 0 0 0 0 0 0 0 0 0
1 year 19 19 20 0 0 0 0 0 0 0 0 0
2 years 19 19 20 0 2 1 0 0.11 0.05 0.00 0.11 0.05
3 years 19 17 19 0 1 1 0 0.06 0.05 0.00 0.16 0.10
4 years 19 16 18 1 1 1 0.05 0.06 0.06 0.05 0.21 0.15
5 years 18 15 17 0 0 0 0 0 0 0.05 0.21 0.15

Table 3 Life table of groups of the metal ceramic (C), zirconia ceramic generated with the Procera system (P), and zirconia ceramic generated with
the Lava system (L). The failures are the addition of the number of crowns needing replacement, together with crowns damaged by small but clinically
acceptable defect (B + C + D)

Numbers entering interval Failures during interval
Probability of failure during

interval
Cumulative probability of
failure by end of interval

Interval Group C Group P Group L Group C Group P Group L Group C Group P Group L Group C Group P Group L

6 months 20 20 20 0 0 1 0 0 0.05 0 0 0.05
1 year 19 19 19 1 1 0 0.05 0.05 0.00 0.05 0.05 0.05
2 years 18 18 19 0 3 3 0 0.17 0.16 0.05 0.21 0.20
3 years 18 15 16 0 1 1 0 0.07 0.06 0.05 0.26 0.25
4 years 18 14 15 2 3 1 0.11 0.21 0.07 0.16 0.42 0.30
5 years 16 11 14 0 0 0 0 0.00 0.00 0.16 0.42 0.30

Table 4 Life table of the metal ceramic (C) group and the groups of the zirconia ceramic generated with Procera system (P) and with the Lava system
(L) together. The failures are the addition of the number of crowns needing replacement, together with crowns damaged by small but clinically
acceptable defects (B + C + D)

Numbers entering interval Failures during interval
Probability of failure during

interval
Cumulative probability of
failure by end of interval

Interval Group C Groups P and L Group C Groups P and L Group C Groups P and L Group C Groups P and L

6 months 20 40 0 1 0 0.03 0 0.03
1 year 19 38 1 1 0.05 0.03 0.05 0.05
2 years 18 37 0 6 0 0.16 0.05 0.20
3 years 18 31 0 2 0 0.06 0.05 0.26
4 years 18 29 2 4 0.11 0.14 0.16 0.36
5 years 16 25 0 0 0 0 0.16 0.36

clinical factor to consider with regard to risk of chipping of the
veneering ceramic is the design of the framework, which ideally
provides space for an even thickness of the veneering ceramic.
In the present study, a CAM technique was used for fabrication
of the zirconia copings. Therefore, for all three types of FDPs,
the copings were modeled manually out of wax, respecting the
anatomical situation of the patients. The support for the veneer-
ing ceramics was similar for both coping materials (metal and
zirconia) and could not be considered a crucial factor for the
greater extension of chipping in the zirconia ceramic group.

Another limitation of this study was that all restorations were
inserted only with glass ionomer cement. No failures of cemen-

tation were observed in the present study; however, further clin-
ical research should be conducted on the effect of cementation
on zirconia FDPs.

Conclusion
Within the limitations of this medium-term test period, it may
be concluded that even if no statistically significant difference
in the clinical outcome of zirconia ceramic and metal ceramic
posterior single FDPs was found at 5 years of function, from the
clinical data, the zirconia ceramic FDP groups tended to have
more frequent technical problems, such as extended fracture of
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the veneering ceramic. For this reason, all clinical and technical
variables related to the use of zirconia ceramic FDPs generated
with CAD/CAM systems should be carefully considered prior
to all treatment procedures.
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