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Aim: The purpose of this systematic review was to assess the clinical performance of implant-
supported monolithic all-ceramic single- and multi-unit restorations.

Materials and methods: The electronic databases of MEDLINE via PubMed, the Cochrane Library
(CENTRAL) and EMBASE were searched for clinical studies on monolithic all-ceramic single and
multi-unit implant-supported fixed dental prostheses. Human studies with a mean follow-up of at
least 2 years and published in English or German language peer-reviewed journals up until August
2016 were included. Two independent examiners conducted the literature search and review process.
Results: The search resulted in 2510 titles and of these, 57 studies were selected for full-text evalu-
ation. Three studies were included on the basis of the pre-determined criteria. Two articles reported
on monolithic lithium disilicate implant-supported single crowns (SC) and revealed a survival rate of
97,8 and 100% after 3 years. One study investigated implant- supported monolithic zirconia SCs and
fixed partial dentures (FPD) and showed a survival rate of 100% after 5 years. No studies could be
identified on the clinical performance of monolithic resin matrix ceramic restorations. Clinical stud-
ies are lacking on the long-term outcome of implant-supported monolithic all-ceramic single- and
multi-unit restorations.

Conclusions: Preliminary clinical data indicate high short-term survival for implant-supported mono-
lithic lithium disilicate and zirconia single- and multi-unit restorations. Randomised clinical studies and
observations with a longer duration are necessary to validate the broad application of this therapy.

Conflict-of-interest statement: The authors declare no conflict of interest.

H Introduction

Therapeutic concepts for the prosthetic rehabilita-
tion of various types of edentulism have changed
significantly over past decades due to the high sur-
vival of dental implants reported in the literature.
Implant-supported single crowns and fixed dental
prostheses are recognised as a reliable treatment
option for partial edentulism, with an implant sur-
vival rate well above 90%12.

Clinicians face challenges with the choice of
materials available today for implant prosthodon-
tics. The survival rates of implant-supported metal-
ceramic single crowns and FPDs are high; 96.3%
for single crowns and 95.4% for FPDs after 5 years
are reported’2. However, technical problems, such
as fractures of the veneering material, abutment or
screw loosening and loss of retention of cemented res-
torations, are described as major limitations for bilayer
gold acrylic and porcelain veneered metal-based
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restorations. Moreover, poor gingival aesthetics has
been reported with these metal-based restorations
over short- and long-term observations’.2.

Thus, alternative prosthetic solutions evolved.
Several all-ceramic systems were developed over
past decades to meet increased clinician and patient
demand for metal-free restorations3.

In the early 1990s the lost wax press technique
was introduced to the dental market as an innova-
tive processing method for all-ceramic restorations.
A pressable leucite-reinforced glass-ceramic evolved
(IPS Empress, Ivoclar Vivadent, Schaan, Liechtenstein)
and further enhancements of this system led to the
introduction of a lithium disilicate glass-ceramic sys-
tem (IPS Empress I, Ivoclar Vivadent), which started
in 1998, with a significantly increased strength. A
consecutive pressable lithium disilicate glass-ceramic
(IPS e.max Press, Ivoclar Vivadent) with improved
physical properties and translucency through differ-
ent firing processes was then launched, followed by
a CAD/CAM version of this lithium disilicate glass-
ceramic (IPS e.max CAD, Ivoclar Vivadent).

In 2013, IPS e.max CAD blocks for the chairside
fabrication of implant crowns with pre-fabricated
screw access holes and insertion grooves for the cor-
responding titanium base were introduced. Hence,
hybrid implant abutments, as well as full-contour
hybrid implant abutment crowns, which are adhe-
sively bonded to a titanium base (Ti Base, Dentsply
Sirona, York, USA), are now available.

As the market share of lithium disilicate ceram-
ics increased enormously over recent years, several
manufacturers developed novel glass ceramic sys-
tems. The zirconia-reinforced lithium silicate material
(VITA SUPRINITY, Vita Zahnfabrik, Bad Sackingen,
Germany; CELTRA, CELTRA DUO, Dentsply Sirona,
York, USA), which was launched in 2013, is one
example.

In addition, a novel material class — resin-matrix-
ceramics — has been introduced for the CAD/CAM
fabrication of fixed restorations. These resin matrix
ceramics are composed of inorganic glasses, porce-
lains or glass-ceramics that are clustered and embed-
ded in a cross-linked resin matrix3. They reveal a
modulus that simulates the modulus of dentine and
are easier to CAD/CAM mill and to adjust. According
to their inorganic composition they can be divided
into resin nano ceramics (Lava Ultimate, 3M ESPE,
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Neuss, Germany), glass ceramic in a resin interpen-
etrating matrix (Vita Enamic, Vita Zahnfabrik), and
zirconia-silica ceramic in a resin interpenetrating
matrix (e.g. Shofu Block HC, Shofu, Kyoto, Japan)3.

Polycrystalline ceramics, such as alumina oxide
ceramics (e.g. Procera Alumina, Nobel Biocare,
Kloten, Switzerland), were first introduced in the
mid-1990s. They were commonly applied for im-
plant restorations, but became less important with
the increased use of zirconia and lithium disilicate
restorations3.

In the early 1990s yttrium oxide partially-sta-
bilised tetragonal zirconia polycrystal (Y-TZP) was
introduced to dentistry as a core material for all-
ceramic restorations. Due to a transformation,
toughening mechanism Y-TZP exhibits superior
mechanical properties compared with other all-
ceramic systems3. Zirconia ceramics have been used
in dentistry as copings and frameworks for bilayered
restorations with porcelain veneers, for implants,
implant abutments, posts and cores, as well as for
orthodontic brackets.

The introduction of computer-aided design and
computer-aided manufacturing of all-ceramic res-
torations provided new approaches for addressing
restorative challenges in implant dentistry.

The high reliability of zirconia as abutment, as
well as framework material for implant-borne crowns
and fixed dental prostheses?, was confirmed in sev-
eral clinical studies®6. However, the clinical success
of zirconia-based implant-supported restorations is
limited by veneering porcelain fractures (chipping),
exhibiting the most common technical complica-
tion7-2. Attempts were made to reduce the incidence
of chip fractures with zirconia-based restorations.
Anatomical core design for adequate support for the
veneering ceramic and slow cooling firing protocols
for the veneer application were proposed in the den-
tal literature10. However, it is well known that higher
functional impact forces, impaired feedback from
periodontal neural receptors, and rigidity of osseoin-
tegrated implants putimplant supported restorations
at higher risk for porcelain fracture.

To overcome the limitations of bilayer systems
with a weak veneering layer, several systems such as
resin matrix ceramics'2, lithium disilicate'3 and zir-
conia ceramics' are increasingly used in monolithic
application. The advantages of monolithic vs bilayer
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restorations are well described in the dental litera-
ture'3. In vitro data evaluating the potential of mon-
olithic resin matrix ceramic?®, lithium disilicate6-18
and zirconia? systems for the fabrication of implant-
supported restorations are promising. Various short-
and mid-term clinical reports on monolithic and min-
imally veneered zirconia implant supported full-arch
restorations have shown a favourable performance
by these full-contour restorations20. However, the
clinical performance of monolithic all-ceramic sys-
tems for implant-supported single- and multi-unit
restorations is currently not well described in the
dental literature.

Therefore, it was the aim of this systematic review
to analyse the clinical outcome of implant-supported
monolithic all-ceramic single- and multi-unit restor-
ations.

B Materials and methods

Search strategy

The following databases for articles published until

August 22nd, 2016, in the dental literature were

searched: MEDLINE via PubMed, the Cochrane

Central Register of Controlled Trials (CENTRAL) and

EMBASE. Furthermore, an additional manual search

was carried out for reference lists of all full-text pub-

lications, as well as for selected recently published
reviews relating to this topic (see "list of reviews").

Moreover, the websites of clinicaltrials.gov, the

World Health Organization (WHO) and the Ger-

man Register for Clinical Trials (DRKS — Deutsches

Register Klinischer Studien) were checked.

The search was conducted according to Cochrane
guidelines for systematic reviews. PICOS question
were defined as follows:

* P (population) compromised patients who
received one or more dental implants (titanium
or ceramic);

* I (intervention) included monolithic single crowns
(SC: cemented or screw-retained) or short im-
plant supported fixed-dental prosthesis (FPD,
3-5 units);

e C(comparison) was not applicable in this review;

* O (outcome and study design) was survival or
success rate;

e S (study type) compromised randomised con-
trolled trials (RCT), clinical follow-up studies
(prospective and retrospective studies) and case
series.

Search terms:

In each database the following search combinations

and terms were applied:

e Population AND Intervention AND (Outcome
OR Study type)

e Intervention AND (Outcome OR Study type)

e Population: dental implant OR oral implant OR
bone screw* OR endosseous implant

e Intervention: dental restoration OR dental crown
OR dental bridge OR cantilever OR restoration
OR FPD OR fixed prosthesis; (dental prosthesis
AND implant supported) OR (restoration AND
implant supported); CAD CAM OR digital OR
CEREC OR computer aided) OR (monolithic OR
full contour)

e Outcome and study type: clinical evaluation OR
RCT OR clinical performance OR failure OR clin-
ical study OR clinical trial OR follow up study OR
survival OR longevity OR success OR survival rate

The search strategy is displayed in Figure 1.

Inclusion criteria:

As there were no randomised controlled clinical tri-

als, this systematic review collected the data from

prospective and retrospective cohort studies and

case series. Inclusion and exclusion criteria were

defined as followed:

e Human trials

e Language restriction to English and German

e Peer-reviewed dental journals

e Studies with a mean follow-up time of 2 years or
more in function

e Case series with 10 or more patients

Exclusion criteria:

e In vitro studies

e Poster abstracts, interviews or protocols

e Studies reporting on interfering systemic or local
factors

Eur J Oral Implantol 2017;10(Suppl1):89-99
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Fig 1 The search strategy.

e Studies with the same sample (most complete/

most recent was considered)

e Studies not reporting in detail on the prostho-

dontic components
e Studies not meeting the inclusion criteria

Selection of studies:

Two authors (FS, SH) independently screened the
titles from this extensive search, based on the inclu-
sion and exclusion criteria. Any disagreement was
dissolved by discussion with a third author (PG).
Afterwards, abstracts of all relevant titles were cap-
tured and examined for relevant studies. Based on
the selection of abstracts, articles were then obtained

for full-text analysis.

Full-text analysis was again performed inde-
pendently by two readers (FS, SH) by screening
"Material and methods"”, “Results” and “Discus-
sion", and then double-checked. Any disagree-
ment was solved by discussion within the group

of authors.
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From the included studies the following informa-
tion was extracted: study, year of publication, study
design, setting, type of restoration (SC, FPD), implant
system, implant material, retention system, recon-
struction material, number of restorations, number
of failures, follow-up range and mean follow-up and
survival, as well as the success rate of prosthodon-
tic treatment. Furthermore, if any included study
reported insufficient data in the article, authors or
co-authors were contacted.

Statistical analysis

Due to the limited number of included studies and
the variability in the reporting, a statistical analysis or
meta-analysis was not performed.

B Results

Study characteristics

The electronic search yielded a total of 2510 titles
from all databases. After elimination of duplicates,
two reviewers assessed the titles and agreed on
135 abstracts for further analysis. Abstract evalu-
ation and consideration of relevant reviews (see
“List of reviews") resulted in 46 studies for full-
text analysis. Manual searching provided 11 more
studies. Altogether, 57 full-texts were obtained and
after exclusion of 54 studies, a final number of three
publications21-23 met the inclusion criteria for data
extraction.

The websites of clinicaltrials.gov, WHO and the
DRKS provided five more relevant studies — however,
none of the studies is completed. They were, there-
fore, not included in this systematic review.

Exclusion of studies

The reasons for excluding studies (n = 54, see ref-
erence list “List of excluded full-text articles and
the reason for exclusion™”) after the full text was
obtained were: use of layered restorations (40), no
implant restorations (4), no detailed information on
prosthetics (8), no distinction between monolithic
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and layered restorations or different type of mater-
ials (1) and a too small number of restorations (1).
In one study, some restorations were either facially
veneered with a feldspathic porcelain, or pink feld-
spathic porcelain was used in the gingival areas. All
three authors discussed this, and it was agreed that
since all functional areas were in monolithic zirconia,
the study could be included?!.

Included studies

Finally, three studies met the inclusion criteria for the
present analysis (Table 1). The studies were published
between 2014 and 2016. One study revealed a pro-
spective study design and was conducted in a univer-
sity environment22. One study was retrospective and
the patients were treated both at a university and in
private practices?3. The third study was a consecutive
case series, set in a private practice2’.

The studies reported on different available implant
systems: Titanium implants (Astra Tech Implant Sys-
tem, Dentsply Implants, Mannheim, Germany; Strau-
mann, Freiburg, Germany; Nobel Biocare23; Zimmer
Biomet, Warsaw, USA)20.21 and zirconia implants
(Ziraldent, Metoxit AG, Thayngen, Switzerland)22.

The implant-supported restorations were both
single crowns (SC)22.23 and fixed dental prostheses
(FPD)21. Connection to the implants was achieved
either by using adhesive cement retention22, screw
retention or a combination of screw and cement
retention21.23. The material of the reconstructions
was lithium disilicate (IPS e.max CAD?22 or IPS e.max
Press23,Ivoclar Vivadent) or zirconia ceramic2' (Pret-
tau, Zirkonzahn, Gais, Italy). The follow-up ranges of
the studies are given in Table 1. No studies could be
identified on resin matrix ceramics.

Prosthetic survival (SC, FPD)

The three studies included a total number of 258 re-
storative units. Of these, one crown restoration
failed?3 and one crown restoration experienced a
technical complication22.

Lithium Disilicate:

Fabbri and colleagues recorded a failed lithium dis-
ilicate crown in the position of a maxillary canine

Information on SCs and FPDs of included studies, (NR: not reported).

Table 1
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that revealed a minor cohesive fracture and therefore
reported a survival rate of lithium disilicate crowns
adhesively bonded to titanium or zirconia frame-
works of 97,78% after 28 months23. However,
the chipping did not impair function, the area was
smoothed and the restoration could be left in situ23.
As no implant-supported crown had to be replaced,
Spies et al reported a survival rate of 100% after a
mean observation period of 31 months22.

Zirconia

One cemented implant-supported monolithic zirco-
nia single-crown had to be remade due to a fracture
of the zirconia abutment?? and was replaced with a
screw-retained all-ceramic crown. As this was not a
failure of the restorative material, the survival rate
of both implant supported single crowns and fixed
partial dentures was rated with 100%21.

Prosthetic success and technical
complications

None of the studies observed any loss of retention or
screw loosening of implant-supported restorations.

Lithium Disilicate

One prosthetic complication occurred in the study by
Spies and colleagues on a maxillary first molar crown.
The crown showed a major occlusal roughness and
thus the success rate was reduced to 95.7% after
31 months. As this roughness could be polished, it
was considered as clinically acceptable22.

The success rate for lithium disilicate crowns
bonded to titanium or zirconia was 97,78% after a
mean observation period of 28.3 months?3.

Zirconia

No prosthetic complications were reported for mon-
olithic zirconia restorations on implants, leading to a
success rate of 100%21.

Aesthetic outcomes
Two studies reported on aesthetic outcomes of

their prosthodontic treatment. Outcome was either

Eur J Oral Implantol 2017;10(Suppl1):89-99

measured visually by patients (VSA)22 or by both
patients (satisfaction score) and clinicians (modified
CDA criteria)23.

Spies et al asked their patients before and after
final prosthodontic treatment and at follow-ups to
evaluate aesthetics and appearance, function (eat-
ing), sense (“feeling like natural teeth"), speech
and self-esteem. The authors realised this by a
Visual Analogue Scale (VSA) from 0 to 100%22. Al
questioned events improved after treatment and
remained stable over time. Aesthetics increased from
a treatment start of 64.1% up to 87.4 to 90.7%
after therapy. Lithium disilicate crowns were fur-
ther scored with modified USPHS criteria. Ceramic
fracture, marginal discolouration and integrity were
stable over the given follow-up period and there-
fore assessed with “Alpha"”, whereas occlusal rough-
ness, contour and aesthetics were mostly evaluated
with “Bravo" classification at the 3-year evaluation.
However, “Bravo” was defined as clinically accept-
able with minor deviations. None of the restorations
showed a “Charlie” or “Delta" classification at any
time during the study.

Patients in the study by Fabbri et al23 could rate
their self-satisfaction with nominal scores of “non-
acceptable”, "“acceptable”, “good"” and “excel-
lent”. All restorations were rated either “good"” or
“excellent” by patients. The modified CDA (Cali-
fornia Dental Association) criteria for Colour match,
porcelain surface and marginal discolouration and
integrity were also rated mostly with an A by clin-
icians at the 3-year follow-up. Moscovitch2'! pro-
vided no information on these parameters.

B Discussion

This systematic review focused on the outcomes
of clinical studies reporting on implant-supported
monolithic all-ceramic single- and multi-unit restor-
ations. The number of published trials is limited due
to the short time that monolithic restorations have
been used in implant-supported restorations. Most
of the published studies reported on small samples
sizes or did not provide adequate information on the
study details.

There is a general consensus in the dental lit-
erature that monolithic restorations show the lowest
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number of mechanical complications. Monolithic re-
storative systems reveal no dissimilar interfaces, cre-
ate a greater bulk or material that leads to improved
structural properties of the material. Thus, the risk
of fracture and/or chipping events is significantly
reduced’. The combination of monolithic design
and manufacture with CAD/CAM technology ena-
bles efficient handling and care delivery. Therefore,
implant prosthodontics benefit from the CAD/CAM
technology for the fabrication of full-contour res-
torations24. Hence, the combination of monolithic
materials connected to abutment substructures may
represent a preferable treatment option, especially in
the posterior region.

No valid clinical data could be identified on resin
matrix ceramic implant-supported restorations. One
proof-of-concept case series?> showed that a fully
digital workflow for the fabrication of implant sup-
ported crowns from a monolithic resin matrix ceramic
(Lava Ultimate) is feasible. A reduction of the labora-
tory and treatment time resulted in a reasonable cost-
benefit ratio and a high quality and precision of the
restorations25. However, the investigated resin matrix
ceramic material has to be considered experimental,
as no large-scale clinical investigations with long-term
follow-up observations are currently available.

The combination of lithium disilicate restorations
with zirconia substructures has been described as a
reliable option to combine mechanical effectiveness
with good aesthetics and promising long-term clin-
ical outcomes for implant-supported prostheses®..

The survival rate of cemented CAD/CAM fabri-
cated monolithic lithium disilicate implant crowns was
100%22. No fractures or chippings were described.
Debonding or any other technical complications
were not noted in the given observation period after
3 years. Only one crown revealed a major occlusal
roughness, resulting in a Kaplan Meier success rate
of 95.7% after 31 months.

Good results in terms of aesthetics, function and
loss of retention were observed for the combination
of implant-supported lithium disilicate restorations
with zirconia frameworks23 or zirconia implants®.

The survival rate of monolithic implant-supported
press fabricated lithium disilicate single crown restor-
ations was 97,78% after a mean observation time
of 28.3 months. Only one crown revealed a chip
fracture23.

CAD/CAM lithium disilicate implant crowns can
also be fabricated chairside in 1 to 2 h, which leads
to a significant reduction in the fabrication time26.
Hence a time- and cost-effective chairside workflow
to produce reliable all-ceramic implant crowns has
been established. However, no clinical studies on
these hybrid abutment crowns have yet been pub-
lished.

Several clinical studies have shown that mono-
lithic or minimally veneered (no feldspathic veneer
in function) zirconia would be a viable treatment
option for implant-supported full-arch restor-
ations20. However the evidence on monolithic zirco-
nia implant-supported single and multi-unit restor-
ations is presently low. In the study by Moscovitch?
all monolithic zirconia restorations exhibited a 100%
survival rate at 68 months. No fractures, cracks or
chipping within the monolithic zirconia material were
observed. Further complications relating to phonet-
ics, masticatory function or screw loosening were not
detailed in the identified study on monolithic zirconia
outcomes.

This study indicated that there is a new para-
digm shiftin fixed implant prosthodontics that allows
for the use of monolithic high-strength ceramics to
enhance the overall aesthetics, biocompatibility, per-
formance, efficiency and cost benefits.

As reported by several in vitro and clinical stud-
ies, zirconia induces minimal wear to opposing
structures, and this property is maximised, when
the occlusal surfaces are polished after definitive
intraoral occlusal adjustments?427. Recently, more
translucent zirconia materials were introduced to the
dental market, with the aim of a broader application
in anterior and premolar areas. While this improve-
ment of the material is positive regarding the aes-
thetic result, it also leads to a weakening of the ma-
terial. Hence its application is limited to small fixed
dental prostheses.

Given that clinical reports are ranked low in the
hierarchy of evidence-based research, the reported
high success of monolithic lithium disilicate and zir-
conia restorations should be considered with cau-
tious optimism.

This systematic review aimed, for the first time, to
describe the short- and mid-term evidence regarding
fixed dental monolithic prostheses in the rehabilita-
tion of partially edentulous patients. The absence

Eur J Oral Implantol 2017;10(Suppl1):89-99
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of long-term clinical studies and related strong evi-
dence supporting this treatment are the major limi-
tations of this systematic review. Due to the limited
number of published trials and the considerable het-
erogeneity among the included studies in terms of
prosthodontics protocols, a meta-analysis was not
feasible. The included studies that reveal a lower evi-
dence level are subject to a certain risk of reporting
bias, publication bias and attrition bias. Hence, clin-
icians should carefully consider the limitations of the
included evidence when making decisions regarding
this treatment.

In conclusion, this systematic review of the cur-
rent literature evidenced high prostheses survival of
implant-supported monolithic lithium disilicate and
zirconia single- and multi-unit restorations in the
short-term. Only a few mechanical complications,
such as surface roughness and minor fractures, were
described for lithium disilicate restorations. Given the
level of evidence and the duration of the studies
included, the use of monolithic lithium disilicate and
zirconia prostheses for single and multi- unit implant
supported prostheses requires additional compre-
hensive longer-term investigation.

B Conclusions

According to the results of this review and within its
limitations, the use of monolithic lithium disilicate
and zirconia for implant-supported single crowns
and fixed prosthodontics was effective and reliable
in short-term studies.

The choice of this monolithic concept may repre-
sent a valid treatment for implant-supported single
and multi-unit restorations, offering biological, tech-
nical and aesthetic advantages.

Further in vivo investigations are necessary to
validate the clinical reliability of monolithic implant-
supported restorations in the long-term, confirm-
ing the effectiveness of the proposed prosthetic
approach.

Eur J Oral Implantol 2017;10(Suppl1):89-99
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