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Aim: The conventional treatment of a single missing tooth is most frequently based on the provision
of a fixed dental prosthesis (FDPs). A variety of designs and restorative materials are available which
have an impact on the treatment outcome. Consequently, it was the aim of this review to compare
resin-bonded, all-ceramic and metal-ceramic FDPs based on existing evidence.

Materials and methods: An electronic literature search using “metal-ceramic” AND “fixed dental
prosthesis” AND “clinical, all-ceramic” AND “fixed dental prosthesis” AND “clinical, resin-bonded”
AND “fixed dental prosthesis” AND “clinical, fiber reinforced composite” AND “clinical, monolithic”
AND *“zirconia” AND *“clinical” was conducted and supplemented by the manual searching of bibli-
ographies from articles already included.

Results: A total of 258 relevant articles were identified. Metal-ceramic FDPs still show the highest
survival rates of all tooth-supported restorations. Depending on the ceramic system used, all-ceramic
restorations may reach comparable survival rates while the technical complications, i.e. chipping
fractures of veneering materials in particular, are more frequent. Resin-bonded FDPs can be seen as
long-term provisional restorations with the survival rate being higher in anterior locations and when
a cantilever design is applied. Inlay-retained FDPs and the use of fiber-reinforced composites overall
results in a compromised long-term prognosis. Recently advocated monolithic zirconia restorations
bear the risk of low temperature degradation.

Conclusions: Several variables affect treatment planning for a given patient situation, with survival
and success rates of different restorative options representing only one factor. The broad variety of
designs and materials available for conventional tooth-supported restorations should still be consid-
ered as a viable treatment option for single tooth replacement.

Conflict of interest statement: The author declares that he has no conflict of interest.

B Introduction

The replacement of single missing teeth is of sig-
nificant clinical importance and several treatment
options exist, all having specific advantages and
limitations'-7. Despite the purportedly advanta-
geous rehabilitation of missing single teeth with

oral implants, patients already perceive benefits in
chewing ability, aesthetics and satisfaction with their
oral situation, after receiving conventional dental
prostheses8. A variety of restoration designs and
materials exist for tooth-supported reconstructions
spanning from fiber-reinforced composites to metal
alloys and ceramic materials®. Numerous clinical
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Table 1 Relevant clinical parameters for treatment planning.

Neighbouring teeth2.10-13

Caries free?

Endodontically treated?

Periodontally involved?

Deformations / Discolorations?

Trauma?

Amount of tooth substance available for reten-
tion

Location and Occlusion®:10.14,15

Anterior vs. Posterior
Mandible vs. Maxilla
Occlusal relationship

ment3.16-21

Space and volume require-

Restorative space available
Bone and soft tissue volume available

Patient status10.19,20,22,23

Skeletal growth completed
Patient age and co-morbidities

jal15.24

Restoration design and mater-

Metal alloys vs. Ceramics vs. Fiber-Reinforced
Composite

Cement type

End-Abutments vs. Cantilever vs. Resin-bonded

Human factor25.26

Experience of treatment provider
Patient education

parameters have to be taken into account during
the process of treatment planning (Table 1).

An extensive survey amongst 200 patients who
received different types of restorations to replace
single missing teeth has revealed that restoring
aesthetics and function was their main motivation
for treatment. Damage of the neighboring teeth,
pain, postoperative sensitivity and dental phobia
were important factors in selecting a specific type
of restoration or no treatment. Patient satisfaction
decreased from implant-supported single crowns to
conventional and resin-bonded fixed dental pros-
theses (FDPs). No treatment and removable partial
denture treatment showed the lowest levels of satis-
faction26. On the other hand, a survey amongst gen-
eral practitioners in Belgium revealed that for 42%
of all teeth extracted, no treatment was rendered,
due to lack of treatment decision or because tooth
replacement was deemed unnecessary. Removable
restorations were chosen in 54 %, fixed dental pros-
theses in 24%, single implants in 21% and resin-
bonded fixed dental prostheses in 1% of all cases.
The authors also pointed out that patient-related
socioeconomic factors, as well as the clinician's ex-
perience with different treatment modalities had an
effect on treatment planning?”.

Given the complexity of the decision-making
process for both the clinician and the patient, it was
the aim of this review to provide a comprehensive
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overview on treatment outcomes ‘of resin-bonded
versus all-ceramic and metal-ceramic> fixed dental
prostheses for single-tooth replacement.

B Material and methods

An electronic MEDLINE (PubMed) search was
conducted using the following combinations of
search terms “metal-ceramic” AND “fixed dental
prosthesis” AND “clinical (552), all-ceramic” AND
“fixed dental prosthesis” AND “clinical (783), resin-
bonded"” AND “fixed dental prosthesis” AND “clin-
ical (364), fiber reinforced composite” AND “clinical
(280), monolithic" AND *“zirconia” AND “clinical
(45) ". Publications up to the year 1990 were consid-
ered. In addition, a manual search of bibliographies
from relevant articles was carried out. From an initial
yield of 1979 titles, 258 articles were considered as
being relevant for this review with no restrictions
being applied in terms of study design, patient selec-
tion and observation period. Given the availability of
recent systematic reviews and meta-analyses for dif-
ferent types of conventional fixed restorations, the
focus was a descriptive and critical overview.

B Results

General aspects of FDPs

Conventional fixed reconstruction of missing teeth
requires the preparation of abutment teeth and the
subsequent placement of a fixed dental prosthesis.
In addition to losing a significant amount of tooth
substance28.29, preparation of teeth bears the risk of
irreversibly damaging pulpal tissue30.

Besides utilising teeth mesially and distally adja-
cent to the edentulous site as abutments, can-
tilevered restorations based on at least two teeth
mesially or distally to the edentulous site are an alter-
native option. Such cantilever FDPs require a more
thorough treatment planning3' and are biomechani-
cally less favourable; furthermore, precautions have
to be taken to avoid exaggerated moment loading
on the abutment teeth32. Comparing different types
of FDPs placed on teeth and implants as end abut-
ments or with cantilevers, Bragger et al found after a
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mean observation period of 11.3 years, that the suc-
cess rate was significantly higher in FDPs with end
abutments, compared to cantilever FDP designs33.
This was consistent with a former report34.

Based on a retrospective chart review, Libby et
al identified a list of complications limiting the lon-
gevity of FDPs from 4.1 up to 16.0 years. The rea-
sons for failure were dental caries (38%), periapical
involvement (15%), perforated occlusal surfaces
(15%), a fractured post and cores (8%), defective
margins (8%), fractured teeth (7%) and porcelain
failures (8%)35, which is consistent with other clin-
ical reports34.36,

As a general trend, it has been shown that short-
span FDPs predominantly fail due to biological
complications, whereas long-span FDPs are prone
to technical complications. Overall, short- span res-
torations exhibit greater survival rates compared to
long-span FDPs37:38. The performance of short-span
FDPs is even better when vital teeth are being used
as abutments. No relationship between gender and
irreversible complications could be found. Failures
occurred in patients who were older when initial
treatment was rendered3?.

Heschl et al evaluated extensive FDPs placed in
periodontally compromised patients, after a mean
observation period of 75.7 months. While prob-
ing depths remained at a constant level, significant
deteriorations were observed based on plaque index
scores and bleeding on probing. The authors never-
theless concluded that treatment with tooth-sup-
ported extensive FDPs can be recommended even
in patients with a history of periodontitis, given a
favourable distribution of abutment teeth40. How-
ever, it has also been shown that ill-fitting crown
margins and excess cement may have a negative
impact on periodontal health of the abutment
teeth4!. Similarly, Suédrez et al observed gingival
bleeding more frequently around crowned teeth
compared to contralateral teeth42. Robertsson found
impaired periodontal health with accumulation of
plaque and gingivitis following FDP treatment43.

Connector dimensions are an important factor
for the mechanical reliability of FDPs and material-
specific minimal dimensions are recommended by
the manufacturers. However, these guidelines are
often not adhered to due to space limitations in spe-
cific situations#4.

Metal-ceramic FDPs

Aimed at improving aesthetics and survival rates of
resin-veneered gold restorations, metal-ceramic sys-
tems were developed45-47. Based on different reports
from that epoch, clinicians considered metal-ceramic
restorations to be more aesthetic#8, while metal-
resin restorations or metal-ceramic restorations with
metal margins were believed to show better marginal
adaptation48-50.

Wear of the opposing dentition was initially described
as a clinical problem in porcelain-fused-to-metal
restorations, due to the comparatively high surface
hardness of the veneering material>152. The occur-
rence of veneer fractures has been a further problem
associated with the composite structure of metal-
ceramic restorations, which even warranted the
development of special intraoral repair systems>3.
Furthermore, gingival bleeding and the deepening
of gingival pockets>4 were described as negative side
effects of metal-ceramic restorations, potentially due
to insufficient preparation depth of the abutment
teeth. Despite these initial shortcomings, resulting
in compromised longevity>5, metal-ceramic restor-
ations were in widespread use56. Acceptable clinical
performance has been reported even for extreme
clinical situations including multi-unit restorations,
questionable abutment teeth and advanced peri-
odontal involvement57.

For porcelain-fused-to-metal restorations, aller-
gic reactions®8 to high noble and noble metal alloy
cores (palladium and gold) and to base metal alloys
(nickel and cobalt) have been reported>?. However,
gingival health around metal-ceramic restorations
were reported to be less compromised compared to
resin-veneered silver-palladium restorations®0.

A broad range of survival rates for metal-ceramic
FDPs has been determined by various authors, rang-
ing from 92.8% to 98.0% after 60 months and from
84% to 87% after 120 months. A recent prospec-
tive study even reported a 94.4% survival rate of
FDP retainer crowns after 132 months of function
(Table 2).

Titanium has more recently been introduced as
a core material with contradictory results on the
clinical performance in the literature36. Substantial
differences in the coefficient of thermal expan-
sion between titanium and conventional noble and
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Table 2 Clinical performance of metal-ceramic fixed dental prostheses. Note: shaded lines present follow-up studies of the same patient cohort.

Author Restoration type Materials No. of Observa- Survival [%] | Remarks
restor- tion period
ations [months]
Svanborg et al FDPs (varying design and | CoCr 201 60 92.8 Success: 83.8%
201361 number of units)
Nédpankangas et al FDPs (majority 3- to Not specified | 195 120 84.0
200238 5-unit)
Walton 200262 and FDPs (majority 3-unit) High noble 515 60 96.0 Tooth fractures (38%), caries
Walton 200363 alloys (11%), loss of retention (13%),
120 87.0 .
periodontal breakdown (27 %)
180 85.0

Behr et al 201264 FDPs (3- and 4-unit) Precious 654 60 94.0 Chipping fractures 4.3%

gl 120 87.0
Reitemeier et al Posterior metal ceramic High noble / | 276* 132 94.4 * retainer crowns
201365 FDP retainers noble alloys Success rate: 81.7%

Bruxism as risk factor
Walter et al 199466 Single crowns and FDPs Ti 88 36 95.0 Success rate: 84%
Kaus et al 199667 Single crowns and FDPs Ti 84 30 59.0 Survival rate for crowns: 85%
up to 6-units

Walter et al 199968 FDPs (3- and 4-unit) Ti 22 60 84.0

Gold alloy 25 98.0
Boeckler et al 20102 | FDPs (majority 3-unit) Ti 31 36 96.8 Success rate: 76.4%
Hey et al 201370 FDPs (majority 3-unit) Ti 31 72 88.0 Success rate: 58.6 %

non-noble alloys necessitated the development of
adequate veneering materials and an additional
learning curve’?. Two reports on a clinical study in-
volving single crowns and a variety of FDP types,
fabricated with the Procera system (Nobel Biocare,
Zurich, Switzerland), showed favourable outcomes
after 5 years of clinical service?2.73. Similarly, a mul-
ticenter university-based study on single crowns
and 3-unit FDPs, using the same system, showed
that 95% of all restorations performed satisfactorily
with respect to surface and colour, anatomic form
and marginal integrity, both after insertion and after
1 year of service’4.

In general, the compromised performance of
titanium-based metal-ceramic FDPs results in lower
survival rates up to 96.8 % after 36 months, decreas-
ing to 84% and 88% after 60 and 72 months, re-
spectively (Table 2).

All-ceramic FDPs

In order to overcome limitations of metal-ceramic
restorations with respect to aesthetics, invasiveness?
and biocompatibility7>-78, different all-ceramic sys-
tems have been considered for the fabrication of
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FDPs, ultimately aimed at replacing metal-ceramic
restorations’?. Despite the comparatively short avail-
ability of all-ceramic systems, a decrease in complica-
tion rates can already be noticed when comparing
earlier and later publications. This may be indicative
of a learning curve associated with new materials,
manufacturing techniques and clinical procedures
such as cementation protocols80-82.

An early approach to all-ceramic restorations
was a castable glass ceramic (Dicor; DeTrey-Dent-
sply, Konstanz, Germany), which was considered to
show better aesthetic results, better wear character-
istics and diminished oral plaque accumulation, but
required a bonding protocol with etching prior to
luting for achieving sufficient survival rates83. Other
approaches in the field of silica-based ceramics
included leucite-reinforced glass ceramics (Empress;
Ivoclar Vivadent AG, Schaan, Liechtenstein) and lith-
ium disilicate ceramics (Empress 2; Ivoclar Vivadent
AG)84, Infiltration ceramics (In-Ceram; VITA Zahn-
fabrik, Bad Sackingen, Germany) constituted a first
step towards the use of oxide ceramics as restora-
tive materials8>.86. The advent of sophisticated Com-
puter aided design / Computer aided manufactur-
ing (CAD/CAM) systems®7-90 facilitated the use of
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pure oxide ceramics, such as zirconia ceramic, which
can be used in a variety of clinical indications’7:91.92,
Major advantages of zirconia ceramics include
high flexural strength, allowing for conventional
cementation?3, fracture toughness, biocompatibil-
ity, aesthetics?4 and ultimately a greater reliability
compared to infiltration ceramics and silica-based
ceramics8’. Consequently, in a series of literature
reviews, Raigrodski et al described Zirconia-based
FDPs as an acceptable restorative option in both the
anterior and posterior segments88.95-98,

Several authors stressed the excellent biocom-
patibility of zirconia ceramics did not cause allergy
symptoms in a group of patients showing allergic
reactions to metal-ceramic restorations?. The use of
zirconia ceramic also did not deteriorate periodontal
parameters100.101 and avoided marginal discoloura-
tion101,

From a manufacturing point of view, early zir-
conia restorations were problematic, showing high
levels of marginal discrepancy, resulting in secondary
caries and consequently lower survival rates02,103,
More recent reports, however, showed that after
short observation periods, 93.75% of zirconia-
ceramic FDPs had appropriate marginal matching0?.
Connector dimensions appear to be extremely criti-
cal for the performance of all-ceramic restorations,
and various authors showed that manufacturer
recommendations often cannot be met104-107_ |n a
retrospective analysis of 120 zirconia-based FDPs,
the incidence of framework fractures during the first
year was limited to 1.7 %108,

Chipping of the veneer ceramic seems to be the
major technical complication in restorations based
on zirconia ceramic102,103,109,110_ Risk factors which
have been identified include FDP span193, endos-
seous implants used as abutments?11.112 absence
of a nightguard, presence of a ceramic antagonist
restoration and parafunctional habits'!1. From a ma-
terial point of view, a reduction in thermal mismatch
between core and veneer113, as well as anatomically
contoured substructures supporting the veneer have
been advocated'14.115,

For lithium-disilicate ceramics, the literature
reports 10-year survival rates of 71.4% and 87.9%
which, overall, seems to be comparable to differ-
ent types of infiltration ceramics106,107,117,118 A
good body of literature exists on the clinical perfor-

mance of zirconia-based FDPs with high numbers
of restorations placed and long observation periods.
Despite a high incidence of chipping fractures, zirco-
nia-based restorations appear to have good survival
rates (Table 3).

Comparison of metal-ceramic FDPs vs
all-ceramic FDPs

Different authors directly compared metal-ceramic
and all-ceramic restorations with respect to clinical
performance, patients' preference and periodontal
aspects. In an older study on patients’ perception
of all-ceramic and metal-ceramic crowns and FDPs,
it could be shown that the shade and colour of a
restoration are the most discriminating factors for
assessing overall treatment quality. Contradictory
results were described with patients considering all-
ceramic crowns as being more natural and metal-
ceramic FDPs as being more natural compared to
alternative materials’43.

Both metal-ceramic and all-ceramic FDPs seem to
not affect periodontal health, as determined by the
plaque index, the gingival index and the probing
depth, compared to unaltered teeth144-146. This is
supported by a study by Zenthofer et al who could
not find a difference in probing pocket depth, prob-
ing attachment level, plaque index, gingival index
and aesthetic performance between cantilever FDPs,
made from zirconia and metal frameworks, respect-
ively147.

On the other hand, there seems to be a difference
between metal-ceramic and all-ceramic restorations,
in terms of technical complications with metal-
ceramic FDPs being more durable’46.148. Despite
showing a survival rate of 100% for both metal-
ceramic and all-ceramic FDPs, Sailer et al reported
chipping rates of the veneering ceramic being 25%
for zirconia ceramic and 19.4% for metal-ceramic
FDPs, with extended fractures of the veneer occur-
ring only in zirconia-based restorations4°.

Based on the results from five clinical studies,
it appears that lithium disilicate and alumina cer-
amic show lower long-term survival rates compared
to metal-ceramic restorations. However, hardly any
difference in clinical performance seems to exist
between FDPs made from zirconia-ceramic and
metal-ceramic FDPs (Table 4).
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Table 4 Clinical performance of metal-ceramic vs. all-ceramic fixed dental prostheses.

Author Restoration type | Materials No. of res- | Observa- Survival [%] | Remarks
torations tion period
[months]
Sailer et al 3-unit to 5-unit | Zirconia-ceramic 38 40.3 100 25% minor veneer chipping
149 i
2009 posterior FDPs Metal-ceramic 38 100 19.4% minor veneer chipping
Pelaez et al 3-unit posterior | Zirconia-ceramic | 20 50 95.0 2 minor chippings
2012144 FDPs 1 biologic complication
Data also reported in Pelaez et al. 2012145

Metal-ceramic 20 100

Zenthofer et al | 3-unit cantilever | Zirconia-ceramic 11 36 100 6 complications (endodontic treatment,
147 PRI
2015 FDPs Metal-ceramic 10 100 ceramic chipping)
Makarouna et | FDPs Lithium disilicate | 18 72 63.0
150

ali20 Metal ceramic 19 95.0
Christensen 3-unit posterior | Metal-ceramic 293 36 84.0 - 100 Variety of material combinations
and Ploeger FDPs Zirconia-ceramic 81.0 - 88.0
2010148

Alumina-ceramic 54.0 -76.0

Resin-bonded FDPs

In an attempt to reduce the amount of tooth sub-
stance which has to be removed for placing conven-
tional restorations, and concomitant with the devel-
opment of adhesive strategies, resin-bonded fixed
dental restorations were introduced in the 1980's51
and have since then been well-documented as a
treatment modality152-154. Different authors advo-
cated resin-bonded FDPs (RBFDPs) merely as long-
term provisionals9.155 although anecdotal case
reports show long-term survival of RBFDPs up to
15 years156.

Following minimal or even no preparation of oral
or buccal tooth surfaces, RBFDPs are placed using
adhesive cements which constitute their sole form of
retention. The predominant indications for RBFDPs
are congenitally missing teeth157. This treatment
modality has been described as not affecting the per-
iodontal condition of the abutment teeth, although
higher levels of plaque accumulation and gingivitis
have been reported’58.159. To some extent this may
be seen as a consequence of overcontouring, which
occurs in minimally invasive preparation designs'60.
The most frequent complication in patients treated
with RBFDPsis debonding of the restoration1.161-165,
which is in contrast to conventional FDPs where
biological problems seem to be the most common
cause for failure34:35.166, Rebonding of RBFDPs
is possible but may lead to lower retention com-
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pared to originally bonded restorations163.167,168,
Moreover, newer bonding systems show improved
performance’69.170 compared to former mater-
ials160.171 "but have to be selected with respect to
the material used for fabricating the restoration72,
While metal substructures have predominantly been
used in the past, causing discolouration of abutment
teeth 20.173-175 the development of high-strength
ceramics allows for the fabrication of metal-free
RBFDPs176. Furthermore, the incidence of debond-
ings seems to be affected by a variety of additional
factors, including the location in the oral cavity, the
preparation technique applied and the design of the
restoration77.

In this context, RBFDPs in anterior locations seem
to perform better compared to those in posterior loca-
tions14.178, However, this is contradicted by a clinical
study by Diindar et al, who reported that factors
such as jaw type and adhesive protocol did not affect
the short-term performance of RBFDPs'72. While a
variety of different minimally invasive preparation
techniques have been described80-182 including the
creation of retentive features'64.172,183 novel devel-
opments in bonding technology may even allow for
RBFDPs on unprepared teeth184. In a 6-year longi-
tudinal study on 141 restorations, Rammelsberg et al
found that retentive tooth preparation, as well as the
use of silane-coating of retentive elements improved
the longevity of the restorations, while the intraoral
location did not affect survival time?é2.
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Besides the classic two-retainer design, single-
retainer cantilever RBFDPs23.185 have been reported
to show better clinical performance’70.186, The
higher debonding rates observed in two-retainer
designs, predominantly in the form of unilateral
debondings'80, have been claimed to result from dif-
ferences in tooth mobility of the abutment teeth72.
Potentially negative side effects of cantilever RBFDPs
such as permanent movement of the abutments has
not been found?87.

High levels of patient satisfaction and oral health-
related quality of life following treatment with RBFDPs
has been described by several authors157.174,188,189,
Although reporting only 1-year results on a limited
number of patients, either treated with conventional
or resin-bonded cantilever FDPs in posterior loca-
tions, Prasanna et al did not find a significant differ-
ence in the performance of both treatment modal-
ities190.

Cautiously interpreting the survival rates reported
by different authors, it may be concluded that single-
retainer, cantilever RBFDPs perform better compared
to RBFDPs with two retainers. Also, anterior restor-
ations have a better prognosis than posterior ones.
The restorative material used for fabricating RBFDPs
only has a minor effect on long-term outcome, par-
ticularly when current materials i.e. zirconia-ceramic
and metal-ceramic are considered (Table 5).

Inlay-retained fixed dental prostheses

Inlay-retained fixed restorations have been intro-
duced as a further option to conventional FDPs, with
the primary goal of reducing the invasiveness of the
treatment rendered?28.29,206-208 without jeopardising
aesthetics, functional performance and periodontal
parameters208,209,

Similarly to RBFDPs, the development of proper
bonding techniques was a prerequisite for achieving
sufficient clinical stability210-212. Furthermore, the
restorative material used, the size of the adhesive
surface, as well as the connector size constitute the
parameters governing clinical longevity213.

Hence, in 1995 Quinn et al reported a 76.5%
survival rate for partial coverage crown-retained
FDPs after 10 years, with the main reason for fail-
ure being loss of retention and caries2'4. More
recently, resin-bonded cast metal onlays used for the

retention of FDPs, with other indications, showed
an overall success rate of 94% and a high level of
patient satisfaction after a mean observation period
of 42 months215.

When analysing the long-term success of inlay-
retained fixed dental prostheses (IRFDPs), this re-
storative option appears to be regularly problematic
as survival rates decreased to 80% after 12 months
and even to 57% after 60 months. On the other
hand, 100% survival has been reported after a ser-
vice life of 20 months. One study directly comparing
conventional and inlay-retained FDPs clearly showed
lower survival rates for IRFDPs (Table 6). The use of
different restorative materials may cause the devia-
tions in survival time described.

Fiber reinforced composite

As an alternative and cost effective material, fiber
reinforced composites have been introduced for a
variety of indications including the chairside crea-
tion of RBFDPs219. In posterior locations, bonded
inlay-retained fixed fiber reinforced composite (FRC)
restorations have been described as an aesthetic
alternative treatment entity>82:220-222 with reduced
treatment costs®.223,

In this context, Freilich et al evaluated the clinical
performance of FRC restorations, with a variety of
designs. Excluding patients with severe parafunc-
tional habits, the survival rate was 95%, at a mean
survival period of 3.75 years. The authors pointed
out that survival was associated with substructure
design volume whereas retainer configuration did
not have a significant effect. Surface defects and a
reduction in the luster of the restorations occurred
frequently224. In a retrospective study, Bohlsen and
Kern showed that the survival rate of both single
crowns and fixed dental prostheses made from FRC
was low. At a mean follow-up time of 4 to 6 years,
survival rates ranged from 59.9% to 67.9%, depend-
ing on the type of cement used?25. In contrast, a
cumulative survival rate of 80% after 5 years was
reported for FRC restorations replacing anterior teeth
in periodontally compromised patients226. Cenci et al
also found a 81.8% survival rate for FRC restorations
after an observation period of 7 years, with fractures
of the restorations constituting the most important
technical complication?27. Similarly, a multi-center
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Table 5 Clinical performance of resin bonded fixed dental prostheses. Note: shaded lines present follow-up studies of the same patient cohort.

Author Restoration type Materials No. of Observa- Survival [%] Remarks
restor- tion period
ations [months]
Sailer et al 2014191 | Anterior single retainer RBFDP | Zirconia ceramic |15 53.3 100 2 debondings
Saker et al 2014192 | Anterior cantilever RBFDP Metal ceramic 20 34 100
InCeram Alumina |20 90.0 2 fractures
3 debondings
Sailer et al 2013793 | Anterior / posterior single Glass ceramic 35 72 100 No debondings
retainer RBFDP Ceramic chipping
5.7%
Spinas et al 201322 | Anterior, double wing retention |Fiber Reinforced |32 60 93.7
RBFDP Composite
Izgi et al 2013194 Posterior slot-retained RBFDP Cast metal 41 75.6 83.0
Younes et al 201319 | 3-unit RBFDP, double wing Cast metal 42 > 192 5 years: 95.0 Success rates: 5 years:
retention 10 years: 88.0 75%; 10 years: 58%,;
20 years: 66.0 20 years: 45%
Reasons for failure:
debondings, caries,
periodontal break-
down
Sun et al 2013195 Anterior veneer retained canti- | IPS e-max Press 35 46.57 100
lever RBFDP
Kern 2005196 Anterior two retainer RBFDP In Ceram alumina |16 75.8 67.3/73.9
Anterior single retainer RBFDP 21 51.7 92.3
Kern and Sasse Anterior two retainer RBFDP In Ceram alumina | 16 120.2 67.3/73.9
2011197 Anterior single retainer RBFDP 22 111.1 94.4
Sasse et al 2012198 | Anterior cantilever RBFDP Zirconia ceramic |30 41.7 100 2 debondings
Sasse and Kern Anterior cantilever RBFDP Zirconia ceramic | 30 64.2 100 2 debondings
2013199
Sasse and Kern Anterior cantilever RBFDP Zirconia ceramic | 42 61.8 100 2 debondings
2014200 1 carious lesion
Howard-Bowles et al | Anterior and posterior RBFDP Metal-ceramic 222 41 Overall: 84.1 Based on question-
201125 Anterior: 91.5 naire
Posterior: 75.9
Cantilever: 90.3
Fixed-fixed: 75.7
Boening and Ull- Anterior RBFDP Metal-ceramic 56 76 84.0 5 debondings
mann 2012155 1 chipping fracture
1 carious lesion
Dundar et al 2010179 | Anterior and posterior two Metal-ceramic 58 20.3 Maxilla: 93.2 4 debondings
retainer RBFDP Mandible: 92.9
Botelho et al 200087 | 2-unit cantilever RBFDP Metal ceramic 33 30 97.0
Botelho et al 2002207 | 2-unit cantilever RBFDP Metal ceramic 82 36.7 95.1
Botelho et al 200682 | 2-unit cantilever RBFDP Metal ceramic 269 51.7 95.5 Success rate: 94.8%
Botelho et al 201414 | Cantilever RBFDP Metal ceramic 211 113.2 90.0 28 debondings
Success rate: 84.4
Hussey and Linden | 2-unit cantilever RBFDP Metal-ceramic 142 36.2 94.0 Success rate: 88%
1996153
Ketabi et al 2004202 | Anterior and posterior RBFDP Metal-ceramic 74 93.6 83.0 9 debondings
6 carious lesions
3 veneer fractures
Samama 1996203 RBFDP Cast metal 145 68.4 83.0
Corrente et al RBFDP Metal-ceramic; 150 80.4 76.2
2000204 Metal-resin
Zalkind et al 2003205 | RBFDP Metal-ceramic 51 60 67.0 Success rate: 48%
Chai et al 2005166 3-unit FDP Metal-ceramic 61 48 82.0
2-unit cantilever FDP Metal-ceramic 25 77.0
3-unit RBFDP Metal-ceramic 77 63.0
2-unit cantilever RBFDP Metal-ceramic 47 81.0
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Table 6 Clinical performance of inlay-retained fixed dental prostheses. Note: shaded lines present follow-up studies of the same patient cohort.

Author Restoration type Materials No. of res- | Observa- Survival [%] Remarks
torations tion period
[months]
Abou Tara et al 3-unit posterior Zirconia ceramic 23 20 100 2 veneer fractures
201126 IRFDP veneered 1 debonding
Wolfart et al 3-unit anterior and | Lithium disilicate cer- 36 48 4 years: 100
2005217 posterior FDP amic (IPs e.max Press)
3-unit anterior and 45 37 4 years: 89.0 | Reasons for failure: debond-
posterior IRFDP ing/fracture
Harder et al Posterior IRFDP Lithium disilicate cer- 45 70 5 years: 57.0 | Survival of FDPs with crown
2010278 amic (IPs e.max Press) 8 years: 38.0 and inlay retainer: 100%
(5 years), 60% (8 years)
Ohlmann et al Posterior IRFDP Zirconia ceramic 30 12 80.0 1 chipping fracture
2008202 veneered 3 veneer delaminations
6 decementations
3 framework fractures

clinical study using different restoration designs with
respect to the retentive element, showed a 5-year
success rate of 71.2% and a survival rate of 77.5%
for FRC restorations. The retention type (wing vs
inlay) did not show a significant effect228.

Monolithic zirconia restorations

In response to the high incidence of veneer chip-
ping fractures in all-ceramic restorations, the use of
zirconia ceramics, without the addition of veneer-
ing material was introduced?2®. Nowadays various
companies offer modified zirconia ceramics which
are pre-stained?30, and which require higher sinter-
ing temperatures. These materials are frequently
referred to as ‘translucent’ zirconia231. The charac-
terisation of such restorations is based on the use
of staining liquids prior to sintering231.232 a process
requiring the experience of a dental technician. From
a materials perspective, the following three factors
may be problematic. Depending on the staining
technique applied, the material properties may dete-
riorate233.234, Additionally, masticatory loads acting
on unveneered zirconia ceramic, as well as the condi-
tions within the oral cavity, may cause low tempera-
ture degradation phenomena235.236, Also, the risk of
antagonist wear is discussed?37. From an aesthetics
point of view, monolithic zirconia restorations seem
to be of limited applicability in the aesthetic zone231.
Despite some promising clinical results238, the cor-
rrect long-term documentation for this treatment
modality is missing thus far231.

Systematic reviews and meta-analyses

Several systematic literature reviews and meta-
analyses can be found, addressing the clinical per-
formance of various types of FDPs (Table 7). Ignor-
ing different clinical situations and restoration types,
the overall survival rate of FDPs after 5 years was
reported in the range of 89.2% t0 95.5% and 65.5%
t0 89.4% after 10 years239.242,243,

For RBFDPs, survival rates in the range between
87.7% t0 92.3% have been calculated after 5 years
of service248.249_ For cantilever FDPs, a survival rate
of 91.4% after 5 years and 80.3% to 81.8% after
10 years was described241.242 All-ceramic restora-
tions showed survival rates of 90% after 3 years244,
and a range between 88.6% to 94.3% after 5
years240,246,.247  For metal-ceramic FDPs, survival
rates of 97% after 3 years?44 and 94.4% after
5 years240 were calculated (Table 7).

In a critical review on the performance of all-
ceramic and metal-ceramic FDPs, also elaborating on
the shortcomings of existing meta-analyses, Layton
concluded that the survival rate of metal-ceramic
FDPs would be significantly higher than that of all-
ceramic FDPs, and that all-ceramic FDPs experienced
a high incidence of technical failure250. A recent
review by Pjetursson et al reporting 5-year survival
rates for FDPs, based on different materials, showed
the highest survival rate (94.4%) for metal-ceramic
restorations, while different all-ceramic options were
below 91%245.
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Table 7 Overview of existing systematic reviews.

Author Restoration type Observation Survival [%] | Remarks
period [years]
Tan et al 2004232 FDPs 10 89.1 Caries 2.6%
Periodontitis 0.7 %
Loss of retention 6.4%
Abutment fracture 2.1%
Material fractures 3.2%.
Sailer et al 2007240 All-ceramic FDPs 5 88.6 Framework fractures 6.5%
Veneering material fractures 13.6%
Metal-ceramic FDPs 94.4 Framework fractures 1.6%
Veneering material fractures 2.9%
Pjetursson et al 2004241 | Cantilever FDPs 10 81.8 Loss of pulp vitality 32.6%
Caries at abutment teeth 9.1%
Loss of retention 16.1%
Material fractures 5.9%
Fractures of abutment teeth 2.9%
Pjetursson et al 2007242 FDPs 5 93.8 Biological complications after 5 years
10 892 (caries, loss of pulp vitality) 15.7%
Cantilever FDPs 5 91.4 Complications after 5 years 20.6%
10 80.3
Pjetursson et al 2012243 | tooth-supported and implant-support- | 5 89.2 - 95.5 | Annual failure rates
ed FDPs and single crowns 10 650 - 89 4 FDPs.’1.14%
Cantilever FDPs 2.20%
RBFDPs 4.31%
Heintze and Rousson All-ceramic FDPs (Zirconia) B 90.0 Core fractures < 1.00 %
2010244 Veneer chipping 24.0 % - 54.0 %
Metal-ceramic FDPs 97.0 Core fractures 0%
Veneer chipping 34.0 %
Pjetursson et al 2015245 | Metal-ceramic FDPs 5 94.4
Reinforced glass ceramic FDPs 89.1
Glass infiltrated alumina FDPs 86.2
Zirconia FDPs 90.4
Le et al 2015246 All-ceramic FDPs (Zirconia) 5 93.5 Complication rate 27.6%
Schley et al 2010247 All-ceramic FDPs (Zirconia) 94.3 Technical complication free rate 76.41%
(chipping fractures)
Biological complication free rate 91.72%
Wassermann et al Resin bonded FDPs (single retainer and | 5 92.3
2006248 InCeram Alumina)
Pjetursson et al 2008242 | Resin bonded FDPs 5 87.7 Debonding 19.2%
Caries 1.5%
Periodontitis 2.1%

B Discussion

Every review publication relies on the quality of the
original research reports and consequently has to be
interpreted with caution. The publications consid-
ered were not limited to robust clinical studies thus
a larger database was used. Unfortunately, report-
ing of clinical outcomes has not been standardised
in the past and in some instances it appears that
authors unconsciously intended to 'hide" unfavour-
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able outcomes. The inclusion of cumulative sur-
vival and success rates should be a prerequisite for
any publication. This is particularly problematic in
all-ceramic and metal-ceramic restorations, where
chipping fractures of veneer materials constitute a
frequent complication. As these chipping fractures
may vary with respect to their extent, studies report-
ing on such complications are hard to compare as
a uniform classification system has not yet been
universally adopted241. Furthermore, publications
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repeatedly reporting on the same patient cohort or
even on subsets of cohorts are misleading?44.145,
Also, follow-up publications after longer observation
periods should be clearly marked as such even if the
authorship has changed. In the same context, it was
noted that obvious facts such as greater removal of
tooth structure for a crown, compared to a veneer,
have been publishable in the past?8.29. On the other
hand, the rapid development of novel restorative
materials such as ceramic systems251-253 and bond-
ing agents question the validity of older publications
in general even if a proper study design had been
applied.

Despite not reflecting the highest level of evi-
dence, several clinical studies compared different
treatment alternatives not only focusing on numeri-
cally measurable facts such as survival and chipping
rates. In a retrospective study evaluating 50 patients
with missing lateral incisors, following treatment
with orthodontic space closure or conventional and
resin-bonded FDPs, the authors found higher levels
of satisfaction in orthodontically treated patients43.
A case-control study comparing the longevity of
implant-supported crowns and 2-unit cantilevered
RBFDPs, proved that both treatment options had
similar survival rates, but a greater number of bio-
logical complications were observed with implant-
supported crowns?54. Using a theoretical approach,
the cost-effectiveness of various treatment modalities
for missing maxillary lateral incisors was evaluated10.
According to this report, cantilever and resin-bonded
FDPs appeared to be more cost-efficient compared
to single implant crowns, while conventional FDPs
would be less cost-effective than latter ones.

Several studies have been conducted compar-
ing the performance of conventional FDPs and
implant-supported crowns, with partially contradic-
tory results. In a clinical study comparing the cost-
effectiveness of both treatment options, Zitzmann
et al found satisfactory long-term results from the
patient's perspective in both groups. The lower ini-
tial costs, however, were in favour of the implant-
supported single crowns255. Similarly, Wolleb et al
calculated a survival rate of 98.7% for tooth-sup-
ported FDPs, and a 100% survival rate for implant-
supported single crowns. Biological complications
including loss of vitality, endodontic complications,
root fractures and caries dominated, while veneer

fractures occurred in 3.8% of the FDPs256. Technical
complications appeared in a systematic review by
Pjetursson et al, demonstrating a higher incidence
in implant-supported reconstructions compared to
restorations on teeth. They included fractures of the
veneer, screw loosening and loss of retention242.

Comparing the economic aspects of 41 FDPs
and 59 implant-supported single crowns over an
observation period of 4 years, implant-supported
restorations required more visits, while the overall
treatment time was similar to FDP treatment. The
implant solutions were less expensive while the costs
for treating complications were comparable in both
groups?57. In a cohort of patients with congenital
defects, which affected the formation of teeth, 58%
of patients with reconstructions on teeth remained
free from all failures or complications, while 47 %
of patients restored with implant-supported restor-
ations needed retreatment or repair during a mean
observation period of 8 years. Patients affected by
amelogenesis/dentinogenesis imperfecta demon-
strated the highest failure and complication rates
whereas in patients with cleft lip, alveolar process
and palate or hypodontia/oligodontia, 71% of
the single crowns and 73% of the FDPs on teeth
remained complication-free over a median observa-
tion period of about 16 years'2. In the same patient
cohort, initial treatment costs for implant-supported
reconstructions were much higher compared to
tooth-supported restorations, whereas the long-
term cumulative treatment costs for both groups
were not significantly different258,

B Conclusions

Not requiring surgical interventions, conventional
tooth-supported restorations appear to be more pre-
dictable in achieving initial treatment success with
fewer appointments and shorter treatment time.
Despite substantial differences in the remuneration
of medical services, a basic trend towards higher la-
boratory fees and lower honorariums for the dental
practitioner may be seen for FDP treatment, com-
pared to implant-supported single crowns. Biologi-
cal complications seem to limit the survival time of
FDPs while implant-supported single crowns show
a higher incidence of technical problems. Taking
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maintenance expenditures into account, the short-
term advantage of conventional restorations appears
to diminish.

Given the high number of variables affecting
treatment decisions, a universally effective solution
does not exist; instead clinicians should establish a
specific risk profile for each patient situation. Survival
and success rates of any restorative option, as well
as risk profiles, must not be seen in isolation, but in
combination with the patient's wishes and the capa-
bilities of the treatment provider.

B Acknowledgements

This paper is dedicated to my clinical teacher and
fatherly friend Dr. Peter Stadlbauer, Waldmiinchen
and to my highly respected scientific mentor Prof.
Dr. Dr. Siegfried Heckmann, Erlangen.

B References

1. Bello A, Jarvis RH. A review of esthetic alternatives for
the restoration of anterior teeth. J Prosthet Dent 1997;78:
437-440.

2. Alani A, Austin R, Djemal S. Contemporary management
of tooth replacement in the traumatized dentition. Dent
Traumatol 2012;28:183-192.

3. Fleigel JD 3rd, Salmon CA, Piper JM 2nd. Treatment options
for the replacement of missing mandibular incisors. J Pros-
thodont 2011;20:414-420.

4. Zitzmann NU. Following tooth loss: fixed partial denture
or implant? [in German] Praxis (Bern 1994) 2005;94:
113-116.

5. Singh K, Gupta N, Kumar N, Kapoor V, Nisha C. Esthetic
and functional rehabilitation of missing anterior teeth with
a conservative treatment approach: a clinical case series.
Oral Health Dent Manag 2014;13:656-660.

6. Zarow M, Paisley CS, Krupinski J, Brunton PA. Fiber-
reinforced composite fixed dental prostheses: two clinical
reports. Quintessence Int 2010;41:471-477.

7. Holt LR, Drake B. The Procera Maryland Bridge: a case
report. J Esthet Restor Dent 2008;20:165-171.

8. Montero J, Castillo-Oyaglie R, Lynch CD, Albaladejo A,
Castafio A. Self-perceived changes in oral health-related
quality of life after receiving different types of conventional
prosthetic treatments: a cohort follow-up study. J Dent
2013,;41:493-503.

9.  Bissasu SM, Al-Houri NA. Replacement of missing lateral inci-
sors with lithium disilicate glass-ceramic veneer-fixed dental
prostheses: a clinical report. Clin Case Rep 2014;2:128-132.

10. Antonarakis GS, Prevezanos P, Gavric J, Christou P. Agen-
esis of maxillary lateral incisor and tooth replacement:
cost-effectiveness of different treatment alternatives. Int J
Prosthodont 2014;27:257-263.

11. Wong TL, Botelho MG. The fatigue bond strength of fixed-
fixed versus cantilever resin-bonded partial fixed dental
prostheses. J Prosthet Dent 2014;111:136-141.

Eur J Oral Implantol 2016;9(Suppl1):525-S44

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Krieger O, Matuliene G, Husler J, Salvi’ GE, Pjetursson- B,
Bréagger U. Failures and complications,in-patients with birth
defects restored with fixed dental prostheses and single
crowns on teeth and/or implants. Clin Oral Implants Res
2009;20:809-816.

Bassett JL. Replacement of missing mandibular lateral
incisors with a single pontic all-ceramic prosthesis: a case
report. Pract Periodontics Aesthet Dent 1997;9:455-461;
quiz 462.

Botelho MG, Ma X, Cheung GJ, Law RK, Tai MT, Lam WY.
Long-term clinical evaluation of 211 two-unit cantilevered
resin-bonded fixed partial dentures. J Dent 2014;42:
778-784.

Cakan U, Demiralp B, Aksu M, Taner T. Clinical showcase.
Replacement of congenitally missing lateral incisor using a
metal-free, resin-bonded fixed partial denture: case report.
J Can Dent Assoc 2009;75:509-512.

Dandekeri SS, Dandekeri S. Single anterior tooth replace-
ment by a cast lingual loop connector - a conservative
approach. J Clin Diagn Res 2014;8:2D07-ZD08.

Emami E, St-Georges A, de Grandmont P. Two-unit cantile-
vered resin-bonded fixed partial denture as a substitute for
a prosthodontic-orthodontic treatment plan: a 5-year case
report. J Can Dent Assoc 2012;78:¢c67.

Lyssova V, Estafan D, Cunnigham RP. A multidisciplinary
esthetic approach to single-tooth replacement and dias-
tema closure. Gen Dent 2008;56:282-285.

Younes F, Raes F, Berghe LV, De Bruyn H. A retrospective
cohort study of metal-cast resin-bonded fixed dental pros-
theses after at least 16 years. Eur J Oral Implantol 2013;6:
61-70.

Weng D, Ries S, Richter EJ. Treatment of a juvenile patient
with a maxillary all-ceramic resin-bonded fixed partial den-
ture: a case report. Quintessence Int 2002;33:584-588.
Bidra AS. Esthetic and functional rehabilitation of a bilat-
eral cleft palate patient with fixed prosthodontic therapy.
J Esthet Restor Dent 2012;24:236-244.

Spinas E, Aresu M, Canargiu F. Prosthetic rehabilitation
interventions in adolescents with fixed bridges: a 5-year
observational study. Eur J Paediatr Dent 2013;14:59-62.
Williams S, Albadri S, Jarad F. The use of zirconium, single-
retainer, resin-bonded bridges in adolescents. Dent Update
2011;38:706-710.

Kara HB, Aykent F. Single tooth replacement using a cer-
amic resin bonded fixed partial denture: A case report. Eur
J Dent 2012;6:101-104.

Howard-Bowles E, McKenna G, Allen F. An evidence based
approach for the provision of resin-bonded bridgework. Eur
J Prosthodont Restor Dent 2011;19:99-104.

Al-Quran FA, Al-Ghalayini RF, Al-Zu'bi BN. Single-tooth
replacement: factors affecting different prosthetic treat-
ment modalities. BMC Oral Health 2011;11:34.

Cosyn J, Raes S, De Meyer S, Raes F, Buyl R, Coomans D,
De Bruyn H. An analysis of the decision-making process
for single implant treatment in general practice. J Clin Peri-
odontol 2012;39:166-172.

Edelhoff D, Sorensen JA. Tooth structure removal associ-
ated with various preparation designs for posterior teeth.
Int J Periodontics Restorative Dent 2002;22:241-249.
Edelhoff D, Sorensen JA. Tooth structure removal associ-
ated with various preparation designs for anterior teeth.
J Prosthet Dent 2002;87:503-509.

Lockard MW. A retrospective study of pulpal response in
vital adult teeth prepared for complete coverage restor-
ations at ultrahigh speed using only air coolant. J Prosthet
Dent 2002;88:473-478.

Stockton LW. Cantilever fixed partial denture - a literature
review. J Can Dent Assoc 1997;63:118-121.



Karl Outcome of conventional prostheses

| S39

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Himmel R, Pilo R, Assif D, Aviv I. The cantilever fixed par-
tial denture - a literature review. J Prosthet Dent 1992;67:
484-487.

Bragger U, Hirt-Steiner S, Schnell N, Schmidlin K, Salvi GE,
Pjetursson B, Matuliene G, Zwahlen M, Lang NP. Complica-
tion and failure rates of fixed dental prostheses in patients
treated for periodontal disease. Clin Oral Implants Res
2011;22:70-77.

Walton JN, Gardner FM, Agar JR. A survey of crown and
fixed partial denture failures: length of service and reasons
for replacement. J Prosthet Dent 1986;56:416-421.

Libby G, Arcuri MR, LaVelle WE, Hebl L. Longevity of fixed
partial dentures. J Prosthet Dent 1997;78:127-131.
Smedberg JI, Ekenbéck J, Lothigius E, Arvidson K. Two-year
follow-up study of Procera-ceramic fixed partial dentures.
Int J Prosthodont 1998;11:145-149.

De Backer H, Van Maele G, De Moor N, Van den Berghe L.
Long-term results of short-span versus long-span fixed
dental prostheses: an up to 20-year retrospective study. Int
J Prosthodont 2008;21:75-85.

Népankangas R, Salonen-Kemppi MA, Raustia AM. Lon-
gevity of fixed metal ceramic bridge prostheses: a clinical
follow-up study. J Oral Rehabil 2002;29:140-145.

De Backer H, Van Maele G, De Moor N, Van den Berghe L.
The influence of gender and age on fixed prosthetic res-
toration longevity: an up to 18- to 20-year follow-up in an
undergraduate clinic. Int J Prosthodont 2007;20:579-586.
Heschl A, Haas M, Haas J, Payer M, Wegscheider W, Polan-
sky R. Maxillary rehabilitation of periodontally compro-
mised patients with extensive one-piece fixed prostheses
supported by natural teeth: a retrospective longitudinal
study. Clin Oral Investig 2013;17:45-53.

Gopakumar A, Boyle EL. ,A bridge too far' -- the negative
impact of a bridge prosthesis on gingival health and its
conservative management. Br Dent J 2013;215:273-276.
Suarez MJ, Lozano JF, Paz Salido M, Martinez F. Three-year
clinical evaluation of In-Ceram Zirconia posterior FPDs. Int
J Prosthodont 2004;17:35-38.

Robertsson S, Mohlin B. The congenitally missing upper
lateral incisor. A retrospective study of orthodontic space
closure versus restorative treatment. Eur J Orthod 2000;22:
697-710.

Omar R, Abduljabbar T, Al-Ali K, Smyth M, El-AgouriR.
Dimensions of metal framework components of metal-
ceramic fixed partial dentures constructed in a dental school
setting. Quintessence Int 2004;35:820-825.

Palmqyist S, Swartz B. Artificial crowns and fixed partial
dentures 18 to 23 years after placement. Int J Prosthodont
1993,6:279-285.

Sundh B, Odman P. A study of fixed prosthodontics per-
formed at a university clinic 18 years after insertion. Int J
Prosthodont 1997;10:513-519.

Raustia AM, Nédpankangas R, Salonen AM. Complications
and primary failures related to fixed metal ceramic bridge
prostheses made by dental students. Oral Rehabil 1998;25:
677-680.

MacEntee MI, Belser UC. Fixed restorations produced by
commercial dental laboratories in Vancouver and Geneva. J
Oral Rehabil 1988;15:301-305.

Wohlwend A, Strub JR, Schérer P. Metal ceramic and all-
porcelain restorations: current considerations. Int J Prostho-
dont 1989;2:13-26.

Berge M, Gustavsen F. Dental practitioners' evaluation of
the metal-resin and metal-ceramic technique in the treat-
ment with fixed prosthetic restorations. Acta Odontol
Scand 1990;48:371-377.

Ekfeldt A, Oilo G. Occlusal contact wear of prosthodontic
materials. An in vivo study. Acta Odontol Scand 1988;46:
159-169.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Christensen GJ. The use of porcelain-fused-to-metal restor-
ations in current dental practice: a survey. J Prosthet Dent
1986;56:1-3.

Ozcan M, Niedermeier W. Clinical study on the reasons for
and location of failures of metal-ceramic restorations and
survival of repairs. Int J Prosthodont 2002;15:299-302.
Ndpdnkangas R, Salonen MA, Raustia AM. A 10-year
follow-up study of fixed metal ceramic prosthodontics.
J Oral Rehabil 1997;24:713-717.

Fayyad MA, al-Rafee MA. Failure of dental bridges: Il - Effect
of some technical factors. J Oral Rehabil 1996;23:675-678.
Christensen GJ. Porcelain-fused-to-metal versus zirco-
nia-based ceramic restorations, 2009. J Am Dent Assoc
2009;140:1036-1039.

Eliasson A, Arnelund CF, Johansson A. A clinical evaluation
of cobalt-chromium metal-ceramic fixed partial dentures
and crowns: A three- to seven-year retrospective study.
J Prosthet Dent 2007;98:6-16.

Hansen PA, West LA. Allergic reaction following insertion of
a Pd-Cu-Au fixed partial denture: a clinical report. J Pros-
thodont 1997;6:144-148.

Levi L, Barak S, Katz J. Allergic reactions associated with
metal alloys in porcelain-fused-to-metal fixed prostho-
dontic devices - A systematic review. Quintessence Int
2012;43:871-877.

Stipeti¢ J, Celebi¢ A, Jerolimov V, Vinter I, Kraljevi¢ S,
Raji¢ Z. The patient's and the therapist's evaluation of
bridges of different materials and age. Coll Antropol
2000;24(Suppl 1):25-29.

Svanborg P, Langstrom L, Lundh RM, Bjerkstig G, Ortorp A.
A 5-year retrospective study of cobalt-chromium-based fixed
dental prostheses. Int J Prosthodont 2013;26:343-349.
Walton TR. An up to 15-year longitudinal study of 515
metal-ceramic FPDs: Part 1. Outcome. Int J Prosthodont
2002;15:439-445.

Walton TR. An up to 15-year longitudinal study of 515
metal-ceramic FPDs: Part 2. Modes of failure and influence
of various clinical characteristics. Int J Prosthodont 2003;16:
177-182.

Behr M, Winklhofer C, Schreier M, Zeman F, Kobeck C,
Brduer I, Rosentritt M. Risk of chipping or facings failure of
metal ceramic fixed partial prostheses - a retrospective data
record analysis. Clin Oral Investig 2012;16:401-405.
Reitemeier B, Hansel K, Kastner C, Weber A, Walter MH. A
prospective 10-year study of metal ceramic single crowns
and fixed dental prosthesis retainers in private practice set-
tings. J Prosthet Dent 2013;109:149-155.

Walter M, Boning K, Reppel PD. Clinical performance of
machined titanium restorations. J Dent 1994;22:346-348.
Kaus T, Probster L, Weber H. Clinical follow-up study of
ceramic veneered titanium restorations--three-year results.
Int J Prosthodont 1996;9:9-15.

Walter M, Reppel PD, Boning K, Freesmeyer WB. Six-year
follow-up of titanium and high-gold porcelain-fused-to-
metal fixed partial dentures. J Oral Rehabil 1999;26:91-96.
Boeckler AF, Lee H, Psoch A, Setz JM. Prospective observa-
tion of CAD/CAM titanium-ceramic-fixed partial dentures:
3-year follow-up. J Prosthodont 2010;19:592-597.

Hey J, Beuer F, Bensel T, Boeckler AF. Metal-ceramic-fixed
dental prosthesis with CAD/CAM-fabricated substruc-
tures: 6-year clinical results. Clin Oral Investig 2013;17:
1447-1451.

Haag P, Nilner K. Questions and answers on titanium-
ceramic dental restorative systems: a literature study. Quin-
tessence Int 2007;38:e5-€13.

Lévgren R, Andersson B, Bergevist S, Carlsson GE,
Ekstrom PF, Odman P, Sundqvist B. Clinical evaluation of
ceramic veneered titanium restorations according to the
Procera technique. Swed Dent J 1997;21:1-10.

Eur J Oral Implantol 2016;9(Suppl1):525-S44



S40 m Karl Outcome of conventional prostheses

73. Lovgren R, Andersson B, Carlsson GE, Odman P. Prospective  96. Raigrodski AJ. Contemporary materials’ and technologies
clinical 5-year study of ceramic-veneered titanium restorations for all-ceramic fixed partial dentures:\a review of the litera-
with the Procera system. J Prosthet Dent 2000;84:514-521. ture. J Prosthet Dent 2004;92:557-562;

74. Chai J, McGivney GP, Munoz CA, Rubenstein JE. A multi-  97. Raigrodski AJ. Contemporary all-ceramic fixed partial' den<
center longitudinal clinical trial of a new system for restora- tures: a review. Dent Clin North Am 2004;48:531-544.
tions. J Prosthet Dent 1997;77:1-11. 98. Raigrodski AJ, Hillstead MB, Meng GK, Chung KH. Sur-

75. Toksavul S, Ulusoy M, Toman M. Clinical application of all- vival and complications of zirconia-based fixed dental
ceramic fixed partial dentures and crowns. Quintessence Int prostheses: a systematic review. J Prosthet Dent 2012;107:
2004;35:185-188. 170-177.

76. Kern M, Knode H, Strub JR. The all-porcelain, resin-bonded ~ 99. Gokgen-Rohlig B, Saruhanoglu A, Cifter ED, Evlioglu G.
bridge. Quintessence Int 1991;22:257-262. Applicability of zirconia dental prostheses for metal allergy

77. Cortellini D, Valenti M, Canale A. The metal-free approach patients. Int J Prosthodont 2010;23:562-565.
to restorative treatment planning. Eur J Esthet Dent 2006;1:  100. Schmitt J, Holst S, Wichmann M, Reich S, Gollner M,
230-247. Hamel J. Zirconia posterior fixed partial dentures: a prospec-

78. Blatz MB. Long-term clinical success of all-ceramic posterior tive clinical 3-year follow-up. Int J Prosthodont 2009;22:
restorations. Quintessence Int 2002;33:415-426. 597-603.

79. Bachhav VC, Aras MA. Zirconia-based fixed partial den- ~ 101. Perry RD, Kugel G, Sharma S, Ferreira S, Magnuson B.
tures: a clinical review. Quintessence Int 2011;42:173-182. Two-year evaluation indicates zirconia bridges accept-

80. Kalogirou M, Trushkowsky R, Andrade J, David S. Adhesive able alternative to PFMs. Compend Contin Educ Dent
placement of a zirconia fixed partial denture to replace a 2012;33:e1-€5.
maxillary central incisor: a clinical report. Compend Contin ~ 102. Sailer I, Fehér A, Filser F, Gauckler LJ, Lithy H, Himmerle CH.
Educ Dent 2011;32:40-46. Five-year clinical results of zirconia frameworks for posterior

81. Komine F, Blatz MB, Matsumura H. Current status of zirco- fixed partial dentures. Int J Prosthodont 2007;20:383-388.
nia-based fixed restorations. J Oral Sci 2010;52:531-539. 103. Sax C, Hammerle CH, Sailer 1. 10-year clinical outcomes

82. Edelhoff D, Spiekermann H, Yildirim M. Metal-free inlay- of fixed dental prostheses with zirconia frameworks. Int J
retained fixed partial dentures. Quintessence Int 2001;32: Comput Dent 2011;14:183-202.

269-281. 104. Zimmer D, Gerds T, Strub JR. Survival rate of IPS-Empress 2

83. Malament KA, Socransky SS. Survival of Dicor glass- all-ceramic crowns and bridges: three year's results [in Ger-
ceramic dental restorations over 14 years: Part |. Survival of man]. Schweiz Monatsschr Zahnmed 2004;114:115-119.
Dicor complete coverage restorations and effect of internal ~ 105. Kern T, Tinschert J, Schley JS, Wolfart S. Five-year clinical
surface acid etching, tooth position, gender, and age. evaluation of all-ceramic posterior FDPs made of In-Ceram
J Prosthet Dent 1999;81:23-32. Zirconia. Int J Prosthodont 2012;25:622-624.

84. Narcisi EM. Three-unit bridge construction in anterior single- ~ 106. Sola-Ruiz MF, Lagos-Flores E, Roman-Rodriguez JL, High-
pontic areas using a metal-free restorative. Compend Contin smith Jdel R, Fons-Font A, Granell-Ruiz M. Survival rates
Educ Dent 1999;20:109-112, 114, 116-119; quiz 120. of a lithium disilicate-based core ceramic for three-unit

85. MclLaren EA. All-ceramic alternatives to conventional esthetic fixed partial dentures: a 10-year prospective study.
metal-ceramic restorations. Compend Contin Educ Dent Int J Prosthodont 2013;26:175-180.
1998;19:307-308, 310, 312 passim; quiz 326. 107. Reich S, Endres L, Weber C, Wiedhahn K, Neumann P,

86. Probster L, Diehl J. Slip-casting alumina ceramics for crown Schneider O, Rafai N, Wolfart S. Three-unit CAD/CAM-
and bridge restorations. Quintessence Int 1992;23:25-31. generated lithium disilicate FDPs after a mean observation

87. Filser F, Kocher P, Weibel F, Lithy H, Scharer P, Gauckler LJ. time of 46 months. Clin Oral Investig 2014;18:2171-2178.
Reliability and strength of all-ceramic dental restorations  108. Pihlaja J, Ndpdnkangas R, Raustia A. Early complications
fabricated by direct ceramic machining (DCM). Int J Com- and short-term failures of zirconia single crowns and
put Dent 2001;4:89-106. partial fixed dental prostheses. J Prosthet Dent 2014;112:

88. Raigrodski AJ. Clinical and laboratory considerations for the 778-783.
use of CAD/CAM Y-TZP-based restorations. Pract Proced  109. Al-Amleh B, Lyons K, Swain M. Clinical trials in zirconia: a
Aesthet Dent 2003;15:469-476; quiz 477. systematic review. J Oral Rehabil 2010;37:641-652.

89. Burke FJ, Ali A, Palin WM. Zirconia-based all-ceramic ~ 110. Rinke S, Gersdorff N, Lange K, Roediger M. Prospective
crowns and bridges: three case reports. Dent Update evaluation of zirconia posterior fixed partial dentures:
2006;33:401-402, 405-406, 409-410. 7-year clinical results. Int J Prosthodont 2013;26:164-171.

90. Mclaren EA, Terry DA. CAD/CAM systems, materials, and ~ 111. Koenig V, Vanheusden AJ, Le Goff SO, Mainjot AK. Clinical
clinical guidelines for all-ceramic crowns and fixed partial risk factors related to failures with zirconia-based restor-
dentures. Compend Contin Educ Dent 2002;23:637-641, ations: an up to 9-year retrospective study. J Dent 2013;41:
644, 646 passim; quiz 654. 1164-1174.

91. Kollar A, Huber S, Mericske E, Mericske-Stern R. Zirconia ~ 112. Konstantinidis IK, Jacoby S, Radel M, Boning K. Prospective
for teeth and implants: a case series. Int J Periodontics Re- evaluation of zirconia based tooth- and implant-supported
storative Dent 2008;28:479-487. fixed dental prostheses: 3-Year results. J Dent 2015;43:

92. Piwowarczyk A, Ottl P, Lauer HC, Kuretzky T. A clinical 87-93.
report and overview of scientific studies and clinical proce- ~ 113. Marchack BW, Sato S, Marchack CB, White SN. Com-
dures conducted on the 3M ESPE Lava All-Ceramic System. plete and partial contour zirconia designs for crowns and
J Prosthodont 2005;14:39-45. fixed dental prostheses: a clinical report. J Prosthet Dent

93. Kurbad A. Clinical aspects of all-ceramic CAD/CAM restor- 2011;106:145-152.
ations. Int J Comput Dent 2002;5:183-197. 114. Broseghini C, Broseghini M, Gracis S, Vigolo P. Aesthetic

94. Madan N, Pannu K. Restoration of maxillary anterior es- functional area protection concept for prevention of cer-
thetics using lava all-ceramic fixed dental prostheses. Int J amic chipping with zirconia frameworks. Int J Prosthodont
Comput Dent 2011;14:47-53. 2014;27:174-176.

95. Raigrodski AJ, Chiche GJ. The safety and efficacy of anter-  115. Kirsten A, Parkot D, Raith S, Fischer H. A cusp supporting

jor ceramic fixed partial dentures: A review of the literature.
J Prosthet Dent 2001;86:520-525.

Eur J Oral Implantol 2016;9(Suppl1):525-S44

framework design can decrease critical stresses in veneered
molar crowns. Dent Mater 2014;30:321-326.



Karl Outcome of conventional prostheses

| 541

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Marquardt P, Strub JR. Survival rates of IPS empress 2
all-ceramic crowns and fixed partial dentures: results of a
5-year prospective clinical study. Quintessence Int 2006;37:
253-259.

Wolfart S, Eschbach S, Scherrer S, Kern M. Clinical outcome
of three-unit lithium-disilicate glass-ceramic fixed dental
prostheses: up to 8 years results. Dent Mater 2009;25:-
e63-e71.

Kern M, Sasse M, Wolfart S. Ten-year outcome of three-
unit fixed dental prostheses made from monolithic lithium
disilicate ceramic. J Am Dent Assoc 2012;143:234-240.
Eschbach S, Wolfart S, Bohlsen F, Kern M. Clinical evalu-
ation of all-ceramic posterior three-unit FDPs made of In-
Ceram Zirconia. Int J Prosthodont 2009;22:490-492.
Chaar MS, Passia N, Kern M. Ten-year clinical outcome
of three-unit posterior FDPs made from a glass-infiltrated
zirconia reinforced alumina ceramic (In-Ceram Zirconia).
J Dent 2015;43:512-517.

Vult von Steyern P. All-ceramic fixed partial dentures. Stud-
ies on aluminum oxide- and zirconium dioxide-based cer-
amic systems. Swed Dent J Suppl 2005;173:1-69.

Vult von Steyern P, Jonsson O, Nilner K. Five-year evalu-
ation of posterior all-ceramic three-unit (In-Ceram) FPDs.
Int J Prosthodont 2001;14:379-384.

Philipp A, Fischer J, Himmerle CH, Sailer I. Novel ceria-
stabilized tetragonal zirconia/alumina nanocomposite as
framework material for posterior fixed dental prostheses:
preliminary results of a prospective case series at 1 year of
function. Quintessence Int 2010;41:313-319.

Vult von Steyern P, Carlson P, Nilner K. All-ceramic fixed
partial dentures designed according to the DC-Zirkon
technique. A 2-year clinical study. J Oral Rehabil 2005;32:
180-187.

Sailer |, Fehér A, Filser F, Luthy H, Gauckler LJ, Scharer P,
Franz Himmerle CH. Prospective clinical study of zirconia
posterior fixed partial dentures: 3-year follow-up. Quintes-
sence Int 2006;37:685-693.

Raigrodski AJ, Chiche GJ, Potiket N, Hochstedler JL,
Mohamed SE, Billiot S, Mercante DE. The efficacy of
posterior three-unit zirconium-oxide-based ceramic fixed
partial dental prostheses: a prospective clinical pilot study.
J Prosthet Dent 2006;96:237-244.

Raigrodski AJ, Yu A, Chiche GJ, Hochstedler JL, Mancl LA,
Mohamed SE. Clinical efficacy of veneered zirconium diox-
ide-based posterior partial fixed dental prostheses: five-year
results. J Prosthet Dent 2012;108:214-222.

Edelhoff D, Florian B, Florian W, Johnen C. HIP zirconia
fixed partial dentures - clinical results after 3 years of clinical
service. Quintessence Int 2008;39:459-471.

Beuer F, Edelhoff D, Gernet W, Sorensen JA. Three-year
clinical prospective evaluation of zirconia-based posterior
fixed dental prostheses (FDPs). Clin Oral Investig 2009;13:
445-451.

Beuer F, Stimmelmayr M, Gernet W, Edelhoff D, Guth JF,
Naumann M. Prospective study of zirconia-based restor-
ations: 3-year clinical results. Quintessence Int 2010;41:
631-637.

Crisp RJ, Cowan AJ, Lamb J, Thompson O, Tulloch N,
Burke FJ. A clinical evaluation of all-ceramic bridges placed
in UK general dental practices: first-year results. Br Dent J
2008;205:477-482.

Crisp RJ, Cowan AJ, Lamb J, Thompson O, Tulloch N,
Burke FJ. A clinical evaluation of all-ceramic bridges placed
in patients attending UK general dental practices: three-
year results. Dent Mater 2012;28:229-236.

Burke FJ, Crisp RJ, Cowan AJ, Lamb J, Thompson O,
Tulloch N. Five-year clinical evaluation of zirconia-based
bridges in patients in UK general dental practices. J Dent
2013;41:992-999.

134.

135.

136.

137.

138.

139.

140.

141

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

Sorrentino R, De Simone G, Tete S, Russo S, ZaroneF.
Five-year prospective clinical study of posterior three-unit
zirconia-based fixed dental prostheses. Clin Oral Investig
2012;16:977-985.

Roediger M, Gersdorff N, Huels A, Rinke S. Prospective
evaluation of zirconia posterior fixed partial dentures: four-
year clinical results. Int J Prosthodont 2010;23:141-148.
Wolfart S, Harder S, Eschbach S, Lehmann F, Kern M.
Four-year clinical results of fixed dental prostheses with zir-
conia substructures (Cercon): end abutments vs. cantilever
design. Eur J Oral Sci 2009;117:741-749.

Schmitt J, Goellner M, Lohbauer U, Wichmann M, Reich S.
Zirconia posterior fixed partial dentures: 5-year clinical
results of a prospective clinical trial. Int J Prosthodont
2012;25:585-589.

Lops D, Mosca D, Casentini P, Ghisolfi M, Romeo E. Prog-
nosis of zirconia ceramic fixed partial dentures: a 7-year
prospective study. Int J Prosthodont 2012;25:21-23.
Tsumita M, Kokubo Y, Ohkubo C, Sakurai S, Fukushima S.
Clinical evaluation of posterior all-ceramic FPDs (Cercon): a
prospective clinical pilot study. J Prosthodont Res 2010;54:
102-105.

Molin MK, Karlsson SL. Five-year clinical prospective evalu-
ation of zirconia-based Denzir 3-unit FPDs. Int J Prostho-
dont 2008;21:223-227.

. Tinschert J, Schulze KA, Natt G, Latzke P, Heussen N,

Spiekermann H. Clinical behavior of zirconia-based fixed
partial dentures made of DC-Zirkon: 3-year results. Int J
Prosthodont 2008;21:217-222.

Sagirkaya E, Arikan S, Sadik B, Kara C, Karasoy D, Cehre-
liM. A randomized, prospective, open-ended clinical trial
of zirconia fixed partial dentures on teeth and implants:
interim results. Int J Prosthodont 2012;25:221-231.
Rimmer SE, Mellor AC. Patients' perceptions of esthetics
and technical quality in crowns and fixed partial dentures.
Quintessence Int 1996;27:155-162.

Pelaez J, Cogolludo PG, Serrano B, Serrano JF, Suarez MJ.
A four-year prospective clinical evaluation of zirconia and
metal-ceramic posterior fixed dental prostheses. Int J Pros-
thodont 2012;25:451-458.

Pelédez J, Cogolludo PG, Serrano B, Lozano JF, Suarez MJ.
A prospective evaluation of zirconia posterior fixed den-
tal prostheses: three-year clinical results. J Prosthet Dent
2012;107:373-379.

Ohlmann B, Eiffler C, Rammelsberg P. Clinical performance
of all-ceramic cantilever fixed dental prostheses: results of
a 2-year randomized pilot study. Quintessence Int 2012;43:
643-648.

Zenthofer A, Ohlmann B, Rammelsberg P, Bomicke W.
Performance of zirconia ceramic cantilever fixed dental
prostheses: 3-Year results from a prospective, randomized,
controlled pilot study. J Prosthet Dent 2015;114:34-39.
Christensen RP, Ploeger BJ. A clinical comparison of zir-
conia, metal and alumina fixed-prosthesis frameworks
veneered with layered or pressed ceramic: a three-year
report. J Am Dent Assoc 2010;141:1317-1329.

Sailer I, Gottnerb J, Kanelb S, Hammerle CH. Randomized
controlled clinical trial of zirconia-ceramic and metal-ceram-
ic posterior fixed dental prostheses: a 3-year follow-up. Int J
Prosthodont 2009;22:553-560.

Makarouna M, Ullmann K, Lazarek K, Boening KW. Six-
year clinical performance of lithium disilicate fixed partial
dentures. Int J Prosthodont 2011;24:204-206.

Barrack G, Bretz WA. A long-term prospective study of the
etched-cast restoration. Int J Prosthodont 1993;6:428-434.
Buihler-Frey C, Marinello CP. How up-to-date are metal-based
resin-bonded fixed partial dentures in the era of full-ceramics
and dental implants? A case report [in French and German].
Schweiz Monatsschr Zahnmed 2011;121:681-704.

Eur J Oral Implantol 2016;9(Suppl1):525-S44



S42 m Karl Outcome of conventional prostheses

153. Hussey DL, Linden GJ. The clinical performance of cantile-  176. Graffeo R, Chang J, Scherer W. An all porcelain lingual
vered resin-bonded bridgework. J Dent 1996;24:251-256. bonded retainer: a case study. J ‘Esthet Dent 1990;2:

154. Sasse M, Kern M. All-ceramic resin-bonded fixed dental 153-155.
prostheses: treatment planning, clinical procedures, and  177.Ries S, Wolz J, Richter EJ. Effect of design_of all-ceramic
outcome. Quintessence Int 2014;45:291-297. resin-bonded fixed partial dentures on clinical survival rate.

155. Boening KW, Ullmann K. A retrospective study of the clin- Int J Periodontics Restorative Dent 2006;26:143-149.
ical performance of porcelain-fused-to-metal resin-bonded ~ 178. Creugers NH, Snoek PA, Van ‘'t Hof MA, Kayser AF. Clinical
fixed partial dentures. Int J Prosthodont 2012;25:265-269. performance of resin-bonded bridges: a 5-year prospective

156. Nakamura M, Matsumura H. Fifteen-year clinical perfor- study. Part Il: The influence of patient-dependent variables.
mance of a resin-bonded fixed partial denture seated with J Oral Rehabil 1989;16:521-527.

a thione primer and a tri-n-butylborane-initiated luting  179. Diindar M, Ozcan M, Cémlekoglu ME, Glingér MA. A
agent. J Oral Sci 2013;55:263-266. preliminary report on short-term clinical outcomes of

157. Anweigi L, Finbarr Allen P, Ziada H. Impact of resin bonded three-unit resin-bonded fixed prostheses using two adhe-
bridgework on quality of life of patients with hypodontia. sive cements and surface conditioning combinations. Int J
J Dent 2013;41:683-688. Prosthodont 2010;23:353-360.

158. al-Wahadni A, Linden GJ, Hussey DL. Periodontal response  180. Barwacz CA, Hernandez M, Husemann RH. Minimally inva-
to cantilevered and fixed-fixed resin bonded bridges. sive preparation and design of a cantilevered, all-ceramic,
Eur J Prosthodont Restor Dent 1999;7:57-60. resin-bonded, fixed partial denture in the esthetic zone: a

159. Rashid SA, Al-Wahadni AM, Hussey DL. The periodontal case report and descriptive review. J Esthet Restor Dent
response to cantilevered resin-bonded bridgework. J Oral 2014;26:314-323.

Rehabil 1999;26:912-917. 181. Durey KA, Nixon PJ, Robinson S, Chan MF. Resin bonded

160. Kern M, Strub JR. Resin bonding bridges - state of the art bridges: techniques for success. Br Dent J 2011;211:113-118.
[in German]. Parodontol 1990;1:55-68. 182. Chow TW, Chung RW, Chu FC, Newsome PR. Tooth

161. Botelho M. Resin-bonded prostheses: the current state of preparations designed for posterior resin-bonded fixed
development. Quintessence Int 1999;30:525-534. partial dentures: a clinical report. J Prosthet Dent 2002;88:

162. Rammelsberg P, Pospiech P, Gernet W. Clinical factors 561-564.
affecting adhesive fixed partial dentures: a 6-year study.  183. Hansson O, Moberg LE. Clinical evaluation of resin-bonded
J Prosthet Dent 1993;70:300-307. prostheses. Int J Prosthodont 1992;5:533-541.

163. Gilmour AS, Ali A. Clinical performance of resin-retained  184. Duarte S Jr, Phark JH, Tada T, Sadan A. Resin-bonded fixed
fixed partial dentures bonded with a chemically active lut- partial dentures with a new modified zirconia surface: a
ing cement. J Prosthet Dent 1995;73:569-573. clinical report. J Prosthet Dent 2009;102:68-73.

164. Hansson O, Bergstrom B. A longitudinal study of resin-  185. Komine F, Tomic M. A single-retainer zirconium dioxide
bonded prostheses. J Prosthet Dent 1996;76:132-139. ceramic resin-bonded fixed partial denture for single tooth

165. Hussey DL, Pagni C, Linden GJ. Performance of 400 adhe- replacement: a clinical report. J Oral Sci 2005;47:139-142.
sive bridges fitted in a restorative dentistry department.  186. van Dalen A, Feilzer AJ, Kleverlaan CJ. A literature review
J Dent 1991;19:221-225. of two-unit cantilevered FPDs. Int J Prosthodont 2004;17:

166. Chai J, Chu FC, Newsome PR, Chow TW. Retrospective 281-284.
survival analysis of 3-unit fixed-fixed and 2-unit canti- 187. Botelho MG, Nor LC, Kwong HW, Kuen BS. Two-unit
levered fixed partial dentures. J Oral Rehabil 2005;32: cantilevered resin-bonded fixed partial dentures - a retro-
759-765. spective, preliminary clinical investigation. Int J Prosthodont

167. Creugers NH, Snoek PA, Van ‘t Hof MA, Kéyser AF. Clinical 2000;13:25-28.
performance of resin-bonded bridges: a 5-year prospec-  188. Djemal S, Setchell D, King P, Wickens J. Long-term survival
tive study. Part Ill: Failure characteristics and survival after characteristics of 832 resin-retained bridges and splints pro-
rebonding. J Oral Rehabil 1990;17:179-186. vided in a post-graduate teaching hospital between 1978

168. Dunne SM, Millar BJ. A longitudinal study of the clinical and 1993. J Oral Rehabil 1999;26:302-320.
performance of resin bonded bridges and splints. Br DentJ  189. Botelho MG, Leung KC, Ng H, Chan K. A retrospective clin-
1993;174:405-411. ical evaluation of two-unit cantilevered resin-bonded fixed

169. Briggs P, Dunne S, Bishop K. The single unit, single retain- partial dentures. J Am Dent Assoc 2006;137:783-788.
er, cantilever resin-bonded bridge. Br Dent J 1996;181:  190. Prasanna BG, Reddy KK, Harsha TV, Ramesh GC. Clinical
373-379. evaluation of conventional cantilever and resin bonded

170. Chan AW, Barnes IE. A prospective study of cantilever res- cantilever fixed partial dentures: a comparative study.
in-bonded bridges: an initial report. Aust Dent J 2000;45: J Contemp Dent Pract 2012;13:793-798.

31-36. 191. Sailer I, Himmerle CH. Zirconia ceramic single-retainer res-

171. Denissen HW, Gardner FB, Wijnhoff GF, Veldhuis HA, in-bonded fixed dental prostheses (RBFDPs) after 4 years of
Kalk W. All porcelain anterior veneer bridges. J Esthet Dent clinical service: a retrospective clinical and volumetric study.
1990;2:22-27. Int J Periodontics Restorative Dent 2014;34:333-343.

172. Hikage S, Hirose Y, Sawada N, Endo K, Ohno H. Clinical ~ 192. Saker S, El-Fallal A, Abo-Madina M, Ghazy M, Ozcan M.
longevity of resin-bonded bridges bonded using a vinyl- Clinical survival of anterior metal-ceramic and all-ceramic
thiol primer. J Oral Rehabil 2003;30:1022-1029. cantilever resin-bonded fixed dental prostheses over a

173. Moslehifard E, Farid F. Single Tooth Replacement Using period of 60 months. Int J Prosthodont 2014;27:422-424.
InCeram Resin Bonded Fixed Partial Denture: A Clinical ~ 193. Sailer |, Bonani T, Brodbeck U, Himmerle CH. Retrospective
Report. J Dent (Tehran) 2014;11:106-110. clinical study of single-retainer cantilever anterior and pos-

174. Denissen HW, Wijnhoff GF, Veldhuis AA, Kalk W. Five-year terior glass-ceramic resin-bonded fixed dental prostheses at
study of all-porcelain veneer fixed partial dentures. J Pros- a mean follow-up of 6 years. Int J Prosthodont 2013;26:
thet Dent 1993;69:464-468. 443-450.

175. Hagiwara Y, Matsumura H, Tanaka S, Woelfel JB. Single  194. Izgi AD, Kale E, Eskimez S. A prospective cohort study on

tooth replacement using a modified metal-ceramic resin-
bonded fixed partial denture: a clinical report. J Prosthet
Dent 2004;91:414-417.

Eur J Oral Implantol 2016;9(Suppl1):525-S44

cast-metal slot-retained resin-bonded fixed dental pros-
theses in single missing first molar cases: results after up to
7.5 years. J Adhes Dent 2013;15:73-84.



Karl Outcome of conventional prostheses

| 543

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

Sun Q, Chen L, Tian L, Xu B. Single-tooth replacement
in the anterior arch by means of a cantilevered IPS e.max
Press veneer-retained fixed partial denture: case series of
35 patients. Int J Prosthodont 2013;26:181-187.

Kern M. Clinical long-term survival of two-retainer and
single-retainer all-ceramic resin-bonded fixed partial den-
tures. Quintessence Int 2005;36:141-147.

Kern M, Sasse M. Ten-year survival of anterior all-ceram-
ic resin-bonded fixed dental prostheses. J Adhes Dent
2011;13:407-410.

Sasse M, Eschbach S, Kern M. Randomized clinical trial
on single retainer all-ceramic resin-bonded fixed partial
dentures: Influence of the bonding system after up to 55
months. J Dent 2012;40:783-786.

Sasse M, Kern M. CAD/CAM single retainer zirconia-
ceramic resin-bonded fixed dental prostheses: clinical out-
come after 5 years. Int J Comput Dent 2013;16:109-118.
Sasse M, Kern M. Survival of anterior cantilevered all-
ceramic resin-bonded fixed dental prostheses made from
zirconia ceramic. J Dent 2014,;42:660-663.

Botelho MG, Chan AW, Yiu EY, Tse ET. Longevity of
two-unit cantilevered resin-bonded fixed partial dentures.
Am J Dent 2002;15:295-299.

Ketabi AR, Kaus T, Herdach F, Groten M, Axmann-
Krcmar D, Probster L, Weber H. Thirteen-year follow-up
study of resin-bonded fixed partial dentures. Quintessence
Int 2004,;35:407-410.

Samama Y. Fixed bonded prosthodontics: a 10-year follow-
up report. Part Il. Clinical assessment. Int J Periodontics
Restorative Dent 1996;16:52-59.

Corrente G, Vergnano L, Re S, Cardaropoli D, Abundo R.
Resin-bonded fixed partial dentures and splints in peri-
odontally compromised patients: a 10-year follow-up. Int J
Periodontics Restorative Dent 2000;20:628-636.

Zalkind M, Ever-Hadani P, Hochman N. Resin-bonded fixed
partial denture retention: a retrospective 13-year follow-up.
J Oral Rehabil 2003;30:971-977.

Hirata R, Viotti R, Reis AF, de Andrade OS. All-ceramic
inlay-retained fixed partial bridge using a CAD-CAM
produced Y-TZP framework and fluoroapatite veneering
ceramic: a clinical report. Gen Dent 2007;55:657-662.
Ozyesil AG, Usumez A. Replacement of missing posterior
teeth with an all-ceramic inlay-retained fixed partial den-
ture: a case report. J Adhes Dent 2006;8:59-61.

Gardner FB 3rd. Posterior resin-bonded metal-reinforced
porcelain inlay bridgework. Pract Periodontics Aesthet Dent
1991;3:13-19.

Ohlmann B, Rammelsberg P, Schmitter M, Schwarz S,
Gabbert O. All-ceramic inlay-retained fixed partial den-
tures: preliminary results from a clinical study. J Dent 2008;
36:692-696.

Hansson O. Clinical results with resin-bonded prostheses and
an adhesive cement. Quintessence Int 1994;25:125-132.
Isidor F, Stokholm R. Resin-bonded prostheses for posterior
teeth. J Prosthet Dent 1992;68:239-243.

Stokholm R, Isidor F. Resin-bonded inlay retainer prostheses
for posterior teeth. A 5-year clinical study. Int J Prosthodont
1996;9:161-166.

Wolfart S, Kern M. A new design for all-ceramic inlay-
retained fixed partial dentures: a report of 2 cases. Quintes-
sence Int 2006;37:27-33.

Quinn F, Gratton DR, McConnell RJ. The performance of
conventional, fixed bridgework, retained by partial cover-
age crowns. J Ir Dent Assoc 1995;41:6-9.

Marchan SM, Eder A, Marchan QM, Coldero L, Choon AT,
Smith WA. A preliminary evaluation into the performance
of posterior resin bonded cast metal restorations (adhesive
onlays). Eur J Prosthodont Restor Dent 2013;21:24-28.

216.

217.

218.

219.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

Abou Tara M, Eschbach S, Wolfart S, Kern M. Zirconia cer-
amic inlay-retained fixed dental prostheses - first clinical
results with a new design. J Dent 2011;39:208-211.
Wolfart S, Bohlsen F, Wegner SM, Kern M. A preliminary
prospective evaluation of all-ceramic crown-retained and
inlay-retained fixed partial dentures. Int J Prosthodont
2005;18:497-505.

Harder S, Wolfart S, Eschbach S, Kern M. Eight-year out-
come of posterior inlay-retained all-ceramic fixed dental
prostheses. J Dent 2010;38:875-881.

Arteaga S, Meiers JC. Single-tooth replacement with a
chairside prefabricated fiber-reinforced resin composite
bridge: a case study. Gen Dent 2004;52:517-519.

Meiers JC, Freilich MA. Design and use of a prefabri-
cated fiber-reinforced composite substructure for the chair-
side replacement of missing premolars. Quintessence Int
2006;37:449-454.

Soares CJ, Barreto BC, Santos-Filho PC, Raposo LH, Mar-
tins LR. Using a fiber-reinforced composite fixed partial
denture to restore a missing posterior tooth: a case report.
Gen Dent 2013;61:61-65.

Estafan DJ, Dussetschleger F. Fabrication of resin-bonded
three-unit prostheses. Am J Dent 1999;12:51-52.

Burke FJ. Resin-retained bridges: fibre-reinforced versus
metal. Dent Update 2008;35:521-522, 524-526.

Freilich MA, Meiers JC, Duncan JP, Eckrote KA, Gold-
berg Al. Clinical evaluation of fiber-reinforced fixed bridges.
J Am Dent Assoc 2002;133:1524-1534; quiz 1540-1541.
Bohlsen F, Kern M. Clinical outcome of glass-fiber-rein-
forced crowns and fixed partial dentures: a three-year
retrospective study. Quintessence Int 2003;34:493-496.
Quirynen M, Mongardini C, Lambrechts P, De Geyseleer C,
Labella R, Vanherle G, van Steenberghe D. A long-term
evaluation of composite-bonded natural/resin teeth as
replacement of lower incisors with terminal periodontitis.
J Periodontol 1999;70:205-212.

Cenci MS, Rodolpho PA, Pereira-Cenci T, Del Bel Cury AA,
Demarco FF. Fixed partial dentures in an up to 8-year
follow-up. J Appl Oral Sci 2010;18:364-371.

van Heumen CC, Tanner J, van Dijken JW, Pikaar R, Lassila LV,
Creugers NH, Vallittu PK, Kreulen CM. Five-year survival of
3-unit fiber-reinforced composite fixed partial dentures in the
posterior area. Dent Mater 2010;26:954-960.

Chang JS, Ji W, Choi CH, Kim S. Catastrophic failure of a mon-
olithic zirconia prosthesis. J Prosthet Dent 2015;113:86-90.
Aboushelib MN, de Jager N, Kleverlaan CJ, Feilzer AJ. The
influence of pigments on the slow crack growth in dental
zirconia. Dent Mater 2012;28:410-415.

Rinke S, Fischer C. Range of indications for translucent
zirconia modifications: clinical and technical aspects. Quin-
tessence Int 2013;44:557-566.

Reich S. Tooth-colored CAD/CAM monolithic restorations.
Int J Comput Dent 2015;18:131-146.

Shah K, Holloway JA, Denry IL. Effect of coloring with vari-
ous metal oxides on the microstructure, color, and flexural
strength of 3Y-TZP. J Biomed Mater Res B Appl Biomater
2008;87:329-337.

Hjerppe J, Nérhi T, Froberg K, Vallittu PK, Lassila LV. Effect of
shading the zirconia framework on biaxial strength and sur-
face microhardness. Acta Odontol Scand 2008;66:262-267.
Alghazzawi TF, Lemons J, Liu PR, Essig ME, Bartolucci AA,
Janowski GM. Influence of low-temperature environmental
exposure on the mechanical properties and structural stabil-
ity of dental zirconia. J Prosthodont 2012;21:363-369.
Nakamura K, Harada A, Kanno T, Inagaki R, Niwano Y,
Milleding P, Ortengren U. The influence of low-tempera-
ture degradation and cyclic loading on the fracture resist-
ance of monolithic zirconia molar crowns. J Mech Behav
Biomed Mater 2015;47:49-56.

Eur J Oral Implantol 2016;9(Suppl1):525-S44



S44 m Karl Outcome of conventional prostheses

237. Park JH, Park S, Lee K, Yun KD, Lim HP. Antagonist wear ~ 247. Schley JS, Heussen N, Reich S, Fischer J, Haselhuhn K,
of three CAD/CAM anatomic contour zirconia ceramics. Wolfart S. Survival probability of' zirconia-based fixed
J Prosthet Dent 2014;111:20-29. dental prostheses up to 5 yr: a systematic review of the

238. Moscovitch M. Consecutive case series of monolithic and literature. Eur J Oral Sci 2010;118:443-450,
minimally veneered zirconia restorations on teeth and  248. Wassermann A, Kaiser M, Strub JR. Clinical fong-term
implants: up to 68 months. Int J Periodontics Restorative results of VITA In-Ceram Classic crowns and fixed partial
Dent 2015;35:315-323. dentures: A systematic literature review. Int J Prosthodont

239. Tan K, Pjetursson BE, Lang NP, Chan ES. A systematic 2006;19:355-363.
review of the survival and complication rates of fixed partial ~ 249. Pjetursson BE, Tan WC, Tan K, Bragger U, Zwahlen M,
dentures (FPDs) after an observation period of at least 5 Lang NP. A systematic review of the survival and complication
years. Clin Oral Implants Res 2004;15:654-666. rates of resin-bonded bridges after an observation period of at

240. Sailer |, Pjetursson BE, Zwahlen M, Hammerle CH. least 5 years. Clin Oral Implants Res 2008;19:131-141.

A systematic review of the survival and complication  250. Layton D. A critical appraisal of the survival and complica-
rates of all-ceramic and metal-ceramic reconstructions tion rates of tooth-supported all-ceramic and metal-ceramic
after an observation period of at least 3 years. Part II: fixed dental prostheses: the application of evidence-based
Fixed dental prostheses. Clin Oral Implants Res 2007;18 dentistry. Int J Prosthodont 2011;24:417-427.

Suppl 3:86-96. 251. Anusavice KJ. Standardizing failure, success, and survival
241. Pjetursson BE, Tan K, Lang NP, Bragger U, Egger M, Zwahl- decisions in clinical studies of ceramic and metal-ceramic
en M. A systematic review of the survival and complication fixed dental prostheses. Dent Mater 2012;28:102-111.
rates of fixed partial dentures (FPDs) after an observation ~ 252. Dietschi D. Indications and potential of bonded metal-
period of at least 5 years. Clin Oral Implants Res 2004;15: ceramic fixed partial dentures. Pract Periodontics Aesthet

667-676. Dent 2000;12:51-58; quiz 60.

242. Pjetursson BE, Bragger U, Lang NP, Zwahlen M. Compari- ~ 253. Ozyesil AG, Kalkan M. Replacing an anterior metal-ceramic
son of survival and complication rates of tooth-supported restoration with an all-ceramic resin-bonded fixed partial
fixed dental prostheses (FDPs) and implant-supported FDPs denture: a case report. J Adhes Dent 2006;8:263-266.
and single crowns (SCs). Clin Oral Implants Res 2007;18  254. Lam WY, Botelho MG, McGrath CP. Longevity of implant
(Suppl 3):97-113. crowns and 2-unit cantilevered resin-bonded bridges. Clin

243. Pjetursson BE, Zwahlen M, Lang NP. Quality of report- Oral Implants Res 2013;24:1369-1374.
ing of clinical studies to assess and compare perfor-  255. Zitzmann NU, Krastl G, Weiger R, Kuhl S, Sendi P. Cost-
mance of implant-supported restorations. J Clin Periodontol effectiveness of anterior implants versus fixed dental pros-
2012;39(Suppl 12):139-159. theses. J Dent Res 2013;92(12 Suppl):1835-188S.

244, Heintze SD, Rousson V. Survival of zirconia- and metal-  256. Wolleb K, Sailer I, Thoma A, Menghini G, Hammerle CH.
supported fixed dental prostheses: a systematic review. Int Clinical and radiographic evaluation of patients receiving both
J Prosthodont 2010;23:493-502. tooth- and implant-supported prosthodontic treatment after 5

245. Pjetursson BE, Sailer I, Makarov NA, Zwahlen M, Thoma DS. years of function. Int J Prosthodont 2012;25:252-259.
All-ceramic or metal-ceramic tooth-supported fixed dental ~ 257. Bragger U, Krenander P, Lang NP. Economic aspects of single-
prostheses (FDPs)? A systematic review of the survival and tooth replacement. Clin Oral Implants Res 2005;16:335-341.
complication rates. Part Il: Multiple-unit FDPs. Dent Mater ~ 258. Incici E, Matuliene G, Husler J, Salvi GE, Pjetursson B, Brag-

246.

2015;31:624-639.

Le M, Papia E, Larsson C. The clinical success of tooth- and
implant-supported zirconia-based fixed dental prostheses.
A systematic review. J Oral Rehabil 2015;42:467-480.

Eur J Oral Implantol 2016;9(Suppl1):525-S44

ger U. Cumulative costs for the prosthetic reconstructions
and maintenance in young adult patients with birth defects
affecting the formation of teeth. Clin Oral Implants Res
2009;20:715-721.



