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Simple Summary: In the last decades, the science and technology of all-ceramic teeth restorations
witnessed the fastest-growing field of restorative materials in research and development for fixed
prosthodontics. Due to their properties, characterized by a high level of biocompatibility, excellent
optical properties, and high fracture resistance, all-ceramic material can also be used in the posterior
areas of the dental arches. However, metal-ceramic fixed partial dentures are still perceived as the
golden standard for those restorations, thanks to the positive clinical outcomes. Irrespective of the
materials of which fixed partial dentures are performed, their success rates depend on the expected
outcome and on how they perform in the oral environment. Such conditions of failure restorations
may include biological factors (i.e., secondary decay, loss of vitality, periodontal disease, or abutment
fracture) or technical factors (i.e., chipping, ceramic fracture, framework fracture, or loss of retention).
Our aim is to provide the current evidence for the efficacy of metal-ceramics and all-ceramics in the
treatment of multiple posterior edentulous spaces. Moreover, we aim to compare the survival rates of
metal-ceramic and all-ceramic fixed partial dentures in terms of functionality and biocompatibility
in all the aforementioned clinical situations. Our results have shown that all all-ceramic systems,
especially densely sintered zirconia and reinforced glass ceramics, have a promising future to satisfy
both practitioners and patients. However, technical and biological complications need to be taken
into account when planning multi-unit fixed partial dentures for the posterior areas.

Abstract: The metal-ceramic fixed partial prosthesis is the golden standard for posterior tooth
restorations. Following the demands of patients and clinicians for metal-free restorations, all-ceramic
materials were developed as they offer an adequate alternative with better optical qualities and good
mechanical properties. This study aims to carry out a bibliographic review to assess the survival
rate and the biological and technical complications of all-ceramic and metal-ceramic fixed partial
dentures. An electronic search for articles in the English language literature was performed using
PubMed (MEDLINE). This literature review focused on research studies between 2010 and 2020 that
performed clinical studies on tooth-supported fixed partial dentures with a mean follow-up of at
least 3 years. All the studies, which analyzed the survival and complications of tooth-supported
fixed partial dentures, were included. Thus, 14 studies reporting on 756 all-ceramic and 160 metal-
ceramic fixed partial dentures met the inclusion criteria. A comparative analysis was carried out
based on all the data existing in the studies included in this review. The metal-ceramic fixed partial
dentures showed survival rates of 95% to 100% at 3-, 5-, and 10-year follow-up periods. Zirconia fixed
partial dentures were reported to have survival rates of 81% to 100% at 3-, 5-, 9-, 10-year follow-up
evaluations. The reinforced glass-ceramic fixed partial dentures showed survival rates of 70% to
93.35% at 5 years, while the alumina FPDs showed a survival rate of 68% at 3 years follow-up. The
incidence of caries and loss of vitality were reported as higher for all-ceramic prostheses as compared
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to the metal-ceramic ones. A significant framework fracture was reported for glass-infiltrated alumina
fixed partial dentures in comparison to metal-ceramic fixed partial dentures. All-ceramic and metal-
ceramic restorations showed similar survival rates after 3 years, although all-ceramic restorations
have problems with technical complications such as chipping, which can lead to framework fractures
over time.

Keywords: all-ceramic; metal-ceramic; survival; biological complication; technical complication;
fixed partial denture

1. Introduction

The treatment of edentulism with fixed partial dentures (FPDs) by replacing missing
teeth is well established and provides promising clinical outcomes. The metal-ceramic
FPDs are still perceived as the golden standard for posterior tooth restorations. They
provide excellent mechanical properties but lack aesthetic characteristics due to the dark
framework underneath, which has to be veneered and can be challenging in areas with
insufficient space [1-6].

All-ceramic materials seem to offer an adequate alternative with better optical qualities,
which are more tooth-resembling in terms of color and increased translucency [4,5,7-10].
In the past two decades, the science and technology of dental ceramics have witnessed
rapid advances, representing the fastest-growing field of dental materials in research and
development [11,12]. In this same time period, several types of ceramics and processing
techniques were developed, and they enjoyed increased popularity with the end ceramic
system and were given special credit through advances in CAD/CAM [6,13,14].

In order to satisfy the increased demand of patients and practitioners for high function,
aesthetics, and biocompatibility regarding restorations, a broad spectrum of ceramics was
introduced into medical practice [15]. Due to their mechanical properties, all-ceramics can
be used as monolithic restorations (inlays, onlays, veneers, or crowns) [1,15-18]. Glass-
ceramics and silicate ceramics are often used as veneering materials for metal-ceramic
restorations or all-ceramic cores. For high load-bearing areas, the development of high-
strength ceramics such as alumina and zirconia have helped establish qualitative good core
materials for FPDs and crowns [1,13,15,19-22]. The growing interest in zirconia is based on
the widening expansion of its applicability in medicine, especially in the field of prosthetic
dentistry, in the last decades [23]. In its pure form, zirconia (ZrO;), which is an inorganic
metallic oxide material, can be found in three temperature-dependent phases, namely:
monolithic (up to 1170 °C), tetragonal (1170-2370 °C) or cubic (2370 °C up to the melting
point) [24,25]. Because ZrO; is unsuitable to be mechanically or structurally applied at
room temperatures, adding yttrium-oxide (Y,O3) results in the stabilization of the dense
tetragonal phase and, thus, presents yttria-stabilized zirconia (Y-TZP). The outcomes of
the use of Y-TZP are promising due to its high flexure strength and fracture toughness in
comparison with other ceramic core materials [26,27]. This explains why zirconia-based
fixed dental prostheses, also well known as dental bridges, have a wider application than
other ceramics; it is because they can be used in the posterior regions of the arch and in the
molar area, respectively [23].

Irrespective of the materials from which they are made, the success rates of FPDs
depend on the expected outcome and on how they perform within the stomatognathic sys-
tem. Failure of restoration is defined as any circumstance leading to replacement [3,28-30].
Such conditions of failure may include biological factors (i.e., secondary decay, irreversible
pulpitis), chemical factors (i.e., erosion and roughening of the ceramic surface) or mechan-
ical factors (i.e., excessive wear of antagonistic surfaces, ditching of the cement margin,
cracking, chipping, bulk fracturing or inadequate aesthetics) [3,31-36].

To conclude, considering the above circumstances, the aim of our study is to provide a
literature review of the current evidence for the efficacy of metal-ceramics and all-ceramics
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in the treatment of edentulous spaces in the posterior areas of the dental arches. Moreover,
we aim to compare the survival rates of metal-ceramic and all-ceramic bridges in terms of
functionality and biocompatibility in all the aforementioned clinical situations.

2. Materials and Methods

An electronic search for articles in English language literature was performed using
Pub Med (MEDLINE). This literature review focused on research articles between 2010
and 2020, while the following searches and search terms were applied: all-ceramic FPDs,
zirconia, lithium disilicate, metal-ceramic FPDs, porcelain fused to metal, metal-ceramic
restoration, all-ceramic restoration, all-ceramic and metal-ceramic, FPD esthetic, FPD
biologic, FPD function (Figure 1).

Search Actions Details Query Results Time
#11 o > Search: FPD esthetic Filters: in the last 10 years 38 06:31:04
#10 ey > Search: FPD biologic Filters: in the last 10 years 104 06:30:43
#9 > Search: FPD function Filters: in the last 10 years 294 06:30:21
#8 ] > Search: lithium disilicate Filters: in the last 10 years 1236 06:29:48
#7 an > Search: zirconia Filters: in the last 10 years 6044  06:29:15
#6 ees > Search: porcelain fused to metal Filters: in the last 10 years 338 06:28:57
#5 > Search: metal-ceramic FPDs Filters: in the last 10 years 37 06:28:31
#4 LY > Search: all-ceramic FPDs Filters: in the last 10 years 24 06:28:17

#3 o > Search: metal-ceramic restoration Filters: in the last 10 years 686 06:27:45
#2 eee > Search: all-ceramic restoration Filters: in the last 10 years 797 06:26:59
#1 > Search: (all-ceramic) AND (metal-ceramic) Filters: in the last 10 years 122 06:26:30

Figure 1. Search terms from Pubmed.

The inclusion criteria for the study selection were: randomized controlled trials;
prospective longitudinal studies and retrospective longitudinal studies reported posteriorly;
FPDs containing details on the characteristics of FPDs, with a minimum follow-up period
of 3 years. All full-text articles with studies of the type mentioned above and in which the
survival and complications of metal-ceramic and all-ceramic tooth-supported FPDs were
analyzed were also included in the current review. The exclusion criteria: papers about
studies in vitro or animal studies related to implant-supported FPDs, only single-tooth
restorations, and frontal restorations, as well as studies with less than 3 years follow-up.

The electronic search process was systematically conducted within two reviews in
three stages. In the first stage, 9720 titles were identified based on the keywords. These
titles were screened for meeting the inclusion criteria. Following this process, 9342 titles
were excluded. In the second stage, the abstracts of the remaining titles were analyzed, and,
consequently, 335 studies were excluded because they were considered inappropriate upon
the review of the title and abstract or because they were duplications. In the third stage,
the full-text articles were analyzed based on the inclusion/exclusion criteria. Thus, the
material and methods, results, and discussions sections of these studies were thoroughly
analyzed. The 29 out of 43 full-text articles were excluded, which brought the final number
of this review to 14 articles, with the view of analyzing the survival and complications of
metal-ceramic and all-ceramic tooth-supported posterior FPDs (Figure 2).

Further, a comparative analysis has been developed based on all data existing in the
studies included in this review. The data was entered in spreadsheet software (Microsoft
Excel, version 2013, Microsoft Office, Redmond, Washington, U.S.); the results were ex-
pressed numerically and as a percentage using this software. The following descriptive
parameters were extracted: author(s), publication year, framework material, study design,
observation period, number and mean age of patients. Number of FPDs, mean follow-up
time, number of failures, estimated annual failure rate and estimated survival after N years,
biological complications including secondary caries, periodontal disease, loss of vitality,
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abutment fracture, technical complications including framework or core fracture, chipping,
ceramic fracture and loss of retention were also recorded for each of the 14 eligible studies.

First electronic search y-
9720 titles Excluded 9342 titles through
filters and titles that did not
- l ~N meet inclusion criteria
Reviewed 378 titles and
i ; abstracts from PubMed and )
Identification references from reviews and Excluded 335 studies
sl taeis considered inappropriate upon
\ ) review of title and abstract or
duplications
G
e N
S - Screened 43 full-text articles for
e eligibility
L
Excluded 29 articles that did
not meet inclusion criteria
Included in Review 14 studies

Figure 2. Flow chart of the search strategy.

The FPDs were evaluated as survived if they were present with /without complications
during the whole observation period. Additionally, they were evaluated as successful if the
FPD did not present any biological or technical complications at the time of the follow-up.
Failure rates were calculated by dividing the number of events (failures) in the numerator
by the total FDP exposure. The numerator could usually be extracted directly from the
publication. The total exposure time was calculated by taking the sum of: exposure time of
FDPs that could be followed for the whole observation time. For each study, event rates for
the FDPs were calculated by dividing the total number of events by the total FDP exposure
time in years.

3. Results
3.1. Characteristics of the Studies

Overall, 14 studies published between 2010 and 2020 met the inclusion criteria of
the present literature review, respectively (Table 1); 3 studies were carried out on lithium
disilicate glass-ceramic, 1 study on lithium disilicate glass-ceramic and zirconia, 5 studies
on zirconia, 4 studies on zirconia and metal-ceramic, and 1 study on zirconia, metal-ceramic,
and alumina (Table 1). The median value of the year in which the studies were published
was 2016. Most of the studies were carried out in an academic environment—11 out of 14, to
be precise. The remaining studies have been conducted in either specialist clinics or private
practices. Additionally, the 14 eligible studies included a total number of 916 patients. Of
these, 756 patients had been treated with all-ceramic FPDs and 160 patients with metal-
ceramic FPDs. The age of the patients ranged between 16 and 87 years at the time when the
treatments were performed (Table 1).

The majority of the studies (6) were prospective (42.9%) [39,40,42,44,48,50], followed
by 5 randomized controlled clinical trials (35.7%) [37,38,45-47] and, lastly, 3 studies (21.4%)
with a retrospective longitudinal design [41,43,49] (Figure 3).



Biology 2022, 11, 556 50f 15

Table 1. Characteristics of the reviewed studies (RCT- Randomized control trial; Prosp-Prospective
longitudinal study; Retrosp- Retrospective longitudinal study, n.r.- not reported).

. No. of
Study Year Framev\{ork Stu.d Y Obse;rvatlon Patients in Age Mean Age Setting
Material Design Period (Y) Range
Study
Zirconia, metal Specialists and
Christensen et al. [37] 2010 L RCT 3 266 16-89 50 private
and alumina .
practice
Makarounaetal. [38] 2011 Lithium RCT 6 18 ar 47 University
disilicate
Kem et al. [39] 2012 Lithium Pr 10 36 nr 47.5 Universit
em et al. disilicate osp. I . iversity
. Lithium . .
Sola-Ruiz et al. [40] 2013 disilicate Prosp. 10 21 n.r. 49 University
Koenig et al. [41] 2013 Zirconia Retrosp. 9 30 25-79 54.6 University
Rinke et al. [42] 2013 Zirconia Prosp. 7 99 26-76 494 University
Specialists and
Haff et al. [43] 2015 Zirconia Retrosp. 13 33 35-87 68 + 11 private
practice
Ioannidis et al. [44] 2016 Zirconia Prosp. 10 57 nr. 52.6 +10.1 University
Zirconia,
Nicolaisen et al. [45] 2016 high-noble RCT 3 34 36—66 51 University
metal
Zirconia,
Sailer et al. [46] 2018 high-noble RCT 10 53 36.5-86.9 60.9 University
metal
Zirconia, . .
Suarez et al. [47] 2019 Co-Cr metal RCT 5 40 24-70 nr. University
Koenig et al. [48] 2019 Zirconia Prosp. 3 10 nr. 54.34 University
Zirconia, Specialists and
Brandt et al. [49] 2019 lithium Retrosp. 5 136 30-70 57.84 private
disilicate practice
Zirconia,
Forrer et al. [50] 2020 high-noble Prosp. 5 83 nr. nr. University
metal

STUDY TYPE

u RCT u Prosp. = Retrosp.

Figure 3. Types of the evaluated studies (RCT- Randomized control trial; Prosp- Prospective longitu-
dinal study; Retrosp-Retrospective longitudinal study).
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The majority of the studies for all-ceramic FPDs had a prospective and retrospective
design, and one was a randomized clinical control trial (RCT). The five randomized clinical
control trials [37,38,45-47] compared various types of AC-FDPs (all-ceramic fixed partial
dentures) with MC-FPDs (metal-ceramic fixed partial dentures). Most of these random-
ized controlled trials included zirconia and one lithium disilicate glass-ceramic as core
material. Furthermore, the all-ceramic materials that were evaluated in the trials were
made out of densely sintered zirconia (Y-TZP), glass infiltrated alumina-zirconia (InCeram
Alumina), and reinforced glass-ceramics (lithium disilicate) (Table 1). The studies reported
on the MC-FPDs included framework material out of high-noble (gold) and base metal
(cobalt chromium).

Most of the studies evaluated densely sintered zirconia (49%), followed by metal-
ceramic (25%), reinforced glass-ceramic (21%), and glass-infiltrated alumina (5%) (Figure 4).

FRAMEWORK MATERIAL

49%

B Metal ceramic m Reinforced glass ceramic
B Glass infiltrated alumina = Densely sintered zirconia
Figure 4. Distribution of the evaluated framework materials.

The systems that were used and evaluated in the included studies were: Procera (No-
bel Biocare, Gothenburg, Sweden), Cercon (Dentsply Friadent, Mannheim, Germany), Lava
(Pre-Sintered) (3M ESPE, Seefeld, Germany), DC-Zircon (HIP) [41], CAM systems, manu-
ally fabricated frameworks making mock-ups and FPDs produced by milling Cercon brain
(DeguDent, Hanau, Germany) sintered densely for 6 h at 1350 °C [42], presintered Cercon
Zirconia, Everest, Lava (3M ESPE, Seefeld, Germany), IPS e.max ZirCAD, Wol-Ceram
(Alumina) (Wol-Dent, Bad Soberheim, Germany), IPS e.max ZirPress (Ivoclar Vivadent
Ellwangen, Germany) [37], Denzir HIPed Y-TZP (Detronic AB skellefted) [43], Cercon-
Ceram (Dentsply Friadent, Mannheim, Germany [45], abutments digitized with InEos
scanner (Dentsply Sirona, York, PA, USA), VITA VM 13 (VITA Zahnfabrik, Bad Sackingen,
Germany) [47], Lava Ultimate (3M, Seefeld, Germany) [48], and IPS e.max lithium disili-
cate CAD-CAM (Ivoclar Vivadent Ellwangen, Germany) [49]. Metal-ceramic restorations
were fabricated in laboratories cooperating with the universities or private practices by
means of the lost-wax technique or simple wax mock-ups with base-metal and high-noble
framework materials.

3.2. Survival of Fixed Partial Dentures

For metal-ceramic FPDs, 5 out of 14 studies provided data on 160 FPDs after a mean
follow-up period of 5.2 years. The number of total failures was 2. The mean survival rate
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after 3, 5, and 10 years ranged from 95% to 100%, with an estimated annual failure rate of
0.72-1.84%. Four studies reported survival rates of 100% even after an observation period
of 10 years. The mean-survival rate was 98.28%, with an estimated annual mean failure

rate of 0.46% (Table 2).

Table 2. Survival of metal-ceramic and all-ceramic fixed partial dentures.

Estimated Survival

Study Year Total No. Mean F'ollow-Up N.o. of Estimatf:d in % after
of FPDs Time Failures Annual Failures (N) = Years
Metal-ceramic
Chirstensen et al. [37] 2010 69 nr. 0 1.6 (3) 95%
Nicolaisen et al. [45] 2016 17 nr. 0 0 (3) 100%
Sailer et al. [46] 2018 24 10.0 1 0 (10) 100%
Suarez et al. [47] 2019 20 525+ 0.2 0 0 (5) 100%
Forrer et al. [50] 2020 30 6.44 +1.14 1 0.72 (5) 96.4%
Reinforced
glass-ceramic
Makarouna et al. [38] 2011 18 4.7 6 7.14 (5) 70%
Kem et al. [39] 2012 36 10.1 4 1.10 (5) 94.6%
Sola-Ruiz et al. [40] 2013 21 10.0 6 2.86 (5) 86.7%
Brandt et al. [49] 2019 136 310+ 15 8 0.93 (5) 9.35%
Glass-infiltrated
alumina
Christensen et al. [37] 2010 34 nr 11 10.6 (3) 68%
Zirconia
Christensen et al. [37] 2010 163 nr. 2 4.66 (3) 86%
Koenig et al. [41] 2013 30 396 £2.7 1 2.04 9) 81.6%
Rinke at al. [42] 2013 99 6.3 19 3.03 (5) 85.9%
Haff et al. [43] 2015 33 9.6+ 1.6 2 0.6 (10) 94%
Ioannidis et al. [44] 2016 57 6.3+19 3 1.5 (10) 85%
Nicolaisen et al. [45] 2016 17 nr. 0 0 (3) 100%
Sailer et al. [46] 2018 29 10.3 5 0.87 (10) 91.3%
Saurez et al. [47] 2019 20 525+ 0.2 0 0 (5) 100%
Koenig et al. [48] 2019 10 nr. 1 0 (3) 100%
Forrer et al. [50] 2020 53 6.44 +1.14 2 0.42 (5) 97.9%

For all-ceramic FPDs, the results were divided into reinforced glass-ceramic (lithium
disilicate), glass-infiltrated alumina (InCeram), and densely sintered zirconia (Y-TZP). For
the reinforced glass ceramics, 4 studies offered data on 211 FPDs; 24 restorations had to be
replaced due to failure. Some of these FPDs also got lost after a mean follow-up period of
7 years. The survival rate after five years ranged from 70% to 95.35%, with a mean survival
rate of 86.66%. The annual failure rates ranged from 0.93% to 7.14%, and the median value
of the annual failure rate was estimated to be 3.0 (Table 2).

One study [37] provided, alongside densely sintered zirconia and metal-ceramic
FPDs, additional data on glass-infiltrated alumina. A total number of 34 glass-infiltrated
alumina FPDs were examined in the study, and the given data were evaluated. After an
observational period of 3 years, 11 FPDs were reported as failures. The estimated annual
failure rate was 10.6%, with a survival rate of 68% after 3 years (Figure 4).
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For densely sintered zirconia (Y-TZP), 10 studies contributed with 511 FPDs, from
which 33 were reported as failures after an average follow-up period of 6.3 years. The
survival rates ranged from 85% to 100% after observation periods from 3 to 10 years. The
estimated annual failure rate had values ranging between 0% and 4.66%, with a mean value
of 1.31%. The mean survival rate was 92.17% (Table 2).

The mean survival rates after 5 years were 100% for metal-ceramic FPDs, confirming
the survival rates from the literature [37,49] and stating them as a reference. Restorations
made from densely sintered zirconia performed similarly (92.2%) after a mean observation
period of 5 years, and this confirmed comparable conclusions [46], namely: the fact that
densely sintered zirconia can be used as an alternative to metal-ceramic FPDs. Reinforced
glass-ceramics have also achieved comparable results, with a mean survival rate of 86.7%
after 5 years. Glass-infiltrated alumina FPDs had a survival rate of 68% after 3 years, the
lowest of the reported survival rates (Figure 5).

100 Mean survival rates

80

60

SURVIVAL IN %

W Metal-Ceramic @ Reinforced Glass Ceramic @ Alumina [ Zirconia

Figure 5. Mean survival rates after 5 years.

The annual failure rates varied from 0% to 10.6% and the survival rates from 68% to
100% for the types of FPDs (Table 2). Metal-ceramic FPDs have been used as a reference
regarding their outcome, while all-ceramic FPDs showed lower survival rates and increased
annual failure rates. Furthermore, the results for glass-infiltrated alumina have shown
the most deficient values in terms of annual failure rates (Table 2). Another observation
is that three of the studies have reported similar results regarding survival rates between
metal-ceramic and all-ceramic FPDs, with slightly increased occurrences of chipping or
fracture [45-47]. Out of the 14 studies, 2 studies reported inferior properties in all-ceramic
restorations compared to metal-ceramic restorations due to increased incidences of chipping
or fractures, resulting in decreased survival rates [37,50].

3.3. Biological Complications
3.3.1. Secondary Caries

From a total number of 916 FPDs, secondary caries occurred on 26 abutments (Table 3).
Densely sintered zirconia FPDs had most of the reported infestations of secondary caries
on 20 abutments, whereas reinforced glass-ceramic FPDs showed only 3 carious abutments
and metal-ceramic FPDs showed 3 carious abutments. The 4 studies [37,43—45] provided
data about abutment fracture due to secondary caries with consequent FPD failure. Even
though most of the affected abutments have been from densely sintered zirconia FPDs,
the outcomes have shown to be a non-significant 2.8% of all FPDs that have failed due to
secondary caries. As a result, there is no major difference in comparison to the FPD type of
fixed partial denture in terms of secondary caries (Table 3).
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Table 3. Biological complications of metal-ceramic and all-ceramic fixed partial dentures.

Total Number of Abutments Affected Due to:

FPD Type Total lg;lg;ber of a. Secondary b. Periodontal c. Loss of d. Abutment
Caries Disease Vitality Fracture

All FPDs 916 26 9 19 9
MC-FPDS 160 3 3 1 0
AC-FPDs 756 23 6 18 9
a. Densely sintered Zirconia 511 20 5 15 7
b. Reinforced Glass Ceramic 211 3 1 3 2
c. Alumina 34 0 0 0 0

From the evaluated studies, 6 of them reported cases of abutments losing their vi-
tality throughout the treatment after cementation. Loss of abutment vitality occurred in
19 FPDs, with the majority (15 abutments) being all-ceramic FPDs, namely: densely sintered
zirconia (Table 3).

3.3.2. Periodontal Disease

Abutments of FPDs that were lost due to periodontal disease were reported in 9 FPDs.
The prevalence was 6 all-ceramic FPDs and 3 metal-ceramic FPDs. Of the all-ceramic FPDs
that were reported as failures, five were made from densely sintered zirconia and one FPD
from reinforced glass-ceramic (Table 3).

3.3.3. Abutment Tooth Fracture

The occurrence of failure due to abutment tooth fracture was reported in 9 abutments
that were lost during the observational period. All of the reported failures were all-ceramic
FPDs, whereas seven abutment teeth fractures were made of densely sintered zirconia and
two were made of reinforced glass-ceramic (Table 3).

3.4. Technical Complications
3.4.1. Framework or Core Fracture

The occurrence of framework or core fracture was reported in 8 out of the 14 studies
evaluated in this systematic review. The number of reported failures due to framework
fracture was 64 out of 916 fixed partial dentures (6.98%). The affected FPDs were all
made from all-ceramic materials, including 16 FPDs made from densely sintered zirconia,
11 restorations made from reinforced glass-ceramic, and 11 made from alumina (Table 4).

Table 4. Technical complications of metal-ceramic and all-ceramic fixed partial dentures.

Items Total llzlumber of Framework or Chipping Ceramic Loss (.)f
PDs Core Fractures Fractures Retention

All FPDs 916 32 194 62 21

MC-FP Ds 160 0 30 4 3

AC-FPDs 756 32 164 58 19

a. Zirconia 511 16 141 51 15

b. Reinforced Glass Ceramic 211 5 6 6 4
c. Alumina 34 11 17 1

Even though most of the lost FPDs were made from densely sintered zirconia, alumina
frameworks were reported with a higher prevalence in framework fractures (Table 4),
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considering their low number, which we also referred to. Metal-ceramic FPDs showed no
framework fractures in all the results.

3.4.2. Chipping

The occurrence of chipping was reported in the majority of the studies included in this
literature review; 194 FPDs showed chipping as a complication with different degrees of
severity. The majority of chipped FPDs were all-ceramic restorations, with a total number
of 164. Most of them were made from densely sintered zirconia, followed by alumina
and reinforced glass-ceramic (Table 4). Compared to the number of FPDs, a percentage of
50% chipping frequency was reported in the case of alumina, while the lowest occurrence
was recorded in the case of reinforced glass-ceramic. On the other hand, a number of
30 metal-ceramic FPDs with chipping as a complication was reported. However, most
cases were considered to be minor chipping.

3.4.3. Ceramic Fracture

The incidence of ceramic fracture occurred as another technical complication in
120 FPDs. Most of the fractures occurred in all-ceramic FPDs—in 51 densely sintered
zirconia FPDs, 6 reinforced glass-ceramic FPDs, and one glass infiltrated alumina FPD, to
be precise. Four metal-ceramic restorations were reported with ceramic fractures.

3.4.4. Loss of Retention

Loss of retention or decementation was reported in 4 studies out of the studies included
in the present review. Out of the total of 916 FPDs, 21 restorations needed recementation.
The majority of these FPDs were made from densely sintered zirconia (Table 4). One study
suggested reconsideration regarding the use of zinc-phosphate cements for the conventional
luting of zirconia FPDs because of a high decementation rate [42]. Furthermore, resin-based
cement was reported to show better results in combination with densely sintered zirconia
and reinforced glass-ceramic, as shown by the results of the studies evaluated in the
current review [10,42,44,46,47,49].

However, despite significant developments in adhesive protocol toward enamel and
dentine, failures related to secondary caries are still a major issue when adhesive restora-
tions are addressed. It should be considered that, prior to the appearance of secondary
caries, interfacial gap formation plays an important role as it represents the first sign of
restoration deterioration [51].

4. Discussion

The evaluated studies included in this literature review confirmed that all-ceramic
restorations have similar survival rates after 3 years compared to the golden standard,
the metal-ceramic FPD. The mean-survival rates after 5 years clearly show that densely
sintered zirconia and reinforced glass-ceramic can compete with metal-ceramic FPDs [52].
The differences in the clinical outcomes between all-ceramic and metal-ceramic FPDs were
observed after 5 years of function.

The reinforced glass-ceramic FPDs showed survival rates of 70% to 93% at 5 years.
The metal-ceramic FPDs have shown to have 3-, 5-, and 10-year survival rates of 95% to
100%. Zirconia FPDs were shown to have survival rates ranging from 81% to 100% at 3-, 5-,
10-year follow-up evaluation, while the alumina FPDs had a survival rate of 68% at 3 years.
This finding is in accordance with the findings of other studies that compared the survival
rates of all-ceramic and metal-ceramic FPDs [53-55].

Rinke et al. [42] reported increased failure and complication rates of all-ceramic restora-
tions between 3 and 7 years of their follow-ups. The majority of the failures were caused by
technical complications: chipping, ceramic fracture, and framework fractures. However,
the review of the studies included in the present review showed technical complications
in both categories, namely: metal-ceramic and all-ceramic FPDs, which led to failure or
replacement. Chipping was one of the primary complications of all-ceramic FPDs in this
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literature review. Even though minor chipping was reported almost equally in both types
of restorations, major chipping occurred more often in zirconia or reinforced glass-ceramic
FPDs [46,56]. Ioannidis et al. [44] stated that minor and major chippings of the veneering
ceramic of the FPDs have a 4.9 higher probability in 4- and 5-unit FPDs than in 3-unit FPDs.

Regarding framework fractures, they occurred only in all-ceramic restorations, pre-
dominantly in alumina FPDs and densely zirconia FPDs in the present review. In this
respect, Sulaiman et al. observed a low failure rate for lithium disilicate FPDs in a follow-up
period of up to 7.5 years, which is in accordance with our results [57]. Koenig et al. [41]
reported that the occurrence of framework fracture was always localized at the junction
between the connector and the pontic FPD and depended on the following parameters:
the number of elements, the nature of antagonists, and the type of support, which showed
high significance apart from these complications. To sum up, most of the reported technical
complications were chipping, with a few cases of replacement. Each study had different
scales for ranging the severity of chipping. In all the studies that reported chipping, densely
sintered zirconia FPDs were the most numerous. However, most of the cases could be
polished or repaired if the degree of chipping was minor to medium. One study [41] that
evaluated zirconia restorations proved through fractographic analysis that the origins of
fractures were, in almost all cases, on the occlusal surfaces of the restorations; the study
highlighted the importance of external stress, for example, the functional stress regarding
the occurrence of chipping. Most of the veneer fractures originated from occlusal roughness,
which was also confirmed by Koenig et al. [41], who observed that the stress was related
to the patient parameter. This stress is added to the residual stress developed during the
manufacturing process. As a result, their study highlighted the importance of mechanical
behavior, which is barely influenced by manufacturing and material choice. The authors
suggest that patients wear a night guard in order to minimize the occurrence of chipping
or fractures.

An important observation of our review was that ceramic chipping was the most fre-
quently reported complication, followed by ceramic fracture and core fracture. Chippings
can be polished when they are detected early in order to prevent further worsening, which
can lead to ceramic or framework fractures. The occurrence of technical complications
is highly dependent on design, the all-ceramic system, as well as the cementation and
present antagonists of similar materials. Loss of retention was much more prevalent in
zirconia-based restorations, although the statistical outcome is not significant [42,46].

We take into account that most of the studies followed strict exclusion criteria when
planning the trials and that not all parameters that could lead to technical complications
related to the parafunctional habits were included. Patients who continued attending their
follow-ups showed surprisingly good results in one of the studies, with even better results
from the baseline examination [50]. The gathered data can be useful for future treatment
plans when considering different treatment options and more materials.

From the evaluated studies, 3 trials on densely sintered zirconia reported survival
rates of 100% after 3 and even 5 years. However, frequent check-ups and early detection of
complications such as chipping, which were polished or repaired, are necessary in order to
maintain a high survival rate [45-47]. Furthermore, each study used different classifications
when reporting the incidence of chipping or fractures. All used a ranking system ranging
between four values, i.e., Alpha to Delta or A to D, in which minor chips of <1 mm in
diameter could be left alone or polished to the catastrophic loss of veneering [43]. One of
these classifications, used by Haff et al. [43] and published by Crisp et al. [58], could be
used in future trials to evaluate technical complications more accurately and would serve
as a reference to other studies.

Biological complications such as secondary caries and loss of tooth vitality were more
often seen in all-ceramic restorations, especially in zirconia. Similar results regarding the
appearance of secondary caries have been reported by Pjetursson et al. [53]; thus, higher
caries prevalence was reported on all-ceramic restorations in comparison to metal-ceramic
FPDs. Loss of vitality was reported to be a possible cause due to an increased tooth
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reduction when preparing for an all-ceramic restoration. In this respect, Ioannidis et al.
reported that the loss of vitality is the most frequent biological complication, with 7%
rate of incidence, assuming that it could be due to the amount of tooth loss during crown
preparation, which is 68% to 78% of lost tooth substance in posterior restorations [44].
Other authors [59-61] have shown a significant association between the loss of vitality
and the cementation type. Both conventional and adhesive cementation could be used
for all-ceramic restorations, but the latter is considered a highly sensitive technique and
susceptible to contamination.

Furthermore, the adhesive cementation requires multiple steps to prepare the tooth
surface for restoration. Good isolation and proper etchability of the enamel/dentin are
necessary. Additionally, the quality of the bond is amendable to surface conditioning, which
has been proved by applying different methods of cleaning to restoration after etching. The
effects of the adhesive cementation on clinical outcomes may be quite different, such as loss
of vitality and the marginal discrepancies that are represented by the internal gap. Prior to
clinical failure, usually considered as the debonding restoration, the internal gap is the first
sign; it can lead to bacterial recolonization of the tooth crown and root tooth system and,
with subsequent endodontic failure [51].

Some of the authors [49,53] have suggested a conclusion that further investigations
are required in order to determine more accurate survival rates. Aesthetic evaluations for
posterior FPDs have been seldom evaluated on a broader scale, which has led to the results
being more focused on biological and technical complications. Many studies focused on
implant-based fixed partial dentures and single-tooth restorations, which are more frequent
than the studies evaluating posterior all-ceramic restorations. This was one of the main
reasons for the exclusion.

On the other hand, several studies evaluated the survival rate of all-ceramic restora-
tions and came to results of 100% after 3 or even 5 years. However, most of these studies
have excluded patients with parafunctional habits, resulting in higher survival rates [41].
This can be debatable because all-ceramic restorations are contraindicated in patients with
parafunctional habits such as bruxism. Other authors [1,54,56], who have compared all-
ceramic restorations to metal-ceramic restorations, reported a higher incidence of technical
complications than biological failures. Pjetursson et al. [53] stated that densely sintered
zirconia is more stable than reinforced glass-ceramic and alumina, but metal-ceramic fixed
partial dentures were still reported as having the lowest failure rates. Moreover, Anusav-
ice [28] suggested a unified classification system for describing chipping fractures more
accurately in order to expand quantitative descriptions for future trials when monitoring
ceramic prostheses and in order to reduce the frequency of chipping fractures.

Practitioners have to consider many factors such as cementation, occlusion, opposed
teeth of all-ceramic material, parafunctional habits, and aesthetics when planning a treat-
ment in order to satisfy the patient’s needs. In order to ensure a high survival rate, check-
ups of the restorations are essential for detecting minor chippings in time in order to
keep the longevity of the restoration. Despite the limitations of our study (the long span,
the number of abutments involved, the occlusion, antagonists of FPDs), our data also
suggest improving existing all-ceramic systems to reduce the incidence of technical or
biological complications.

5. Conclusions

In this literature review, most of the studies have shown similar results regarding the
survival and success rates of all-ceramic and metal-ceramic FPDs. The technical and biolog-
ical complications also had similar outcomes. All-ceramic and metal-ceramic restorations
show similar survival rates after 3 years, although all-ceramic restorations struggle with
technical complications such as chipping, which can lead to framework fractures over time.

Zirconia and reinforced glass-ceramic systems proved to be able compete with the
golden standard of metal-ceramic restorations. Thus, they also show promising results for
the future.
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Alumina restorations were reported to be less promising in the posterior areas due to
the increased risk of the framework fracture. Despite technical complications, all-ceramic
systems showed promising results even after 5 years. However, more studies are required
to strengthen the hypothesis of all-ceramic systems being a definitive alternative to metal-
ceramic posterior restorations.

To conclude, all-ceramic systems, especially densely sintered zirconia and reinforced
glass-ceramics, have a promising future to satisfy both practitioners and patients. However,
the technical and biological complications need to be taken into account when deciding to
treat edentulism in the posterior areas.

Author Contributions: Conceptualization, A.L, L.I. and M.C.; writing—original draft preparation,
A and L.I; investigation, data collection, A.I,, LI, D.P, M.N. and M.C.; methodology, A.I. and L.L;
software, validation, formal analysis, data curation, D.P. and C.B.; writing—review and supervision,
S.B. and M.C,; visualization and editing, S.B. and M.N. All authors contributed equally to this paper.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available from the corresponding
author upon reasonable request.

Acknowledgments: The publication was supported by project PDI-PFE-CDI 2021, entitled “Incresing
Performance of Scientific Research, Supporting Eccellence in Medical Research and Innovation”’,
PROGRES, No. 40PFE/30.12.2021, of “Iuliu Hatieganu” University of Medicine and Pharmacy, Cluj
Napoca, Romania.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Guess, P; Schultheis, S.; Bonfante, E.; Coelho, P; Ferencz, J.; Silva, N. All-ceramic systems: Laboratory and clinical performance.
Dent. Clin. N. Am. 2011, 55, 333-352. [CrossRef] [PubMed]

2. Monaco, C.; Rosentritt, M.; Llukacej, A.; Baldissara, P.; Scotti, R. Marginal adaptation, gap width, and fracture strength of teeth
restored with different all-ceramic vs metal ceramic crown systems: An in vitro study. Eur. |. Prosthodont. Restor. Dent. 2016, 24,
130-137. [PubMed]

3.  Pjetursson, B.E.; Valente, N.A ; Strasding, M.; Zwahlen, M.; Liu, S.; Sailer, I. A Systematic Review of the Survival and Complication Rates
of Zirconia-Ceramic and Metal-Ceramic Single Crowns. Clin. Oral Implant. Res. 2018, 29 (Suppl. 16), 199-214. [CrossRef] [PubMed]

4. Miura, S.; Yamauchi, S.; Kasahara, S.; Katsuda, Y.; Fujisawa, M.; Egusa, H. Clinical evaluation of monolithic zirconiacrowns: A
failure analysis of clinically obtained cases from a 3.5-year study. J. Prosthodont. Res. 2020, 65, 148-154. [CrossRef]

5. Zhang, Y; Kelly, ].R. Dental Ceramics for Restoration and Metal Veneering. Dent. Clin. N. Am. 2017, 61, 797-819. [CrossRef]

6.  Saravi, B.; Vollmer, A,; Hartmann, M.; Lang, G.; Kohal, R.-J.; Boeker, M.; Patzelt, S.B.M. Clinical Performance of CAD/CAM
All-Ceramic Tooth-Supported Fixed Dental Prostheses: A Systematic Review and Meta-Analysis. Materials 2021, 14, 2672. [CrossRef]

7. Rosentritt, M.; Hahnel, S.; Engelhardt, F.; Behr, M.; Preis, V. In vitro performance and fracture resistance of CAD/CAM-fabricated
implant supported molar crowns. Clin. Oral Investig. 2017, 21, 1213-1219. [CrossRef]

8. Malament, K. A ; Natto, Z.S.; Thompson, V.; Rekow, D.; Eckert, S.; Weber, H.-P. Ten-Year Survival of Pressed, Acid-Etched e.Max
Lithium Disilicate Monolithic and Bilayered Complete-Coverage Restorations: Performance and Outcomes as a Function of Tooth
Position and Age. |. Pros. Dent. 2019, 121, 782-790. [CrossRef]

9. Pahncke, E.; Hahnel, S.; Schierz, O.; Schmidt, M.B.; Schmutzler, A.; Rauch, A. Two-Year Longevity of Posterior Zirconia Multi-Unit
Fixed Dental Prostheses with Monolithic Occlusal Surface. Appl. Sci. 2021, 11, 4449. [CrossRef]

10. Jang, Y.-S.; Noh, H.-R; Lee, M.-H.; Lim, M.-].; Bae, T.-S. Effect of Lithium Disilicate Reinforced Liner Treatment on Bond and
Fracture Strengths of Bilayered Zirconia All-Ceramic Crown. Materials 2018, 11, 77. [CrossRef]

11.  Poticny, D.J.; Klim, J. CAD/CAM in-Office Technology: Innovations after 25 Years for Predictable, Esthetic Outcomes. J. Am. Dent.
Assoc. 2010, 141 (Suppl. 2), 55-9S. [CrossRef]

12.  Reich, S,; Schierz, O. Chair-side generated posterior lithium disilicate crowns after 4 years. Clin. Oral Investig. 2013, 17, 1765-1772. [CrossRef]

13.  Cooper, L.F; Stanford, C.; Feine, J.; McGuire, M. Prospective assessment of CAD/CAM zirconia abutment and lithium disilicate

crown restorations: 2.4 year results. J. Prosth. Dent. 2016, 116, 33-39. [CrossRef]


http://doi.org/10.1016/j.cden.2011.01.005
http://www.ncbi.nlm.nih.gov/pubmed/21473997
http://www.ncbi.nlm.nih.gov/pubmed/28509504
http://doi.org/10.1111/clr.13306
http://www.ncbi.nlm.nih.gov/pubmed/30328190
http://doi.org/10.2186/jpr.JPOR_2019_643
http://doi.org/10.1016/j.cden.2017.06.005
http://doi.org/10.3390/ma14102672
http://doi.org/10.1007/s00784-016-1898-9
http://doi.org/10.1016/j.prosdent.2018.11.024
http://doi.org/10.3390/app11104449
http://doi.org/10.3390/ma11010077
http://doi.org/10.14219/jada.archive.2010.0356
http://doi.org/10.1007/s00784-012-0868-0
http://doi.org/10.1016/j.prosdent.2015.08.023

Biology 2022, 11, 556 14 0of 15

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Baldi, A.; Comba, A.; Michelotto Tempesta, R.; Carossa, M.; Pereira, G.K.R.; Valandro, L.E; Paolone, G.; Vichi, A.; Goracci, C.;
Scotti, N. External Marginal Gap Variation and Residual Fracture Resistance of Composite and Lithium-Silicate CAD/CAM
Overlays after Cyclic Fatigue over Endodontically-Treated Molars. Polymers 2021, 13, 3002. [CrossRef]

Christensen, G.J. Indirect restoration use: A changing paradigm. J. Am. Dent. Assoc. 2012, 143, 398-400. [CrossRef]

Beuer, F; Schweiger, J.; Edelhoff, D. Digital Dentistry: An Overview of Recent Developments for CAD/CAM Generated
Restorations. Br. Dent. ]. 2008, 204, 505-551. [CrossRef]

Fasbinder, D.J.; Dennison, ].B.; Heys, D.; Neiva, G. A clinical evaluation of chairside lithium disilicate CAD/CAM crowns: A
two-year report. J. Am. Dent. Assoc. 2010, 141 (Suppl. 2), 10S-14S. [CrossRef]

Anusavice, K.J.; Philips, R-W. Phillips” Science of Dental Materials, 11th ed.; Elsevier/Saunders: St. Louis, MO, USA, 2003;
Volume 48, pp. 421-423.

Elsaka, S.E.; Einaghy, A.M. Mechanical properties of zirconia reinforced lithium silicate glass-ceramic. Dent. Mater. 2016, 32,
908-914. [CrossRef]

Sen, N.; Us, Y.O. Mechanical and optical properties of monolithic CAD-CAM restorative materials. J. Prosthet. Dent. 2018, 119,
593-599. [CrossRef]

Lops, D.; Mosca, D.; Casentini, P.; Ghisolfi, M.; Romeo, E. Prognosis of Zirconia Ceramic Fixed Partial Dentures: A 7-Year
Prospective Study. Int. |. Prosthodont. 2012, 25, 21-23.

Marchesi, G.; Camurri Piloni, A.; Nicolin, V.; Turco, G.; Di Lenarda, R. Chairside CAD/CAM Materials: Current Trends of Clinical
Uses. Biology 2021, 10, 1170. [CrossRef]

Iosif, L.; Barbinta-Patrascu, M.E.; Ispas, A. Zirconia, from optoelectronics to oral environment applicability. Optoelectron. Adv.
Mat. 2020, 22, 635-646.

Heintze, S.D.; Rousson, V. Survival of Zirconia- and Metal-Supported Fixed Dental Prostheses: A Systematic Review. Int. J.
Prosthodont. 2010, 23, 493-502.

Bahat, Z.; Mahmood, D.J.; Vult von Steyern, P. Fracture strength of three-unit fixed partial denture cores (Y-TZP) with different
connector dimension and design. Swed. Dent. ]. 2009, 33, 149-159.

Nakai, H.; Inokoshi, M.; Nozaki, K.; Komatsu, K.; Kamijo, S.; Liu, H.; Shimizubata, M.; Minakuchi, S.; Van Meerbeek, B.;
Vleugels, J.; et al. Additively Manufactured Zirconia for Dental Applications. Materials 2021, 14, 3694. [CrossRef] [PubMed]
Lughi, V.; Sergo, V. Low temperature degradation -aging-of zirconia: A critical review of the relevant aspects in dentistry. Dent.
Mater. 2010, 26, 807-820. [CrossRef]

Anusavice, K.J. Standardizing failure, success, and survival decisions in clinical studies of ceramic and metal-ceramic fixed dental
prostheses. Dent. Mater. 2012, 28, 102-111. [CrossRef]

Tartaglia, G.M.; Sidoti, E.; Sforza, C. Seven-year prospective clinical study on zirconia-based single crowns and fixed dental
prostheses. Clin. Oral Investig. 2015, 19, 1137-1145. [CrossRef]

Sax, C.; Hammerle, C.H.; Sailer, I. 10-year clinical outcomes of fixed dental prostheses with zirconia frameworks. Int. J. Comput.
Dent. 2011, 14, 183-202.

Naenni, N.; Bindl, A.; Sax, C.; Himmerle, C.; Sailer, I. A Randomized Controlled Clinical Trial of 3-Unit Posterior Zirconia-
Ceramic Fixed Dental Prostheses (FDP) with Layered or Pressed Veneering Ceramics: 3-Year Results. J. Dent. 2015, 43, 1365-1370.
[CrossRef] [PubMed]

Perry, R.D.; Kugel, G.; Sharma, S.; Ferreira, S.; Magnuson, B. Two-Year Evaluation Indicates Zirconia Bridges Acceptable
Alternative to PFMs. Compend. Contin. Educ. Dent. 2012, 33, el—€5.

Selz, C.E; Bogler, J.; Vach, K,; Strub, J.R.; Guess, P.C. Veneered Anatomically Designed Zirconia FDPs Resulting from Digital
Intraoral Scans: Preliminary Results of a Prospective Clinical Study. J. Dent. 2015, 43, 1428-1435. [CrossRef]

Sorrentino, R.; De Simone, G.; Tete, S.; Russo, S.; Zarone, F. Five-Year Prospective Clinical Study of Posterior Three-Unit
Zirconia-Based Fixed Dental Prostheses. Clin. Oral Investig. 2012, 16, 977-985. [CrossRef]

Belli, R.; Petschelt, A.; Hofner, B.; Hajto, J.; Scherrer, S.S.; Lohbauer, U. Fracture Rates and Lifetime Estimations of CAD/CAM
All-Ceramic Restorations. J. Dent. Res. 2016, 95, 67-73. [CrossRef]

Chaar, M.S.; 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. [CrossRef]

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

Kern, M.; Sasse, M.; Wolfart, S. Ten-year outcome of three-unit fixed dental prostheses made from monolithic lithium disilicate
ceramic. . Am. Dent. Assoc. 2012, 143, 234-240. [CrossRef]

Sola-Ruiz, M.E,; Lagos-Flores, E.; Roman-Rodriguez, J.L.; Highsmith Jdel, R.; Fons-Font, A.; Granell-Ruiz, M. Survival rates of a
lithium disilicate-based core ceramic for three-unit esthetic fixed partial dentures: A 10-year prospective study. Int. ]. Prosthodont.
2013, 26, 175-180. [CrossRef]

Koenig, V.; Vanheusden, A.; Le Goff, S.; Mainjot, A. Clinical risk factors related to failures with zirconia-based restorations: An up
to 9-year retrospective study. J. Dent. 2013, 41, 1164-1174. [CrossRef]

Rinke, S.; Gersdorff, N.; Lange, K.; Roedinger, M. Prospective Evaluation of Zirconia Posterior Fixed Partial Dentures: 7-Year
Clinical Results. Int. ]. Prosthodont. 2013, 26, 164-171. [CrossRef]


http://doi.org/10.3390/polym13173002
http://doi.org/10.14219/jada.archive.2012.0184
http://doi.org/10.1038/sj.bdj.2008.350
http://doi.org/10.14219/jada.archive.2010.0355
http://doi.org/10.1016/j.dental.2016.03.013
http://doi.org/10.1016/j.prosdent.2017.06.012
http://doi.org/10.3390/biology10111170
http://doi.org/10.3390/ma14133694
http://www.ncbi.nlm.nih.gov/pubmed/34279264
http://doi.org/10.1016/j.dental.2010.04.006
http://doi.org/10.1016/j.dental.2011.09.012
http://doi.org/10.1007/s00784-014-1330-2
http://doi.org/10.1016/j.jdent.2015.07.013
http://www.ncbi.nlm.nih.gov/pubmed/26234623
http://doi.org/10.1016/j.jdent.2015.10.017
http://doi.org/10.1007/s00784-011-0575-2
http://doi.org/10.1177/0022034515608187
http://doi.org/10.1016/j.jdent.2015.02.016
http://doi.org/10.14219/jada.archive.2012.0147
http://doi.org/10.11607/ijp.3045
http://doi.org/10.1016/j.jdent.2013.10.009
http://doi.org/10.11607/ijp.3229

Biology 2022, 11, 556 150f 15

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

Christensen, R.P,; Ploeger, B.]. A Clinical Comparison of Zirconia, Metal and Alumina Fixed-Prosthesis Frameworks Veneered
with Layered or Pressed Ceramic: A Three-Year Report. J. Am. Dent. Assoc. 2010, 141, 1317-1329. [CrossRef]

Haff, A,; Lof, H.; Gunne, J.; Sjérgen, G. A retrospective evaluation of zirconia-fixed partial dentures in general practices: An up to
13-year study. Dent. Mater. 2015, 31, 162-170. [CrossRef]

Ioannidis, A.; Bindl, A. Clinical prospective evaluation of zirconia-based three-unit posterior fixed dental prostheses: Up-to
ten-year results. |. Dent. 2016, 47, 80-85. [CrossRef] [PubMed]

Nicolaisen, M.; Bahrami, G.; Schropp, L.; Isidor, F. Functional and Esthetic Comparison of Metal-Ceramic and All-Ceramic
Posterior Three-Unit Fixed Dental Prostheses. Int. . Prosthodont. 2016, 29, 473-481. [CrossRef] [PubMed]

Sailer, I.; Balmer, M.; Hiisler, J.; Himmerle, C.; Kénel, S.; Thoma, D. 10-year randomized trial (RCT) of zirconia-ceramic and
metal-ceramic fixed dental prostheses. J. Dent. 2018, 76, 32-39. [CrossRef] [PubMed]

Suarez, M.; Perez, C.; Pelaez, ].; Lopez-Suarez, C.; Gonzalo, E. A Randomized Clinical Trial Comparing Zirconia and Metal-
Ceramic Three-Unit Posterior Fixed Partial Dentures: A 5-Year Follow-Up. J. Prosthodont. 2019, 28, 750-756. [CrossRef] [PubMed]
Koenig, V.; Wulfman, C.; Bekaert, S.; Dupont, N.; Le Goff, S.; Eldafrawy, M.; Vanheusden, A.; Mainjot, A. Clinical behavior of
second-generation zirconia monolithic posterior restorations: Two-year results of a prospective study with Ex vivo analyses
including patients with clinical signs of bruxism. J. Dent. 2019, 91, 103229. [CrossRef]

Brandt, S.; Winter, A.; Lauer, H.-C.; Kollmar, F.; Portscher-Kim, S.-].; Romanos, G.E. IPS e.max for All-Ceramic Restorations:
Clinical Survival and Success Rates of Full-Coverage Crowns and Fixed Partial Dentures. Materials 2019, 12, 462. [CrossRef]
Forrer, F.; Schnider, N.; Bragger, U.; Yilmaz, B.; Hicklin, S. Clinical performance and patient satisfaction obtained with tooth-
supported ceramic crowns and fixed partial dentures. J. Prost. Dent. 2020, 124, 446-453. [CrossRef]

Baldi, A.; Comba, A.; Ferrero, G.; Italia, E.; Michelotto Tempesta, R.; Paolone, G.; Mazzoni, A.; Breschi, L.; Scotti, N. External
gap progression after cyclic fatigue of adhesive overlays and crowns made with high translucency zirconia or lithium silicate. J.
Esthet. Restor. Dent. 2021, 1-8. [CrossRef]

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

Pjetursson, B.E.; Sailer, I.; Makarov, N.A.; Zwahlen, M.; Thoma, D.S. All ceramic or metal-ceramic tooth-supported fixed dental
prostheses (FDPs)? A systematic review of the survival and complication rates. Part II: Multiple-unit FDPs. Dent. Mater. 2015,
31, 624-639.

Layton, D. A critical appraisal of the survival and complication rates of tooth-supported all-ceramic and metal-ceramic fixed
dental prostheses: The application of evidence-based dentistry. Int. ]. Prosthodont. 2011, 24, 417—-427.

Raigrodski, A.J.; Yu, A.; Chiche, G.J.; Hochstedler, J.L.; Mancl, L.A.; Mohamed, S.E. Clinical efficacy of veneered zirconium
dioxide-based posterior partial fixed dental prostheses: Five-year results. J. Prosthet. Dent. 2012, 108, 214-222. [CrossRef]
Pelaez, J.; Cogolludo, P.G.; Serrano, B.; Serrano, J.F.; Suarez, M.]. A four-year prospective clinical evaluation of zirconia and
metal-ceramic posterior fixed dental prostheses. Int. |. Prosthodont. 2012, 25, 451-458.

Sulaiman, T.A.; Abdulmajeed, A.A.; Delgado, A.; Donovan, T.E. Fracture Rate of 188695 Lithium Disilicate and Zirconia Ceramic
Restorations after up to 7.5 Years of Clinical Service: A Dental Laboratory Survey. J. Pros. Dent. 2020, 123, 807-810. [CrossRef]
Chrisp, R.J.; Cowan, A.].; Lamb, J.; Thompson, O.; Tulloch, N.; Burke, FJ.T. A clinical evaluation of all-ceramic bridges placed
inpatients attending UK general dental practices: Three-year results. Dent. Mater. 2012, 28, 229-236. [CrossRef]

Hooshmand, T.; Rostami, G.; Behroozibakhsh, M.; Fatemi, M.; Keshvad, A.; van Noort, R. Interfacial fracture toughness of
different resin cements bonded to a lithium disilicate glass ceramic. J. Dent. 2012, 40, 139-145. [CrossRef]

Lekesiz, H. Reliability estimation for single-unit ceramic crown restorations. J. Dent. Res. 2014, 93, 923-928. [CrossRef]
Pospiech, P. All-ceramic crowns: Bonding or cementing? Clin. Oral Investig. 2002, 6, 189-197. [CrossRef]


http://doi.org/10.14219/jada.archive.2010.0076
http://doi.org/10.1016/j.dental.2014.11.009
http://doi.org/10.1016/j.jdent.2016.01.014
http://www.ncbi.nlm.nih.gov/pubmed/26844399
http://doi.org/10.11607/ijp.4646
http://www.ncbi.nlm.nih.gov/pubmed/27611751
http://doi.org/10.1016/j.jdent.2018.05.015
http://www.ncbi.nlm.nih.gov/pubmed/29807060
http://doi.org/10.1111/jopr.12952
http://www.ncbi.nlm.nih.gov/pubmed/30039897
http://doi.org/10.1016/j.jdent.2019.103229
http://doi.org/10.3390/ma12030462
http://doi.org/10.1016/j.prosdent.2019.08.012
http://doi.org/10.1111/jerd.12837
http://doi.org/10.1016/S0022-3913(12)60165-6
http://doi.org/10.1016/j.prosdent.2019.06.011
http://doi.org/10.1016/j.dental.2010.12.004
http://doi.org/10.1016/j.jdent.2011.12.005
http://doi.org/10.1177/0022034514544215
http://doi.org/10.1007/s00784-002-0183-2

	Introduction 
	Materials and Methods 
	Results 
	Characteristics of the Studies 
	Survival of Fixed Partial Dentures 
	Biological Complications 
	Secondary Caries 
	Periodontal Disease 
	Abutment Tooth Fracture 

	Technical Complications 
	Framework or Core Fracture 
	Chipping 
	Ceramic Fracture 
	Loss of Retention 


	Discussion 
	Conclusions 
	References

