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Department of Prosthodontics, Faculty of Dentistry, Yeditepe University, Istanbul, Turkey

Keywords
Zirconia; success; failure; clinical outcome.

Correspondence
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Abstract
The application of ceramic materials for the fabrication of dental restorations is a focus
of interest in esthetic dentistry. The ceramic materials of choice are glass ceramics,
spinel, alumina, and zirconia. Zirconia was introduced into dentistry in the 1990s
because of its good mechanical and chemical properties and is currently being used as a
material for frameworks, dowels, implants, abutments, and orthodontic brackets. Many
in vitro studies about zirconia use have been published, but clinical long-term studies
are very important. This article presents data regarding the incidence of clinical success
and complications of zirconia in these dental applications. Clinical studies published
to date seem to indicate that zirconia is well tolerated and sufficiently resistant.

The introduction of zirconia (zirconium dioxide, ZrO2) as a
dental material has generated considerable interest in the den-
tal community.1 Zirconia is widely used to build prosthetic
devices because of its good chemical properties, dimensional
stability, high mechanical strength, toughness, and a Young’s
modulus (210 GPa) similar to that of stainless steel alloy (193
GPa). The mechanical properties of zirconia are the highest
ever reported for any dental ceramic. The high initial strength
and fracture toughness of zirconia results from a physical prop-
erty of partially stabilized zirconia known as transformation
toughening.2,3 In vitro studies of zirconium dioxide specimens
demonstrate a flexural strength of 900 to 1200 MPa and a frac-
ture toughness of 9 to 10 MPa/m2.4 On the other hand, its white
color, similar to the color of natural teeth, makes it useful in
esthetically important areas of the oral cavity, and its ability to
transmit light renders it a suitable material in esthetic restora-
tions.5

Zirconia has been used for root canal dowels since 1989, for
orthodontic brackets since 1994, for implant abutments since
1995, and for all-ceramic fixed partial dentures (FPDs) since
1998.6 The first use of zirconia as a dental implant material in
humans was reported in 2004.7

Meyenberg et al8 introduced zirconia dowel/core systems.
The fracture strength of these systems is superior to established
dowel/core systems based on titanium or high precious alloys.9

Zirconia dowels can be used both with direct composite core
or indirect glass-ceramic core,10 and can be cemented conven-
tionally or adhesively.10,11

The use of zirconia in dental implant abutments has been
introduced because of its high fracture resistance compared
to alumina and other dental ceramics.3,12 Zirconia abutments

provide new opportunities for implant restorations and offer
sufficient stability to support implant-retained reconstructions,
especially in incisor and premolar locations.6 Zirconia is a ra-
diopaque esthetic abutment with well-documented biocompat-
ibility and is designed to engage the implant directly. Zirconia
abutments are indicated in areas with extremely limited gingival
tissue height.13 Zirconia also minimizes the gray color trans-
mitted through the peri-implant tissues associated with metal
components.12

Zirconia is also a bioinert, nonresorbable metal oxide, which
has been used in dental implants.14 Zirconia dental implants
have an excellent resistance to corrosion, a high wear resistance,
a high biocompatibility, and high values of bending strength
and fracture toughness,15 however, they had been used only
experimentally until 2004. Good biocompatibility of this ma-
terial was found in animal studies with direct bone apposition
to the zirconia dental implants. Zirconia has high affinity for
bone tissue, and the bone/implant interface is similar to that
seen around titanium dental implants.14,16,17 Zirconia brack-
ets are commercially available, and in vitro research has been
published to assess frictional forces;18-20 however, no clinical
follow-up information has been presented in the literature.

Zirconia-based FPDs have a wider application than other ce-
ramics, because they can be used on molars. They allow the
construction of structures resistant to chewing stresses on pos-
terior teeth.21 Zirconia restorations can be indicated for FPDs
supported by teeth or implants. Although, some manufactur-
ers suggest them for full-arch restorations, five-unit FPDs are
reported to be the maximum possible.22 Chamfer and rounded
shoulder finish lines with at least 1.5 mm incisal and occlusal
reduction, and 1.0 mm axial reduction with 4 to 6◦ taper are
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recommended for zirconia restorations.23 After conventional
impression procedures are performed, zirconia frameworks are
produced by milling from both fully sintered and partially sin-
tered zirconia blocks or by slip-casting technique as with In-
Ceram zirconia.24,25 Following the veneering procedure, resin-
bonded luting or conventional luting could be performed for
cementation.

Although many in vitro research articles have been published
on the use of zirconia, clinical long-term evaluation is a cru-
cial factor to understand behavior and reliability. Knowledge
regarding the clinical complications enhances the clinician’s
ability to complete a thorough diagnosis and develop the most
appropriate treatment plan.26 Therefore, the purpose of this ar-
ticle is to discuss the available literature on the clinical success
of zirconia, to present data, and to identify the complications
associated with each usage.

Methodology
A Medline search was initiated on search terms zirconia, dental,
success, failure, complications, and clinical studies associated
with zirconia-based fixed partial denture, post, dowel, abut-
ment, and implant in humans. The literature search covered all
years and focused on publications that contained clinical data
regarding success, failure, and complications of zirconia. The
publications must have presented clinical data that identified
the follow-up period and the number of restorations being eval-
uated, how long they had been in place, and how many were
affected by complications. Clinical reports with no short- or
mid-term clinical results, reviews, and in vitro studies about zir-
conia were excluded. Fifteen studies, including eight for FPDs,
two for dowels, three for abutments, and two for implants,
fit the inclusion criteria. Publications were grouped accord-
ing to each use of zirconia. Complications and failures were
identified.

Clinical studies
Zirconia-based fixed partial dentures

Eight studies were included in the clinical success associ-
ated with zirconia-based FPDs.27-34 A total of 218 FPDs
were evaluated in these eight studies. Four of the FPDs were
implant-supported,27 and the others were tooth-supported.28-34

Two of the included studies evaluated DC-Zirkon (DCS
Dental AG, Allschwil, Switzerland),30,32 and two evalu-
ated DCM (Direct Ceramic Machining).28,29 The other zir-
conia frameworks were Denzir (Dentronic AB, Skelleftea,
Sweden), Lava (3M ESPE Dental AG, Seefeld, Germany),
Procera AllZirkon (Nobel Biocare, Göteborg, Sweden), and
In-Ceram Zirconia (Vita, Bad Säckingen, Germany). The
restorations were three or more units. Tooth preparations were
performed in similar manner: 1 to 1.5 mm axial reduction with
6 to 10◦ tapering angle, 1.5 to 2 mm occlusal reduction, and
circumferentially rounded chamfer/shoulder finish line with
depth of 1 to 1.2 mm were made. The length of the eight
studies ranged from 1 to 5 years. The patients were exam-
ined to assess the clinical situation of the FPDs for the first
6 months in three studies27,28,33 and for the first 12 months in

Table 1 Veneer chipping complications of FPDs

Investigator Incidence Follow-up period Zirconia type

Steyern et al32 15% 24 months DC-Zirkon
Sailer et al28 13% 37.2 months DCM
Sailer et al29 15.2% 35.1 months DCM
Raigrodski et al33 25% 31.2 months Lava
Tinschert et al30 6% 37 months DC-Zirkon

five studies.29-32,34 According to clinical evaluation, the follow-
ing complications were reported: framework fracture,28 minor
veneer chipping,28-30,32,33 secondary caries,28,29 loss of reten-
tion,28,30,34 abutment tooth extraction,28,31 endodontic prob-
lems,28,29 and gingival bleeding.31

Framework fracture

No framework fractures were reported in seven of the FPD
with zirconia studies; therefore the success rate was reported
as 100%.27,29-34 However, one five-unit framework fracture
through the connector area was observed in one of these studies,
after a clinical service time of 38 months.28 It was fabricated
with DCM. Although precise analyses of this failed FPD after
removal revealed that the connector dimensions were adequate
(18.49 × 19.28 mm2) for a five-unit zirconia framework, trauma
and fatigue of the ceramic were assumed to be the primary cause
of failure. The success rate of this zirconia framework in the
5-year follow-up was 97.8%.28

Veneer fracture

The most frequent technical problem in all studies of zirco-
nia reconstructions is chipping or cracking of the veneer ce-
ramic. In an investigation using a different prototype zirconia
ceramic, veneer chipping was found in 15.2% of the cases af-
ter 35.1 months of follow-up.28 In another investigation with
the same zirconia ceramic, chipping was found in 13% after
37.2 months.29 In a third study, chipping of the veneer occurred
in 15% of the cases after 2 years.32 A fourth study reported
chipping in 25% of cases after 31.2 months of observation.33

Finally, a fifth study reported the lowest chipping incidence, 6%
after 37 months30 (Table 1). These results were attributed to low
or moderate bond strength between zirconia frameworks and
veneering ceramics. It can be concluded that various veneering
ceramics available for zirconia possess insufficient mechanical
properties.

Secondary caries and marginal gap

Sailer et al reported that the incidence of secondary caries in
conjunction with FPD abutments was 10.9 and 21.7% after 3
and 5 years, respectively.28,29 On the other hand, marginal gaps
leading to secondary caries were found in 56.5 and 58.7% of
cases after 3 and 5 years, respectively (Table 2). These results
were attributed to DCM, the prototype of a currently available
system (Cercon, Degudent, Hanau, Germany). In this tech-
nique, clinical and dental laboratory procedures were under
development. Other studies produced FPDs with established
CAD/CAM systems. No marginal gaps or caries were reported
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Table 2 Secondary caries and marginal gap complications of FPDs

Incidence of Incidence of Follow-up Zirconia
Investigator secondary caries marginal gap period type

Sailer et al28 10.9% 56.5% 3 years DCM
Sailer et al29 21.7% 58.7% 5 years DCM

for Lava, DC-Zirkon, Procera, or In-Ceram Zirconia
FPDs.27,30-34

Loss of retention

Three studies reported loss of retention of FPDs. One reported
that one of 19 posterior three-unit FPDs cemented with zinc
phosphate cement lost retention after 12 months.34 This FPD
was luted with resin cement again, and no further complications
were registered. Another study indicated that two of 58 poste-
rior three-unit FPDs cemented with zinc phosphate cement lost
retention after 17 and 32 months.30 Finally, a third study re-
ported that one of 33 posterior four-unit FPDs cemented with
resin cement lost retention after a clinical service time of 33.3
months28 (Table 3).

Need for endodontic treatment

The need for endodontic treatment was presented according
to number of abutments and number of prostheses affected.
Two studies reported on the incidence of endodontic treatment
needed.28,30 In the first study, one abutment tooth of a three-unit
FPD required endodontic treatment after 42 months.28 Three
of 130 abutments in 58 FPDs required endodontic treatment,
which was cemented with zinc phosphate cement after 15 and
23 months.30

Abutment tooth extraction

The incidence of abutment tooth extraction was recorded in two
studies.28,31 One reported that one abutment tooth was extracted
as a result of endodontic problems after 42 months, and in two
patients abutments supporting three-unit FPDs were removed
because of root fractures after 21.2 and 53.7 months.28 Another
study indicated that one FPD had to be removed 28 months
after cementation because of root fracture in an endodontically
treated mandibular molar that needed extraction31 (Table 4).

Periodontal situations

In a majority of the studies, periodontal parameters between
the abutments with zirconia frameworks and natural teeth

Table 3 Loss of retention of FPDs

Number of
crowns/ Follow-up

Investigator affected period Cement Units

Molin et al34 19/1 12 months Zinc phosphate 3
Tinchert et al30 58/2 17 and Zinc phosphate 3

37.2 months
Sailer et al28 33/1 33.3 months Composite resin 4

Table 4 Abutment tooth extraction in FPDs

Number of Follow-up
Investigator crowns/affected period Reason

Sailer et al28 33/1 42 months Endodontic problem
Sailer et al28 33/1 21.2 months Root fracture
Sailer et al28 33/1 53.7 months Root fracture
Suarez et al31 18/1 28 months Root fracture

showed no statistically significant differences.27-30,32-34 Only
one study recorded more bleeding at crowned abutments than
at contralateral teeth with In-Ceram Zirconia.31 Gingival bleed-
ing on probing was observed in 28% of the abutments with
In-Ceram Zirconia and in 18% of the contralateral natural
teeth at the 3-year evaluation. This difference was attributed
to increased risk for gingival inflammation around crowned
teeth.

Zirconia dowels

Two studies were included in the clinical success associated
with zirconia dowels.10,11 In one study, 25 anterior and five pos-
terior zirconia dowels were evaluated. Two zirconia dowel sys-
tems, Cosmopost (Ivoclar Vivadent, Schaan, Liechtenstein) and
Cerapost (Brasseler, Lemgo, Germany), combined with heat-
pressed ceramic cores (IPS Empress Cosmo, Ivoclar Vivadent)
and ceramic crowns (IPS Empress II, Ivoclar Vivadent) were
used, and all dowels were cemented conventionally with glass
ionomer cement. After an observation period of 29 months,
no loss of retention, fracture, or dislodgement were reported.11

In another study, 79 zirconia dowels (Cosmopost) with direct
resin core building were retrospectively evaluated after a mean
clinical period of 57.7 months. All dowels were cemented ad-
hesively, and no failures were observed. In the same study, 34
zirconia dowels with indirect glass–ceramic cores showed three
failures because of loss of retention10 (Table 5). According to
the results of these studies, zirconia dowels could be clinically
acceptable.

Zirconia abutments

Little data is available on the survival rate and average lifetime
of zirconia abutments. The incidence of complications associ-
ated with zirconia abutments was determined by evaluating data
from three studies.6,35,36 One article presented the clinical suc-
cess of 36 experimental zirconia abutments on single-tooth im-
plants, after a mean observation period of 49.2 months. No abut-
ment fractures were observed during clinical loading, resulting
in a cumulative survival rate of 100%. Loosening of the abut-
ment screw was reported for two restorations (one at 8 months,
and one at 27 months). Healthy peri-implant mucosa and stable
marginal bone levels were documented at zirconia abutments.6

In another study, 30 zirconia abutments on single-tooth implants
were observed after a follow-up period of 40 months. No abut-
ment fractures or screw loosening were reported, resulting in a
cumulative survival rate of 100%.35 Finally, a third study eval-
uated the success rate of 37 zirconia–alumina composite abut-
ments (ZirAce, Acucera Inc., Reno, NV). Nine implants were
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Table 5 Dowel complications

Investigator Number of dowels Cement Follow-up period Failures Failure reason

Nothdurft et al11 30 Glass ionomer 29 months – –
Paul et al10 79 (direct core) Resin 57.7 months – –
Paul et al10 34 (indirect core) Resin 46.3 months 3 Loss of retention

single-tooth, and 28 implants were FPDs. After a 12-month
follow-up, no abutment fractures, cracks, screw loosening, or
peri-implant infection signs were reported. In this study, nei-
ther zirconia–alumina abutment failures nor adverse soft tis-
sue reactions were observed at 12 months.36 These studies in-
dicate that zirconia abutments could be suitable for clinical
use.

Zirconia implants

Kohal and Klaus presented the first clinical report of zirconia
dental implants in the literature. A custom-made two-piece zir-
conia implant was used to replace a left upper central incisor
with zirconia abutment and zirconia-based single crown.7 A
second report presented a case in which eight one-piece zirco-
nia implants had been placed;37 however, middle- or long-term
results of zirconia dental implants have not yet been presented.
Oliva et al reported the first clinical evaluation in humans of
100 zirconia implants (CeraRoot, Barcelona, Spain) with two
surface roughnesses after a 1-year follow-up.38 Two implants
failed after 15 days. These failed implants were placed in situ-
ations where sinus elevation was required. The overall success
rate was reported as 98%. Considering the sinus elevation re-
quirement, future investigators may exclude patients with less
than 5 mm of residual bone. Pirker and Kocher immediately
placed a zirconia implant in the maxillary first premolar region
and evaluated the clinical outcome of this implant.39 After a
2-year follow-up, a stable implant and unchanged peri-implant
marginal bone level was observed. No bleeding on probing was
detected.

Conclusion
Use of zirconia in dental applications is rapidly growing, es-
pecially for fixed prostheses. Zirconia-based crowns, dowels,
abutments and implants have undergone only a few years of
basic science research and laboratory and clinical observation.
To date, the research results are promising. The length of the
studies mentioned in this article ranged from 1 to 5 years; how-
ever, it is well established in the dental literature that evaluation
of all-ceramic restorations over 5 years of service is the gold
standard.40 Therefore, continuous follow-up of at least 5 years
will provide data regarding the efficacy of zirconia for dental
applications in the future. Although clinical long-term evalua-
tion is a critical requirement to conclude that zirconia has good
reliability for dental use, biological, mechanical, and clinical
studies published to date seem to indicate that zirconia could
be well tolerated, especially for FPDs.
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